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Diurnal  changes in mi to t ic  ac t iv i ty  and in the number  of ce l l s  syn thes iz ing  DNA in a sponta-  
neous s a r c o m a  of r a t s  and in the esophageal  and co rnea l  ep i the l ium were  studied in noninbred 
a lb ino r a t s  weighing 190 g by au to rad iog raphy .  The an ima l s  w e r e  ki l led in groups e v e r y  3 h 
for  24 h,  1 h a f t e r  r ece iv ing  an in jec t ion  of thymidine-H 3. The expe r imen t s  showed a b imodal  
d iurna l  rhythm of mi to t ic  ac t iv i ty  in spontaneous ra t  s a r c o m a  with a max ima l  number  of m i -  
t o se s  at  10 p .m.  and 7 a .m .  and a b imoda l  d iurna l  rhy thm of the index of l abe led  nucle i ,  with 
max ima  at 10 a .m.  to 1 p .m.  and at 1 a .m.  The i nc rea se  in the index of labeled nuclei  p r e -  
ceded the i n c r e a s e  in mi tot ic  ac t iv i ty  by 9 and 6 h~ The p r e s e n c e  of a tumor  in the animal  
did not change the c h a r a c t e r  of the curve of d iurna l  rhythm of mi tos i s  and DNA synthes is  in 
the cornea l  and esophagea l  ep i the l ium,  although these  indices  were  r a the r  lower  than in in-  
t ac t  an ima l s .  

To evaluate  the r a t e s  of ce l l  d iv i s ion  in the t i s s u e s  c o r r e c t l y  the data  for  the mean d iurna l  number  
of m i to se s  mus t  be studied [5, 9]. I r r a d i a t i o n  and an t i tumor  p r e p a r a t i o n s ,  if used at the per iod of the m a x i -  
mum or  min imum of the number  of m i t o s e s ,  may d i f fe r  in t he i r  ac t ion  on cel l  r ep roduc t ion  in no rma l  t i s -  
sues and in t u m o r s ,  with consequent  d i f fe rences  in t h e i r  the rapeu t i c  effect  [4, 7, 11, 12, 15]. 

The c h a r a c t e r  of the d iurna l  rhy thm of m i t o s i s  and DNA syn thes i s  in no rma l  t i s s u e s  has  been s tudied 
in de ta i l  [1, 5, 6~ 9]; it has r ece ived  less  inves t iga t ion  in t u m o r s ,  and the r e su l t s  obtained have been c o n t r a -  
d i c to ry  [3, 4, 8, 11-15]. The effect  of a mal ignant  tumor  on ce l l  d iv i s ion  in normal  t i s s ue s  not d i r e c t l y  ad -  
jacent  to the tumor  nodule has not been made c l e a r  [1, 3, 4]. 

The objec t  of the p r e s e n t  inves t iga t ion  was to study d iurna l  changes in the number  of ce l l s  s yn the s i z -  
ing DNA and in the number  of dividing ce l l s  in a t r ansp l an t ab l e  t u m o r  (spontaneous ra t  s a r c o m a ,  SRS) and 
in no rma l  t i s s u e s  (corneal  and esophagea l  ep i the l ium) .  

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

Noninbred male  a lb ino r a t s  with a mean weight  of 190 g we re  used .  Each an imal  rece ived  a subcu-  
taneous inject ion of 170,000 ce l l s  of a suspens ion  of the SRS tumor ;  61 ra t s  with a subcutaneous tumor  m e a -  
su r ing  2 x 2.5 cm,  we re  given an i n t r ape r i t onea l  in jec t ion  of thymid ine-H 3 (USSR) with a spec i f ic  ac t iv i ty  
of 4.5 C i / m m o l e ,  in a dose  of 0.3 g C i / g  body weight ,  1 h before  s a c r i f i c e  on the 19th-20th day a f t e r  innocu- 
lotion of the suspens ion .  At each per iod of the inves t iga t ion  7 or  8 r a t s  were  s a c r i f i c e d  (Table 1). P i eces  
of the tumor ,  esophagus ,  and co rnea  were  fixed in Carnoy ' s  solut ion.  Sect ions 5 p in th ickness  we re  coated 
with type M emuls ion .  P r e p a r a t i o n s  of the t u m o r  w e r e  exposed for  45 days ,  esophagus for  28 days ,  and 
co rnea  for  35 days .  The au to rad iographs  we re  s ta ined with M a y e r ' s  hematoxyl in .  Cel ls  we re  r ega rded  as 
labeled if  they contained more  than th ree  gra ins  of s i l v e r .  The mitot ic  index (MI) and index of labeled nuclei  
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TABLE 1. D i u r n a l  Changes  in N u m b e r  of Cel ls  Syn thes i z ing  DNA, 
Mi toses ,  and N u m b e r  of G r a i n s  of S i lve r  in  SRS and Esophagea l  and 
Cornea l  E p i t h e l i u m  (in 0/00) 

SRS epitheliurn ~ _ t r a t u m ~ p i n o s u m  
Time of ' ~ - -  - -  ~o " - -  - -  ~-~'-'-- - -  - -  

day d"~ d'~ ~ d ~  

~ ' ~  ~ ~ . ,  ~ ~ , .  

