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A study of the duration of mitosis ,  using eolchicine, and of mitotic activity in the bone m a r -  
row, the crypts  of the small  intestine, and the thyroid gland of ra ts  during the 24-h period 
showed that the daily increase  in mitotic activity is associated with the s tar t ing of mitosis  
by a l a rge r  number of cells and not with an increase  in the duration of mitosis.  The most  
highly differentiated cells in the crypts  of the small  intestine and in the thyroid gland are 
charac te r i zed  by diminished ability to take par t  in mitosis.  

Experiments  have shown that the duration of mitosis in animal t issues var ies  in the course of the 24- 
h period. Kreyberg and co-workers  [4], in experiments on ha i r less  mice, showed that changes in the dura-  
tion of mitosis in the epidermis cor re la te  with changes in mitotic activity at different t imes of day or  night. 
Gyergyay-Malat inszky and Gyergyay [3] observed an increase  in the duration of mitosis in the epithelium 
of the small  intestine and tongue of mice during an increase  in nlitotic activity. This contradicts  the exist-  
ing views regarding changes in the diurnal rhythm of mitotic activity as the resul t  of differences in the 
numb.or of cells start ing on mitosis in the course  of the 24-h period. 

The relationship between changes in the duration and number of mitoses during the 24-h period in 
the bone marrow,  small  intestine, and thyroid gland was investigated. 

EXPERIMENTAL METHOD 

Experiments  were ca r r i ed  out on 56 male albino rats  (mean weight 47 g}. Control animals (group 1) 
were sacr i f iced at 10 A. M., 1, 4, 7, and 10 P.M., and 1, 4, and 7 A.M. At each time of the experiment,  5 
animals were sacrif iced.  The animals of group 2 received an intraperi toneal  injection of colchicine (1 
pg/g) 6 h before sacr i f ice ,  and they were sacr i f iced at 10 A.M., 4 and 10 P.M., and 4 A.M. Mitotic activity 
in the t issues was judged f rom the resul ts  of determination of the mitotic index (MI) in promil le .  MI of 
bone mar row cells was calculated for 5000-7000 cells in aee to-orce in  impress ion  films. The overal l  
mitotic index (OMI) of epithelium of the small  intestine was calculated for 4000-5000 cells in 50 longitu- 
dinally cut crypts .  MI was also determined in the lower, middle, and upper thirds of the crypt  (MI1, MI2, 
and MI 3, respectively,  in the direct ion f rom the bottom to the neck of the crypt). MI of the thyroid epithelium 
was calculated for 40,000-60,000 cells in each case. The duration of mitosis was calculated by the formula 
t m = M I .  A/MIcolch. ,  where A represents  the time of action of colchicine. 

E X P E R I M E N T A L  R E S U L T S  

A diurnal rhythm of mitosis exists in the bone mar row cells of young rats ,  with a m a ~ m u m  between 
4 and 10 A.M. and a minimum between 4 and 10 P.M. (P =0.002) (Fig. 1). The grea tes t  number of C-mi -  
toses  also was observed between 4 and 10 A.M., and the smal les t  number between 10 P.M. and 4 A. M. 
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Fig. 1. Changes  in dura t ion  of mi tos i s  
(1), in MI (2), and in MIcolch.  (3) dur ing  
the 24-h pe r iod  in bone m a r r o w  cel ls .  
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Fig.  2. Changes  in dura t ion  of  mi tos i s  
(1), MI (2), and Mlcolch.  (3) dur ing  the 
24-h  pe r iod  in ce l l s  of  the u p p e r  th i rd  
of  a c r y p t  of  the s m a l l  in tes t ine .  

(P < 0.0001). The dura t ion  of mi tos i s  va r i ed  dur ing the 24-h  
per iod ,  be ing s h o r t e r  be tween  4 and 10 A.M. (29 rain), i .e . ,  at 
the pe r iod  of max ima l  mi to t ic  act ivi ty .  The longes t  dura t ion  of 
mi tos i s  was found be tween  10 P.M. and 4 A.M. (141 rain), 
sho r t l y  be fo re  the i n c r e a s e  in mitot ic  act ivi ty .  The i n c r e a s e  
in the dura t ion  of  mi tos i s ,  in the absence  of  an i n c r e a s e  in MI, 
evident ly  indica ted  de lay  in the s t a r t ing  of  mi tos i s  at this  t ime  
by  a c e r t a i n  p r o p o r t i o n  of  the ce l l s .  

