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The effect  of m u s c u l a r  exer t ion  ( swimming for  1 h) at different  t imes  of the 24-h per iod on 
c i rcad ian  rhythms of the 17-hydroxycor t i cos te ro id  concentrat ion in the adrenals  and per iph-  
e r a l  blood of ra t s  was studied. The r e su l t s  were p r o c e s s e d  on a compu te r  by the "Cos inor"  
p r o g r a m .  Phys ica l  exer t ion  in the per iod of max ima l  moto r  act ivi ty  of the ra t s  (the evening) 
led to desynchronizat ion  of the c i rcadian  rhy thms  of the 11-hydroxycor t i cos te ro id  concen t ra -  
tion in the adrena ls  and pe r iphe ra l  blood. Exer t ion  during the per iod of min imal  mo to r  ac-  
t ivi ty (the morning) had no such action. 
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The maintenance of definite t ime  re la t ions  between the 2 4 - h  dynamics  of bodily functions is e s sen t i a l  
to the maintenance of homeos t a s i s  and r e s i s t ance  of the o rgan i sm  [1, 5. 6]. The c i rcadian  rhythm of adren-  
oeor t i ca l  act ivi ty,  with which the r e s i s t ance  of the body is la rgely  linked, depends chiefly in man on a 
number  of socia l  fac tors ,  but in c r e p u s c u l a r  an imals ,  on the conditions of ex te rna l  i l lumination [8, 9]. The re  
is cons iderable  informat ion in the l i t e ra tu re  on the connection between ad renocor t i ea I  function and muscu Ia r  
act ivi ty [2-4], but the possible  influence of m u s c u l a r  exer t ion  on the c i rcadian  rhythms of act ivi ty of this 
gland has not been analyzed.  

The pape r  desc r ibes  the r e su l t s  of a study of the effect  of m u s c u l a r  exer t ion  at different  t imes  of 
day on the dynamics  of the co r t i cos te rone  concentrat ion in the adrenal  t i ssue  and blood p l a s m a  of albino 
rats. 

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

Exper imen t s  were  ca r r i ed  out f rom October  through D e c e m b e r  on 160 noninbred albino ra ts  of both 
sexes  weighing 100-150 g. The animals  were  made to undergo m u s c u l a r  exer t ion,  in the fo rm of swimming 
for  1 h, during the per iod of min ima l  (8-9 a .m.)  and max imal  (8-9 p.m.)  moto r  activity.  

To study the c i rcadian  rhythms of the adrena l s ,  the exper imenta l  and control  animals  were  decap-  
i tated e v e r y  6 h for  24 h a f t e r  exer t ion .  

The ad renocor t i ca l  act ivi ty  was a s s e s s e d  f r o m t h e  concentra t ion 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  ( l l -HCS)  
in the pe r iphe ra l  blood p l a s m a  and adrena ls  [10]. The resu l t s  were p r o c e s s e d  on a compute r  by the"Cos ino r"  
p o r g r a m  [7], with sl ight modif icat ions to suit the expe r imen ta l  method.  According to this pro~rram the 
r ea l  c i rcadian  rhythm is s imula ted  by a cosine curve .  This approach  grea t ly  faci l i ta tes  the descr ip t ion  
of the rhythm and yields  s t a t i s t i ca l  c h a r a c t e r i s t i c s  of the c i rcad ian  ac rophase ,  which cannot be done if 
the data a re  t r ea t ed  by the usual  methods of va r iance  ana lys i s .  
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T A B L E  1. Ef fec t  of  M u s c u l a r  E x e r t i o n  on C i r c a d i a n  Rhythm of 
l l - H C S  C o n c e n t r a t i o n  in Rat  A d r e n a l s  (in r a g / g ) .  R e s u l t s  of  A n a l y s i s  
by . C o s i n o r "  P r o g r a m  

Group of Mean 
animals level C o 

Control 

Experimental ex- 
ertion at 9 a.m. 

Experimental ex- 
ertion at 9 p.m, 

8,6--- + 1,9 

5,2-~ 1,4 

4,3-----0,4* 

Circadian 
amplitude * 
(C~) 

2,9(0,4--5,6) 

1,3(0,7--2,0) 

0,9(0,2--1,5) 

Circadian acrophase 

deg. 

--130 
From--80 to --200 

--254 
:rom--150 .to --290 

--310 
from--40 to 150)* 

8:40 a.m. 

5:00 p.m. 

8:40 p.m. 

* H e r e  and in Tab le  2, 95%cenf idenee  i n t e r v a l .  

T A B L E  2. Ef fec t  of  M u s c u l a r  E x e r t i o n  on C i r c a d i a n  Rhythm 
of  l l - H C S  C o n c e n t r a t i o n  in the  Blood  P l a s m a  of Ra t s  (in g %). 
R e s u l t s  of  A n a l y s i s  by the " C o s i n o r "  P r o g r a m  

Group of 
animals 

Control 
Experimental 

exertion at 9 a.m. 
exertion at 9 p.m. 

