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The kinet ics  of  growth of three transplantable hepatomas  with different  rates  of growth and 
different  degrees  of  differentiat ion was  studied. The graph of changes  in volume and weight  
of the hepatomas  against  t ime cons i s t s  of  S-shaped curves  wel l  descr ibed  by f i r s t - o r d e r  
equations of au toca ta lys i s .  The numer ica l  va lues  of the kinet ic  p a r a m e t e r s  character iz ing  
the rate  of  growth of the tumors  w e r e  determined.  Corre lat ion  was  obtained between  the de-  
gree  of differentiat ion and the values  of  the kinet ic  p a r a m e t e r s .  

Induced and transplantable tumors  of the l iver  are  widely used in exper imenta l  oncology as  objects  
for the study of the fundamental  b i o c h e m i c a l  d i f ferences  between normal  and tumor t i s s u e s .  Invest igat ions  
of a s e r i e s  of exper imenta l  hepatomas  have been a imed at the e lucidat ion of the molecu lar  bases  of tumor 
p r o g r e s s i o n ,  the study of d i f ferences  in the rate of prol i ferat ion of tumor ce l l s ,  and the e s tab l i shment  of 
corre la t ion  be tween  certa in  b i o c h e m i c a l  p a r a m e t e r s  of tumors  and the charac ter i s t i c s  of their  growth.  In 
this connect ion it is of  great  in teres t  to study transplantable hepatomas  with different rates  of growth and 
charac ter i zed  by different degrees  of deviat ion f rom the s tructure  of normal  l iver  t i s sue .  The m o s t  in- 
format ive  work in this field has been done on the Morr i s  se r i e s  of hepatomas;  it has shown that the activity 
of v a r i o u s  e n z y m e s  in  t h e s e  h e p a t o m a s  u n d e r g o e s  r e g u l a r  c ha nge s  a s  the  r a t e  of g rowth  of  the  t u m o r s  i n -  

creases [4, 5]. 

However, these correlations were largely qualitative in character, for no quantitative indices charac- 
terizing the dynamics of malignant growth as a rule were used in this case. Nowadays the dynamics of 
growth of most transplantable hepatomas is characterized only by such semiquantitative parameters as the 
latent period, the mean generation time, or the number of generations per month. 

With these facts in mind there is an evident need for strict quantitative characterization of the growth 
parameters of hepatomas on the basis of the kinetic principles of their development. It also was decided to 
analyze the correlation between certain indices of the dynamics of tumor growth given in the literature and 

the s t r i c t l y  quan t i t a t i ve  k i n e t i c  parameters of t u m o r  g rowth .  

TABLE i. Kinetic Characteristics of Hepatomas 

Strain of 
tumor 

22A 

60 
46 

Index 
m e a -  
sured 

Weight 
Volume 
Volume 
Volume 

~o (in 
days "l ) 

0,517 
0,629 
0,469 
0,104 

(dx/dt) �9 
max (in 
days "l ) 

0,134 
0,158 
0,117 
0,026 

Induction period, 
days 

found I [11 

4,3 5--7 
4,2 5--7 

23,0 19--36 
39,0 30--90 

tco 
tinf (in days) 
(in days) F~ [1] 

1 
9,3 20 [ 14--21 
9,5 20 I 14--21 

27,9 40 42 
57,6 100 90 
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Fig. 1. Kinetic cu rves  of 
i nc rea se  in mean  volume of 
t u m o r s .  
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Fig. 2. Kinetic curve  of 
change in meanweigh t  o fhep-  
a toma  22A. 
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Fig. 3. Weight of t umor  as  a 
function of i ts  volume.  

The object  of this invest igat ion was to study the kinet ics  of 
growth of th ree  t ransp lan tab le  hepa tomas  with di f ferent  r a t e s  of growth 
and degrees  of different ia t ion (hepatomas 22A, 60, and 46). 

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

Strains  of expe r imen ta l  hepa tomas  were  obtained f r o m  p r i m a r y  
tumors  a r i s ing  in C3HA mice  as  a r e s u l t  of t r e a t m e n t  with o - a m i n o -  
azotoluene and they were  c h a r a c t e r i z e d  previous ly  by Gel ' sh te in*  [1]. 

The hepa tomas  studied in the invest igat ion were  t ransp lan ted  by 
subcutaneous inoculation of C3HA mice  with 0.3 ml of a suspens ion  of 
t umor  t i ssue  in physiological  saline (1 : ! ) .  In the course  of the expe r i -  
ments  the growing t umor s  were  m e a s u r e d  in th ree  mutual ly pe rpen-  
d icular  d i rect ions  and the value V = a .b . c  was calcula ted as the volume 
of the tumor .  This method of calculat ing the volume of a solid t umor  

was suggested by McCredie  [3] who, having de te rmined  the t rue volume of the tumor  by a vo lumet r ic  
method,  found that  its shape is that  of a semie l l ipso id ;  the volume of the tumor  is the re fo re  given by the 
fo rmula  (4/3)7r �9 a / 2  �9 b/2 �9 c /2  ~ a .b .c .  In addition, in the case  of hepa toma 22A the tumors  were  per iodica l ly  
enucleated and weighed. F r o m  the r e s u l t s  of the m e a s u r e m e n t s  kinetic curves  of the i nc rea se  in mean  vol-  
ume and weight of the tumor  were  plotted. 

