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Changes in the diurnal  rhy thm of mi tos i s  in the esophageal  epi thel ium of r a t s  of s ix  age 
groups  ( f rom two to 90 days) were  invest igated.  On the f i r s t  days of postnata l  development  
the diurnal  mi to t ic  rhy thm was c h a r a c t e r i z e d  by an inc rease  in mi to t ic  act ivi ty (MA) at 7-10 
P.M. By the end of the f i r s t  week of life the diurnal  changes in the number  of m i to se s  were  
sl ight and not significant.  Star t ing f r o m  the age of 15 days the rhy thm of mi tos i s  became  
biphas ic  in c h a r a c t e r  with a tendency fo r  MA to inc rease  in the morning,  and l a t e r  (at the 
age of th ree  weeks) this led to the development  of a m a x i m u m  of the number  of m i t o s e s  in 
the morning .  By the age of 45 days the rhy thm of m i to s i s  was monophasic  in c h a r a c t e r  and 
s i m i l a r  to the rhy thm in adult an imals ,  which was c l ea r l y  apparen t  in the r a t s  at th e age of 
t h r ee  months .  Admin i s t r a t ion  of thyroxine (1 h be fo re  sacr i f ice)  to r a t s  aged 15 and 45 days led 
to a dec r ea s e  in the MA level  when invest igated at many  t imes  during the 24-h per iod.  The 
c h a r a c t e r  of the diurnal  rhy thm of mi tos i s  was unchanged. In no case  was a significant in- 
c r e a s e  in MA found af te r  admin is t ra t ion  of the hormone.  

The avai lable  fac ts  conf i rming the appearance  of diurnal  rhy thms  of mi to s i s  during individual de- 
ve lopment  [1, 3] a re  insuff icient  to allow definite conclusions to be drawn rega rd ing  the genera l  pr inciple  
of modif ica t ion and fo rmat ion  of rhy thms  during ontogeny. Meanwhile sys t emat i c  r e s e a r c h  in this d i r ec -  
tion, bes ides  shedding light on var ious  spec ia l  p r o b l e m s ,  would yield e s sen t i a l  informat ion for  the e s t ab -  
l i shment  of the genera l  p r inc ip les  governing the development  of diurnal  rhy thms  and would thereby  he lp to  
solve the p rob lem of the i r  nature .  

The object  of this invest igat ion was to study age changes in the diurnal  rhy thm of m i to s i s  in the eso-  
phageal  epi thel ium of r a t s .  At the same t ime the poss ibi l i  W of modifying the level  of mitot ic  act ivi ty (MA) 
and the diurnal  rhy thm of mi tos i s  in an imals  of different  ages  by the action of thyroxine also was studied, 
for  data have  been publ ished [5-8] to show that  1 h a f te r  adminis t ra t ion  of thyroxine to animals  a significant 
i n c r e a s e  in MA is obse rved  in ce r t a in  organs ,  including the esophageal  epithelium, at ce r t a in  t imes  of the 
24-h per iod .  The au t ho r s  ci ted cons ider  that this effect  is due to the t r a n s f e r  of cel ls  f r o m  the r e s e r v e  
pool of the G2-phase into mi tos i s  (the "G2-effect" of thyroid  hormones ) ,  

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

Rat s  of six age groups were  used: 2, 7, 15, 22, 45, and 90 days. The an imals  were  kept  under nat-  
u ra l  conditions of lighting and with f ree  a cce s s  to food. The r a t s  were  sac r i f i ced  at t h r ee -hou r ly  in te rva l s  
during the 24-h per iod,  four  or  five an imals  f rom each age group at a t ime.  In the expe r imen t s  to study the 
e f fec t  of thyroxine,  the hormone  was injected in t raper i tonea l ly  in a dose o f l 0 P g / 1 0 0  g body weight I h be-  
fore  sac r i f i ce  into an imals  aged 15 and 45 days (mean weight 25 and 80 g). Mitoses  were  counted in 9,000- 
10,000 cel ls  for  each animal  in sect ions .  The mi to t ic  index (MI) was e x p r e s s e d  per  thousand cel ls .  The 
r e s u l t s  were  subjected to s ta t i s t i ca l  ana lys i s .  
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EXPERIMENTAL RESULTS 

The results are given in Table 1. On the second day af- 

ter birth the diurnal rhythm of mitosis was bimodal in char- 
acter (i.e., it had two maxima); the principal maximum of MA 

occurred at I0 P.M. (Pl0 P.M-4 A.M. = 0.001)and a less 
marked i~erease in the number of mitoses occurred at I0 A.M. 

(Pi0A.M.-4A.M. = 0.043); the minimal level c~ MA was ob- 
served at 4 A.M. However, the bimodal character of the 
rhythm was ill-defined for the decrease in the number of mi- 
toses between I0 A.M. and 1 P.M. was not significant(P= 0.133). 

On the seventh to eighth day after birth the altitude of the 
variations between the maximal and minimal levels of ]HA was 
considerably reduced (by about half) and the curve of the 
change in the number of mitoses assumed the shape of a broken 
line, with no significant change in MA during the 24-h period. 