The mean  va lues  of MI, MIeolch. ,  and t m for  the 24-h  
pe r iod  w e r e  20.6 •  and 166.2 ~92.0~ and 45 rain, r e s p e c -  
t ively.  

In the l ower  and middle th i rds  of  the c ryp t  of the smal l  
in tes t ine ,  the h ighes t  va lues  of MI and MIeolch.  w e r e  found b e -  
tween  4 and 10 P.M. (P < 0.050). However ,  the dura t ion  of 
mi tos i s  in these  p a r t s  of the c ryp t  changed v e r y  l i t t le  dur ing  
the 24-h  pe r iod  (f rom 46 to 54 and f r o m  42 to 52 r a i n , r e s p e c -  
t ively).  The mean  va lues  of  MII, MImolch . ,  and t m for  the 24-  
h pe r iod  w e r e  41.6 •  and 311.6 _* 93.0~ and 48 min, and 
fo r  MI2, Mt2eolch ., and t m 33.1 •  and 255.8 ~: 56.0~ and 
47 rain, r e spec t ive ly .  

In the u p p e r  p a r t  of the c r y p t  the d iurna l  r h y t h m  of  
mi tos i s  was  m o r e  marked .  Here  many  m o r e  n o r m a l  and C-  
mi to se s  were  obse rved  be tween 4 and 10 P.M. than at o the r  
t i m e s  of day o r  night (P < 0.040) (Fig. 2). The dura t ion  of  
mi tos i s  a lso  va r i ed  dur ing the 24-h  per iod.  At a t ime  of in -  
c r e a s e  of  mi to t ic  ac t iv i ty ,  the dura t ion  of  mi tos i s  was s h o r t e r  
(29 rain), and i m m e d i a t e l y  be fo re  this  pe r iod ,  the dura t ion  of 
mi tos i s  was  g r e a t e s t  (40 rain). The absence  of an i n c r e a s e  in 

MI at a t ime  of d e c r e a s e  in the ra te  of mi to s i s  in the uppe r  th i rd  of  the c ryp t ,  as in the bone m a r ro w ,  
evident ly  r e f l ec t s  de lay  in the s t a r t ing  of  mi tos i s  by a c e r t a i n  p r o p o r t i o n  of the c ryp t  cel ls .  

The mean  va lues  of MI3, MI3colch.,  and tm for  the 24-h  pe r iod  were  14.2 •  and 167.8 ~ 52.0~ and 
31 rain, r e spec t ive ly .  

In the u p p e r  th i rd  of  the c r y p t  of  the sma l l  in tes t ine ,  a cons ide rab l e  d e c r e a s e  in mi to t ic  ac t iv i ty  was  
thus o b s e r v e d  c o m p a r e d  with the l ower  and middle  th i rds  (P < 0.0001). The mean  n u m b e r  of  n o r m a l  and C-  
m i t o s e s  in the middle  th i rd  of the c r y p t  fo r  the 24-h  pe r iod  was s m a l l e r  than in the l ower  th i rd  (P < 0.050). 
These  r e s u l t s  show that  dur ing  d i f fe ren t ia t ion  of the c r y p t  ce l l s ,  the dura t ion  of mi tos i s  was  reduced.  

The  l a r g e s t  n u m b e r  of  n o r m a l  and C - m i t o s e s  in the t hy ro id  ep i the l ium was o b s e r v e d  between 4 and 
10 A. M. {10.2 •176 ~ and 66.4 • 16.0 ~ r e spec t i ve ly ) ,  and the s m a l l e s t  n u m b e r  between 10 A .M.  and 
4 P . M .  (2.5 • 1.5 ~ P = 0.034 and 20.4 • 16.0 ~ P = 0.008). The dura t ion  of mi tos i s  showed only slight 
changes  dur ing  the 24 -h  pe r iod  (from 46 to 55 rain). The mean  va lues  of  the ove ra l l  mi to t ic  index (OMI), 
of  OMIcolch. ,  and of  t m for  the 24-h  pe r iod  were  4.8 •  ~ ano 35.6 •  ~ and 49 m i n , r e s p e c t i v e l y .  

