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A study of the ef fec t  of thyroxine o n cel l  divis ion in the sma l l  intest ine,  bone mar row ,  cornea,  and 
l ive r  of r a t s  showed that i t  ac ts  on cel ls  in the G 2 and G o phases .  I t  is concluded that a r e s e r v e  pool of cel ls  
in the G 2 phase  ex i s t s .  

The m e c h a n i s m  of the s t imulan t  act ion of thyroid  ho rmones  on cel l  divis ion in the l iving o r g a n i s m  has 
not yet  been  explained.  Since cel ls  r e m a i n  in the va r ious  phases  of the mi to t ic  cycle for  s e v e r a l  hours ,  there  
is good r e a s o n  to inves t iga te  the act ion of thyroid  ho rmones  on cel l  divis ion a t  t ime  in terva ls  of s e v e r a l  
hour s .  

The object  of the p r e s e n t  invest igat ion was  to study the effect  of thyroxine on mi to t ic  act iv i ty  in the ep i -  
thel ium of the sma l l  intest ine,  the cornea ,  bone m a r r o w  cells ,  and glandular  cel ls  of the l ive r .  

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

Exper imen t s  were  c a r r i e d  out on 48 ma le  albino r a t s  weighing 125-170 g. The an imals  r ece ived  a 
s ingle  in t raper i tonea l  inject ion of L - thy rox ine  in a dose of 10 pg/100 g body weight. Inves t iga t ions  were  
c a r r i e d  out 1, 3, 8, 12, 24, and 48 h a f t e r  inject ion of the ho rmone .  The leve l  of thyroid  ho rmones  in the 
body was es tab l i shed  by de te rmin ing  the concentra t ion  of pro te in-bound iodine in the blood s e r u m  of the r a t s  
(in mg%) by  a modif ica t ion of B a r k e r ' s  method [2]. Mitotic act iv i ty  in the organs  was judged by es t ima t ing  
the mi to t ic  index (MI) in p r o m i l l e .  1~ of the s m a l l  intest ine epi thel ium was calculated for  4500-5000 cel ls  
in 50 longitudinally divided c ryp t s ,  MI of the bone m a r r o w  cel ls  for  5000-7000 cells  in i m p r e s s i o n  f i lms  
s ta ined with ace to -o rce in ,  MI of the cornea l  epi thel ium was calcula ted fo r  20,000-30,000 cel ls  in two-d i -  
mens iona l  p r epa ra t i ons ,  and MI for  the glandular  cel ls  of the l ive r  was calculated a f t e r  examinat ion of 
35,000-45,000 cel ls  in a sec t ion  of the organ.  

EXPERIMENTAL RESULTS 

As Fig. 1 shows, after administration o f thyroxine to the animals the concentration of protein-bound 
iodine in the serum rose sharply (by 414~ after 1 h and 510% after 3 h compared with the control}. The nor- 
mal level of protein-botmd iodine was not restored until after 48 h. 

Counting the mitoses gave the following, results. 
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Fig.  1. Changes in s e r u m  pro te in-bound  
iodine concentra t ion a f t e r  injection of thy-  
roxine .  1) control;  2) thyroxine.  Absc i s sa ,  
hours  of exper iment ;  ordinate ,  changes in 
concentra t ion of pro te in-bound iodine in p e r -  
cent of control .  

After  1 h of the expe r imen t  an i nc rea se  in MI was obse rved  
in all  o rgans  studied (Fig. 2), although it v a r i ed  f r o m  t i s -  
sue  to t i s s u e .  The i nc rea se  in iYii in the smal l  intest ine was 
142% re la t ive  to the control  (18.2 and 25.9%0; P=  0.006), in 
the bone m a r r o w  176% (16.5 and 29%0; P ~ ~), in the cornea  
242 % (6.49 and 15.730/00), and inthe l iver  cel ls  460% (0.26 
and 1.20~00; P = 0.008). The no rma l  value of MI in the t i s -  
sues  was r e s t o r e d  3 and 8 h a f t e r  inject ion of thyroxine.  
After  12 h and at l a t e r  s tages  of the exper iment ,  a second 
i nc r ea se  in MI was obse rved  in the bone m a r r o w  and c o r -  
nea (r is ing to 130% re la t ive  to the control  a f t e r  48 h in the 
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Fig.  2. Changes in mi to t ic  index in o rgans  
a f t e r  injection of thyroxine ,  1) control;  2) 
sma l l  intest ine;  3) bone m ar row;  4} cornea;  
5) l ive r ,  Absc i s sa ,  hours  of exper iment ;  
ordinate ,  changes in MI in pe rcen t  of cont ro l .  

