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Biological  rhy thms  of the function of o rgans  a r e  an adaptive p r o p e r t y  of living s y s t e m s ,  f o rmed  in the 
cour se  of evolution and a imed  at maintaining the i r  homeos t a s i s  [ 1, 2, 10]. The endocr ine  glands,  which influ- 
ence many  physiological  p r o c e s s e s ,  a r e  c h a r a c t e r i z e d  by an in t r ins ic  c i rcad ian  rhy thm of hormone  p roduc -  
tion and cel l  renewal  [6, 10, 13, 14]. In the case  of the thyroid,  for  instance,  which is he te rogeneous  f r o m  
both s t ruc tu r a l  and functional r e s p e c t s ,  two peaks  of mitot ic  act ivi ty  a re  found in the course  of the 24-h p e r i -  
o d  i8, 9]. A var iab le  level  of mi tos i s  in d i f ferent  populations of thyroid cel ls  of ce r t a in  m a m m a l s  has been 
found during postnata l  ontogeny [3, 9] and also under  the influence of expe r imen ta l  p rocedu re s  [4, 5, 7, 11, 12]. 

The object  of this invest igat ion was to study and c o m p a r e  c i rcad ian  rhy thms  of function and mitot ic  ac -  
t ivity of the thyroid gland of albino r a t s  under  no rma l  conditions and a f t e r  r e sec t ion  of the gland giving r i s e  
to changes in the m e t a b o l i s m  of its cel ls .  
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Fig. 1. Ci rcadian  rhy thms  of thyroid function in albino 
ra t s :  a) Thyroxine (T4); b) t r i - iodothyronine  (Ta) in 
blood p l a s m s  of in tact  animals ;  c and d) the s a m e  ho r -  
mone on the 5th day a f t e r  r e sec t i on  of the thyroid gland. 
Unshaded columns - PBI before  resec t ion ,  shaded col-  
umns  - PBI  a f t e r  r e sec t ion  of the gland. Here  and in 

Fig. 3: absc i s sa ,  t ime.  
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Fig. 2. P ro l i fe ra t ion  in the thyroid gland: a) 
Mitosis  of epithelial  ce l l s  in zone of r e s e c -  
tion; b) division of thyrocytes  of smal l  foll i-  
c l e s  in "uninjured" zone of thyroid gland (5 
days a f te r  r esec t ion) .  Hematoxyl in-eos in ,  
200 x. 

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

The invest igat ion was c a r r i e d  out in May and June on' 80 sexual ly ma tu r e  male  r a t s  with a mean weight 
of 245 ~- 12.6 g, kept under identical  conditions in the animal  house.  The an imals  of group 1 were  intact,  ~nd 
those of group 2 underwent r e sec t ion  of two- th i rds  of the thyroid  gland (5 days).  The an ima l s  were  ki l led at  
in te rva l s  of 4 h during the 24-h period:  at  9 a .m. ,  1, 5, and 9 p .m, ,  and 1 and 5 a .m.  (from 5 to 7 an imals  
at each t ime) .  To a s s e s s  the s ta te  of thyroid  function, blood leve l s  of pro te in-bound 131I (PBI), thyroxine (T4) 
and t r i - iodothyronine  (T 3) were  de te rmined  by means  of R e z - o - M a t  ki ts .  The thyroid  glands were  fixed in 
Ca rnoy ' s  fluid and embedded in paraf f in  wax. The number  of mi to t ica l ly  dividing cel ls  was  counted in sect ions  
5-7 D thick, Stained with hematoxy l in -eos in  (50,000-60,000 cel ls  at each t ime) .  Considering the he terogenei ty  
of different ia t ion and morphologica l  p r o p e r t i e s  of the thyroid epi thel ium of the different  s t ruc tu ra l  units ,  the 
mitot ic  index (MI) was calculated in p romi l l e  for  the whole  gland, and a lso  for  cell  populations of in te r fo l l i eu-  
l a r  i s le t s ,  and smal l  (under 25 # in d iamete r ) ,  m e d i u m - s i z e d  (under 55 #), and l a rge  (over 55 #) fol l ic les .  ]VII 
in the r e s ec t ed  gland was studied s epa ra t e ly  for  the zone of r e sec t ion  and for  the "un in ju red"  r e s t  of the gland. 

EX P E - I ~ I M E  N T A  L R E S U L T S  

In intact  an imals  a rhythm of thyroid function could be c l ea r ly  d i sce rned  during the 24-h per iod.  The 
highes t  concentra t ions  of PBI,  T 3 and T4, for  ins tance,  we re  obse rved  between 1 and 9 a .m. ,  and at  o ther  
t imes  the hormone  leve ls  we re  r e l a t ive ly  s table  (Fig. 1). 

