
5. 

6. 
7. 
8. 

O. S. Frankfurt ,  Vopr. Onkol., No. 10, 98 (1967). 
F. D. Bertalanffy, Nature, 19__8_8, 256 (1963)o 
S. M. E. Llanos and A. F. Badran, J.  Roy. Micr. Soc., 82, 75 (1963). 
N. Rosa and S. Mo E. Llanos, J. Natl. Cancer  Inst., 47, 1007 (1971)o 

E F F E C T  O F  ONE AND T W O  I N J E C T I O N S  OF  C H A L O N E  

I S O L A T E D  F R O M  M O U S E  E H R L I C H ' S  A S C I T E S  T U M O R  

ON I T S  M I T O T I C  A C T I V I T Y  

Yu~ A.  R o m a n o v  a n d  M. V.  S e m e n o v a  UDC 6 1 6 - 0 0 6 - 0 1 8 . 1 5 - 0 9 2 . 9  

Chalone f rom Ehr l ich ' s  asci tes  tumor  has a short  and revers ib le  inhibitory action on prol i fera t ion 
of cells of this tumor when adminis tered as both one and two injections. A considerable increase  
in mitotic activity in the tumor  cells compared with the control is observed 10 h af ter  one or  two 
injections (the second injection being given at 6 p.m.) of the chalone, indicating that it acts on the 
G~-cell population in the mitotic cycle and that it synchronizes  cell division. If the second of two 
injections of ehalone is given at 9 p.m. it leads to more  prolonged inhibition of the cells and to a 
more  marked synchronizat ion wave of the G~-cell population. The duration of inhibition of cells 
in the G2-phase of the mitotic cycle af ter  two injections of the chalone thus depends on the state 
of the cell population on which the ehalone acts .  

KEY WORDS: chalone; Ehr l ich ' s  asci tes  tumor;  mitotic cycle, mitotic index, 

During the last  two decades,  in the problem of regulation of cell prol i fera t ion t i ssue-spec i f ic  inhibitors 
of cell division (chalones) have received intensive study, for some workers  ascr ibe  to them the role of phys-  
iological regula tors  of cell reproduct ion [7, 9, 10]. In some investigations chalones have been found to syn-  
chronize the cell population in the mitotic cycle, but the data so far  obtained are  few and fur ther  investigation 
is required.  The use of chalones as natural synchronizers ,  with no toxic action on living organisms,  can play 
an important  role in improving the efficacy of tumor  chemotherapy.  It was accordingly decided to study the 
synchronizing action of chalone on a tumor cell population by testing its adminis t ra t ion by different schemes.  

The object of this investigation was to compare the mitotic activity of Ehr l ich ' s  asci tes  tumor (EAT) 
cells af ter  one or  two injections of chalone f rom that tumor  into animals .  

E X P E H [ M E N T A L  M E T H O D  

Experiments  were car r ied  out on 150 noninbred male albino mice (from the Central  Nursery,  Academy 
of Medical Sciences of the USSH) aged 1o5 months (weight 18-20 g). The animals were kept under standard 
conditions: t empera ture  18~ food ad libitum, 12 h of daylight and 12 h of darkness  (daylight f rom 6 a.m, to 
6 p.m.) 

A diploid s t ra in  of EAT (Institute of Experimental  and Clinical Oncology, Academy of Medical Sciences 
of the USSR) was transplanted by intraperi toneal  injection of 0.2 ml asci tes  fluid, containing 107 cells (with 
this dose of tumor cells a 100% take was observed with this strain).  The EAT chalone was obtainedby the method 
of Hondius and Laurence  [8] and of Okulov and Chekulaev [2], modified by S. G. Mamontov and V. B. Zakharov. 
The stages of obtaining the chalone-eontaining prepara t ion  were as follows. The asci tes  fluid was isolated 
f rom a 13-day tumor  on an icebath, af ter  which the cell mass  was separated by eentrifugation of the asci tes  
fluid at 3000 rpm for 10 rain at 4~ Later  the residue was resuspended 3 t imes in 20 volumes of acetone at 
4~ for 30 rain each time, and centrifuged af ter  each t rea tment  for  10 rain at 3000 rpm. The result ing acetone 
powder was dried and homogenized in an agate mor t a r .  An aqueous extract  was obtained by adding 20 volumes 
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Fig. I. Changes in mitotic activity of EAT cells after one (at 1 p.m.) and two 
(at 1 and 6 p.m.) injections of chalone. Here and in Fig. 2, one injection: c) 

control, e) experiment; two injections: e') control, e') experiment. Mean 
values of M~m given). Abscissa, time of day; time after single injection of 
chalone given in parentheses (in h); ordinate, MI (in %o). 

