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A c o m b i n a t i o n  of i r r a d i a t i o n  and h o r m o n e s ,  e s p e c i a l l y  e o r t i c o i d  h o r m o n e s ,  i s  w i d e l y  u s e d  f o r  the  
t r e a t m e n t  of t u m o r s .  However ,  t h e s e  m e t h o d s  of t r e a t m e n t  a r e  by  no m e a n s  wi thout  t h e i r  e f fec t  on the  
s t a t e  of r e a c t i v i t y  of the  p a t i e n t .  I r r a d i a t i o n  m a y  c a u s e  a c c e l e r a t i o n  of t u m o r  g r o w t h  and the  m o r e  i n t e n -  
s i ve  d e v e l o p m e n t  of m e t a s t a s e s  [2-4,  7, 12, 13, 15]. S i m i l a r  r e s u l t s  have  b e e n  ob t a ined  in r e l a t i o n  to c o r -  
t u sone  and i t s  s y n t h e t i c  a n a l o g u e s  (1, 5, 6, 8-11,  14, 18, 19]. 

In the  p r e s e n t  i n v e s t i g a t i o n  an a t t e m p t  was  m a d e  to u se  the k ine t i c  c h a r a c t e r i s t i c s  of t u m o r  g rowth  
to a s s e s s  the  e f fec t  of w h o l e - b o d y  x - r a y  i r r a d i a t i o n  and of c o r t i s o n e  on the  g rowth  and s p r e a d  of m e t a s -  
t a s e s  of an E h r l i e h ' s  c a r c i n o m a .  

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

The i n v e s t i g a t i o n s  w e r e  conduc ted  on 165 n o n i n b r e d  m i c e  we igh ing  18-20 g. M e t a s t a s i z a t i o n  was  
p r o d u c e d  by  i n j e c t i n g  3 m i l l i o n  v i a b l e  t u m o r  c e l l s  of an  E h r l i c h ' s  a s c i t e  c a r c i n o m a  in 0.2 m l  of E a r l '  s s o -  
lu t ion  into the cauda l  ve in .  The t u m o r  c e l l s  w e r e  counted  in a G o r y a e v ' s  c h a m b e r  in d i lu t ing  f lu id  c o n t a i n -  
ing  eos in .  The  t u m o r  c e l l s  which  s t a i n e d  wi th  e o s i n  (dead ce l l s )  w e r e  not  counted .  W h o l e - b o d y  x - r a y  i r -  
r a d i a t i o n  of the  m i c e  in a dose  of 300 R o r  a s ing le  i n t r a m u s c u l a r  i n j ec t i on  of c o r t i s o n e  a c e t a t e  (Rousse l )  
in a dose  of 5 m g  was  g iven  48 h b e f o r e  i n t r a v e n o u s  inocu la t ion  of the  s u s p e n s i o n  of t u m o r  c e l l s .  The con -  
d i t ions  of i r r a d i a t i o n  w e r e :  vo l t age  180 kV, c u r r e n t  15 mA,  f i l t e r  0.5 m m  Cu + 1.0 m m  A1, dose  r a t e  22.5 
R/ra in .  F i f t e e n  days  a f t e r  i nocu la t ion  of the  t u m o r  c e l l s  the a n i m a l s  w e r e  s a c r i f i c e d  and the  d e t a i l s  of i n -  
v o l v e m e n t  of the  i n t e r n a l  o r g a n s  by  m e t a s t a s e s  w e r e  r e c o r d e d .  The n u m b e r  of m e t a s t a s e s  in the  lungs  
and l i v e r  (on the s u r f a c e  of the  o r g a n  and in s e c t i o n s  of i t  2 m m  thick)  was  coun ted  and t h e i r  d i a m e t e r  was  
m e a s u r e d  by m e a n s  of a s t e r e o s c o p i c  m i c r o s c o p e  wi th  an o c u l a r  m i c r o m e t e r .  The t o t a l  we igh t  of the  
m e t a s t a s e s  in the  o r g a n  was  d e t e r m i n e d  f r o m  the  f o r m u l a :  

M =0,5404. n. D 3, (1) 

w h e r e  M i s  the  t o t a l  m a s s  of m e t a s t a s e s  in  the  o rgan ,  n the  n u m b e r  of m e t a s t a s e s  in  the  o rgan ,  and  D the 
m e a n  d i a m e t e r  of the  m e t a s t a s e s .  

In p a r a l l e l  e x p e r i m e n t s  the  m e a n  s u r v i v a l  p e r i o d  of the  e x p e r i m e n t a l  a n i m a l s  was  d e t e r m i n e d .  

