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The number  of  m i to se s  and of DNA-synthes iz ing  cel ls  in an Ehr l i ch ' s  a s c i t e s  ca rc inoma  
was studied dur ing the  24 h a f t e r  inject ion of dibutyryl  cycl ic  3' , 5 ' - adenos ine  monophosphate .  
As a r e su l t  of p r e p r o p h a s e  inhibition and, probably ,  of s t imulat ion of en t ry  of  the cel ls  into 
the synthet ic  pe r iod ,  a l a rge  number  of ce l l s  c o m m e n c e s  mi to s i s  s imul taneous ly  8 h a f te r  
the injection.  The  resu l t ing  synchronizat ion of mi tos i s  in the cell  population of the t umor  i s  
evaluated.  
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noma; DNA-synthes iz ing  ce i l s .  

Invest igat ions have shown that the eff icacy of cytos ta t ic  p r e p a r a t i o n s  is i nc reased  if  al lowance is made 
for  the diurnal  rhythm of mi tos i s  and the number  of DNA-synthes iz ing  Cells in t umors  [2]. At tempts  to use  
eytosta t ic  p r e p a r a t i o n s  in conjunction with exper imen ta l  synchronizat ion of mitot ic  cycles  in t umors  have 
proved  even  more  effect ive [7]. 

Recent  inves t igat ions  have also Shown a connection between the p r o c e s s e s  of malignant  change and 
d is turbance  of the function of the adeny la t e -eyc lase  s y s t e m  [1, 6, 10]. Cyclic adenosine monophosphate 
(cAMP) h a s b e e n  shown to de l ay  tumor  ce l l s  in the G 2 phase  [3, 7, 8]~ 

In the invest igat ion desc r ibed  below cycl ic  AMP was used as  an agent  to synchronize  cell  d ivis ions 
in t u m o r s .  

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

Exper imen t s  were  ca r r i ed  out on 140 sexual ly ma tu r e  ma le  albino mice  weighing 20-25 g, inoculated 
in t raper i tonea l ly  4 days  be fo re  sac r i f i ce  with a dose of 106 cel ls  of  a diploid s t ra in  of Ehr l i ch ' s  a sc i t e s  
ca rc inoma .  The  an imals  were  divided into two groups .  The mice  of group 1 were  given an Injection of 
dibutyryl  cyclic  3' ,5 ' -AMP (DBcAMP) in a dose  of 20 ~g/g body weight at 10 a .m. ,  while the second group 
(control) consis ted of intact  an imals .  

The exper imenta l  mice  were  kil led 30 rain and 1, 2, and 4 h af ter  injection of the compound and the 
control  mice  a f t e r  1 and 4 h; subsequently mice  of both groups  were  killed at in te rva l s  of 2 h in the course  
of 24 h (11 mice  at  each t ime) .  

All the mice  rece ived  an inject ion of thymidine-H 3 in a dose  of 0.5 #Ci /g  1 h be fo re  sac r i f i ce .  

Asc i tes  fluid was asp i ra ted  f r o m  the per i tonea l  cavity of the mice ,  and f i lms p r epa red  f rom it we re  
fixed with methanol .  P r e p a r a t i o n s  for  counting the mitot ic  index (MI) were  hydrolyzed in 1 N HC1 at 56~ 
for  4 min and stained with Methylene Blue.  Mitoses  were  counted by phases  in 4000 cel ls  in each case .  
The mi to t ic  index was e x p r e s s e d  in p romi l l e .  
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Fig. 1. Changes in values of Mi and RI during the 24-h per iod in tumors  of control mice and 
mice  receiving DBcAMP at 10 aomo Here and in Figs.  2 and 3: 1) MIc; 2) MIe; 3) RIc; 4) RIe. 
Abscissa ,  t ime (in 11); ordinate:  onthe leffMI (in~ the right RI (in %). 

Fig. 2. Number of ceils in var ious  phases  of the mitotic cycle in experimental  animals~ Si) 
Area  corresponding to number  of cells causing the wave of mitosis  f rom 6 p .m.  to 4,a.m.;  
$2) a r ea  corresponding to number  of ceils delayed in the G 2 phase.  

P repara t ions  for  studying the number  of DNA-synthesizing cells were  coated with type M liquid photo- 
graphic emulsion. After development of the autoradiographs,  DNA-synthesizing ceils were counted in 1000 
cells and the radioactive index (RI) was expressed in per  cent~ 

The significance of the resul ts  was assessed  stat is t ical ly.  The MI curves  were analyzedby the method of 
comparison of a reas  using the l~VM-220 computer .  

