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The mitotic cycle and its pa ramete r s  in Hard ing-Passy  melanoma were studied during growth 
in culture.  The duration of the mitotic cycle of the melanoma cells was 40.3 h, the S-period 
10.2 h, the G2-period 5 h, and G 1 + M 25.1 h. 

Establishment of the c o r r e c t  frequency of adminis t rat ion of anti tumor preparat ions  on the basis of 
studies of the duration of mitotic cycles and their  individual phases in normal  and tumor  t issues increases  
the effectiveness of the procedure  by producing maximum injury to the tumor cells.  

Cultures of tumors  are  usually used to study the duration of the mitotic cycle and its pa r ame te r s ,  
because such investigations using labeling techniques are  difficult in vivo. The fact that such a sys tem can 
be used is demonstrated by observations showing that the normal  duration of the mitotic cycle is maintained 
by a tumor  during prolonged cultivation [8, 11, 12]. 

The use of p r i m a r y  cultures of tumors  is par t icu lar ly  promis ing  in this direction,  because as severa l  
workers  have shown [3, 7], the ceils of p r imary  cultures retain not only the histotypical,  but also the func- 
tional charac te r i s t i cs  of the original t issue (enzymic and hormonal activity). 

This paper  descr ibes  the resul ts  of a study of the pa rame te r s  of the mitotic cycle of a Hard ing-Passy  
melanoma by an autoradiographic method. 

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

The source  of the tumor  for culture was a Hard ing-Passy  melanoma obtained f rom a C57B1 mouse 
2 weeks af ter  implantation. Explants on the 7th-9th day of growth were taken for the exper iments ,  because 
at this period the principal  types of cells charac te r iz ing  this tumor can be differentiated in the zone of 
growth [9]. 

To determine the prol iferat ive pool and the dynamics of accumulation of labeled cei ls ,  the cultures 
were incubated with thymidine-H 3 in a dose of 0.3 ~Ci/ml  medium (specific activity 3 pCi/ml).  

To study the dynamics of the increase  in number of labeled mitoses  in the culture,  thymidine-H 3 was 
added in a dose of 1 tLCi/ml for 15 rain and then removed by washing with medium No. 199 and replacement  
with f resh medium (37~ 

The per iod of observat ion af ter  radioactive labeling was 1-13 h. During continuous saturat ion with 
thymidine-H 3 the mater ia l  was fixed at various t imes af ter  addition of the isotope for 5 days.  Cultures 
were fixed with a 3:1 mixture of acetic acid and ethanol and stained with Mayer ' s  hematoxylin. Autoradio-  
graphs were obtained by means of type M(NIIKhFP) liquid nuclear  emulsion. Cells were regarded  as 
labeled if at least 5 grains of s i lver  were found above the nucleus against  a general ly  low background. At 
each time of investigation 2-3 cultures were examined, and at least  a 1000 cells were counted in each. Two 
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Fig.  1. Cells  of H a r d i n g - P a s s y  melanoma (7-day cul ture) .  
Hematoxyl in -eos in :  a, c) 520 x; b) 1360 x. 
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Fig. 2. Change in number of labeled 
mitoses in culture of Harding-Passy 
melanoma after short (1) and long (2) 
incubation with thymidine-H 3. Ordi- 
nate, labeled cells and labeled mitoses 
(in %); abscissa, time after addition 
of isotope (in h). 

p a r a m e t e r s  were  used  to ana lyze  the autographs:  the index of 
labeled ce l l s  and the i n c r e a s e  in number  of labeled mi toses  
p e r  1000 cul ture  ce l l s .  

With the a p p r o p r i a t e  ca lcu la t ions  [2, 5], this  method en-  
abled the dura t ion of the mitot ic  cyc le  and i ts  va r ious  phases  
to be de t e rmined  for the given cu l ture .  

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

Two types of ce l l s  were  c l e a r l y  d i s t inguishable  in the 
cu l tu res  of H a r d i n g - P a s s y  me lanoma .  The ce l l s  of the f i r s t  
type were  l a rge ,  b ipo la r  and mul t ipo la r  c e l l s ,  giving off p r o -  
c e s s e s  (Fig.  l a ) .  The nucleus was round or  oval  in shape with 
1 or 2 nucleol i .  The p igment  was pale  brown,  amorphous ,  and 
located around the nucleus or  a t  the p e r i p h e r y  of the cel l .  
Mul t inue lear  ce l l s  with l a rge  quant i t i es  of melanin  eoncen-  

t r a t e d  in the cen te r  a l so  were  seen  (Fig.  lb) .  The type 1 ce l l s  accounted for  73-82% of the to ta l  ce l l  
populat ion.  

In accordance  with exis t ing def ini t ions,  melanophages ,  f ib rocy tes ,  and melanocy tes  (11, 7, and 5% 
respec t ive ly)  were  included in this  type.  