10 a , m  
I p,m. 
4p.m. 
'/ p.m 

l0 p.m, 
1 a . m  
4 a, re. 
7 a~  

Mean diurnal 
value 

Mean diurnal 
value of ratio 
ILN/MI 

405,1 I 29,7 
414,0 [ 30,9 
327,8 I 31,3 
279,9 40,1 
332,2 45,4 
351,2 37,O 
231,1 26,7 
363,6 41,1 

338,1 I 35,4 
I 

8,5 

17,5 
19,0 
13,6 
12,3 
14,0 
I7,0 
14,6 
19,0 

16,0 

24,9 
22,2 
20,7 
44,9 
33,8 1,81 
45,4 2,1 
51,4 4,2 
36,9 6,3 

36,0 3,1 i 
! 

ll,6 

I 
3,4 I 16,5 44,5 9,8 8,8 
3.41 10,8 ] 52,4 7,7 7,5 

5,9 8,6 2.31 10,8 168,2 6,2 
l.bl 8,1 57,4 6,1 

435 4 3  6 5  
52,2 11,8 6.5 

7,9 40,9 10,81 6,9 
6,6 29,0 10,9 6,0 

9,8 48,5 8,4 7,1 

5,8 

14,1 
17,2 
22,9 
17,2 
14,0 
17,2 
14,3 
9,G 

2,1 
1,9 
1,3 
2,1 
1,3 
2,6 
2,7 
2,8 

! 

15,8 2,1 [ 

9,1 
7,9 
8,7 
6,5 
6,4 
6,5 
6,8 
6,3 

7,3 

(ILN) w e r e  d e t e r m i n e d  p e r  1000 ce l l s ,  by count ing  2500-3000 c e l l s  i n the  t u m o r ,  4000 ce l l s  i n t h e  e sophagus ,  and 
6000-8000 ce l l s  in the c o r n e a  of each a n i m a l .  The i n t e n s i t y  of DNA syn t he s i s  was  e s t i m a t e d  f r o m  the n u m -  

b e r  of g r a in s  of s i l v e r  d e t e r m i n e d  in  50 labeled c e i l s .  The s t a t i s t i c a l  a n a l y s i s  of the m a t e r i a l  was  c a r r i e d  
out by the F i s h e r - S t u d e n t  me thod .  

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

The e x p e r i m e n t a l  r e s u l t s  a r e  given in Tab le  1. They  show that  the d i u r n a l  r h y t h m  of the n u m b e r  of 
t u m o r  ce l l s  s y n t h e s i z i n g  DNA was b imoda l  in  c h a r a c t e r  with a m a x i m u m  of ILN at  10 a . m . - l p . m ,  and at 
1 a . m .  The d i u r n a l  changes  in MI in the t u m o r  ce l l s  a l so  followed a b imoda l  curve  with a m a x i m u m  of the 
n u m b e r  of m i t o s e s  at  10 p .m .  and 7 a . m .  

A m a x i m u m  of ILN o c c u r r i n g  at 10 a . m . - 1  p . m .  was  9 h e a r l i e r  than  the m a x i m u m  at MI at 10 p . m . ,  

w h e r e a s  the second  i n c r e a s e  in MI at 7 p . w .  p receded  the i n c r e a s e  in  ILN at  1 a .m. ;  i . e . ,  the d i f f e rence  
was  6 h.  The n u m b e r  of g r a i n s  of s i l v e r  in  the t u m o r  ce l l s  va r i ed  th roughout  the 24-h  per iod  in  a c c o r d a n c e  
with the changes  in the n u m b e r  of ce i l s  s y n t h e s i z i n g  DNA. 

The d i u r n a l  changes  in  ILN and MI in  the  esophagea l  e p i t h e l i u m  followed a u n i m o d a l  c u r v e .  The m a x -  
ima l  va lue  of ILN p receded  that  of MI by 3 h ,  but the i n c r e a s e  in  ILN began  much  s o o n e r ,  in fact f r o m  7 p .m .  
or  9 -12  h s o o n e r .  The i n t e n s i t y  of DNA s y n t h e s i s  va r i ed  d u r i n g  the 24-h pe r i od ,  r e a c h i n g  a m a x i m u m  at 
10 a . m .  and a m i n i m u m  at 7 a . m .  