Mitotic act ivi ty  of the glandular  cel ls  r eached  its  h ighest  levels  at 1 p .m. ,  i .e. ,  at  a t ime of a fall in the 
blood hormone  levels .  Consequently, negat ive co r re l a t ion  ex is t s  between the p ro l i f e ra t ive  and ho rmone -  
fo rming  act ivi ty of the thyroid cel ls  of adult animals .  The r e su l t s  of calculat ion of the mitot ic  index for  dif-  
f e ren t  cel l  populations a r e  s u m m a r i z e d  in Table  1. Most mi to ses  in all  ea ses  occu r r ed  in thyroeytes  of the 
in te r fo l l ieu lar  i s le ts ,  which a r e  r ega rded  as the main source  of fo rmat ion  of new functional units of the gland 
[2, 4]. The only exception was at  5 p .m. ,  when p ro l i f e r a t ive  p r o c e s s e s  were  about equal in the in te r fo l l icu lar  
ce l l s  and in the ~small fo l l i c les .  Mitotic act ivi ty  of thyrocytes  of medium-s ized  and, in pa r t i cu la r ,  of l a rge  fol-  
l ic les  was low throughout the 24-h period.  
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The l e v e l  of t h y r o i d  func t ion  f ive  d a y s  a f t e r  r e s e c t i o n  was  a l t e r e d  (F ig .  l c ,  d ) .  The  l e v e l s  of e n d o g e n -  
ous  T 4 and T 3 on the whole  w e r e  l o w e r  and r e a c h e d  m i n i m a l  v a l u e s  a t  9 p . m . ;  the t r a n s p o r t - o r g a n i c  p h a s e  of  
h o r m o n e  p r o d u c t i o n  of  the r e s e c t e d  t h y r o i d  g l and  l i k e w i s e  was  not  c o m p e n s a t e d  ( a s  shown by  the PBI  l e v e l ) .  
P r o l i f e r a t i v e  and m o r p h o g e n e t i c  p r o c e s s e s  w e r e  w e l l  de f i ne d  in the g land ,  e v i d e n c e  of  d e v e l o p m e n t  of r e -  
g e n e r a t i v e  h y p e r t r o p h y  of  the  t h y r o i d  g l a n d  (F ig .  2) .  The f o l l i c u l a r  e p i t h e l i u m  was  h y p e r t r o p h i e d ,  the he igh t  
of the t h y r o c y t e s  of the  i n t a c t  g r o u p  was  4.5 J= 0.12 #, and f ive  days  a f t e r  r e s e c t i o n  i t  was  6.5 ~: 0.21 # (P  < 
0 .005) .  A s i g n i f i c a n t  i n c r e a s e  in m i t o t i c  a c t i v i t y  of the t h y r o c y t e s  was  found in the  zone  of  r e s e c t i o n  and in 
the  u n i n j u r e d  p a r t  of  the g land ,  r i s i n g  to p e a k s  a t  9 a .m.  and 9 p . m . ,  w h e r e a s  the m i n i m a  of  c e l l  d i v i s i o n  (as 
in  the  i n t a c t  a n i m a l s )  o c c u r r e d  a t  1 and 5 a .m .  (F ig .  3) .  The m a i n  s o u r c e  of p r o l i f e r a t i o n  was  c e l l s  of  the  
i n t e r f o l l i c u l a r  i s l e t s  and s m a l l  f o l l i c l e s .  H o w e v e r ,  c e l l  p r o l i f e r a t i o n  a l so  was  i n c r e a s e d  in m e d i u m - s i z e d  and 
even  in  l a r g e  f o l l i c l e s  (Tab l e  1), as  was  m o s t  c l e a r l y  s e e n  d u r i n g  the p e r i o d  of m a x i m a l  m i t o t i c  a c t i v i t y  (9 
a .m. ) .  M n l t i n u c l e a r  c e l l s  cou ld  be  s e e n  in the  w a l l s  of i n d i v i d u a l  f o l l i c l e s .  

T A B L E  1. Mi to t i c  A c t i v i t y  (in p r o m i l l e )  of  E p i t h e l i a l  C e l l s  of N o r m a l  and R e g e n e r a t i n g  
Alb ino  Ra t  T h y r o i d  Gland  
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of  t h y r o i d  g l and  of a lb ino  r a t s  5 d a y s  a f t e r  
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t ion;  c )  r e m a i n d e r  of g land .  
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In the intact  and r e sec t ed  albino r a t  thyroid gland a diurnal  rhy thm of functional and mitot ic  act iv i ty  is 
thus observed.  Dif ferences  in the p ro l i f e ra t ive  p rope r t i e s  of d i f ferent  cel l  populations of the thyroid p a r e n -  
chyma a re  observed  in r e p a i r  p r o c e s s e s  assoc ia ted  with physiological  renewal  and r e p a r a t i v e  regenera t ion .  
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