though the blood level  of thyroid ho rmones  r e m a i n s  high. 
I t  can thus be postula ted that thyroxine does not act  on all 

cel ls  in the G 2 phase  but only on p a r t  of the G2-cell  population, which is he te rogeneous  f r o m  this point of 
v iew.  Some cel ls  thus pas s  through the G 2 phase  of the cycle "in t r ans i t "  for  a few hours  only and then s t a r t  
to undergo mi tos i s ,  while o ther  cel ls  can r e m a i n  indefinitely in the G 2 phase .  On the bas i s  of these  a r g u -  
ments ,  it can be postula ted  that the G 2 phase  of the cycle  includes a " r e s e r v e  pool" of cel ls ,  which is sma l l  
in o rgans  with r e l a t ive ly  high MI (small  intest ine,  bone mar row)  but f a i r ly  cons iderable  in t i s sues  with low 
mi to t ic  ac t iv i ty  (l iver).  

The second i n c r e a s e  in the num ber  of m i t o s e s  in the t i s sues ,  obse rved  12-24 h a f t e r  inject ion of thy-  
roxine,  is evidence that thyroid h o r m o n e s  act  on the r e s e r v e  pool  of cel ls  in phase  G O of the ceil  cycle ,  and 
this effect  can be desc r ibed  conventionally as  the G0-effect of thyroid h o r m o n e s .  

The fac t  that the second inc rea se  in MI takes p lace  in the l i ve r  cel ls  m o r e  or  l e s s  s imul taneous ly  
with the i n c r e a s e  in the num ber  of m i t o s e s  in the epi thel ium of the smal l  intest ine and cornea  and in the 
bone m a r r o w  cel ls  sugges ts  that the durat ion of the G 1 phase  of the mi to t ic  cycle in di f ferent  t i s sue s  is not 
so va r i ab l e  as has  been  c la imed  [1]. One of the s ignif icant  d i f fe rences  between the kinet ics  of cell  popu la -  
tions with a high and low level  of renewal  is evidently the p r e s e n c e  of quanti tat ive d i f fe rences  between the 
" r e s e r v e  pools"  of cel ls  r a t h e r  than va r i a t ion  in the durat ion of the G 1 phase .  

bone m a r r o w - 2 4 . 9  and 32.1~ P = 0 . 0 0 i ,  and in the c o r -  
nea  297%-4.72 and 14.03~ P =  0.011). A second inc rease  
in the number  of mi to ses  a f t e r  24 h of the expe r imen t  was 
obse rved  in the sma l l  intest ine (by 24% compared  with the 
control  ]VII; 19.2 and 23.7%0; P = 0.004) and in the l i ve r  (by 
667%: 0.15 and 1.16~ P=0 .05) .  By the end of the e x p e r i -  
men t  the mitot ic  act ivi ty  in these  o rgans  was reduced.  

In the mode rn  view the cell  r e m a i n s  in the G 2 phase  
of the mi to t ic  cycle  on the ave r age  for  1-2 h. Consequently,  
if an agent  s t imula t ing  the p r o g r e s s i o n  of cel ls  f r o m  phase  
G 2 into mi tos i s  is admin i s t e r ed  to a l iving o rgan i sm,  an in-  
c r e a s e  in the number  of m i t o s e s  would be expected  1-2 h 
o r  sooner  a f te r  i ts  adminis t ra t ion .  The r e su l t s  of this in-  
ves t iga t ion  show that ! h a f te r  injection of thyroxine into 
an imals  an i nc r ea se  in the t i s sue  MI takes p lace .  This in-  
d ica tes  that thyroid ho rmones  influence phase  G 2 of the 
mi to t ic  cycle,  an effect  which can be desc r ibed  conven-  
t ionally as the G2-effect of thyroid  h o r m o n e s .  Next the 
n o r m a l  mi to t ic  division is r e s t o r e d  fo r  a sho r t  t ime,  a l -  
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