EXPERIMENTAL R E S U L T S  

Kinetic cu rves  of the i nc rea se  in mean  volume of the hepa tomas  in the course  of the i r  development ,  
together  with the l inear  anamorphoses  of these cu rves ,  a r e  given in Fig. 1. Each point on these curves  is 
the a r i t hme t i c  mean  of 20 s e p a r a t e l y  found values  for  the volume or  weight of the t u m o r s .  It  is c l ea r  f r o m  
Fig. 1 that  tumor  growth in these cases  is c h a r a c t e r i z e d  by S - s h a p e d  kinet ic  curves  well  desc r ibed  by 
f i r s t - o r d e r  equations of au toca ta lys i s :  

dx 
d--/" = q) (1 - -  x) (x + xo), 

where  x = (V-V0)/(Voo--V0) , and ~ is the s e l f - a c c e l e r a t i o n  fac tor .  In tegra t ion  of this equation gives  an ex-  
p r e s s ion  for  the cor responding  l inear  anamorphoses :  

or ,  a l t e rna t ive ly  

lg ~ = !g x 0 + 0.4343 T (1 - -  xo) t, 

v =lg Vo (1 -  Vo 
l g =  V o = - - V  V,,=--Vo +0.4343q)\  V o o - - V o )  t .  

* The w r i t e r s  a r e  gra teful  to V. I. Gel ' sh te in  for  generous ly  providing the hepa tomas  of s t r a in s  46 and 60. 
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The kinetic p a r a m e t e r s  of the re la t ionships  thus obtained were  calculated on the BESM-4 computer ,  
using all the exper imen ta l ly  found values  of the volume of the t umor s .  

It  will be noted that  the kinetic p r inc ip les  can also be used to de te rmine  other  cha r ac t e r i s t i c s  of 
t umor  growth: the induction per iod (time taken for  the tumor  to grow to palpable size),  the t ime taken to 
r e a c h  the maximal  r a t e  of growth (point of inflection), and the t ime  to r each  the l a r g e s t  volume of the t umor  
(corresponding fo rmal ly  to the mean  genera t ion  t ime and close to values  given in the l i t e ra tu re  [1]). An 
impor tan t  kinetic c h a r a c t e r i s t i c  of t um or s  is the i r  ra te  of growth, which va r i e s  in the case  of autocatalyt ic  
p r o c e s s e s  so that  the comple te  p roce s s  can be divided into three  s tages :  latent  per iod,  per iod of intensive 
growth,  and final phase o f  s lower  development ,  in which the t umor s  r e a c h  a ce r t a in  max imum s ize .  

The resu l t s  a re  s u m m a r i z e d  in Table  1. 

They show that  a hepa toma with a high degree  of different ia t ion is  cha r ac t e r i z ed  not only by a ma rk ed  
inc rea se  in the induction per iod,  but also by a substant ia l  d i f ference in the r a t e s  of growth at the point of 
inflection by compar i son  with the hepa toma  22A, with a low level  of differentiat ion.  

In the case  of hepa toma  22A the i nc r ea se  in weight of the tumor  was studied during growth and it was 
shown that  the kinetic curve  of change in weight of the hepa toma also is desc r ibed  by a f i r s t - o r d e r  equation 
of au toca ta lys i s  (Fig. 2). The kinetic p a r a m e t e r s  calcula ted f rom this curve  a re  given in Table 1. 

The changes in weight and volume of the t umor  a lso  were  compared  during i ts  development .  The r e -  
la t ionship between the weight  of the tumor  and i ts  volume is i l lus t ra ted  in Fig. 3 in logar i thmic  coordinates .  
Clear ly  the re la t ionsh ip  between these  p a r a m e t e r s  is de sc r ibed  by the equation 

lg P ~ 0,82. tg V. 

The s ame  type of re la t ionsh ip  was demons t r a t ed  prev ious ly  in a study of the solid f o r m  of l y m p h o s a r c o m a  
NK/LI  [2]. The kinetic p a r a m e t e r s  of growth of the exper imen ta l  hepa tomas  thus obtained enable the b i o -  
chemica l  indices descr ib ing  the b iochemica l  shifts  to be compared  with the cor responding  macrok ine t ic  
p a r a m e t e r s  cha rac t e r i z ing  growth of the tumor .  
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