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In jec t ion  of c o r t i s o n e  into mice  s i m u l t a n e o u s l y  with typhoid endotoxin p r e v e n t s  the d e c r e a s e  
in t ryp tophan  oxygenase  ac t iv i ty  in the l i v e r  and p r e v e n t s  death  of the an imals .  Tryp tophan  
a lso  ma in ta ined  a n o r m a l  l eve l  of ac t iv i ty  of the enzyme but  did not p r e v e n t  death of the an i -  
ma l s  po i soned  with endotoxin.  The ro le  of the l eve l  of t ryp tophan  oxygenase  ac t iv i ty  in the 
p a t h o g e n e s i s  of  po i son ing  p roduced  by  endotoxin is  d i s c u s s e d .  

The i m p o r t a n c e  of main tenance  of  a n o r m a l  l eve l  of  t ryp tophan  oxygenase  ac t iv i ty  fo r  the s u r v i v a l  of 
an ima l s  exposed  to the act ion of k i l l ed  Sa lmone l l a  t y p h i m u r i u m  ce l l s  has  been  d e m o n s t r a t e d  e x p e r i m e n t a l l y  
[3, 4]. More  r ecen t ly ,  however ,  an abs 'ence of c o r r e l a t i o n  has  been  found be tween  the main tenance  of a n o r -  
mal  o r  r a i s e d  l eve l  of ac t iv i ty  of th is  e n z y m e  and the s u r v i v a l  r a t e  of  an ima l s  po i soned  with endotoxin  [8]. 
This  conc lus ion  has  been  b a s e d  on the fact  that  ~ - m e t h y l t r y p t o p h a n  main ta ins  t ryp tophan  oxygenase  ac t iv i ty  
above n o r m a l  in mice  po i soned  with endotoxin,  but does  not at the t ime  i n c r e a s e  the r a t e  of s u r v i v a l  
of  the an ima l s .  On the o the r  hand, 5 - h y d r o x y t r y p t o p h a n  l ower s  the enzyme  ac t iv i ty  without i n c r e a s i n g  the 
m o r t a l i t y  of the an ima l s  po i soned  with b a c t e r i a l  endotoxin. 

The ob jec t  of the p r e s e n t  inves t iga t ion  was to d e t e r m i n e  the ro l e  of h o r m o n a l  and s u b s t r a t e  induct ion 
of t ryp tophan  oxygenase  in d e t e r m i n i n g  the ou tcome of typhoid t o x i c o s i s  in mice ,  t ak ing  into c o n s i d e r a t i o n  
da ta  in the l i t e r a t u r e  ind ica t ing  independence  of ho rmona l  and s u b s t r a t e  induct ion of  th is  enzyme  [5, 6]. 

EXPERIMENTAL METHOD 

Experiments were carried out on noninbred albino mice weighing 18-20 g. The animals were poisoned 
by intraperitoneal injection of typhoid endotoxin (strain TY24446). 

Tryptophan oxygenase activity was determined by the method of Fmox and Auerbach [7] as modified 
by Berry and Smythe [3]. 

Cortisone acetate (Adrecon, Holland) was injected intramuscularly in doses of 0.01-50 mg/kg. L- 
tryptophan (Hungary) was injected intraperitoneally in doses of 0.5 mg/kg to 1 g/kg body weight. Cypro- 
heptadine hydrochloride (Merck, USA}, an antiserotonin compound, was injected intraperitoneally in a dose 
of 25 mg/kg. All substances were injected once only. 

The chi-square method (survival rate of the mice) and constant formula method (level of tryptophan 
oxygenase  ac t iv i ty  [2]), were  used  for  s t a t i s t i c a l  ana lys i s  of the r e su l t s .  

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

The g r e a t e s t  d e c r e a s e  in t ryp tophan  oxygenase  ac t iv i ty  o c c u r r e d  17 h a f t e r  in jec t ion  of typhoid endotoxin 
into the mice  (LDs0) , a n d i f l a r g e  doses  (LD100) were  given,  the ac t iv i ty  began  to fa l l  soone r  (Table 1). These  r e s u l t s  
ful ly con f i rmed  those  obta ined  by  o the r  w o r k e r s  [ 3,4] us ing  d i f fe ren t  b a c t e r i a l  endotoxins.  
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TABLE 1. Leve l  of  Tryp tophan  Oxygenase  Ac t iv i ty  in L i v e r  of In tac t  
Mice  and Mice  Po i soned  with Endotoxin 

Group of an ima l s  

Cont ro l  ( intact  mice) 
Mice  r e c e i v i n g  endotoxin 

LD50 . . . . . . . . . . . . . .  
LD100 . . . . . . . . . . . . . .  

