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By compar ison  with diurnal changes in hormonal  activity [11-14, 18] and cell prol i fera t ion [1, 3, 5, 
16] of the adrenal cortex,  the diurnal changes in its metabol ism have received far  less study. Only i so-  
lated investigations have been published indicating the existence of a diurnal rhythm in oxygen consump-  
tion of the adrenal  t issue [7, 19], in the activity of cer ta in  enzymes [10], and in synthesis of nucleopro-  
teins [15]. 

The author has shown previously [6] that synthesis  of sulfur-containing proteins in the adrenal c o r -  
tex of ra ts  takes place most  actively in the morning.  However, this investigation was ca r r i ed  out on l im-  
ited mater ia l  (only 12 animals were used) and tes ts  were ca r r i ed  out at intervals  of 6 h. 

The object of the present  investigation was to make a more  detailed study of the diurnal changes in 
incorporat ion of methionine-S 35 into cells of the different zones  of the adrenal cortex and to compare  the 
resul ts  obtained with diurnal changes in mitotic activity. 

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

Experiments  were ca r r i ed  out on 122 male albino ra ts  weighing 180-230 g in March during natural 
illumination. For  the autoradiographie investigation, 24 rats  were divided into 8 groups with 3 animals in 
each group. A solution of methionine-S 35 was injected subcutaneously in a dose of 1 #Ci/g  body weight 
every  3 h f rom 9 a.m. until 6 a.m. The rats  of all groups were sacr i f iced 3 h af ter  injection of the i so-  
tope. Animals intended for study of the mitotic activity of the cells (from 10-16 at each time) were s a c r i -  
ficed at the same t imes.  

Paraff in  sections 7 # in thickness were  t rea ted  by the usual histological  and histoautoradiographic 
[4] methods. The number  of t r acks  in 100 squares  of the ocular  grid (area of one square 44 ~2) was counted 
separa te ly  for  the zona glomerulosa,  zona fasciculata  and zona re t icular is  of  the cortex.  Mitoses were 
counted separa te ly  in the zona glomerulosa  and the outer portion of the zona fasciculata  in not less  than 

Diurnal Changes in Mitotic Activity of Cells 
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6000 cells.  
were found, 
methods. 

In the deeper  par t  of the cor tex no mitoses  
The resul ts  were analyzed by stat is t ical  

EXPERIMENTAL RESULTS 

The experimental  resul ts  showing diurnal changes 
in synthesis of sulfur-containing proteins in the adrenal 
cor tex are  given in Figs.  1 and 2. Analysis of these 
data gives the following resul ts .  The intensity of incor -  
poration of methionine-S 35 into the adrenal cor tex grad-  
ually increases  in the direct ion f rom the zona g lomeru-  
losa to the zona re t icular is ;  in all zones a s tat is t ical ly 
significant (P < 0.05) peak of incorporat ion of the i so -  
tope occurs  f rom 9 a.m. to 12 noon. Taking the mean 
level for the 24 h as 100, the intensity of protein synthe-  
sis in this peak period in the zona glomerulosa  is 153%, 
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Fig.  1. Diurnal  changes in in tens i ty  of i n c o r p o r a -  
t ion of methionine-S 3~ into d i f ferent  zones of the 
ad rena l  cor tex .  A) Zona fa sc icu la t a ;  ]3) zona r e t i -  
cu l a r i s  of the ad rena l  co r t ex  of a r a t  f rom group 1 
(9 a .m . -12  noon); C) zona fasc icu la ta ;  D) zona 
r e t i c u l a r i s  of ad rena l  co r t ex  of a r a t  f rom group 5 
(9 p.m. - 12 midnight) .  M a y e r ' s  hematoxyl in .  Ob-  
jec t ive  90, ocu la r  10. 
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Fig.  ft. Diurnal  changes in in tens i ty  of p ro te in  
me tabo l i sm and mi to t ic  ac t iv i ty  ef ce l l s  in d i f f e r -  
ent zones of the ad rena l  cor tex .  1) Level  of in -  
co rpo ra t i on  of meth ionine-S  35 into zona g l o m e r u -  
losa ;  2) into zona fasc icu la ta ;  3) into zona r e t i -  
e u l a r i s ;  4) mi to t ic  ac t iv i ty  of ce l l s  in zona g lom-  
e ru losa ;  5) in ou te r  por t ion  of zona fasc icu la ta .  
Absc i ssa )  t ime  of day; ordinate)  changes in in -  
d ices  (in %) r e l a t ive  to mean leve l  for  the 24 h 
per iod  taken as  100. 

in the zona fasciculata 231%, and in the zona reticu- 
laris 200%. Hence, protein synthesis in the adrenal 
cortex follows a distinctly rhythmic pattern. In 
their most general features these results are in 
agreement with published data [2] indicating that 
protein synthesis follows a cyclic pattern in glandu- 
lar cells and in neurons. 

Data for the diurnal changes in mitotic activ- 
ity of the c o r t i c a l  ce l l s  a r e  given in  the tab le .  In 
the zona g l o m e r u l o s a  m a x i m a l  va lues  of the mi to t ic  
coeff ic ient  (MC) a r e  found at  between 3 and 6 a .m.  
and min ima l  values  between 9 a .m.  and 12 noon. 
Converse ly ,  in the ou te r  por t ion  of the zona f a s c i c u -  
l a ta  the MC r e a c h e s  i ts  max imum at between 12 noon 
and 3 p .m.  These  r e s u l t s ,  indica t ing  the unsyn-  
chron ized  d iurna l  rhy thm of mi tot ic  ac t iv i ty  of the 
ce l l s  in d i f ferent  zones of the ad rena l  co r t ex  a r e  in 
a g r e e m e n t  with publ ished da ta  [3]. Hence,  in con-  
t r a s t  to d iurna l  changes in  p ro te in  me tabo l i sm ,  which 
follow a p a r a l l e l  cour se  in the d i f fe ren t  zones of the 
a d r e na l  cor tex ,  the changes in mi tot ic  ac t iv i ty  of the 
ce l l s  in  the zona g l o m e r u l o s a  and zona f a s c i e u l a t a  
a r e  not synchron ized .  On the b a s i s  of these  data  
the re  a r e  no grounds for  cons ide r ing  that  any de f i -  
nite connection ex i s t s  in the o rgan  between d iu rna l  
changes in  m e t a b o l i s m  of su l fu r - con ta in ing  p ro te in ,  
on the one hand, and mi to t ic  ac t iv i ty  on the o ther .  

These  rhy thmic  changes in  metabo l ic  p r o c e s -  
ses  in the ad rena l  co r t ex  a r e  ev ident ly  based  on in -  
t eg ra t i ve  inf luences of the o r g a n i s m  as  a whole, 
u l t ima te ly  de t e rmin ing  the cyc l ic  changes in func-  
t ional  ac t iv i ty  of the d i f ferent  zones of this  organ .  
In this  connect ion it is  i n t e r e s t i n g  to note that  the 
syn thes i s  of su l fu r -con ta in ing  p ro t e ins  in the a d r e n -  
al  co r t ex  r e a c he s  i ts  max imum at a t ime  of m i n i -  
mal  genera l  ac t iv i ty  of r a t s ,  when the c o r t i c o s t e r o n e  
concent ra t ion  in t he i r  p e r i p h e r a l  blood i s  low [14, 
18 ]. F u r t h e r  inves t iga t ions  a r e  needed to e luc ida te  
the p r e c i s e  c o r r e l a t i n g  m e c ha n i s m s  tak ing  pa r t  in 
the coord ina t ion  of individual  metabo l ic  p r o c e s s e s .  
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