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The diurnal rhythm of mitosis  in the esophageal epithelium of ra ts  af ter  adminis t rat ion of 
thyroxine for 7 days is not synchronized with that of control  animals.  In both the control  
and experimental  ser ies  the duration of mitosis  in a diurnal rhythm is minimal at the height 
of mitotic activity. Consequently, stimulation of mitotic activity in the rhythm of both groups 
of animals is not connected with an increase  in the duration of mitosis but with an increase  
in the number  of cel ls  taking part  in mitosis  per unit t ime.  

Investigations [2, 3, 5, 7, 8] have established a decrease  in the duration of mitosis  at the height of 
mitotic activity during the 24-h period (in the epithelium of the small  intestine, cornea,  tongue, the epi-  
dermis  of the skin, bone mar row and kidney cells).  Since the duration of mitosis  during the 24-h period 
is reflected in the values of the mitotic index, the possibility of changes in the rate of mitosis  must  be 
borne in mind when the action of hormones on mitotic activity is studied. 

The object of the investigation descr ibed below was to study diurnal rhythms in the number  of mi to-  
ses and in the duration of mitosis  in the esophageal epithelium of ra ts  receiving and not receiving thyroxine.  

EXPERIMENTAL METHOD 

Altogether 120 male albino rats  weighing 50-60 g were used in the experiments .  In the experiments 
of ser ies  I (80 rats)  half of the animals received an intraperi toneal  injection of the sodium salt  of L - thy -  
roxine in a dose of 10 pg/100 g body weight daily for 7 days at 8 a.m. A special  experiment showed that 
the level of protein-bound iodine in the blood se rum of the rats 5 and 10 days af ter  injection of thyroxine 
in this dose averaged 13.5 and 14.0 #g% respect ively,  severa l  t imes higher than the normal  values .*  The 
other half of the ra ts  received the solvent of thyroxine (0.1 ml of 0.5 x 10 -2 N KOH solution) in an equi- 
valent volume at the same t ime. The animals of this ser ies  were sacr i f iced on the 8th day after  injection 
of thyroxine, every 3 h s tar t ing at 10 a.m. and ending at 7 a.m. next day. In the experiments of ser ies  II 
(40 rats)  the animals received thyroxine or its solvent as in ser ies  I but, in addition, they received an in- 
t raper i toneal  injection of demecolcine in a dose of 5 m g / k g b o d y  weight at 10 a .m. ,  4 and 10 p.m., and 4 
a .m.  The rats  were sacr i f iced 6 h after  the injection of demecolcine,  at 4 and 10 p.m. and 4 and 10 a .m.  
The overall  mitotic index (OMI) in the esophageal epithelium, and the mitotic index in the s t ra tum basale  
(MIi) and s t ra tum spinosum (MI 2) in promille were  calculated for 20,000-30,000 cel ls .  In se r ies  II, the 
corresponding indices after  administrat ion of demecolcine (OMIcol, MIlcol, and MI2col) also were  ca lcu-  
lated. The duration of mitosis  was determined by  the formula tM = MIx A/MIco l ,  where A is the duration 
of action of the demecolcine.  

*The authors are  grateful  to Dr. Biol. Sci. B. S. Kasavina for her guidance and help with the protein-bound 
iodine investigation. 
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Fig. 1. Changes in mitotic activity in 
esophageal epithelium of control  ra ts  
(1) and rats  receiving thyroxine (2) 
during the 24-h period. Absc issa ,  t ime 
of day; ordinate: a) MI i (in %0); b) 
MI2 (in %0). 
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Fig. 2. Changes in duration of mitosis  
(curve), MI (unshaded columns),  and 
MIco 1 (shaded columns) during the 24- 
h period in esophageal epithelium of 
control  ra ts  and rats  receiving thyrox-  
ine. a and e) Stratum basale  and s t r a -  
tum spinosum respect ively  of control  
ra ts ;  b and d) s t ra tum basale  and s t r a -  
tum spinosum respect ive ly  of rats  r e -  
ceiving thyroxine.  Abscissa ,  t ime of 
day; ordinate: l e f t -  MI (in %o), right 
- t M (in min). 

