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The l l - hyd roxyco r t i cos t e ro id  (ll-HCS) concentration in the per iphera l  blood of ra ts  is maxi-  
mal at 3 P.M. The grea tes t  response to injection of exogenous ACTH was recorded at the 
same time. The maximum of changes in the l l -HCS  concentration in the adrenals  and pe r i -  
pheral  blood in response to physical  exertion does not coincide with the maximum of the 
basal level of cor t icos teroids  or  of the response to ACTH, but takes place during the evening 
or night, i.e., in the per iod of greates t  physiological activity of the animals.  

Attention has been drawn in recent years  to the study of the circadian periodici ty of physiological func- 
tions, reflecting adaptation of the body to external environmental  conditions [5, 7]. Among many var iables ,  
the diurnal rhythms of cor t icos tero id  regulation are of great  importance,  for according to some authorit ies 
[3, 8] they are  synchronizers  (endogenous t imers)  responsible for the temporal  coordination of many pe r i -  
pheral  in t racel lular  p rocesses .  The sensitivity of the organism to s t r e s s o r s  and to extreme stimuli has 
been shown to be linked with the cor t icos tero id  rhythms [1, 6, 10]. Many aspects  of the muscular  activity of 
man and animals are  known to depend on the functional state of the adrenal cortex [2, 4]. It can accordingly 
be postulated that the ability of animals and man to pe r fo rm a par t icu lar  volume of muscular  work at dif- 
ferent t imes of day or night will be connected with the diurnal rhythms of the cor t icosteroids .  

This paper  descr ibes  the resul ts  of experiments  to study the diurnal rhythm of adrenocor t ical  func- 
tion, the react ivi ty of the adrenals to exogenous ACTH at different t imes of day or  night, and the dependence 
of the cor t icos tero id  response to physical  exertion on the diurnal rhythm of activity of the animal. 

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

Exper iments  were ca r r i ed  out during the spring on 184 noninbred mate albino rats  weighing 130-180 g. 
Altogether 3 ser ies  of experiments  Were car r ied  out. 

Series I consisted of intact animals which were  used to study the rhythm of adrenocort ical  function. 
To study the l l -HCS concentration the animals were decapitated in groups every  3 h during the 24-h period. 
The rats  of se r ies  II were  divided into groups which received ACTH by in t ramuscular  injection in a dose 
of 3 units/100 g body weight at 2 and 8 A.M. and 2 and 8 P.M., and were  decapitated 1 h after  the injection. 
The ra ts  of se r ies  III also were  divided into groups and were compelled to swim at 30~ for 1 h, af ter  which 
they were  decapitated. The state of adrenocor t ical  function was judged f rom the l l - H C S  concentrat ion in the 
per ipheral  blood plasma and in the adrenal tissue, determined f luorometr ica l ly  [11]. 

E X P E R I M E N T A L  R E S U L T S  

The experiments revealed no significant changes in the total l l -HCS concentration in the adrenal  
t issues which could be a s sessed  as diurnal rhythm, whereas  on the basis  of the p lasma l l -HCS  concentra-  
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Fig. 1. Effect  of ACTH and phys ica l  exer t ion  on l l - H C S  concent ra t ion  in p e r i -  
p h e r a l  blood p l a s m a  at different  t imes  of day and night. Curved l ine r e p r e s e n t s  
basa l  leve l  of l l - h y d r o x y c o r t i c o s t e r o i d s ;  unshaded columns show l l - H C S  leve l  
a f t e r  in jec t ion  of ACTH; shaded columns show l l - H C S  level  a f te r  phys ica l  
exer t ion .  

Fig.  2. Effect of ACTH and phys i ca l  exer t ion  on l l - H C S  concentra t ion in a d r e -  
nals  at d i f ferent  t i m e s  of day and night. Legend as  in Fig.  1. 

TABLE 1. Dynamics  of l l - H C S  Concentrat ion in Blood P l a s m a  
(in/xg%) af te r  Phys i ca l  Exer t ion  and Admin i s t r a t ion  of ACTH at 
Different  T imes  of Day and Night 

Group of animals 

Intact 
Injection of ACTH (5 units ln- 
tramusculaTly) 

Swimming (1 h) 

3 AM 

9,8 -+ 1,9 

36,4--+2,8 * 
52,0+9,0 * 

Time of determination 

9 AM 3 PM 

8,7--0,5 27,6+2,89 

30,0+3,2 * 94,0+7,2 * 
23,7~9,2 36,1-----3,8 

9 PM 

9,2+2,07 

55,7--6,0" 
40,9-----4,1" 

*Mere and in Table 2 d i f ference  s t a t i s t i c a l l y  signif icant  (P < 0.05) 
compared  with f igures  for  d iurna l  rhythm of intact  r a t s .  