T ryp tophan  oxygenase  ac t iv i ty  (in m m o l e s  
k y n u r e n i n / g  f r e s h  l i v e r / h )  

be fo re  i n -  
j ec t ion  of 
endotoxin 

7.9 • 1.8 

a f t e r  in jec t ion  of endotoxin 

4 h  17 h 

6.7 ~0.8 7.0 ±1.2  

7.0 ±1.8 4.5 ~0.52 
4.6 ~0.8 3.8 ±0.72 

24 h 

8 . 0  ~ 1.3 

7.0 ± 1.0 

1From 20 to 30 mice  in each  group.  
2Difference f r o m  con t ro l  s t a t i s t i c a l l y  s ign i f ican t .  

To s tudy the ro le  of ho rmona l  and s u b s t r a t e  induct ion of t ryp tophan  oxygenase  for  s u r v i v a l  of mice  
po i soned  with endotoxin,  the ef fec t  of d i f f e ren t  doses  of c o r t i s o n e  and t ryp tophan  on ac t iv i ty  of this  enzyme 
and the s u r v i v a l  of  the  mice  was inves t iga ted .  If d i f f e r en t  d o s e s  of c o r t i s o n e  were  u s e d , a  def in i te  c o r r e l a -  
t ion was  found be tween  the inducing act ion of the ho rmone  and i t s  p r o t e c t i v e  action. Cor t i sone  (0.5 mg/kg)  
i n c r e a s e d  the enzyme  ac t iv i ty  in in tac t  mice  a f t e r  4 h to 8.7-20.9 m m o l e  ( ini t ia l  value  5.6 mmole) .  In 
po i soned  mice  c o r t i s o n e  main ta ined  the n o r m a l  l eve l  of  t ryp tophan  oxygenase  ac t iv i ty  and p r e v e n t e d  death 
of  the an ima l s  in 100% of c a s e s ,  c o m p a r e d  with a m o r t a l i t y  of 50-70% among the con t ro l  group.  S m a l l e r  
d o s e s  of c o r t i s o n e  had no such effect .  These  e x p e r i m e n t s  ind ica t ed  a c o r r e l a t i o n  be tween  the inducing and 
p r o t e c t i v e  ac t ions  of co r t i sone .  This  conc lus ion  was con f i rmed  by e x p e r i m e n t s  us ing  auranthin ,  an an t i -  
b io t ic  be longing  to the ac t inomyc in  group,  the  ac t ion of which i s  to r educe  the i n c r e a s e  in t ryp tophan  oxy-  
genase  ac t iv i ty  induced by  c o r t i s o n e  [1]. Auran th in  (0.25 mg/kg)  l o w e r e d  the t ryp tophan  oxygenase  ac t iv i ty  
to 5.9 m m o l e s  in i t i a l  l eve l  7.1 mmoles)  in in tac t  mice  and to 3.1 m m o l e s  in po i soned  mice .  When endotoxin  
auranthtn  and co r t i sone  were  a d m i n i s t e r e d  s i m u l t a n e o u s l y  to the mice ,  enzyme ac t iv i ty  was r educed  to 
3.8 m m o l e s .  Unde r  t h e s e  condi t ions  c o r t i s o n e  did not p r even t  the d e c r e a s e  in enzyme act iv i ty ,  and 100% 
of  the mice  died,  while  the m o r t a l i t y  among the con t ro l  group was 50-70%. These  e x p e r i m e n t s  d e m o n s t r a t e d  
the i m p o r t a n c e  of main tenance  in an in tac t  s ta te  of the m e c h a n i s m  r e s p o n s i b l e  for  h o r m o n a l  induct ion of 
t ryp tophan  oxygenase  for  the  s u r v i v a l  of an ima l s  exposed  to the toxic  ac t ion of b a c t e r i a l  endotoxins.  

