
of sh ive r ing  heat  product ion is s i tuated in the same  region.  Neve r the l e s s  this does not ru le  out the pa r t i c i pa -  
tion of the brown fat  in the overa l l  hea t  product ion during the awakening of hibernat ing animals .  
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E F F E C T  OF C Y C L I C  A M P  ON M I T O S I S  IN T H E  

E S O P H A G E A L  E P I T H E L I U M  OF M I C E  W I T H  

T U M O R S  

I .  N.  V o l k o v  UDC 616-006-092.9-085.277.3-07:616-018.15-07 

Mitotic act ivi ty  and the number  of DNA-synthes iz ing  ce l l s  were  studied in the epi thel ium of the 
esophagea l  m ucos a  of albino mice with tumors  during the 24 h af ter  admin is t ra t ion  of d ibu tyry l -  
cycl ic  3,5-A.~IP. Injection of the compound leads to delay of the cel ls  in the G~ phase of the 
mitot ic  cycle and to an inc rease  in the durat ion of mi tos i s  during the f i r s t  few hours  of the ex-  
pe r imen t s ,  without changing the total  number  of ce l l s  pass ing  through the mitot ic  cycle  in the 
24-h per iod.  

KEY WORDS: esophagus;  mi tos i s ;  mitot ic  cycle;  d ibu tyry l -cyc l ic  3,5-AMP. 

Invest igat ions both in v i t ro  and in vivo have shown that cycl ic  3,5-AMP and its de r iva t ives  have an ant i -  
mitot ic  action in many t i s sues  of d i f ferent  origin [5, 6, 11]. The mos t  sens i t ive  per iod of the mitot ic  cycle  
(.~IC) is the G 2 phase [11, 12]. It has also been shown that injection of cycl ic  AMP into an imals  with tumors  
inhibits fur ther  growth of mal ignant  tumors  [7] .  The re  a re  insufficient data  f r o m  compara t ive  studies of the 
r e sponse  of no rma l  and tumor  t i s sues  to cycl ic  AMP. The wr i t e r  showed prev ious ly  that a single injection of 
d ibu ty ry l -cyc l i c  AMP (DBCAMP) modif ies  the p ro l i f e ra t ive  r e g i m e  in E h r l i c h ' s  a sc i t e s  c a r c i n o m a  by produc-  
ing defini te synchronizat ion  of m i t o s e s  through the appearance  of a p rep rophase  block and, probably,  of s t imu -  
lation of the ent ry  of the cel ls  into the S per iod of MC [ 3]. The diurnal  dynamics  of cell  divis ion and of the 
number  of DNA-synthes iz ing  ce l l s  in the esophagea l  epi thel ium of an imals  with tumors  was studied in the ex-  
p e r i m e n t s  desc r ibed  below following injection of D B C A ~ P .  

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

E x p e r i m e n t s  were  c a r r i e d  out on 140 sexual ly  ma tu re  male  albino mice weighing 20-25 g inoculated 
4 days  before  the beginning of the expe r imen t s  with E h r l i c h ' s  a sc i t e s  c a r c i n o m a  [3] .  The an imals  were  d iv i -  
ded into two groups:  T h e m i c e  of group 1 r ece ived  an injection of DBCAMP at 10 a .m.  in a dose of 20/~g/g 
body weight; group 2 cons is ted  of intact control  mice .  

The mice  were  kil led in groups  at in te rva ls  of 2 h during the 24 h per iod.  [SH]Thymidtne was injected 
into the an imals  1 h before  sac r i f i ce  in a dose  of 0.5/~Ci/g (specific act ivi ty 4.6 C i /mmole ) .  P ieces  of the 
lower third of the esophagus  were  fixed in Carnoy '  s fluid and his tological  sec t ions  5-6/z thick were  coated 
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T A B L E  1. D i u r n a l  Changes  in MI d u r i n g  P h a s e s  of iV[itosis and in I L N  in E s o p h a g e a l  
E p i t h e l i u m  of C o n t r o l  Mice  and Mice  with T u m o r s  a f t e r  In j ec t ion  of D B C A M P  at  10 a.mo 

Time of 

day MI, %o 

I2 
14 2,2 

16 0,6 
18 0,7 
20 0,4 
22 0,8 
24 1,1 
2 1,7 
4 1,4 
6 2,2 
8 3,7 

0,01 

0,012 

o; 

