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Interact ion between chalones and s t r e s s  hormones in tumor sys tems  has not been adequately studied. 
Exper iments  in this direct ion have been ca r r i ed  out mainly in vitro [8, 9 ]. The influence of adrenalin on mani-  
festation of the biological effects of chalones in vivo still remains  unexplained, especial ly with respec t  to the 
role of the chalone sys tem in formation of the c i rcadian rhythms of cell division. Only indirect  evidence has 
been obtained to show that interact ion is possible at t issue and hormonal  levels of the cell prol i ferat ion in 
vivo in a situation of experimental  s t r e s s  [7]. 

The object of this investigation was to study the action of adrenalin and of a t i ssue-spec i f ic  ext rac t  of 
Ehr l ich ' s  asci tes  ca rc inoma (EAC) cells on division of the cells of this tumor when adminis tered together and 
separa te ly  to animals with a 5-day-old tumor at different t imes of the 24-hour period. 

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

Experiments  were ca r r i ed  out on 830 noninbred male albino mice weighing 18-20 g and aged 1.5-2 
months. A diploid s t ra in  of EAC was transplanted into animals by intraperi toneal  injection of asci tes  fluid con- 
raining 3-4 million tumor  cells every  7 days. An aqueous ext rac t  containing EAC chalone was isolated by the 
method descr ibed in [2]. The animals were adapted to a schedule of 12 h each of light and darkness :  light 
f rom 6 a.m. to 6 p.m. The test  substances were injected intraper i toneal ly  once at noon, 6 p.m., and midnight 
on the f i r s t  day and at 6 a.m. and noon on the second day into animals of five corresponding groups.  Each 
group included the following subgroups:  I) intact  control,  the mice were killed every  2 h f rom 10 a.m. on the 
f i rs t  day to 8 p.m. on the second day of the investigation; 2) injection of physiological  saline (control);  3) in- 
jection of adrenalin 1.5 # g / g  body weight; 4) injection of l ml of extract;  5) injection of adrenalin + extract .  
The prepara t ions  were injected in equal volumes.  The animals in subgroups 2, 3, 4, and 5 were killed after  2, 
4, 6, and 8 h respect ively .  Fi lms of the tumor were fixed with methanol and stained with methylene blue. The 
prol i fera t ive  activity of the EAC was est imated f rom the mitotic index (MI), expressed  in pro  mille.  The 
chronobiological  study included the use of a g r aph i c -pa r ame te r i c  method to study the rhythm of cell division 
[3]. 

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

Investigation of reproduct ion of EAC cells in the intact control  revealed a biphasic rhythm of mitotic ac -  
tivity in which the active phases of longest  duration occur red  at the t imes of t ransi t ion f rom light to darkness  
and in the middle of the daily per iod of darkness .  The maximal  values of MI occur red  at 6 p.m. and midnight 
on the f i rs t  day and 4 p.m. on the second day, the minimal values at 10 p.m. on the f i r s t  day and at 10 a.m. and 
6 p.m. on the second day of the exper iment  (Fig. 1). 

Injection of physiological  saline at different t imes of the 24-h period caused changes in cell p ro l i f e ra -  
tion in the tumor,  manifested as ei ther  an increase ,  a decrease ,  or  no change in MI at different per iods of the 
exper iment  (Fig. 2A). 
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Fig. I. MI in EAC cells during 36 h of inves- 
tigation (intact control). Arrows indicate 
times of injection of test preparations in ex- 
perimental groups. Unshaded areas (1) indi- 
cate period of daylight, shaded areas (II) - 
period of darkness. Abscissa, clock time; 
ordinate, MI (in ~00). 

Injection of adrenalin in the middle of the daylight period (at noon on the first and second days) and also at the 
end of the daylight period (at 6 p.m.) showed a clear inhibitory effect on mitosis (Fig. 2B), which lasted on 
average 4 h of the experiment and amounted to 65.7% (P < 0.01). Later MI increased significantly compared 
with the control.  Adminis t rat ion of the hormone in the middle of the dark period (midnight) was accompanied 
by a significant decrease  in the number  of mitoses  only af ter  2 h of the experiment.  Adrenalin injected at the 
end of the dark period (at 6 a.m.) caused significant depress ion  of MI only after  4 h; after  8 h the number of 
mi toses  was increased  by 80% (P < 0.01). 