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

The MI curve of the control  mice ref lected the diurnal  rhythm of mitosis  in the tumor,  with 'a maximum 
at 11 a.mo-4 p.m,  and a minimum during the evening and night (Fig. 1). The mean diurnal  MI of the control 
animals was 19.5 ~- 0~ ~ 

The total MI for  the experimental  mice 1 h after  injection of DBcAMP was4.9 ~ prophases  
were found, whereas in the animals of the control group the prophase index was4.8 ~ total MI 23.5~ 
Starting f rom 2-4 p.m.,  the relat ive propor t ions  of the var ious  phases  of mitosis  returned to the cha rac t e r -  
ist ic values for the control animals,  in which prophases  accounted for  19% and anaphases and telophases for  
33% of all mi toses .  These  f igures indicate that changes in MI during the 24-h per iod in both groups of 
animals were  caused by differences in the ra tes  at Which the ceils s tar ted mitosis  and not by changes in the 
duration of cell division~ 

By 8-10 p .m.  the mean values of MI inc reased to  56.35-60.57~ 2 a.m. MI had fallen to the level 
observed in the control animals.  The mean diurnal  MI in tumors  of the experimental  animals was 24.4 • 
2.7 ~ differences between the mean diurnal  values of MI in the experimental  and control groups were 
not significant. The charac te r  of the change in the RI curves  (Fig. 1) in the two groups of animals was in 
general  s imi la r .  In the control mice RI reached a maximum at 4 p .m.  and the dec rease  in RI by 6 pomo was 
significant (P = 0.01). At other  t imes the changes in RI were not significant. The mean diurnal RI was 
31o6 • 1o2%. In the experimental  animals RI reached a maximum at noon, and by 4-6 p.mo and la ter  it was 
lower and indistinguishable f rom its value in the control.  The mean diurnal RI in the experimental  group 
was 34.1 ~- 1.2% and did not differ significantly f rom the mean diurnal RI of the control  animals.  

The ear l ie r  maximum of RI in the experimental  group than in the control  could be evidence of st imu- 
lation of DNA synthesis  in the f i rs t  hours after  administrat ion of DBcAMP~ However,  the absence of data 
for the value of RI in the control animals at noon prevents  the confirmation of this view. 

The absence of significant differences between the mean diurnal values of MI and RI in the control  
and experimental  mice indicates that during the 24 h approximately equal numbers  of cells  pass  through 
the mitotic cycle  in both groups and that the changes inMI and RI in the course  of the 24 h are  attributable 
mainly to quantitative redistr ibut ion of the cells with r e spec t  to the t ime in the mitotic cycle.  

The dec rease  in MI during the f i rs t  hours after admInistrat ion of DBcAMP mainly at the expense of the 
early phases of mitosis  can be regarded as the result  of blocking of cells ready to s tar t  mitosis  in the G 2 
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Fig. 3. Number of cells  dividing in the 
24-h period in the experimental  animals  
(SCot) and number  of cells  s tar t ing mitosis  
at 6 p.m. and 4 a.m. as a resul t  of syn-  
chronizing t rea tment  (Ssyn)o 

phase, whereas  the high values of  MI 8 h af ter  the beginning 
of the experiment can be explained by the onset of mitosis  
in th~se cel ls  at the end of the blocking action. 

Analysis of the a reas  beneath the curves  (Fig. 2) 
showed that in the experimental  mice  more  cells  s tar ted 
mitosis  in the per iod of maximal  values  of MI f rom 6 p.m.  
to 4 a.m. than were  held up in the G 2 phase.  In fact,  the 
a rea  S 1 (Fig. 2), reflecting the number  of cells producing 
the high values of MI 8 h after  injection of DBcAMP was 
386 conventional units,  which was g rea te r  than the a rea  S 2 
corresponding to the number of cells  held up before  start ing 
mitosis ,  which was 184.5 conventional units~ 

The conflicting data in the l i terature  on the duration 
of the synthetic phase on the fifth to sixth day after  inocula- 

�9 tion with the experimental  tumor,  ranging f rom 6.5 [4] to 
20 h [9] and on the duration of mitosis  ranging f rom 0.5 [9] to 5 h [5] make any quantitative compar ison of 
the values of MI and RI difficult. However,  if  it is accepted that the entry of the cells into DNA synthesis  
was stimulated in the experimental  group, it can be postulated that the same cells  also part ic ipate  in the 
formation of the wave of high MI values at 8-10 p.m. 

The high MI values 8 h af ter  the beginning of the experiment  in the experimental  anim~tls could there-  
fore  be explained by the double synchronizing mechanism of DBeAMP: by the accumulation of cells in the 
G 2 phase and, probably,  by simultaneous stimulation of the entry of the cells into the synthetic phase of the 
mitotic cycle,  followed by the more  or  less  synchronized commencement  of mitosis  in the two groups of 
cells.  

To a s ses s  the effects of synchronizat ion the number  of cells start ing mitosis  as a resul t  of the act ion 
of the compound must  be compared with the total number  of ceils dividing during that same 24-h per iod 
(Fig. 3)~ The number  of cells of the experimental  animals dividing in the course  of 24 h is reflected by the 
a rea  of the rectangle Scot, namely 965 units. A wave of mi tos is  induced by DBcAMP exceeded the limits 
of the mean diurnal MI (MImean) by an amount equal to the a rea  of the shape Ssy n (315 units). The relat ive 
index of synchronizat ion is given by the rat io between the two a reas :  

Ssy n = 315 units = 0.326 or  32.6%; 

St,  t 965 units 

The synchronizing effect of DBcAMP is s t rong enough to produce a more  marked anti tumor action 
of a specific antimitotic prepara t ion .  
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