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The m e c h a n i s m  of the s t imulat ing act ion of methylcobalamine  on growth of adenocarc inoma 755 
in mice  was invest igated.  The signif icantly more  rapid growth of adenocarc inoma 755 under  
the influence of the cobalam[ne coenzyme was shown to be de te rmined  by an inc rease  in the 
p ro l i f e ra t ive  pool, while p a r a m e t e r s  of the mi to t ic  cycle and minimal  mor ta l i ty  of the t u m o r  
cel ls  r ema ined  s table .  Potentiat ion of the ant[ tumor act ion of methot rexa te ,  when given in com-  
bination with methyleoba lamine ,  is evidently due to inhibition of DNA synthesis  in a much g r e a t e r  
subpopulation of cells in the S-phase .  
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To inc rea se  the ef fec t iveness  of combined chemotherapy  of ce r ta in  t ransp lan tab le  animal  tumors  the 
w r i t e r s  have used a new c lass  of compounds - cobalamine de r iva t ives .  Following combined adminis t ra t ion  
of methy lcoba lamine  and its analogs with metho t rexa te  a significant  i nc rease  was found in the inhibition of 
growth of t ransp lan tab le  t um or s :  m a m m a r y  gland adenoearc inoma 755, RShM-5 ca rc inoma  of the cerv ix  uter i ,  
and a lso  prolongat ion of the life span of mice  with L 1210 leukemia  [1, 3]. 

In this connection it  was decided to study the role  of the cobalamine c o e n z y m e  and its analogs in poten- 
t iating the an t i tumor  act ivi ty  of metho t rexa te .  This  pape r  gives the resu l t s  of invest igat ions of the effect  of 
methy lcoba lamine  on the kinet ics  of growth and p ro l i fe ra t ion  of mouse  m a m m a r y  gland adenocarc inoma cel ls .  

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

A m a m m a r y  gland adenocarc inoma  was t ransp lan ted  into female  C57BL mice  (60 animals  weighing 20- 
25 g) by subcutaneous injection of a suspens ion of t umor  cel ls  in 0.5 ml  medium No. 199. On the 2nd and 6th 
days a f t e r  t ransp lan ta t ion  of the tumor ,  the mice  of the exper imenta l  group were  given methylcobalam[ne  in 
a dose of 10 #g/kg by i n t r a m u s c u l a r  injection.  

The kinet ics  of p ro l i f e ra t ion  of adenocarc inoma  755 cells  was studied by an autoradiographic  method 
using thym[dine-3H on the 8th day of growth of the tumor ,  24 h a f t e r  the end of methyleobalamine  admin i s t r a -  

+ 
tion. Attention was paid to the durat ion of the mitot ic  cycle (Tc) and of its individual per iods  (tgltM; ts ;  tg2), 
the p ro l i f e r a t ive  pool (Pc), and the cell  loss  fac tor  (~) in the tumor .  The t e m p o r a l  p a r a m e t e r s  of the mitot ic  
cycle of the adenoca rc inoma  755 were  de te rmined  f r o m  the change in the pe rcen tage  of labeled mi toses  a f te r  
a single inject ion of thymidine-3H [10]. The isotope was injected into mice  of the exper imenta l  and control  
groups [n t raper i tonea l ly  in a dose of 1-2 p C i / g  body weight (specific act ivi ty  12.8 C i /mmole ) .  The mice  were  
killed eve ry  2-4 h between 1 and 28 h a f t e r  inject ion of thymidine-3H. Isolat ion of the tumor  and p repa ra t ion  
of f i lms  f r o m  the cell  suspens ion were  ca r r i ed  out by Puck ' s  method [8]. The p ro l i f e ra t ive  pool in the adeno- 
ca r c inoma  755 was calculated by the method of compar ing  the observed  and expected labeling indices (TI/LI) 
and also by de te rmin ing  the number  of labeled cel ls  a f t e r  repeated  injections of thymidine-3H [4, 8]. For  this 
purpose  mice  of the exper imenta l  and control  groups  were  injected with isotope in a dose of 20-25 pC[ seven 
t imes  at  4-hourly  in terva ls  for  24 h. The cell  loss  f ac to r  in adenocarc inoma 755 was de te rmined  by the equa- 
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Fig. 1. GrOwth curves  of adenoearc tnoma 755 in C57BL mice  under the 
influence of methyleobalamine .  Abscissa ,  t imes  a f t e r  t ransplanta t ion  of 
t u m o r  (in days); ordinate ,  mean  volume of tumor  (in mm3). Arrows  in- 
dicate t ime of inject ion of methyleoba lamine .  1) Control;  2) methyleobaI -  
amine  (10 pg/kg x 2); 3) methylcoba lamtne  (10 #g/kg x 5). 