EXPERIMENTAL RESULTS 

The results of the experiments of series I show that a 

diurnal rhythm of mitosis exists in the stratum basale of the 

esophageal epithelium of intact rats, with a maximum between 

1 and 7 a.m. and a minimum between I0 a.m. and I0 p.m. (P= 

0.02-0.05; Fig. la). No significant changes in MI 2 were found 

during the 24-h period. The diurnal changes in OMI were 

analogous to those in MI i. The mean daily values of MI i and 

MI 2 were 12.1 and 0.60o/00, respectively. The results are in 

agreement with those described by other workers [i, 4, 5, 9] 

who found an increase in mitotic activity in the esophageal 

epithelium at night and in the morning. In animals receiving 

thyroxine an increase in MI i and OMI was observed between 
I0 p.m. and 1 a.m., i.e., 3 h earlier than in the control, and at 

this time the values of MI I and OMI were higher than those 

characteristic of other times (P = 0.001-0.050; see Fig. la). 

In addition, under the influence of thyroxine, OMI, MI l, and 
MI 2 were increased at 1 pm., but whereas the changes in the 
f i rs t  two indices were not significant, the increase  in MI 2 was 
significant (P = 0.016; Fig. lb). The mean daily values of MI 1 
and MI 2 in animals receiving the hormone did not differ s ig-  
nificantly f rom those in the control  (14.5 and 1.0 ~ r e spec -  
tively). 

The resul ts  of the experiments of ser ies  II showed that 
higher values of MI 1 and MIicol were observed in the control  
animals between 10 p.m. and 10 a.m. than between 10 a.m. and 
10 p.m. (P = 0.001-0.050), with a maximum between 10 p.m. 
and 4 a.m. (Fig. 2a). Similar changes took place in OMI and 
OMlcol. Although MI 2 did not vary  significantly during the 
24-h period (as in the animals of ser ies  I), never theless ,  the 
values of MI2col were higher between 10 p.m. and 10 a.m. than 
between 10 a.m. and 10 p.m. (P = 0.001-0.007; Fig. 2c), with 
a maximum at the same t imes  as MIlcol (10 p .m.-4  a.m.).  
Consequently, the resul ts  for the accumulation of C-mi toses  
demonst ra te  a diurnal rhythm of mitotic division in the prickle 
cells  s imi lar  to the rhythm in the number  of mitoses  in the 
basal  cel ls .  However, in this case  the possibil i ty of the more  
frequent migrat ion of C-mi toses  into the s t ra tum spinosum 
f rom the s t ra tum basale  at a time when mitotic activity in the 
lat ter  is increased must  be borne in mind. The mean daily 
values of MI l and MI 2 differed by more  than 20 t imes,  where -  
as the mean daily values of MIicol and MI2col differed by only 
2.5 t imes (57.8 and 23.6~ respect ively) .  These compar isons  
suggest  that a cer tain proport ion of the C-mi toses  observed 
in the s t ra tum spinosum are in fact  C-mi toses  which have 
migrated f rom the s t ra tum basale.  During the action of thy- 
roxine, MI i was higher between 4 p.m. and 4 a.m. than between 

4 a.m. and 4 p.m. (P = 0.010-0.050), and the highest value of MIicol was observed between 4 p.m. and 4 a.m. 
(P = 0.001-0.010; Fig. 2b). Between 4 and 10 p.m.,  MIlcol for the animals receiving thyroxine was higher 
than for the controls  (P = 0.001). Changes in OMI and OMIco 1 during the action of thyroxine were  s imi la r  
to the changes in MI 1 and MTicol. Under the influence of the hormone no significant change in MI 2 took 
place during the 24-h period, but MI2col was higher in the animals receiving thyroxine between 4 p.m. and 
4 a.m. than at other t imes of day or night (P = 0.001), and it was higher at this period than in the control  
(P = 0.001-0.030; Fig. 2d). At the same t ime, the mean daily values of MIicol and MI2col were not s igni-  
ficantly different f rom those in the control  animals ,  with values of 72.1 and 39.2 %0, respect ively.  
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TABLE 1. Resu l t s  of Calcula t ions  of PM 

Total  ce l l  population . . . . . . .  
S t ra tum b a s a l e  . . . . . . . . . . .  