To s tudy  the k ine t i e  c h a r a c t e r i s t i c s  of g r o w t h  of the  m e t a s t a s e s ,  G o m p e r t z '  s equa t ion  was  c h o s e n  
a s  the  m a t h e m a t i c a l  m o d e l  [16, 17]: 

Wt= Wo.e A/a ( t - - e - - a t )  , (2) 

w h e r e  W t i s  the s i ze  of the t u m o r  (weight,  vo lume ,  o r  n u m b e r  of t u m o r  ce l l s )  at  the  m o m e n t  of t i m e  t; W 0 
i s  the  s i ze  of the  t u m o r  at  the  po in t  t = 0 ( i .e . ,  a t  the  m o m e n t  of i nocu la t ion  of the  t umor ) ;  A and ~ a r e  
c o n s t a n t s ;  e i s  the  b a s e  of n a t u r a l  l o g a r i t h m s .  A c c o r d i n g  to t h i s  equa t ion  the  doubl ing  t i m e  of the  t u m o r  
i s  not  cons t an t ,  a s  du r ing  exponen t i a l  g rowth ,  bu t  i n c r e a s e s  cons tan t ly ,  depend ing  on the s i z e  of the  t u m o r  

L a b o r a t o r y  of G e n e r a l  P a t h o p h y s i o l o g y  and E x p e r i m e n t a l  T h e r a p y ,  In s t i t u t e  of N o r m a l  and P a t h o -  
l o g i c a l  P h y s i o l o g y ,  A c a d e m y  of M e d i c a l  S c i e n c e s  of the  USSR, Moscow ( P r e s e n t e d  by  A c t i v e  M e m b e r  of the  
A c a d e m y  of M e d i c a l  S c i e n c e s  of the  USSR,V. V. Zakusov) .  T r a n s l a t e d  f r o m  Byu l l e t en '  ]~kspe r ime n t a l ' no i  
B i o l o g i i  i Med i t s i ny ,  Vol .  64, No. 7, pp.  89-93,  Ju ly ,  1967. O r i g i n a l  a r t i c l e  s u b m i t t e d  S e p t e m b e r  25, 1966. 
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Fig .  1. C u m u l a t i v e  c u r v e s  of s u r -  
v iva l  of c o n t r o l  (1) and i r r a d i a t e d  
m i c e  (2) and of m i c e  r e c e i v i n g  c o r -  
t i s o n e  (3) wi th  m e t a s t a s e s  of an 
E h r l i c h ' s  c a r c i n o m a .  O r d i n a t e  - -  
s u r v i v a l  r a t e  (in %); a b s c i s s a  - -  
t i m e  (in d a y s ) .  

and the  n u m b e r  of t i m e s  i t  ha s  doubled .  The c u r v e  of t u m o r  g rowth  has  a 
h o r i z o n t a l  a s y m p t o t e .  The r a t e  of g r o w t h  of the  m e t a s t a s e s  in the  lungs  
and l i v e r  in the  a n i m a l s  of the  d i f f e r e n t  g r o u p s  was  c o m p a r e d  at  c o r r e -  
sponding  (equivalent)  po in t s  on the k ine t i c  c u r v e s  of t u m o r  g rowth .  