Fig. 2. Changes in mitotic activity of EAT cells after one (at 1 p.m.) andtwo 
(at 1 and 9 p.m.) injections of chalone. 

of distilled water  to the powder, and the mixture was incubated for  1 h at 4~ The extract  was then centrifuged 
at 3000 rpm for  10 rain at 4~ The supernatant obtained by eentrifugation was treated with 96~ ethyl alcohol 
to obtain a 55% alcoholic fraction, which was then incubated for 1 h in the cold. This f ract ion was then centr i -  
fuged at 3000 rpm for  10 min and the supernatant  was treated with 96 ~ ethanol up to a concentration of 81%o 
The result ing alcoholic f ract ion was incubated for 24 h at 4~ The residue obtained af ter  centrifugation of 
the 81% alcoholic f ract ion at 3000 rpm  for 30 rain was resuspended 3 t imes in acetone and again centrifuged 
at 3000 rpm for  10 rain. The residue obtained after  the last  centrifugation was dried, pulverized, and used as 
the chalone. 

Experiments  were car r ied  out on six groups of animals .  Mice of experimental  groups 1, 3, and 5, 5 days 
af ter  t ransplantat ion of the tumor  received an injection of 0,5 ml of ehalone solution (dose 10 mg per  mouse) 
a t  1 p.m. Animals of groups 2, 4, and 6, which served as controls for the above-mentioned groups,  were in- 
jected with physiological saline at the same t ime.  Animals of groups 1 and 2 were then killed 5, 10, 12, 15, 17, 
20, 22, and 25 h la ter .  Animals of group 3 received a second injection of the same dose of chalone at 6 p.m. 
The control mice of group 4 received another injection of physiological  saline. These animals were thenkilled 
5, 10, and 15 h later .  The animals of group 5 received a second injection of chalone at 9 p.m. and they were 
killed 4, 9, 14, and 16 h la ter .  The mice of group 6 received physiological saline and were killed at the same 
time as the mice of group 5. At each period of the experiment  five animals were taken f rom each experimental  
and control  group. Films were prepared  f rom the asci tes  fluid taken f rom the tumors ,  fixed twice for 10 rain 
each t ime with methyl alcohol, and the histological  preparat ions  were stained with methylene blue. In each EAT 
prepara t ion  5000 cells were analyzed and the mitotic index (MI) ca leu la ted inpromi l l e .  The resul ts  were sub- 
jected to s tat is t ical  analysis  by Student's t - t es t .  

EXPERIMENTAL RESULTS 

As Figs. 1 and 2 show, the mitotic activity of the EAT cells in the control animals was inconstant during 
the 24-h period. Its highest values were observed at 6 p.m. and lowest at 1 p.m. (P< 0.01). These changes in 
iV[[ are evidence that there is a diurnal rhythm of the number of mitoses in EAT, as other workers showed 
previously [ i, 4, 5]. 

MI of the tumor cells 5 h after injection of chalone was 57.1% lower than in the control (P< 0.01; Fig. I). 
However, 5 h later during the experiment a sharp increase in MI was observed, to 198% of the control value 
(P< 0.01). Inhibition of cell proliferation during the first few hours after injection of chalone can be explained 
by development of a block to the cells in the G2-phase of the mitotic cycle, for the duration of this phase in EAT 
is known to be 4 h [I]. The subsequent rise in MI can evidently be regarded as a result of synchronization by 
the ehalone of the G2-cell population, expressed as the more or less simultaneous entry of the cells into mitosis 
after removal of the ehalone block. These results agree with those obtained by other workers [2] who studied 
the action of an aqueous extract of EAT cells on cell division in this tumor after a single injection. Differences 
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in the values of MI at la ter  s tages of the experiments  in the experimental  and control animals were not s ta t is t i -  
cally significant (P > 0.1), evidence of normal izat ion of the level of mitotic activity. 