Adminis t rat ion of the ext rac t  (Fig. 2C) in the middle of the period of daylight (at noon on the f i rs t  and 
second days) caused a dec rease  in MI for  4 h, on average by 70.1% (P < 0.001). 

La ter  MI did not differ significantly f rom the control values.  When the ext rac t  was injected at another  
t ime of the 24-h period inhibition of MI also was observed for 4 h: by 48.1% when the injection was at 6 p.m. 
(P < 0.0I) ,  on average  by 65.9% at midnight (P < 0.001), and on average  by 65.9~0 (P < 0.001) at 6 a.m. An in- 
c r ease  in MI after  8 h was observed,  by 56.3% when the ext rac t  was injected at 6 p.m., by 42.1% at midnight, 
and by 173% at 6 a.m. (P < 0.05). 

In response  to combined administrat ion of adrenal in and ext rac t  (Fig. 2D) in the middle of the period of 
daylight (at noon) and also at the end of the daylight period (at 6 p.m.) significant prolongation of inhibition of 
MI by 2.4 h was observed compared  with this p a r a m e t e r  when the prepara t ions  were injected separately ,  and 
the increase  in mitotic activi ty was prevented. Combined use of adrenalin and the extract  in the middle of the 
period of darkness  (at midnight) did not change MI significantly for 4 h, but a significant decrease  in MI was 
observed af ter  6 h. Injection of the preparat ions  at the end of the period of darkness  (at 6 a.m.) caused little 
change in MI compared with that when the ext rac t  alone was used. 

The resul ts  of this investigation confirm data in the l i te ra ture  on the existence of a biphasic rhythm of 
mitotic activity in EAC [5, 6]. Under these conditions, adrenalin charac te r i s t i ca l ly  had a marked effect on in- 
hibition of mitosis  when adminstered during the period of daylight, in agreement  with resul ts  obtained by other  
workers  [4].  Synchronization of cell division as a resu l t  of the use of the hormone also was observed to a 
g rea t e r  degree at this t ime during the 24-h period. The effect of adrenalin on mitotic activity was not definitely 
found to be dependent on the phases of the rhythm of cell division in EAC. On the cont rary ,  the action of the 
ext rac t  was determined to a g rea t e r  degree by c i rcadian variat ions in the sensi t ivi ty of the cell population to it 
in the rhythm of proliferat ion,  and it depended very  little on the phases of the diurnal cycle of light and dark-  
ness,  in agreement  with the resul ts  of studies of the effect of EAC extrac t  on cell division in this tumor  [ 1]. 
Combined adminis t ra t ion of the prepara t ions  led to longer  inhibition of cell division and also prevented the in- 
c rease  in mitotic activity. This effect  was complex in cha rac te r  and depended both on the phases of the diurnal 
cycle of light and darkness and on the rhythmic fluctuations in sensitivity of the cell population in the course of 
the 24-h period. The phenomenon of prolonged inhibition of cell division was observed only when the prepara- 
tions were given together during the period of daylight, and it was thus due mainly to adrenalin. Phases of the 
daily cycle of light and darkness and phases of the rhythm of mitotic activity of the tumor cells also played an 
important role in the effect of physiological saline on cell division in EAC. However, as Fig. 2 shows, the 
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Fig. 2. Changes in MI in EAC eelIs  a f t e r  in- 
ject ion of physiological  sal ine (A), adrenal in  
(B), tumor  ex t r ac t  (C), and ex t r ac t  + a d r e n -  
alin (D) in per iod of daylight (I) and da rknes s  
(II).  Absc i s sa ,  t ime a f t e r  beginning of e x p e r -  
iment  (in h); ordinate ,  MI (in ~ of cont ro l ) .  
a) At noon on f i r s t  day, b) at 6 p .m.  on f i r s t  
day, c) at noon on second day, d) at midnight 
on second day, e) at 6 p .m.  on second day. 

t e m p o r a r y  c h a r a c t e r  of the action of physiological  sal ine was di f ferent  f rom that of adrenal in ,  of the ext rac t ,  
and of the ex t rac t  and adrenal in  together .  Accordingly  changes in MI re f lec ted  the influence of the tes t  p r e p a r a -  
tions and not that of the solvent  o r  of painful s t imulat ion of the an imals  during injection. 

Cell division in Ehr l i ch ' s  tumor  thus obeys two levels  of regulat ion,  namely  t i ssue  and hormonal ,  which 
exer t  the i r  control l ing ilffluences unequally at d i f ferent  t imes  of the 24-h per iod,  and may  in terac t .  
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