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

The e x p e r i m e n t a l  r e s u l t s  showed tha t  w h o l e - b o d y  i r r a d i a t i o n  of the  
a n i m a l s  o r  a d m i n i s t r a t i o n  of c o r t i s o n e  to t h e m  c a u s e d  i n t e n s i v e  m e t a s -  
t a s i z a t i o n  of the  E h r l i c h ' s  t u m o r .  In such  a n i m a l s  m e t a s t a s e s  w e r e  found 
in the  lungs ,  l i v e r ,  l y m p h  g l ands ,  s t o m a c h ,  s m a l l  i n t e s t i n e ,  and k i d n e y s .  
In m o s t  c a s e s  (40-60%) they  w e r e  found in the  h e a r t  and s p l e e n  - -  o r g a n s  
in which  m e t a s t a s e s  of m a l i g n a n t  t u m o r s  a r e  l o c a l l i z e d  c o m p a r a t i v e l y  
r a r e l y .  F l u i d  con ta in ing  t u m o r  c e l l s  f r e q u e n t l y  a c c u m u l a t e d  in the  p e r i -  
t o n e a l  and p l e u r a l  c a v i t i e s .  Of a l l  the  o r g a n s  the  l i v e r  was  the  w o r s t  a f -  
f ec t ed .  The  m e t a s t a t i c  index  ( r a t io  b e t w e e n  the  n u m b e r  of o r g a n s  wi th  
m e t a s t a s e s  and the n u m b e r  of o r g a n s  i nves t i ga t ed )  in the  i r r a d i a t e d  a n i -  
m a l s  was  n e a r l y  3.5 t i m e s ,  and in t hose  r e c e i v i n g  c o r t i s o n e  3.8 t i m e s ,  
g r e a t e r  than  the  c o r r e s p o n d i n g  c o n t r o l  index  ( see  T a b l e  1). F u r t h e r m o r e ,  
i r r a d i a t i o n  o r  a d m i n i s t r a t i o n  of c o r t i s o n e  i n c r e a s e d  the i n t e n s i t y  of m e t a s -  
t a s i z a t i o n  in the  i n t e r n a l  o r g a n s .  F o r  i n s t ance ,  in  the  lungs  of such  a n i -  
m a l s  the  m e t a s t a s e s  w e r e  m o r e  n u m e r o u s  and l a r g e r  than in the  a n i m a l s  
of the  c o n t r o l  g roup .  In the  l i v e r  the  m e t a s t a s e s  w e r e  u s u a l l y  l a r g e r  and 
m o r e  n u m e r o u s  than  in the  lungs .  Condi t ions  f o r  g r o w t h  of m e t a s t a s e s  in 
the  l i v e r  w e r e  p a r t i c u l a r l y  f a v o r a b l e  when c o r t i s o n e  was  g iven  (Table  1). 

Th i s  was  ev iden t l y  the  r e a s o n  fo r  the  e a r l i e r  dea th  of the  i r r a d i a t e d  
m i c e  and of the  a n i m a l s  r e c e i v i n g  c o r t i s o n e  than  of the  c o n t r o l s *  (F ig .  1). 
The m e a n  s u r v i v a l  p e r i o d  of the  i r r a d i a t e d  m i c e  (22.0=~1.17 days)  was  only 
2/3, and tha t  of the  m i c e  r e c e i v i n g  c o r t i s o n e  (16 .9 /0 .51  days)  only i/2 (P < 
0.01) the  m e a n  l i fe  span  of the  c o n t r o l  a n i m a l s  (33~ 1.96 days ) .  

The a v e r a g e  k ine t i c  c u r v e s  of g r o w t h  of the  m e t a s t a s e s  in the  lungs  
and l i v e r  of the  i r r a d i a t e d  m i c e  and of the  a n i m a l s  r e c e i v i n g  c o r t i s o n e  a r e  
i l l u s t r a t e d  in F i g .  2. It i s  e a s y  to s e e  tha t  the e x p e r i m e n t a l  k ine t i c  c u r v e s  
(of G o m p e r t z )  of g r o w t h  of m e t a s t a s e s  in the  l ungs  of t h e s e  a n i m a l s  d i -  
v e r g e d  f r o m  the exponen t i a l  c u r v e s  c h a r a c t e r i z i n g  the  g rowth  of m e t a s t a s e s  
in cond i t i ons  when the m a g n i t u d e  of the  f a c t o r s  inh ib i t ing  t u m o r  g r o w t h  i s  
z e r o  to a l e s s e r  d e g r e e  than  in the  c o n t r o l  s e r i e s .  Th i s  shows  tha t  i r r a d i -  
a t ion  and c o r t i s o n e  d e p r e s s  the  r o l e  of the  f a c t o r s  inh ib i t ing  g rowth  of the  

m e t a s t a s e s  and,  thus  c u r e a t e  m o r e  f a v o r a b l e  cond i t ions  f o r  t h e i r  g rowth .  C o m p a r i s o n  of the  v a l u e s  of y 
ob t a ined  by  m a t h e m a t i c a l  a n a l y s i s  of the  k i n e t i c s  of g rowth  at  the  m o m e n t  when the t o t a l  we igh t  of the  
m e t a s t a s e s  was  0.1 W a s $  showed the fo l lowing  r e l a t i o n s h i p :  i r r a d i a t i o n  of the  a n i m a l s  o r  a d m i n i s t r a t i o n  
of c o r t i s o n e  to  t h e m  b e f o r e  i nocu la t ion  of t u m o r  c e l l s  i n c r e a s e d  the  r a t e  of g rowth  of m e t a s t a s e s  in the  
lungs  by  a l m o s t  3.5 t i m e s ;  the  m e t a s t a s e s  in the  l i v e r  of the  m i c e  r e c e i v i n g  c o r t i s o n e  g r e w  3.5 t i m e s  
f a s t e r  than  in the  i r r a d i a t e d  a n i m a l s ;  in both  c a s e s  the  m e t a s t a s e s  in the  l i v e r  g r e w  f a s t e r  than  t h o s e  in 
the  lungs .  