A second injection of chalone at 6 p.m. led to maintenance of this low level of mitotic activity due to the 
f i r s t  injection of chalone for  a fur ther  5 h thereaf te r  (Fig. 1). MI at this time remained lower than in the con- 
trol  (p < 0.01). Evidently just as af ter  a single injection, in this case also the chalone prevented the cells f rom 
entering into mitosis .  A marked r ise  in MI was observed 10 and 15 h af ter  the second injection of the chalone, 
to values 2.2 and 1.9 t imes higher respect ively  than the control (P < 0.01). This r ise  also must  evidently be ex- 
plained by the synchronizing effect of the chalone on the G2-cell population, just as af ter  a single injection of 
the preparat ion.  The second injection of chalone at 6 p.m., given before the increase  in mitotic activity of the 
EAT cells af ter  the f i r s t  injection of chalone, thus prolonged the t ime of p reserva t ion  of low mitotic activity 
and ted to a longer wave of synchronizat ion of the dividing cells than after  a single injection. Meanwhile, in 
both cases the beginning of the synchronizat ion wave was found after  the same t ime interval (10 h). 

Changes in MI after  one and two injections of chalone (the second injection at 9 p.m.) are  i l lustrated in 
Fig. 2. 

A decrease  inMI, which was 42~ of the control value (P< 0.01), was found 5 h after  a single injection of 
chalone, evidently because of the delay of the cells in the O2-phase of the mitotic cycle induced by it. MI rose  
sharply 10 h af ter  injection of the chalone - by 98% compared with the control (P< 0.01). This r i se  evidently 
reflects  synchronizat ion by the ehalone of cells of the G2-population. At the next period a sharp fall in M[ was 
observed,  and it did not differ significantly in value f rom the control.  At the next two periods of sacr i f ice  of 
the animals the values of MI likewise did not differ f rom the control.  At the end of the experiment  MI increased 
a little, but did not differ significantly f rom the control (P > 0.1). 

A marked decrease  in MI was observed 4 h af ter  the second injection of the chalone at 9 p .m.:  By 62~ 
compared with the control (P< 0.01). MI continued to remain  below the control level (P< 0.02) at the nextper iod 
of the experiment  also (9 h later).  Later  still, af ter  14 h, a sharp r i se  in lVlI was observed,  when it was 238.5~ 
relat ive to the control (P < 0.02). Another 5 h la ter  during the experiment  a decrease  in M[ was found, but the 
differences f rom the control were not s tat is t ical ly significant (P > 0.1). A second injection of chalone given 
during the period of increase  of MI af ter  the f i r s t  injection, thus led to prolongation of the inhibitory action of 
the ehalone on EAT cells (the duration of inhibition was about twice as long as af ter  a single injection) and to 
an increase  in the wave of synchronizat ion of the G2-cell population. 

When the curves showing changes in mitotic activity af ter  a second injection of the ehalone at 6 p.m. 
(Fig. 1) and at 9 p.m. (Fig. 2) are  compared it will be noted that, whereas in the f i rs t  case the second injection 
of chalone led to delay of cell division for  5 h, in the second ease the inhibitory effect lasted for  9 h. Mean- 
while in the f i rs t  case  a smal le r  wave of synchronizat ion was observed than in the second. The differences 
can probably be explained on the grounds that the action of chalone in the two experimental  schemes used was 
real ized in different cell populations. Whereas in the f i r s t  case its action a second time was directed to cells 
most  of which had been delayed in the plane of the mitotic cycle, in the second case the effect of the chalone 
also extended to cells in which the G 2 ~ M block was absent. 

This investigation confirms previous observat ions showing a t e m p o r a r y  and revers ib le  effect of inhibition 
of prol i fera t ion of EAT cells after a single injection of chalone f rom that tumor.  After a second injection of 
chalone the cell population does not lose its ability to respond to the t i s sue-spec i f ic  inhibitor of cell division. 
Two injections, like a single injection, are accompanied by synchronizat ion of the G2-population of tumor cells, 
but this effect of the chalone on EAT cells after  a second injection, like its inhibitory action, depends on what 
cell population ~s exposed to its action. 

These resul ts  demonstra te  the importance of choice of schemes of administrat ion of chalone in o rder  to 
obtain the maximal effect of synchronizat ion of the tumor  cell population. 
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