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Changes in the external environment are  lmown to cause marked disturbances of the activity of all organs 
and systems of the body. Adaptation to new conditions is produced by neural and humoral mechanisms. A 
special role in adaptation processes  is played by the adrenals, which produce glucocortieoids, which have 
been called adaptive hormones. Reactions of the adrenals to various types of shor t - term procedures have 
been the subject of many invest4gations [1, 8]. However, few data have been obtained on the state of the hypo- 
physeo-adrenal system in long-term extremal situations [4, 5]. In the last few years  interest  has sharply 
increased in changes arising under the influence of the factors of space flight and, in particular, those con- 
nected with a decrease in the volume and strength of muscular  activity. Limitation of motor  activity with the 
body in the horizontal position, known as clinostatie hypokinesia, is a widely used model of this state. Data 
on the hormonal status obtained on small laboratory animals, which differ considerably from man in the 
spectrum of the steroids they produce, cannot always be extrapolated to man. The adequate study of adrenal 
function is possible only on primates - the animals closest  to man as regards synthesis, secretion, and 
metabolism of steroid hormones. 

This paper gives the resul ts  of an investigation of the dynamics of the concentration of aldosterone and 
of cortisol and its p recursors  in the blood plasma of Macaca rhesus during prolonged limitation of motor 
activity. 

E X P E R I M E N T A L  M E T H O D  

Experiments  were car r ied  out on five sexually mature male rhesus monkeys weighing 6-10 kg. The 
animal 's motor  activity was limited by individual constraining combination suits, secured to lodgments, in 
the form of a frame,  with a tarpaulin tightly stretched over  it. Immobilization in this way enabled movements 
of the trunk, hind l imbs, and, to some extent, of the head to be prevented while permitting f ree  movement of 
the forel imbs.  The duration of the tes t  period of hypokinesia was 17 days. Blood samples were taken immedi- 
ately before and 1, 3 and 6 h and 1, 2, 3, 7, 10, and 17 days after  immobilization. The diet throughout the 
period of the investigation was of constant composition and included bread, cottage cheese, fruit, and vegetables. 

Brood in a volume of 5 ml wastaken from the cubital vein. Plasma was separated by centrifugation and 
frozen and kept at-20~C until steroids in it were determined. 

Cortisol was determined by the method of competitive binding with protein [14] and l l -deoxycort isol  
was determined by radioimmunologic assay in 20 #1 of plasma. The high specificity of the antiserum for 
aldosterone enabled the determination to be carr ied out in t00 pl plasma without chromatographic fraetiona- 
tion. The parallelism test  was used as the cri ter ion of reliability of aldosterone determination (the coefficient 
of parallelism was 0.17 and the permissible value was up to 4.9). Radioimmunologie reactions for l l -deoxy-  
cortisol and aldosterone were carr ied  out in a manner similar  to those described previously for other steroids 
[2]. 17-Hydroxyprogesterone (17-4~-P) and 17-hydroxypregnenolone (17-As-P) were determined by a radio- 
immunologic method after fractionation on columns with Celite [2]. 

Laboratory of Biochemistry, Institute of Experimental Pathology and Therapy, Academy of Medical Sci- 
ences of the USSR, Sukhumi. (Presented by Academician of the Academy of Medical Sciences of the USSR 
B. A. Lapin.) Translated from Byuileten' ]~ksperirnental'noi Biologii i Meditsiny, Vol, 90, No. 12, pp. 663- 
666, December, 1980. Original article submitted February 29, 1980. 

1654 0007-4888/80/9012- 1654 $07.50 �9 1981 Plenum Publishing Corporation 



- + ,  + 

12 ! 

,o z~176 ~"*  :IL o > 8 

4 4 

g_X__.L- 
OlaSi~l Z 3"'7r 013 Z 0 7D/7days  

Fig.  1. Dynamics  of p l a s m a  concen t r a -  
t ions of cor t i so l  and its p r e c u r s o r s  
during hypokinesia .  1) Cor t i so l ;  2) 17- 
hydroxypregnenolone;  3) l l - d e o x y c o r t i -  
sol; 4) 17-hydroxyproges te rone .  ++++ 
P < 0,001, +++ P < 0.01, ++ P < 0.02, +P < 
0.05 - d e g r e e  of s ignif icance of d i f fe r -  
ences  compa red  with initial  level .  Ab-  
s c i s sa ,  t ime  of investigation; ordinate ,  
concentra t ion  of s te ro id  in p l a sma  (in 
ng/ml). 