* I r r a d i a t i o n  o r  i n j e c t i o n  of c o r t i s o n e ,  c a r r i e d  out  on he a l t hy  a n i m a l s ,  d id  not  l e a d  to t h e i r  dea th  in the  
c o u r s e  of the  nex t  3.5 m o n t h s .  
SWas  - - t h e  va lue  of the  to ta l  weight  of the  m e t a s t a s e s  at the  a s y m p t o t e .  
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Fig .  2. A v e r a g e d  k ine t i c  c u r v e s  of g rowth  of m e t a s t a s e s  in the  
lungs  and l i v e r  of m i c e .  1) Growth  of m e t a s t a s e s  by  an e x p o n e n -  
t i a l  r e l a t i o n s h i p  (for c o m p a r i s o n ) ;  2) g rowth  of m e t a s t a s e s  in 
a c c o r d a n c e  wi th  G o m p e r t z ' s  funct ion  in the  k ings  of c o n t r o l  (A) 
and i r r a d i a t e d  (B) m i c e  and m i c e  r e c e i v i n g  c o r t i s o n e  (C) and in 
the  l i v e r  of i r r a d i a t e d  m i c e  (D) o r  m i c e  r e c e i v i n g  c o r t i s o n e  (E). 
A b s i c s s a  - -  t i m e  (in days ) ;  o r d i n a t e  - -  weight  of t u m o r  (in rag).  

E x t r a p o l a t i o n  of the  weight  of the  m e t a s t a s e s  on the k ine t i c  c u r v e s  of the  t u m o r  g rowth  to the  po in t  
t = 0 ( i .e . ,  to the m o m e n t  of i n t r a v e n o u s  inocu la t ion  of the s u s p e n s i o n  of t u m o r  c e l l s  y i e l d e d  quan t i t a t i ve  
i n f o r m a t i o n  c o n c e r n i n g  the p r o c e s s  of a d h e s i o n  of the  t u m o r  c e l l s  in the  c a p i l l a r i e s  of the  lung and l i v e r .  

I r r a d i a t i o n  of the  a n i m a l s  o r  a d m i n i s t r a t i o n  of c o r t i s o n e  to  t h e m  g r e a t l y  i n c r e a s e d  the a d h e s i o n  of 
the  t u m o r  c e l l s  in the  c a p i l l a r i e s  of the  lung.  In the  i r r a d i a t e d  m i c e ,  f o r  i n s t ance ,  the  n u m b e r  of t h e s e  
c e l l s  was  n e a r l y  twice  as  high as  in the  c o n t r o l s .  An even g r e a t e r  i n c r e a s e  in the  n u m b e r  of a d h e r e n t  t u -  
m o r  c e l l s  was  c a u s e d  by  a d m i n i s t r a t i o n  of c o r t i s o n e .  In th i s  c a s e  about  250,000 t u m o r  c e l l s  w e r e  he ld  up 
in the  c a p i l l a r i e s  of the  lung, a l m o s t  fou r  t i m e s  as  m a n y  a s  the c o r r e s p o n d i n g  index (W0) in the  c o n t r o l s  
(Table  1). I t  was  not  p o s s i b l e  to judge  to wha t  e x t e n t  i r r a d i a t i o n  o r  the  a d m i n i s t r a t i o n  of c o r t i s o n e  a l t e r e d  
the  a d h e s i o n  of the  t u m o r  c e l l s  in the  l i v e r  c a p i l l a r i e s ,  f o r  no m e t a s t a s e s  cou ld  be found in t h i s  o r g a n  on 
m a c r o s c o p i c  o r  m i c r o s c o p i c  e x a m i n a t i o n .  C o m p a r i s o n  of the  da ta  fo r  the  a d h e s i o n  of the  t u m o r  c e l l s  in 
the  l i v e r  of the  i r r a d i a t e d  m i c e  and the m i c e  r e c e i v i n g  c o r t i s o n e  shows tha t  a d m i n i s t r a t i o n  of c o r t i s o n e  
l e d  to the  r e t e n t i o n  of many  (2.8 t i m e s )  m o r e  than  took  p l a c e  in the  i r r a d i a t e d  a n i m a l s .  
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