074 
0,21 
0,23 

Control 

PI 

0,4 

0,2 

0,0 
0,1 
0,0 
0,1 
0,1 
0,2 
0,1 
0,2 
0,2 

Mean diurnal 
MI= 1,8___0,26~ 

animals 

Mff TI ILN, 
- ~1 7 6  

I 

3,8 ! 1,2 I 7,1 

1,3 I O,7 5,7 

0,5 0,1 2,3 
0,5 0,1 3,4 
0,3 0,I 8,0 
0,6 0,2 4,4 
0,7 0,2 6,7 
1,2 0,3 7,9 
1,1 0,2 8,8 
1,6 0,4 8,5 
2,6 0,9 9,0 

Mean diuma 
ILN = 6,5~0,44% 

0,07 

o,~l 
0,032 
0,061 

MI, 
% 

3,0 
4,5 
4,3 
4,8 

3,3 
1,2 
2,5 
1,7 
1,0 
1,1 
5,1 
5,2 
6,1 

Experimental animals 
I 

0,5 0,5 
0,1 

- -  [ 0,I 
0"~2 0,1 
0,02 [ 0,0 
0,22 t 0,0 0,0 

i 0,0 0,0 

O, 011 0,1 0,7 
0,6 
0,7 

I I 

MtI 

1,9 
3,4 
3,3 
3,9 

2,7 
1,1 
2,2 
1,4 
1,0 
0,9 
3,3 
4,2 
4~l 

ILN, 1 TI % P 

0,6 
1,0 7 , 5  
0 , 9 8 , 2  --  
0,8 5,6 --  

0.6 5,1 --  
0,1 4,7 0,012' 
o , 3  1 ,~  - 
0,3 2,8 --  
0,0 3,1 0,01 
0,1 6,6 0,02 
1,1 12,4 --  
0,4 I0,I ] 
1,3 I0,I 

Mean diurnal Mean diurnal 
MI=3,2~0,3~ ILN = 6,47~0,45% 

Notes. 11 a.m.-4 p.m. P=0,0001 t l  a.m.-4 p.m. P=O,O05 2p,.m.-6 p.m.p=o,oool 8 p.m.-midnight P=0,002 
8 p.m.-2 a.m. P=0,01 4 p.m.-4 a.m. P=0.002 8 p.m.- ~P=0,19 midnight-4 a.m. P=0,0001 

4-8 a.m. P=0,0001 10 p.m.-4 a.m. P=0,006 midnight 
in interval 4 p;m.-8 a.m. P=0,002 

PI) prophase index, MtI) metaphase index, TI) telophase index. 

with type ~ liquid photographic emulsion. After exposure of the autoradiographs for 60 days and development, 
the sections were stained with hematoxylin. The overall mitotic induces (iV[I, in promille) and the indices of 

the individual phases of mitosis and indices of labeled nuclei (IL N, in %) were counted in 7000-9000 cells of 
the stratum basale of the esophageal epithelium in each case. The results were subjected to statistical analy- 
sis by the Fisher-Student method. 

E X : P E R I ~ E N T A L  R E S U L T S  

A d i u r n a l  r h y t h m  of m i t o s i s  wi th  a m a x i m u m  in the m o r n i n g  (6-11 a .m. )  and a m i n i m u m  du r ing  the a f t e r -  
noon and even ing  (4-10 p . m . ;  T a b l e  1) was  found in the e s o p h a g e a l  e p i t h e l i u m  of the c o n t r o l  m i c e .  The  changes  
in the r e l a t i v e  p r o p o r t i o n s  of e a c h  of the p h a s e s  of m i t o s i s  d e t e r m i n i n g  the o v e r a l l  ~ I  d u r i n g  the 24-h  p e r i o d  
wi l l  be noted.  T h e y  i n d i c a t e d  tha t  the d i u r n a l  r h y t h m  of m i t o s i s  in the e s o p h a g u s  r e f l e c t s  v a r i a t i o n  in the r a t e  
of e n t r y  of the c e l l s  into m i t o s i s  r a t h e r  than d e l a y  of c e l l  d i v i s i o n  in i nd iv idua l  p h a s e s .  The mean  d i u r n a l  MI 
in the e s o p h a g u s  of the c o n t r o l  a n i m a l s  was  1.8 • 0.26 ~ Such a l o w m e a n  d i u r n a l  va lue  of MI when the g e n e r a l  
c h a r a c t e r  of the d i u r n a l  r h y t h m  of m i t o s i s  in th i s  t i s s u e  r e m a i n s  unchanged ,  w h e t h e r  d e s c r i b e d  in hea l thy  mice  
o r  in a n i m a l s  wi th  t u m o r s  [2 ] ,  po in t s  to a d e c r e a s e  in the g e n e r a l  l e v e l  of p r o l i f e r a t i o n  in t i s s u e s  not a f fec ted  
by t u m o r  g r o w t h  and a l s o  the s t a b i l i t y  of func t ion  of the r e g u l a t o r y  s y s t e m  of p h y s i o l o g i c a l  r e g e n e r a t i o n  in the 
body.  