C alculation of the standard curves and steroid concentrations and statistical analysis of the results were 
carried out on an "Elektronika-15 VSIVi 5" computer by programs specially compiled for it. 

EXPERIMENTAL RESULTS 

A s Fig. 1 shows, the initial period of hypokinesia was characterized by a rapid and considerable rise 
of the blood cortisol concentration. Its peak level was observed 3-6 h after the beginning of recording, and 
was 86% higher than the basal level. Maximal concentrations of ll-deoxycortisol, 17-At-P, and 17-As-P were 
observed at these sazne times, and were 83, 545, and 445% respectively higher than the initial values. These 
results are evidence that hypokinesia is a powerful stressor factor for iVi. rhesus. The similarity of the dy- 
namics of the plasma levels of cortisol, ll-deoxycortisol, 17-A4-P, and 17-As-P during the first 6 h of the 
e~periment is consistent with data showing that the hormone and its precursors respond in a similar manner 

to acute stress in lower primates [8]. 

However, during the next three days of hypokinesia considerable differences were observed in the re- 
action of these compounds. Whereas the concentration of cortisol remained close to the peak level, the con- 

centrations of ll-deoxycortisol and, in particular, of 17-A4-P and 17-~-P fell sharply to their initial values 
or below on the second or third day. A similar dynamics of these steroids was observed by other workers in 
men during prolonged administration of ACTH [7, II]. Characteristically this picture was observed only 
during chronic, but not acute, stimulation of the adrenals by ACTH. Changes in the ratio of cortisol to its 
precursors are evidently connected with the direct stimulating effect of ACTH on activity of enzymes concerned 
in the late stages of corticosteroid synthesis [II]. 

The results suggest that the fall in the concentrations of ll-deoxyeortisol, 17-A4-P, andlT-A5-P in the 
blood of monkeys is due to prolonged and intensive production of ACTH and that it reflects a reorganization 
of the ac t iv i ty  of the glands toward  the fu l le r  ut i l izat ion of in t e rmed ia tes  in the p r o c e s s  of synthes is  of the 
adaptive hormone  - hydrocor t i sone .  

On the 7th-17th days of  hypokinesia ,  the content  of  all  the s t e ro ids  studied in the  p l a s m a  was below its 
initial  value.  The concent ra t ions  of cor t i so l ,  l l - d e o x y c o r t i s o l ,  17-A4-p,  and 17-AS-P toward the end of the 
e x p e r i m e n t  were  77, 62, 39, and 15% re spec t ive ly  of t he i r  initial values .  These  r e su l t s  agree  with data showing 
a fall in the co r t i cos t e ro id  concen t ra t ions  in the p l a s m a  [4-6] and ad rena l s  [4] of  l a b o r a t o r y  an imals  and man  
during r e s t r i c t i o n  of  m o t o r  act ivi ty .  

The d e c r e a s e  in s e c r e t o r y  act ivi ty  of  the ad rena l s  during hypokinesia  is evidently adaptive in c h a r a c t e r .  
The reduct ion of the total  flow of s e n s o r y  informat ion  u l t imate ly  leads  te the es tab l i shment  of a new and m o r e  
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Fig. 2. Dynamics of  p lasma 
a ldos terone  concentra t ion 
during hypokinesia.  ++ 
P < 0.002, + P < 0.01). De-  
g r ee  of significance of dif- 
f e rences  f rom initial level .  
Abscissa ,  t ime  of invest iga-  
tion; ordinate ,  a ldosterone 
concentra t ion (in ng /ml ) .  

economical  level  of function of the hypophyseal -adrenal  sys tem,  corresponding to the reduced demands of 
the body for  hormonal  influences f rom the adrenals .  This  hypothesis  is in agreement  with data showing a 
dec rease  in the p lasma ACTH concentra t ion in ra t s  during prolonged fixation [4]. 

The dec rease  in the concentra t ions  of cor t isol  p r e c u r s o r s  d iscovered  during the chronic per iod of hypo- 
kinesia  is thus evidently connected with reduced  st imulat ion of adrenal  s tero id  synthesis  by ACTH. The fact 
that  the concentra t ion of cor t i so l  i t se l f  was not reduced  so considerably  can be explained by delay in the catab-  
o l i sm of this mos t  impor tant  g lucoeor t icoid  in musc le  t i ssue  during physical  r e s t  [1]. A dec rease  in its 
t r ans fo rma t ion  in the l i v e r  under  c l inostat ic  conditions l ikewise cannot be ru led  out.  