E x p e r h n e n t s  us ing  t ryp tophan  showed that  in in tac t  mice  t ryp tophan  (250 m g / k g  o r  more)  i n c r e a s e d  
the t ryp tophan  oxygenase  a c t i v i t y t o  10-15 mmole s ,  and in an ima l s  po i soned  with endotoxin to 9-13 m m o l e s  
( in i t ia l  l eve l  7.2 mmoles ) .  Ac t iv i ty  of the enzyme  was i n c r e a s e d  a f t e r  2 h and i t  r e m a i n e d  at the s a m e  
l eve l  for  4-6 h a f t e r  in jec t ion  of t ryptophan.  Desp i te  the h ighe r  t ryp tophan  oxygenase  ac t iv i ty ,  50-70% of 
the  mice  died,  the s a m e  p r o p o r t i o n  as  among those  not r e c e i v i n g  t ryptophan.  These  e x p e r i m e n t s  showed 
that  s u b s t r a t e  induct ion,  unl ike  h o r m o n a l  induct ion,  was not accompan ied  by an i n c r e a s e  in the s u r v i v a l  
r a t e  of an ima l s  po i soned  with endotoxin.  

Co r t i sone  and t ryp tophan  w e r e  found to d i f fe r  in t h e i r  ac t ion when a d m i n i s t e r e d  to mice  in the  c o u r s e  
of deve lop ing  tox i cos i s .  Co r t i sone  did not p r e v e n t  the d e c r e a s e  in enzyme  act iv i ty ,  nor  did  i t  p ro t ec t  the 
an ima l s  f rom death,  while  t ryp tophan ,  which main ta ined  a n o r m a l  (or h igher)  l eve l  of ac t iv i ty ,  not only did 
not p r even t  death  of  the mice ,  but  ac tua l ly  quickened i t s  onse t  and i n c r e a s e d  the m o r t a l i t y  r a t e  among the 
mice  (to 80-100%) c o m p a r e d  with that  among mice  r e c e i v i n g  endotoxin  alone (40-60%). Mice  r e c e i v i n g  
endotoxin in a dose  of LD100, fol lowed 4 h l a t e r  by t ryp tophan ,  d ied a f t e r  1-2 h desp i t e  a h ighe r  l eve l  of 
enzyme  ac t iv i ty  than in i t i a l ly .  This  toxic  effect  of t ryp tophan  could be p r e v e n t e d  by p r e l i m i n a r y  in jec t ion  
of cyprohep tad ine  4 h be fo re  endotoxin.  

T h e s e  r e s u l t s  con f i rm  the hypo thes i s  put f o r w a r d  p r e v i o u s l y  [8] to the ef fec t  that  in an ima l s  po i soned  
with endotoxin the  n o r m a l  pathway of  t ryp tophan  m e t a b o l i s m  is  d i s t u r b e d  through the s u p p r e s s i o n  of  t r y p t o -  
phan oxygenase  act ivi ty ,  and an a l t e r n a t i v e  pa thway p r o c e e d i n g  to s e ro ton in  fo rma t ion  i s  ac t iva ted ;  th is  
pa thway i s  r e s p o n s i b l e  for  the i n c r e a s e d  toxic  man i fes t a t ions .  

In e x p e r i m e n t s  us ing  c o r t i s o n e  o r  t ryp tophan  as i n d u c e r s  of  t ryp tophan  oxygenase ,  a c o r r e l a t i o n  was 
thus e s t a b l i s h e d  be tween the hormona l  but not the subs t r a t e )  induct ion of  th is  enzyme  and the s u r v i v a l  r a t a  
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among mice  po i soned  with typhoid endotoxin.  The r a i s e d  leve l  of t ryp tophan  oxygenase  as such does  not 
p l ay  an i m p o r t a n t  ro l e  in the s u r v i v a l  of mice  po i soned  with endotoxin. N e v e r t h e l e s s ,  d e p r e s s i o n  of i t s  
ac t iv i ty  through the ac t ion of b a c t e r i a l  endotoxins  is  an impor t an t  pa thogene t ic  f ac to r  in the t ox i cos i s ,  for  
it  l e a d s  to d i s t u r b a n c e  of the n o r m a l  pathway of t ryp tophan  m e t a b o l i s m ,  and th is  may give r i s e ,  on the 
one hand, to a de f i c i ency  of  NAD and NADP in the body, and on the o the r  hand, to the f o r m a t i o n  of s e ro ton in  
and of o the r  toxic  p roduc t s  of abno rma l  t ryp tophan  m e t a b o l i s m .  Both these  e f fec t s  c r e a t e  un favorab le  con-  
d i t ions  for  the s u r v i v a l  of  an ima l s  po i soned  with b a c t e r i a l  endotox~ns. 
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