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Changes in the metabol ism of the brain caused by growth of a tumor (sarcoma C-45) disap- 
pear  af ter  removal  of the tumor.  Regress ion  of the s a rcoma  under the influence of thio- 
TEPA takes place paral le l  with changes in metabol ism in the rat  brain. In the ear ly  periods 
af ter  t reatment ,  p rocesses  in the ra t  brain associa ted with ammonia formation a re  ac t iva-  
ted, and after  1 month the components of the ammon ia -g lu t amine  sys tem of the brain  are  
res tored  to normal .  

The object of this investigation was to study the state of the an]monia-glutamate-giutamine system 
In the brain of rats with sarcoma C-45 following treatment of the tumor by surgery and chemotherapy. 

EXPERIMENTAL METHOD 

Male rats  weighing 100-150 g were inoculated subcutaneously in the thigh with a suspension of s a r -  
coma C-45 cells.  The transplanted cells developed well for 14 days, and the tumor was then removed su r -  
gicallyo The wound was sutured and the animals kept under normal  conditions in the vivarium~ The brain 
was examined 7-10 days, 3 weeks,  and 3 months af ter  operation. Another group of rats  s tar ted to receive 
th io-TEPA t rea tment  when the subcutaneously inoculated tumor had reached the size of a pea (about 1 g). 
The ant i tumor compound was dissolved in physiological  saline and injected daily into the animals  in one 
therapeutic  dose (2 mg/kg)  intraperi toneal ly.  The course  for the rats consisted of 14 injections (28 rag/  
kg)~ Investigations of ammonia ,  gIutamic acid, and glutamine in the brain were  ca r r i ed  out on the day af ter  
the course of treatment ended, and I0 days,and 1 month later. Healthy rats and rats receiving thio-TEPA 
by the same scheme served as controls~ The rats were frozen in liquid air and all investigations were car- 
ried out on frozen brain tissue. Ammonia and glutamine were determined by S ilakova's method [4], and 
glutamic acid by electrophoresis on paper by Dose's method [5]. 

EXPERIMENTAL RESULTS 

The state of the animals returned to normal a few days after the operation. The concentrations of 
ammonia, glutamine, and glutarnie acid in the brain of the control animals were 0.48 ~ 0.06, 4.7 • 0.37, 
and 148.5 • 14.5 rag%, respectively, in agreement with published data [1,2]o When the ammonia concentra- 
tion in the brain was investigated 1 week after the operation, a high concentration of ammonia and glutamine 
was found (Table !). A similar result was found previously when the brain of rats was investig~ated during 
the 3rd-4th week of growth of sarcoma C-45 [3]. 

The results obtained indicate either persistence of changes in the chemical properties of the brain 
caused by growth of the tumor or an effect of the operation. It may be considered that systems participating 
in intensive ammonia formation during growth of the tumor still remained disturbed at this period. Later 
(toward 3 months), however, the metabolism of the ammonia-glutamine system in the brain returned com- 
pletely to normal. The relative constancy of the glutamic acid concentration suggests that ammonia is re- 

moved not by- combination with it, but in some other way. The brain metabolism, when modified by growth 
of a malignant tumor, thus returns to normal after removal of the tumor. 

When thio-TEPA was given to rats with an inoculated sarcoma, at first arrest of growth of the tumor 
was observed, and this was followed by a gradual decrease in its size or its complete disappearance. Atthe 
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TABLE I.  Concentration of Ammonia, Glutamine, and Glutamic 
Acid in Brain of Rats after Removal of Tumor (in rag%) 

Number 
of 

�9 animals 

Time of in- Ammonia 

vestigati~ M• I P 

y 
Glut.amine / Glutamic acid 

M+.rn [ P [ M.4-m l P 

10 
7 
7 

7--10dayK i,3-+0,1 ~ <0,001 6,7_+0,4 ~ 161,5-+7,7 <015 
1 montti 0,66• ] > 0 , 5  6,3• [ >0,1 129,4-+10,5 <0,2 
3mortths 0,56___0,01 >0,2 5,2• I <0,2 I 126,3• 1<0,1 

T A B L E  2. C o n c e n t r a t i o n s  of A m m o n i a ,  G l u t a m i n e ,  and  G l u t a m i c  
A c i d  in the B r a i n  a f t e r  End of  a C o u r s e  of T h i o - T E P A  T r e a t m e n t  
(in mg%) 

Group of .~ 
animals 

o 

61 iz! 
C~176 
Healey.rats 

receiving 
compound 

Pats with tumoz 
receiving 
compound 

Ammonia Glutamine Glutamic acid 

M-4- m 

0,48• 0,06 
0,98• 
1,22-+0,11 
0,42-+ 0,05 
1,09--+0,14 
1,32• 0, t 1 
0,48-+0,12 

P 

<0,0 
<0,0 
>0,5 
<0,0 
<0,0 

M •  

4,69• 0,37 
6,93-+ 0,6 
7,11-+0,5 
4,97-+0,5 
3,32+ 0,33 
5,84• 
5,43-+ 0,37 

M •  P 

148,5• 14,5 
147,7• 
119,1--+6,2 
143,9--+8,6 
121,3• 
127,9--+ 10,5 
126,9_+ 6,5 

r 

<0,5 
<0,1 
<0,5 
<0,5 
<0,2 
<0,2. 

s i t e  of the t u m o r  nodu le ,  s c a r  t i s s u e  was  f o r m e d .  In a n i m a l s  with an  i n o c u l a t e d  t u m o r  bu t  not  t r e a t e d  wi th  
t h i o - T E P A ,  the t u m o r  g r e w  r a p i d l y  in s i z e  and the a n i m a l s  d ied  by  the 28th-32nd day .  