Mean 
level (C o ) 

7,6+0,7 

8,7----- 1,4 
11,7 ~- 2,3* 

Circadian 
amplitude * 
(c~) 

1,3(0,7--2,4) 

2,2(0,5--3,7) 
3,6(1,6--5,5) 

Circadian acrophase 

deg. [ h 

--167from-lO0 to --185) 11:00 a.m. 

10:00 

21 

15 

00 

[ 

12 ~ LF 

Fi~.  1. C i r c a d i a n  r h y t h m s  of l l - H C S  
c o n c e n t r a t i o n  in a d r e n a l s  (AC) and 
p e r i p h e r a l  b lood p l a s m a  (BP) of  con-  
t r o l  r a t s  and  a f t e r  p h y s i c a l  e x e r t i o n  
at  9 p . m .  (g r aph ic  r e p r e s e n t a t i o n  of 
da ta  p r o c e s s e d  by the  " C o s i n o r "  p r o -  
g r a m ) .  I and III) l l - H C S  c o n c e n t r a -  
t ion  in c o n t r o l  r a t s  in AC and BP,  
r e s p e c t i v e l y ;  II and W) 11-HCS con-  
c e n t r a t i o n  in r a t s  a f t e r  e x e r t i o n  in 
AC and BP,  r e s p e c t i v e l y .  

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

C o n c e n t r a t i o n  of  l l - H C S  in the  A d r e n a l s .  In the a u t u m n -  
w i n t e r  p e r i o d  the c i r c a d i a n  a e r o p h a s e  of  the  l l - H C S  c o n c e n -  
t r a t i o n  in the  a d r e n a l s  of  in tac t  r a t s  o c c u r r e d  at  8.40 a .m .  
(Table  1}. A s ing l e  e x e r t i o n  at  the t i m e  of m i n i m a l  m o t o r  a c -  
t i v i t y  (8-9 a . m . )  l ed  to  a s l i gh t  d e c r e a s e  in the  m e a n  l l - H C S  
concentration in the gland. In the experimental animals the 

amplitude of the circadian waves was reduced and the acro- 

phase occured at -254 ~ (from -150 to -290~ equivalent to 

5 p.m. However, ca]culation of the ellipse of error when sim- 

ulating the rhythm by a cosine curve (95%confidence interval) 

showed no significant shift of the acrophase in time compared 

with the control rats. 

After swimming for 20-21 h, i.e., in the period of max- 

imal motor activity of the rats, a statistically significant de- 

crease in the mean II-HCS level in the adrenal tissue was 
observed. The acrophase of the rhythm occured at -310 ~ 
(from -40 to + 150~ corresponding in the time to 8.40 p.m., 

i.e., the maximum of the II-IICS concentration was in the 

opposite phase to the control. 

II-HCS Concentration in the Blood Plasma. In the rats 
of the control group the acrophase of the circadian rhythm of 

II-HCS occurred at II a.m. (Table 2). Physical exertion at 
9 a.m. increased the amplitude of the circadian fluctuations 

of the blood II-IICS level but had no significant effect on the 

a c r o p h a s e .  S w i m m i n g  at  8-9  p .m .  s i g n i f i c a n t l y  i n c r e a s e d  the m e a n  c o n c e n t r a t i o n  and the a m p l i t u d e  of the  
c i r c a d i a n  r h y t h m  of I I - H C S  in the  blood p l a s m a .  The  a c r o p h a s e  of the  11-HCS r h y t h m  in the  blood p l a s m a  
was  sh i f t ed  t h r o u g h  88 ~ c o m p a r e d  wi th  the  c o n t r o l .  

In the  in t ac t  a n i m a l s  the  a c r o p h a s e s  of  the  c i r c a d i a n  r h y t h m s  of  the  11-HCS c o n c e n t r a t i o n  in the  
a d r e n a l s  and blood p l a s m a  w e r e  r e l a t i v e l y  s y n c h r o n i z e d  (F ig .  1). The c l o s e  s i m i l a r i t y  be tween  the  r h y t h m s  
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of these pa r a me te r s  ref lec ts  the i r  fimctional interconnection.  After  swimming at 9 a.m. the dif ferences  
in the acrophases  of 11-HCS in the adrenals  and per iphera l  blood plasma did not reach  the l imits of s ig-  
nif icance.  After  swimming at 8-9 p.m. a significant difference was observed between the acrophases  of 
these p a r a m e t e r s .  The appearance of t empora l  desynchronizat ion between the l l -H CS  concentrat ion in 
the adrenals  and per iphera l  blood may possibly ref lec t  changes in the metabol ism and excre t ion  of the 
hormones ,  on which the i r  final concentrat ion in the per iphera l  blood largely  depends. 

The resu l t s  a re  evidence that ra ts  a re  most  sensi t ive to physical  exer t ion  in the pe r iodof  maximal  
motor  activity,  when it induces a wel l -marked  a f te r response  manifested as desynchronizat ion of the c i r -  
cadian rhythms of two adrenal  functions. 
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