Fig. 2. Changes in number  of labeled mi toses  in mouse  adenocare tnoma 
755 cells  at di f ferent  t imes  a f t e r  a single inject ion of thymtdine-aH.  Ab- 
sc i ssa ,  t ime a f t e r  injection of thymidine-aH (in h); ordinate,  number  of 
labeled mi toses  (in ~0). 1) Tumor  on 8th day a f t e r  t ransplanta t ion;  2) a f t e r  
injection of methylcobalamine  (10 #g/kg x 2, on the 3rd and 7th days of 
t umor  growth).  

TABLE 1. Effect  of Methylcobalamine on Kinetics of P ro l i fe ra t ion  of Adenocarc inoma 755 
Ceils  (M• 

Group of mice 

Observed labeling index [ Ratio between 
(TI), % observed and | 

1 h ~ - ~ T h - - a f ~ - ~ - - r  I Expectedindex expected label 4 
labeling ing indices. / 

dine-sHSingle~ ~y.mi-iniecti~ dinerepeatedti~ -aH~ thvmi-_injec- ] (LI), % (TI/Lt) ] 

Tumor volume doubling 
time, days 

T d Tp 

Cell loss 
(~). % 

Experimental 
Control 
P 

29,6+--1,0 
20,6-4-0,6 

<0,001 

56,9--+2, I 
42,8_--+l ,3 
<0,05 

I 38,2 i 
0,7 
0,5 

1,2 
1,0 

0,7 
0,9 

0,4 
0,1 

Legend. 1) Mice of the exper imenta l  group rece ived  methylcobalamine  twice in a dose of 10 
mg/kg  each t ime .  2) Label ing index de te rmined  by analys is  of 5000 cells  in 5-10 mice  of ex-  
pe r imen ta l  and control  groups .  

tion: q~ = 1 -  (Tp/Td),  allowing fo r  the actual  {Td) and potential  {Tp) tumor  volume doubling t ime  [9]. Auto- 
rad iographs  were  compared  by the s tandard method [2]. The signif icance of the difference between values 
obtained for  mice  of the exper imen ta l  and control  groups was calculated by Student 's  t - t e s t .  

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

Growth of m a m m a r y  gland adenoca rc inoma  755 obeys an exponential  law [6-8]. In the p re sen t  invest iga-  
t ions the c h a r a c t e r  of the growth curve  of adenocarc inoma  755 a f t e r  injection of methylcobalamine  did not 
change significantly,  but the ra te  of growth of the tumor  inc reased  cons iderably  under these  conditions (Fig. 1). 
Stimulation of growth of adenocarc inoma  755 was mos t  marked  in the per iod of admin is t ra t ion  of methy l -  
cobalamine,  and a significant  d i f ference  in the s ize of the t u m o r s  was observed  in the mice  of the exper imenta l  
and control  groups during the 7 or  8 days a f t e r  injection of the coenzyme.  La ter ,  growth of the t umor  slowed 
down and its volume on the 21st day a f t e r  t ransplanta t ion  did not differ  s ignif icantly.  