Agains t  this  background it was easy  to d is t inguish  the ce l l s  of type 2, with a round, compact  nucleus 
(Fig.  l c ) .  As a rule  the na r row zone of cy top l a sm contained la rge  amounts  of pigment .  These  ce l l s  were  
r e l a t i ve ly  l ess  numerous  (18-27~).  By the i r  c h a r a c t e r i s t i c s  these  ce l l s  were  identif ied as melanob las t s  [5]. 

The mean mitot ic  ac t iv i ty  of the ce l l  populat ion va r ied  between 8 and 12%. 

PARAMETERS OF THE MITOTIC CYCLE 

The r e su l t s  of de t e rmina t i on  of the pe rcen tage  of labeled ce l l s  and labeled mi toses  a f t e r  long- and 
s h o r t - t e r m  incubation with thymidine-H 3 a r e  given in Fig.  2. The f i r s t  labe led  mi toses  were  found in the 
cul ture  3 h a f t e r  addit ion of the i so tope ,  t he i r  number  a f te r  6 h was 63%, and i t  reached  a max imum (90%) 
a f t e r  9 h. The mean durat ion of the pos tmi to t i c  (G 2) pe r iod ,  defined as  the in te rva l  between the t ime  of 
addi t ion of thymid ine-H 3 and the appea rance  of 50% of labeled m i t o s e s ,  was 5 h. 
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A study of the index of labeling of the whole complex of cells showed that 15 min after  addition of 
thymidine-H ~ 23% of the cells were labeled. 

In the experiment with continuous contact between the cells and thymidine-H 3, the index of labeled 
nuclei rose during the f i rs t  day as a l inear function of t ime, to reach 92% by the end of the second day. 
The duration of the S period,  determined by calculation f rom the accumulat ion of labeled cel ls ,  was 10.2 h. 

F r o m  the duration of the per iod of DNA synthesis ,  it was possible to calculate the total [1] duration 
of the mitotic cycle,  allowing for the prol i fera t ive  pool of the culture,  which was 92%. 

In this case the duration of the mitotic cycle was 40.3 k The duration of the presynthet ic  period 
could thus be determined,  knowing the duration of mitosis .  Its value was 25.1 h. 

This investigation showed that cells of a p r i m a r y  culture of Hard ing-Passy  melanoma exhibit inten- 
sive incorporat ion of thymidine-H 3, the radioactive p r e c u r s o r  of DNA. 

A study of the intensity of distr ibution of the label in the cell population showed inequality in the 
charac te r  of incorporat ion of thymidine-H ~ into different types of cel ls ,  and also into different cells of the 
same type, indicating the heterogenei ty of the culture,  Because of the smal l  number of cells of type 2, it 
was impossible to calculate the pa r ame te r s  of the mitotic cycle for the different types of cells separate ly ,  
and for this reason,when a scheme of t rea tment  is being chosen to cor respond  to the stages of the mitotic 
cycle,  data for the total population of tumor  cells must  be used as the s tar t ing point. 

It is interest ing to compare these results  with the durations of the pa rame te r s  of the mitotic cycle 
as determined by administrat ion of radioactive DOPA, tyrosine ,  and thymidine to mice with Hard ing-Passy  
melanoma:  the duration of the mitotic cycle was 26-36 h, of G 2 1.5-4 h, of S 8.2 h, S + G 2 11 h, and G l 15- 
25 h [10]. 

The results  of the present  investigation give somewhat longer pa ramete r s  for the cycle of Harding- 
Passy  melanoma in p r i m a r y  culture compared with the conditions appertaining in vivo. 

LITERATURE CITED 

1. "R. A. Gibadulin, Byull. l~ksperim. Biol. i Med., No. 5, 97 (1967). 
2. A~ K. Dondua et al., in: Investigation of Cell Cycles in Nucleic Acid Metabolism during Cell Dif- 

ferentiation [in Russian], Moscow-Leningrad (1964), p. 5. 
3. S. Ya. Zalkind, in: Morphological and Chemical Changes during Cell Development [in Russian], 

Riga (1967), p. 17. 
4. V.V. Terskikh, Izvest. Akad. Nauk SSSR, Seriya Biol., No. 5,776 (1965). 
5. V.N. Ponomareva, Vopr. Onkol., No. 11, 22 (1966). 
6. N.M. Chistova, Vopr. Onkol., No. 11, 22 (1966). 
7. J . P .  Cobb and D. G. Walker, Cancer Res., 20, 858 (1960). 
8. V. Defendi and A. Manson, J. Biophys. Biochem. Cytol., 9,509 (1961). 
9. C.G. Grand, R. Chambers, and G. Camerton, Am. J. Cancer, 2_~4, 36 (1955). 

10. K. Hempel, in: Handbuch der Allgemeinen Pathologie, Vol. 2/5, Berlin (1968), p. 115. 
11. Kuroki Toshio, Isaka Hideniko, and Sato Haruo, Jaun, 57, 367 (1966). 
12. I .E .  Sisken and R. Kinosita, J. Biophys. Biochem. Cytol., 9, 509 (1961). 

435 