T h i o - T E P A  t r e a t m e n t  c a u s e d  changes  in the d y n a m i c s  of n i t r o g e n  m e t a b o l i s m  of the b r a i n  of the con-  

t r o l  and  e x p e r i m e n t a l  a n i m a l s  (Table  2). 

A s h a r p  i n c r e a s e  in the c o n c e n t r a t i o n  of a m m o n i a  and g l u t a m i n e  was  found in the b r a i n  of the h e a l t h y  
a n i m a l s  a f t e r  a c o u r s e  of t r e a t m e n t .  The g l u t a m i c  a c i d  l e v e l  r e m a i n e d  unchanged .  It c an  be  conc luded  tha t  
the a n t i t u m o r  compound  a c t s  a s  a s t i m u l a t o r  of the n e r v o u s  s y s t e m .  The i n c r e a s e d  c o n c e n t r a t i o n  of a m m o -  
n ia  e v i d e n t l y  i n d i c a t e d ,  not  a d i s t u r b a n c e  of n i t r o g e n  m e t a b o l i s m ,  a s  has  been  c o n s i d e r e d ,  but  an  a d a p t i v e  
r e s p o n s e  of the body to the  a c t i o n  of t h i o - T E P A  a t  tha t  p a r t i c u l a r  m o m e n t .  The c o n c e n t r a t i o n s  of the c o m -  
ponen ts  of the a m m o n i a - g l u t a m i n e  s y s t e m  in the b r a i n  of the h e a l t h y  a n i m a l s  r e t u r n e d  to n o r m a l  only a f t e r  

1 mon th .  

A n  i n c r e a s e  in the a m m o n i a  c o n c e n t r a t i o n  was  a l s o  found in the  b r a i n  of a n i m a l s  wi th  t u m o r s  1 day  
a f t e r  the end of the c o u r s e  of t h i o -  TEPA i n j e c t i o n s ,  and  th i s  i n c r e a s e  was  g r e a t e r  than  tha t  du r ing  g rowth  
of s a r c o m a  C-45  [3]. The a m m o n i a  c o n c e n t r a t i o n  in the b r a i n  was  i n c r e a s e d  10 days  a f t e r  the end of t r e a t -  
m e n t .  E v i d e n t l y  the e f f ec t  of the t u m o r  on the a m m o n i a  c o n c e n t r a t i o n  in the b r a i n  was  r e i n f o r c e d  by the 
a c t i o n  of t h i o - T E P A .  This  s u b s t a n c e  a c t i v a t e s  b r a i n  m e t a b o l i s m  of he a l t hy  a n i m a l s  and  of a n i m a l s  wi th  tu -  
m o r s ,  in f luenc ing  g r o w t h  of the  t u m o r .  The r e s u l t s  ob ta ined  s u g g e s t  tha t  in a n i m a l s  wi th  t u m o r s  g l u t a m i n e  
i s  a s o u r c e  of a m m o n i a  only in the e a r l y  p e r i o d  a f t e r  t r e a t m e n t :  i t s  c o n c e n t r a t i o n  in the b r a i n  was  s h a r p l y  
r e d u c e d  (3.32 mg%), a l though  l a t e r  i t s  c o n c e n t r a t i o n  i n c r e a s e d .  The r e l a t i v e l y  c e u s t a n t  c o n c e n t r a t i o n  of g lu -  
t a m i c  a c i d  in the  b r a i n  a t  th is  p e r i o d  i n d i c a t e s  t h e  m a n y  w a y s  in which  i t  p a r t i c i p a t e s  in m e t a b o l i s m .  One 
mon th  a f t e r  t r e a t m e n t  the  c o n c e n t r a t i o n  of the c o m p o n e n t s  of the a m m o n i a - g l u t a m i n e  s y s t e m  had r e t u r n e d  

to n o r m a l .  

It m a y  thus  be conc luded  tha t  t h i o - T E P A  not only has  a d i r e c t  s p e c i f i c  a c t i o n  on the t u m o r ,  c a u s i n g  i t s  
a b s o r p t i o n ,  but  a l s o  an  i n d i r e c t  a c t i o n  on the m e t a b o l i s m  and  r e a c t i v i t y  of the  body ,  wh ich  m a y  p l ay  a ro l e  in 
the t h e r a p e u t i c  e f fec t .  The r e s u l t s  ob t a ined  i n d i c a t e  one of the w a y s  in wh ich  the b r a i n  p a r t i c i p a t e s  in the 
metabolism of the tumor-bearing animal. 
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