PM in %, 
f rom t M 

no rma l  thy -  
roxine 

14.4 21.0 
20.4 29.0 

PM in %, 
f rom C - m i t o s e s  

n o r m a l  t hy -  
roxine  

14.3 21.1 
23.1 29.0 

The r e su l t s  of the expe r imen t s  of s e r i e s  I and II show that the d iurna l  rhythm of mi tot ic  d iv is ion  in 
the esophageal  epi the l ium of ra t s  r ece iv ing  thyroxine is  not synchronized  with the mi tot ic  rhythm in intact  
a n i m a l s ,  and this  is  re f lec ted  in a shif t  of the maximum of MI to the lef t  by 3 h. The i n c r e a s e  in MI 1 and 
MI 2 under  the influence of thyroxine  obse rved  at  1 p .m.  does not c o r r e l a t e  with the changes  in MIlcol  and 
MI2eol, which a r e  low at th is  t ime .  This  sugges ts  that these  changes in MI 1 and MI 2 do not r e f l ec t  an in -  
c r e a s e  in the number  of dividing ce l l s .  

Since a f te r  a s ingle  in jec t ion  of thyroxine in a dose of 10 /2g/100 g the s e r u m  prote in-bound iodine 
level  does  not r e t u r n  to no rma l  unti l  a f t e r  48 h [6], and a high concen t ra t ion  of hormonal  iodine r e m a i n s  in 
the blood s t r e a m  for  24 h, i t  can be postulated that  this  mani fes ta t ion  of a r e s p o n s e  of ce l l  d iv is ion in the 
esophagea l  epi the l ium to thyroxine only at  a c e r t a i n  t ime  of day is connected with the ex is tence  of a d iurna l  

rhythm of s ens i t i v i t y  of ce l l s  to the hormone .  

It is  i n t e r e s t i ng  to  note that no s ignif icant  changes could be found in the number  of esophageal  ep i -  
the l ia l  c e l l s  p ro l i f e r a t i ng  in the cou r se  of the 24-h per iod under the influence of thyroxine .  

tn no case  of the inves t iga t ion  of mi to t ic  ac t iv i ty  we re  d i f fe rences  found in the value  of the prophase  

index a f t e r  in jec t ion  of demecolc ine  or  in i ts  absence .  

As Fig .  2a shows,  the lowest  value of tM (64 rain) in the b a s a l  ce l l s  was observed  f rom 10 p.m. to 
4 a .m. ,  i . e . ,  in the per iod  of max ima l  mi tot ic  ac t iv i ty ,  while the h ighest  value (97 rain) was found between 
4 and 10 p .m. ,  sho r t l y  before  the r i s e  in mi tot ic  ac t iv i ty .  The d i f fe rences  in the dura t ion of mi tos i s  a r e  
s t a t i s t i c a l l y  s igni f icant .  The r e s u l t s  indicate  that a d iurna l  rhythm of mi tos i s  ex is t s  in the b a s a l  ce l l s  of 
the esophageal  epi the l ium and they a g r e e  with the r e s u l t s  of the w r i t e r s '  e a r l i e r  inves t iga t ions  [5, 7] and 
with observa t ions  of o ther  w o r k e r s  [2, 3, 8] to the effect that  t M is reduced  at the t ime  of the 24-h per iod  
when MI is high. They indica te ,  too, that the d iurnal  i n c r e a s e  in mi tot ic  ac t iv i ty  is  connected with an in -  
c r e a s e  in the number  of ce l l s  taking par t  in mi tos i s  per  unit t ime .  In the p r i ck l e  ce l l s  of the cont ro l  an i -  
ma l s  the re  were  no s ignif icant  changes in t M dur ing  the 24-h per iod  (Fig.  2c). The mean dai ly  changes in 
t M in the gene ra l  ce l l  population of the  esophageal  epi the l ium and in the s t r a t u m  b a s a l e  and s t r a t u m  sp ino-  
sum were  62, 84, and 10 rain r e spec t i ve ly .  The sha rp  i n c r e a s e  in t M in the s t r a t um  spinosum compared  
with the s t r a tum b a s a l e  evident ly  does not r e f l ec t  the t rue  r e l a t ionsh ips  but is  connected with an i n c r e a s e  
in the number  of me taphases  blocked by demecolc ine  in the s t r a t u m  spinosum on account  of t he i r  m i g r a -  
t ion f rom the s t r a t u m  basa l e ,  which takes  place dur ing the 6 h a f t e r  in jec t ion  of demecolc ine  into the an i -  