To a s s e s s  the action of methylcobalamine on growth of mouse adenocarc inoma 755, the bas ic  p a r a m e t e r s  
of cell p ro l i f e ra t ion  were  de te rmined .  Calculat ions showed that the durat ion of the mitot ic  cycle (T c) of the 
adenocarc inoma 755 ceils  on the 8th day of t umor  growth was 12-14 h (Fig. 2). The durat ion of DNA synthes is  
(is) in the t u m o r  cel ls  under  the c i r c u m s t a n c e s  was 6 h. The minimal  durat ion of the postsynthet ic  per iod (tg2) 
did not exceed 2 h, and the total  durat ion of the presynthe t ic  per iod (tgl) and of mi tos i s  (tin) was 4 h. These  
t empora l  p a r a m e t e r s  for  the mitot ic  cycle of adenocarc inoma 755 ceils  a re  bas ica l ly  in a g r e e m e n t  with data 
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in the l i t e r a tu re  [7, 8]. Under the influence of methylcobalamine  the duration of the mitot ic  cycle and i ts  sep-  
a ra t e  per iods  in adenocarc inoma  755 cells  did not change significantly (Fig. 2). Meanwhile, the number  of 
pro l i fe ra t ing  cells  in t umors  of mice  of the exper imenta l  group inc reased  significantly compared  with the con- 
t ro l  an imals  (Table 1). The s ize  of the p ro l i f e ra t ive  pool, calculated by compar ing  the observed  and expected 
label ing indices ,  was  0.7 and 0.5 fo r  adenoca re inema  755 of mice  of the exper imen ta l  and control  groups r e -  
spect ively .  The expected labeling index in t umors  de te rmined  on the bas i s  of the durat ion of the mitot ic  cell  
cycle,  was the same  in the mice  of the var ious  groups .  The observed  labeling index 1 h a f t e r  a single injection 
of thymidine-3H in the adenoca rc inoma  755 of mice  of the exper imenta l  group was 1.4 t imes  higher than that 
for  the control  an imals .  The significant  i nc rea se  in the p ro l i f e ra t ive  pool in the t umor  under  the influence of 
methylcobalamine  was also conf i rmed by the resu l t s  of repea ted  inject ion of thymidine-3H. They showed that 
the p ro l i f e ra t ive  pool in adenocarc inoma  755 of the exper imenta l  mice was 56.9 • 2.1~0, but only 42.8 �9 1.3~0 in 
the t umor s  in the control  mice .  

The cell  loss  fac tor  (~o) in adenoca rc inoma  755 on the 8th day of growth,  it will be noted, was minimal  
and inc reased  a l i t t le  under  the influence of methy lcoba lamine  (Table 1). 

Acce lera t ion  of growth of mouse  adenocarc inoma 755 under the influence of methylcobalam[ne was thus 
due mainly  to en l a rgemen t  of the p ro l i f e ra t ive  pool, while the t empora l  p a r a m e t e r s  of the mitot ic  cell cycle 
r emained  s table .  

Selectivi ty of act ion of ce r ta in  ant [ tumor  agents is known to be enhanced as a r e su l t  of an inc rease  in the 
number  of p ro l i f e ra t ing  cel ls  in the tumor  [5]. There  is thus a r ea l  poss ibi l i ty  of increas ing  the sensi t iv i ty  of 
t umor  cells by means  of methy lcoba lamine  to the inhibi tory act ion of ce r ta in  cyc le - spec i f i c  subs tances ,  notably 
metho t rexa te .  In previous  invest igat ions the max imal  effect  of combined admin is t ra t ion  of methylcobalamine  
and me tho t rexa te  was obse rved  in the lute s tage  of g rowth  of adenocarc inoma  755, when metho t rexa te  alone 
has  v i r tua l ly  no therapeut ic  act ion [1, 3]. With an i nc rea se  in the total  dose of methylcobalamine  the ant[ tumor 
act ion of me tho t rexa te  is cons iderably  potentiated,  and if the two drugs a r e  admin i s t e red  s imultaneously,  the 
therapeu t ic  effect  continues despite  a much s m a l l e r  dose of metho t rexa te .  

The i n c r e a s e  in the ant [ tumor  act ivi ty  of me tho t rexa te  during combined adminis t ra t ion  with methyl -  
cobalamine is l a rge ly  due to an i nc rea se  in the number  of p ro l i fe ra t ing  cells  in the adenocarc inoma 755. Under 
these  conditions metho t rexa te  evidently inhibits DNA synthesis  in a s ignif icantly l a r g e r  subpopulation of cel ls  
in the S phase ,  which a r e  mos t  sens i t ive  to its action. The intensity of a s s imi la t ion  of cobalamines  by the 
t umor  and the poss ib i l i ty  that the i r  t r a n s p o r t  into the cel ls  may  be blocked by means  of a methylcobalamine  
antagonis t  a r e  a lso  of g r ea t  impor tance  in r e la t ion  to combined t r ea tmen t .  The r e su l t s  of all  the w r i t e r s '  in-  
vest igat ions  a r e  serv ing  as the bas i s  fo r  e labora t ion  of the mos t  effective use of cobalamine der iva t ives  in the 
chemotherapy  of mal ignant  neop lasms .  
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