t ion these  changes were  c l e a r l y  marked.  Determina t ion  of the to ta l  f luorescen t  subs tances  in homogenates  
of adrena l  t i s sue  evident ly  does not give a c o r r e c t  idea  of the d iurna l  dynamics  of the c o r t i c o s t e r o i d  con- 
cen t ra t ion  in the adrena l s .  The lowest  11-HCS leve l  in the blood p l a s m a  i s  obse rved  in r a t s  in the morning 
(6-9 A.M.), when the expe r imen ta l  an ima l s  a re  in a s ta te  of min imal  motor  act ivi ty .  The b a s a l  c o r t i c o -  
s t e ro id  leve l  r e a ches  a max imum at 3 P.M.,  but by 6 P.M. the blood hormone level  was  s ignif icant ly  reduced,  
t h e r e a f t e r  r emain ing  subs tan t ia l ly  unchanged (Fig. 1), There  a r e  r e p o r t s  in the l i t e r a t u r e  of c i r cad ian  f luc-  
tuat ions  of a s i m i l a r  c h a r a c t e r  in the p l a s m a  co r t i cos t e rone  leve l  in albino r a t s  [1, 9]. In the expe r imen t s  
in which ACTH was given, judging f rom changes in the 11-HCS concent ra t ion  in the blood p l a s m a  and a d r e -  
na l s ,  the maximum of the r e s p o n s e  coincided with the maximum of the b a s a l  rhythm of ad rena l  function, 
conf i rming r e s u l t s  d e s c r i b e d  p rev ious ly  [10]. The a d r e n a l s  continued to give a marked  r e sponse  to i n j e c -  
t ion of exogenous ACTH during the evening (Tables  1 and 2). During the next 12 h there  was  a s ignif icant ly  
s m a l l e r  i n c r e a s e  in the 11-HCS concent ra t ion  in the p l a s m a  in r e sponse  to in ject ion of ACTH. Between 3 
and 9 A.M. the i n c r e a s e  in p l a s m a  cor t i co id  concent ra t ion  was  26-21 ~g%, compared  with the 66-47 ~g% 
r e c o r d e d  between 3 and 9 P.M. Admin i s t r a t i on  of ACTH at 3 and 9 P.M. led to an i n c r e a s e  of more  than 
twice  in the l l - H C S  concent ra t ion  in the ad rena l s .  During the morning no such effect was  obse rved  (Fig. 2). 

The r eac t i v i t y  to ACTH was thus maximum during the af ternoon and evening. 

In the e x p e r i m e n t s  with phys ica l  exer t ion  the i n c r e a s e  in the 11-HCS concent ra t ion  at 3 P.M. (the 
pe r iod  of max imal  b a s a l  leve l  and maximal  r eac t i v i t y  to in ject ion of ACTH) was ve ry  smal l .  Phys i ca l  e x e r -  
tion induced a cons ide rab le  i n c r e a s e i n  the l l - H C S  concentra t ion  in the blood p l a s m a  and a d r e n a l s  in the 
opposi te  phase ,  at 3 A.M. It wi l l  be noted that the second point of marked  r e sponse  to phys i ca l  exer t ion  
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TABLE 2. Dynamics  of l l - H C S  Concentrat ion in Adrenals  (in 
~g%) a f te r  Adminis t ra t ion  of ACTH and Phys ica l  Exer t ion  at Dif- 
ferent  T imes  of Day and Night 

Group of animals 

Intact 
Injection of ACTH (5 units in- 
tramuscularly) ......... 
Swimming (i h) ........ 

Time of determination 

3 AM 

180,3----- 11,9 

159,8 -~ t2,8 
471,5~86,8" 

9 AM 

254,3~47,8 

303~66,1 
225+45,7 

3 PM 

271+---40 

620----- 153 
319,6-+-36,2 

9PM 

182-----20, 3 

408+--59,5 * 
513,4~24,4" 

occu r r ed  at 9 P.M. Considering the act ivi ty of the an imals  and the i r  behav ior  at this t ime of day, the coinci-  
dence of the phase  of max imal  adrenal  r e sponse  to physica l  exer t ion with the per iod  of max imal  physiologi-  
cal act ivi ty of the an imals  will  be noted. The d isc repancy  between the t imes  of the mos t  marked  cor t i co -  
s te ro id  response  to injection of ACTH and to physica l  exer t ion cannot be a t t r ibuted to the exogenous nature  
of the ACTH injected. The maximal  adrenal  response  to injection of ACTH coincided with the m a x i m u m  of 
the basa l  level  of 11-HCS in the pe r iphera l  blood and adrenal  t i ssues .  The evident d i sc repancy  between the 
diurnal  rhyttim of the response  to injection of ACTH and of the basa l  l l - H C S  level ,  on the one hand, and the 
response  to phys ica l  exer t ion on the other  hand, r equ i r e s  fur ther  exper imenta l  analysis .  P r e s u m a b l y  the 
absence of changes in the state of adrenal  function during physica l  exer t ion in the morning and afternoon is  
connected with the level  of tuning of the cent ra l  m e c h a n i s m s  leading to the r e sponse  of the hypophyseo-  
adrenal  sy s t em to moto r  activity.  
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