m a l s .  

In the expe r imen t a l  an imals  the g r e a t e s t  changes in t M (98 min) in the s t r a t um  basa l e  were  observed  
between 10 a .m.  and 4 p .m. ,  when the number  of mi toses  was at  a min imum.  With an i n c r e a s e  in MI 1 d u r -  
ing the 24-h per iod (4-10 p.m.)  t M was reduced to 57 min (P = 0.0001; Fig .  2b). At this  t ime ,  t M for  the ex -  
p e r i m e n t a l  an ima l s  was about half i t s  no rma l  leve l .  Changes in the d iurna l  dynamics  of t M under  the in-  
fluence of thyroxine  a r e  thus s i m i l a r  to the c h a r a c t e r  of the changes in mitot ic  ac t iv i ty  under  these  condi -  
t ions ,  and the d iu rna l  rhy thms  of t M in con t ro l  r a t s  and r a t s  r e c e i v i n g  thyroxine ,  l ike the d iu rna l  rhythms 
of mitot ic  ac t iv i ty ,  a r e  not synchronized .  In the p r i ck le  ce l l s  of the esophageal  epi thel ium of the an imals  
r ece iv ing  thyroxine ,  t M reached  i t s  h ighest  value between 10 a .m.  and 4 p.m. (20 rain) and i ts  lowest  b e -  
tween 4 and 10 p.m. (4 rain; Fig.  2d). The changes in t M under  the influence of thyroxine thus do not occur  
at  a l l  t i m e s ,  but only at  c e r t a i n  t i m e s  of the 24-h per iod.  Both in the con t ro l s  and in the expe r imen ta l  an i -  
ma l s  the ampl i tude  of the va r i a t ions  in t M was about the s ame .  Consequently,  under  the influence of thy -  
roxine  tM was not reduced  to l ess  than i ts  min ima l  value  dur ing the na tu ra l  d iurna l  rhythm.  The r e su l t s  
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of the experiments  of ser ies  II showed that the increase  in number of mi toses  in the esophageal cells at 
1 p.m. under the influence of thyroxine was due, not to a t rue increase  in mitotic activity,  but to the in-  
c r e a s e  in t M at that t ime.  The mean daily values of tM in the total  esophageal epithelial cell  population, 
and in the s t ra tum basale  and s t ra tum spinosum after  adminis t ra t ion of thyroxine were 49, 70, and 9 rain 
respect ively ,  i .e. ,  they were ra ther  lower than in normal  animals (by 16% in the s t ra tum basale).  

The resul ts  of the calculations of PM (the number  of cells  dividing in the 24-h period) f rom t M and 
f rom the number  of C-mi toses  are  given in Table 1. 

The t ime of renewal of the esophageal cells  (T) was calculated f rom the formula 

T =  tM-N 
n 

where N is the total number of cel ls ,  and n the mean daily number  of dividing cells (provided that Pc = 
100%). The value of T under normal  conditions for  the whole population is 7.5 days, under the influence 
of thyroxine it is reduced to 5 days, and the corresponding values of T for the cells  of the s t ra tum basale  
are  4.8 and 3.3 days.  
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