The g e n e r a l  c h a r a c t e r  of the d i u r n a l  c h a n g e s  in ~ [  in the e s o p h a g e a l  e p i t h e l i u m  of the e x p e r i m e n t a l  
a n i m a l s  was  s i m i l a r  to the c h a n g e s  in MI in the c o n t r o l  g roup  of m i c e ,  but  a l m o s t  th roughou t  the p e r i o d  of the 
e x p e r i m e n t  the v a l u e s  of IVII in the m i c e  a f t e r  r e c e i v i n g  D B C A M P  w e r e  l ower  than in the in t ac t  a n i m a l s  (Table  
1). D u r i n g  the f i r s t  8 h the h i g h e r  v a l u e s  of MX in the e x p e r i m e n t a l  m i c e  w e r e  due e n t i r e l y  to the d i s c o v e r y  of 
a l a r g e  n u m b e r  of m e t a p h a s e s ,  w h e r e a s  the v a l u e s  of the p r o p h a s e  i n d i c e s  a s  e a r l y  a s  1 h a f t e r  in jec t ion  of 
D B C A M P  had f a l l e n  to 0.1%0 and w e r e  much  lower  than in the c o n t r o l  a n i m a l s  (0.4~ P = 0.001). 

T h e s e  r e s u l t s  a r e  e v i d e n c e  tha t  the n u m b e r  of c e l l s  s t a r t i n g  on m i t o s i s  was  s h a r p l y  r e d u c e d  in the e x -  
p e r i m e n t a l  a n i m a l s ,  a t  l e a s t  d u r i n g  the f i r s t  6 h of the e x p e r i m e n t s .  The high v a l u e s  of the m e t a p h a s e  i nd i ce s  
at  th is  t i m e  can  be e x p l a i n e d  by d e l a y  of the c e l l s  in m i t o s i s .  Th i s  c o n c l u s i o n  is in a g r e e m e n t  with p r e v i o u s  
r e p o r t s  of the a b i l i t y  of c y c l i c  A M P  to c a u s e  d i s a g g r e g a t i o n  of m i c r o t u b u l e s  [8] ,  which  could  n a t u r a l l y  l ead  to 
a hold  up of the d i v i d i n g  c e l l s  in the l a te  p h a s e s  of d i v i s i o n .  S i m i l a r  d a t a  i n d i c a t i n g  an i n c r e a s e  in the d u r a t i o n  
of m i t o s i s  in the young a n i m a l s  u n d e r  the in f luence  of a d r e n a l i n ,  a s p e c i f i c  f i - a d r e n e r g i c  m e d i a t o r ,  have been  
ob ta ined  by o the r  w o r k e r s  a l s o  [1 ] .  The  h i g h e r  va lue  of the m e a n  d i u r n a l  MI in the e s o p h a g u s  of the e x p e r i -  
m e n t a l  a n i m a l s  (3.2 •  ~ 0) c a n n o t t h e r e f o r e b e  e v i d e n c e  of i n c r e a s e d  m i t o t i c  a c t i v i t y  but  s i m p l y  r e f l e c t s  the 
g r e a t e r  c h a n c e  of f inding m i t o s e s  wi th  a l onge r  c o u r s e .  
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The diurnal rhythm of the number of DNA-synthesizing cells  in the intact mice with maximal values of 
ILN at night (midnight-8 a.m.) and minimal values during the afternoon (2-6 p.m.; Table 1) cor responds  to that 
descr ibed by other workers  in this t issue [4, 10]. 

Diurnal  changes in the values of ILN in the esophagus of the experimental  animals can be represented  by 
a unimodal curve with a maximum in the ear ly  morning (4-8 a.m.). The minimal number of DNA-synthesizing 
cells was observed in the experimental  group at 8 p.m., i.e., 4 h later than in the control  animals.  At 4 p.m., 
when the values of ILN in the control  group reached a minimum, the number of cells  in the S phase still r e -  
mained considerable  in the exper imental  animals (P = 0.001). 

The longer period of d i scovery  of high values of ILN (from 11 a.m. to 6 p.m.) in the esophagus of the ex- 
per imental  animals could indicate that a l a rger  number of cells passed through the S phase during the f i rs t  
10 h after injection of the prepara t ion in these animals than in the mice of the control  group. The more  syn -  
chronized en t ryo f the  cells intothe S phase of MC at night after injection of DBCAMP in these experiments,  as 
ref lected in the rapid r i se  in the values of ILN toward a maximum at 2-4 a.m. also was interesting. 

The absence of differences in the mean diurnal values of ILN in the control  (6.55 * 0.44%) and exper i -  
mental (6.47 �9 0.45%) groups is an indication that the same number of esophageal  cells passes  through the 
S phase during the 24-h period in both groups.  

Injection of DBCAMP thus led to redis t r ibut ion of the esophageal  cells with r e spec t  to the t imes of the 
phases of MC without affecting the total number of cells passing through MC in the 24 hours.  The period of 
minimal values of iViI, which in the esophagus lasts f rom 6 p.m~ to 2 a.m., coincided with the time of maximal 
synchronizat ion of cell  division in tumors  in these animals [ 3], so that the re la t ive  selectivity of action of 
antimitotic preparat ions  on the tumor in this section of the 24-h period can be postulated. 
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