The c h a r a c t e r  of the d i u r n a l  changes  in  ILN and MI in  the s t r a t u m  b a s a l e  and s t r a t u m  s p i n o s u m  of the 
c o r n e a  was  s i m i l a r .  The m e a n - d i u r n a l  ILN of ce i l s  of the s t r a t u m  b a s a l e  was  about  4 t i m e s  h i g h e r  than  
ILN of the m o r e  d i f fe ren t i a t ed  ce i l s  of the s t r a t u m  s p i n o s u m .  The  m a x i m a l  va lue  of ILN preceded  that  of 
MI by 9 h in the s t r a t u m  basa l e  and by 15 h in the s t r a t u m  s p i n o s u m .  The i n t e n s i t y  of l abe l ing  of the two 
l a y e r s  of the c o r n e a  a l so  f luctuated d u r i n g  the 24 h per iod  and was  s i m i l a r  in c h a r a c t e r .  

A c l e a r b i m o d a l  rhy thm of mi to t i c  a c t i v i t y w a s  thus found in SRS. S i m i l a r  r e s u l t s  have b e e n  obtained for  
c a r c i n o m a  of the mouse  m a m m a r y  gland and for  a t u m o r  induced by DMBA [8]. A def in i te  b i moda l  d i u r n a l  
rhy thm of DNA syn the s i s  was  obse rved  in SRS. D iu rna l  changes  in  DNA s y n t h e s i s  have a l so  b e e n  d e m o n -  
s t r a t ed  in  a s lowly  g rowing  d i f fe ren t i a t ed  hepa toma  SSIH in mice  with a m a x i m u m  of the n u m b e r  of labeled 
ce l l s  a t  4 a . m .  [14]. 

The high m e a n  d i u r n a l  va lues  of MI(35.4 ~00)and ILN (338.1%0)and a lso  the sho r t  mi to t i c  cyc le  (18 h) 
[10] a r e  ev idence  of the high p r o l i f e r a t i v e  ac t iv i ty  of the SRS c e l l s .  
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These  r e s u l t s  showing the c h a r a c t e r  of the mi tot ic  rhythm in the esophagea l  and cornea l  ep i the l ium 
a r e  s i m i l a r  to (or ident ica l  with) those found by most  w o r k e r s  who have invest igated these  t i s s ue s  in intact 
a n i m a l s  [1, 4, 6, 7]. However ,  the mean d iu rna l  values  of MI in the esophagea l  ep i the l ium were  somewhat 
lower  than in intact  a n i m a l s ,  a s  o ther  w o r k e r s  have noted p rev ious ly  [1, 2, 6]. The p r e s e n c e  of a tumor  in 
an an imal  thus was not s ign i f ican t ly  ref lec ted  in the c h a r a c t e r  of the curve of the d iurna l  rhythm of mi tos i s  
and DNA syn thes i s  in the no rma l  t i s s u e s  inves t iga ted ,  in ag reemen t  with data  in the l i t e r a t u r e  [1, 3, 4]. 
The ampl i tude  of the d iurna l  changes in MI and ILN was  less  in SRS than in normal  t i s sues~  In the e sopha-  
geal  ep i the l ium the max imum of the number  of m i t o s e s  was more  than four t imes  g r e a t e r  than the min imum,  
in the s t r a t u m  basa l e  it was a lmos t  t h r ee  t i m e s  g r e a t e r ,  and in the s t r a t u m  spinosum it was more  than 
twice g r e a t e r ,  w h e r e a s  in the tumor  it was only 1.7 t i m e s  g r e a t e r .  S i m i l a r  r e la t ionsh ips  have been ob-  
s e rved  by o ther  w o r k e r s  [1, 3]. 

The mean d iu rna l  ILN exceeded MI in the t u m o r  by 8.5 t i m e s ,  in the esophagus by 11.6 t i m e s ,  in the 
s t r a t u m  basa l e  of the cornea  by 5.8 t i m e s ,  and in the s t r a t u m  sp inosum by 7.5 t i m e s  o The ra t ios  between 
the values  of ILN and MI obtained in the t u m o r  and the no rma l  t i s s u e s  a r e  evidence that the p ropor t ion  of 
ce l l s  syn thes iz ing  DNA and the p ropor t ion  of ce l l s  taking par t  in mi tos i s  was no rma l ,  in a g r e e m e n t  with 
da ta  in the l i t e r a t u r e  [9]o However ,  the number  of p r o l i f e r a t i n g  ce l l s  in the t u m o r  was cons ide rab ly  g r e a t e r  
than in the no rma l  t i s s u e s  s tudied,  although the in tens i ty  of DNA synthes i s  by the tumor  ce l l  was many 
t imes  g r e a t e r  than i ts  in tens i ty  in the ce l l s  of the no rma l  t i s s u e s .  

It can be concluded f rom these  r e su l t s  that the g r e a t e s t  effect  of suppres s ion  of p r o l i f e r a t i on  of SRS 
ce l l s  can be obtained by i r r a d i a t i o n  or  by the ac t ion of cy tos ta t i c  agents  in the per iod  of the max imum of the 
number  of m i t o s e s  o r  of DNA synthes i s ;  this  conclusion is suppor ted  by the r e s u l t s  of inves t iga t ions  on 
o the r  t u m o r s  [3, 4, 7, 8, 1I] .  
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