Bes ides  the n u m b e r  of  m i t o s e s  in the whole popula t ion of  t hy ro id  ce l l s ,  MI a lso  was  ca lcu la ted  for  
individual  c l a s s e s  of  fo l l i c les .  Size c l a s s e s  of  fo l l ic les  a re  p r e s e n t  in the t hy ro id  gland of  young r a t s  
(class 1 - fo l l i c les  conta in ing  2-5  ce l l s  in t h e i r  wall  o r  sec t ion;  c l a s s  2 - 6 to 15 ce l l s  I c l a s s  3 - 16 to 25 
ce l l s ;  c l a s s  4 - 2 6  to 35 ce l l s ;  and c l a s s  5 - 3 6  to 45 ce l ls ) .  In the fo l l ic les  of c l a s s e s  1, 2 and 3, the 
h ighes t  va lues  of  MI and MIcolch.  were  o b s e r v e d  between 4 and 10 A . M . ,  and the  lowest  va lues  between 
10 A .M.  and 4 P . M .  (P < 0.039)~ In the fo l l i c les  of c l a s s e s  4 and 5, bes ides  an i n c r e a s e  in mi to t i c  ac t iv i ty  
and in the accumula t i on  of C - m i t o s e s  in the pe r iod  f r o m  4 to 10 A . M . ,  t he re  was a l so  a s igni f icant  i n c r e a s e  
in MI and MIcolch.  between 4 and 10 P . M .  (P < 0.0001-0.045) .  The dura t ion  of  mi tos i s  in the d i f fe ren t  
c l a s s e s  of  fo l l ic les  v a r i e d  only s l ight ly  dur ing  the 24-h  pe r iod .  Accord ing  to the mean  data  for  the 24-h  
pe r iod ,  the va lues  of  MI, MIcolch.  , and t m fo r  the v a r i o u s  c l a s s e s  of  fo l l ic les  were  as  fol lows:  c l a s s  1 
6.2 •  and 60.2 •  ~ and 37 min;  c l a s s  2 4.3 •  and 34.8 •  and 44 rain; c l a s s  3 7.0 •  
and 47.0 •  ~ and 53 rain; c l a s s  4 3.1 • 3.1 and 20.2 • and 47 rain; and c l a s s  5 2.7 •  and 
17.1 •  ~ and 53 min.  
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The values for mitotic activity and accumulation of C-mi toses  in the follicles of c lasses  4 and 5 are  
significantly lower than those for follicles of c lasses  1-3 (P < 0.003-0.047). Hence, cells in the 
l a rge r  follicles divide less frequently. 

In all t issues the values of prophase index in the control and experimental  rats  were identical. 

The mean values for the 24-h period thus obtained provide a basis  for calculation of the duration of 
the mitotic cycle (T) of cells of the studied t issues,  by means of the formula:  

T ~ t ~ , . N  
l% Y 

where N is the total number of cells and n the number of dividing cells. The duration of the mitotic cycle 
for bone mar row cells was 35 h, for  the cells of the lower third of the crypt  20 h, middle third 24 h, and 
upper third 38 h, and for cells of the thyroid gland 7.1 days (Pc =100%). 

The resul ts  of this investigation show that the duration of mitosis may vary  during the 24-h period. 
Changes in the duration of mitosis during the 24-h period have recent ly  been established for the epithelium 
of the cornea and tongue and for the kidney cells of mice [1, 2]. In the presen t  experiments  no increase  in 
the duration of mitosis was found at the t ime of day or  night when mitotic activity of the t issues was In- 
creased.  It can accordingly be concluded that the daily increase  in the number of mitoses  takes place be-  
cause of the g rea te r  number of cells s tar t ing on mitosis.  

The results  of investigation of the small intestine and thyroid gland show that as the cells differentiate 
and develop, the mitotic activity in these organs is reduced. 
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