A s Fig .  2 shows, the blood a ldos te rone  concentra t ion was inc reased  as ea r ly  as 1 h a f te r  the beginning 
of  the exper iment .  However ,  i ts dynamics  during the f i r s t  6 h of hypokinesia did not co r r e l a t e  with the dy-  
namics  of cor t i so l .  The  absence  o f  co r re l a t ion  between the leve ls  of these  hormones  in the plasma also was 
obse rved  during adminis t ra t ion of ACTH in man [13]; i t  is evidently connected with di f ferences  in the sens i -  
t ivi ty of the zona fasciculata  and zona g lomerulosa  to ACTH [12]. The maximal  inc rease  in the blood aldo- 
s te rone  concentra t ion of monkeys  was obse rved  on the second o r  th i rd  day of the exper iment .  On the basis  
of data in the l i t e r a tu re  showing inc reased  excre t ion  of sodium in the initial s tages of s imulated weight lessness  
[3], it  is suggested that  in the p r e sen t  invest igat ion the dynamics of  the a ldosterone concentra t ion re f lec t s  
changes in water  and mine ra l  metabol i sm.  La te r ,  on the 10th-17th day, i ts concentra t ion was considerably 
reduced .  A fall in the level  of  this  mine ra loeor t i co id  in the plasma has been found in man during repeated  
hypokinesia [10]. This  dynamics is evidently connected with the well-known phenomenon that much less  aldo- 
s te rone  is sec re ted  in recumbency  than in the sitting o r  standing position [9]. 

Contradict ions  between the r e su l t s  of the p resen t  investigation and those obtained by other  workers ,  who 
found an inc rease  in the a ldos terone  concentra t ions  during cl inostat ic hypokinesin, a re  difficult to discuss 
without a para l le l  study of the whole complex  of fac tors  par t ic ipat ing in the regulat ion of the production of 
this  hormone [5]. 

On the basis  of the resu l t s  of this  investigation it is thus possible to distinguish two stages in the response  
of  the adrenals  of M. rhesus  to prolonged l imitat ion of m o to r  activity: a stage of sustained activity lasting 
f rom 3 to 6 days and a stage of adaptation with the es tabl i shment  of a new, re la t ive ly  low level of adrenal  
functional activity,  to co r r e spond  to the reduced  environmental  demands.  The dynamics of the concentra t ion 
of  a ldos terone ,  the principal  mine ra locor t i co id  hormone,  evidently r e f l ec t s  changes in wa te r  and minera l  
metabol imn during c l inosta t ic  hypokinesia.  

lo 
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A previous investigation [1] showed that injury to macrophages, polymorphonuclear leukocytes (poly- 
morphs), and lymphocytes initiates the development of inflammatory changes. The object of the present in- 
vestigation was to study the connection between the state of these cells and the character of tissue inflammatory 
changes with special reference to aseptic inflammation. 

E X P E R I M E N T A L  M E T H O D  

A sterile nylon thread 0.7 mm in diameter and 15 cm long was introduced into the peritoneal cavity of 
20 rabbits. The development of inflammation was studied 3 days, 2 weeks, and 2 and 4 months later  (in five 
animals at each time). Twelve healthy rabbits served as the control. 

Squash preparations from the peritoneal cavity and trachea and blood films were stained with hema- 
toxylin-eosin.  Deoxyribonucleoproteins (DNP, by Feulgen's method), ribonucleoproteins (RNP, by Brachet 's 
method), total protein (by mercuric chloride and bromphenol blue), and activity of NAD-diaphorase (with 
nitro-BT) and acid phosphatase (by Burstone's method) were determined in them. Squash preparations from 
the peritoneal cavity also were stained by Gram's method. In films stained with hematoxylin and eosin the 
cell composition in per cent was calculated and the number of destroyed cells counted. When films in which 
acid phosphatase was found were assessed, activity of the enzyme was determined and the permeability of 
the lysosomal membranes was estimated from the number of cells with a diffuse type of distribution of the 
reaction product [2]. In each of 600 films at least 100 cells were assessed by means of a point system, and 
the mean eytochemicai index (MCI) was calculated and the results  subjected to statistical analysis to determine 
significant differences by Student's t - tes t  (n < 30). Tissue of the capsule formed around the foreign body in 
the peritoneal cavity and lung tissue were investigated histologically. 

EXPERIMENTAL RESULTS 

The development of aseptic (confirmed by bacterioscopy) intraperitoneal inflanlmation after introduction 
of the foreign body was accompanied by three stages of changes in the macrophages, polymorphs, and lympho- 
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