At the age of 15 days the rhythm of mitosis again became 
bimodal in character with maxima at 7 P.M. and 7 A.M. and 
minima at 1 and I0 P.M. Only the morning maximum of MA 
was statistically significant (P = 0.005). It is interesting to 
note that in the greup of animals receiving thyroxine the mi- 
totic rhythm also was bimodal in character, and the two maxi- 
ma of MA (at 7 P.M. and 7 A.M.) were significant (P <- 0.03). 

At the age of 22 days, simultaneously with the marked 
increase in altitude (by about three times) of the daily fluctua- 
tions in MA the curve of the mitotic rhythm again assumed the 
shape of a broken line. The number of cell divisions reached 
a maximum in the morning and afternoon (7-10 A.M. and 
4 P.M.) and a minimum at 7 P.M. An increase in MA also was 
observed at I0 P.M. (P = 0.001). 

In the rats aged 45 days the diurnal rhythm of mitosis was 
again unimodal in character with a maximum in the morning 
and a minimum in the afternoon and evening (P -< 0.009)~ The 
altitude of the diurnal fluctuations in MA was increased chiefly 
because of a marked decrease in the number of mitoses in the 
period of minimal MA (7 P.M.). The same character of the 
diurnal rhythm of mitosis was found in animals receiving thy- 
roxine, but in this case the decrease in MA from 4 to 7 A.M. 
was significant (P = 0.03). 

In the rats aged 90 days the diurnal rhythm of mitosis was 
definitely unimodal in character, with a period of increased 
MA from 1 to 7 A.M., reaching a maximum at 4 A.M., and a 
period of low MA from 1 to 10 P.M., with a minimum at 4P.M~ 
The differences were significant (P -< 0.005). The altitude of 
the diurnal fluctuations of MA was increased almost three- 
fold compared with the age of 45 days. 

The diurnal rhythm of mitosis in the esophageal epithe- 
lium during the first days after birth was thus characterized 
by an increase in the number of mitoses at 7-10 P.M. The 
small increase in MA at I0 A.M. evidently reflects the syn- 
chronizing influence of the mother. 

By the end of the first week of life the degree of syn- 
chronization of the cell divisions was considerably reduced, with 
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the appea rance  of v e r y  sl ight var ia t ions ,  not s ta t i s t i ca l ly  significant,  in MA during the 24-h period.  At the 
age of 15 days,  while a slight degree  of synchronizat ion of cell  division pe r s i s t ed ,  the f requency of the 
va r i a t ions  in MA was reduced  and the mi to t ic  rhy thm began to show a tendency toward an inc rease  in MA 
in the  morning.  The age of th ree  weeks is evidently a c r i t i ca l  per iod in the course  of es tab l i shment  of the 
diurnal  rhy thm of m i t o s i s ,  for  it is evidently at that age that  the m e c h a n i s m s  of synchronizat ion of cel l  
divis ion re spons ib le  for  rhy thmic  changes in MA in adult an imals  become  act ivated.  As the r e s u l t  of this 
change the ampli tude and f requency  of the f luctuations of MA inc reased  and the level  of cell  divisions 
r e ached  a m a x i m u m  in the morning.  By the age of 45 days the diurnal  rhy thm of mi tos i s  was s i m i l a r  in 
c h a r a c t e r  to the rhy t hm  in adult an imals  [2, 4, 9], but it evidently had not ye t  r eached  a s table  s ta te ,  as  
r evea l ed  by a cons iderab le  va r i a t ion  in MA during the per iod  of i n c r e a s e d  cell  p ro l i fe ra t ion .  In the r a t s  
aged t h r ee  months  the diurnal  rhy thm of mi tos i s  was definitely unimodal  in cha rac t e r ,  as in the adult. 

During the pos tna ta l  development  of r a t s  the re  is thus a gradual  i nc rease  in the degree  of syr/chroni-  
zat ion of cel l  division (see the r a t io  M I m a x / M I m i  n in Table  1). The sl ight  dec rea se  in the ra t io  obse rved  
on the fourth day of life was evident ly  due to loss  of the synchronizing effect  of the mother .  Meanwhile,  
dur ing development  of the r a t s  a s ignif icant  dec rea se  in the genera l  level  of cel l  pro l i fe ra t ion ,  a s s e s s e d  on 
the bas i s  of the m e a n  values of MA for  the 24-h per iod,  was observed .  

Admin i s t r a t ion  of thyroxine to an imals  aged 15 and 45 days led to a dec r ea se  in the level  of MA at  
m a n y  of the points  of invest igat ion during the 24-h per iod,  but this dec rea se  approached signif icance only 
in the r a t s  aged 45 days in the in te rva l  between 7 P.M. and 1 A.M. (P = 0.037-0.059). The inc rease  in MA 
a t  10 A.M. and 10 P.M. found a f te r  admin i s t r a t ion  bf thyroxine to the 15-day-old  r a t s  was not significant.  
The c h a r a c t e r  of the diurnal  rhy thm of mi tos i s  was unchanged a f te r  inject ion of the hormone.  

The  r e su l t s  obtained by  this study of the changes in MA in the esophageal  epithel ium of r a t s  in r e -  
sponse to inject ion of thyroxine thus did not conf i rm the hypothesis  of the G2-effect of thyroid hormones .  
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