
E F F E C T  O F  H Y P E R C A P N I A  ON T Y R O S I N E  

A N D  T R Y P T O P H A N  M E T A B O L I S M  

V. K.  R u d z i t ,  Y. K. B u m e i s t e r ,  
E .  E .  L e r k h ,  a n d  Z h .  A.  B o l ' s h e v i c h  

UDC 612.398.192 : [547.587.42 + 
547.557].015.36-06 : 616.127.3 

Exper iments  on r a t s  showed that an inc rease  in the CO s concentrat ion in the inspired a i r  
(3.8%) leads to d is turbances  of ty ros ine  and t ryptophan metabolism..  Activi ty of t ryos ine  
a m i n o t r a n s f e r a s e  and t ryptophan oxygenase in the l iver  r i s e s ,  the concentrat ion of f ree  
ty ros ine  and of f r ee  total  t ryptophan in the blood s e r u m  fal ls ,  but the level  of f ree  t ryp to -  
phan obtained by dia lys is  r i s e s .  The poss ib le  s ignif icance of these  abnormal i t i es  in endo- 
genous carc inogenes is  is d iscussed.  
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During the m e t a b o l i s m  of ty ros ine  and t ryptophan in man and animals  biological ly act ive substances  
a r e  fo rmed ,  some  of which a re  carcinogenic:  p -hydroxyphenylpyruvic ,  p-hydroxyphenyl lac t ic ,  and 3 -hy-  
droxyanthranUic acids ,  3-hydroxykynurenin,  etc.  [1]. These  metabol i tes  may  accumulate  in the body in c e r -  
tain pathological  s ta tes  [2]. 

In this invest igat ion the effect  of hypereapnia  on ty ros ine  and t ryptophan me tabo l i sm was studied in 
o rder  to d iscover  whether  the endogenous fo rmat ion  of the above-ment ioned  carcinogenic  me tabo l i t e s  can 
take place.  

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

Exper iments  were  ca r r i ed  out on 128 female  albino r a t s .  Hypercapnia  was produced by ventilating 
spec ia l  cages  with a i r  containing 1-5% CO 2. The CO s concentrat ion in the a tmosphe re  of the cages a v e r -  
aged 0.2% and 3.8% in different  s e r i e s  of exper iments .  In the acute exper imen t s  the inc reased  CO 2 concen-  
t ra t ion  in the a i r  was c rea ted  once only, for  2, 4, and 8 h. In the chronic exper iments  it was maintained for  
8 h daily for 3 weeks.  The pH of the blood (mic ro-As t rup  appara tus) ,  the s e r u m  f ree  ty ros ine  [11], and the 
act ivi ty  of ty ros ine  am i no t r ans f e r a s e  (EC 2.6.1.5) [8] and t ryptophan oxygenase (EC 1.13.1.12} [5] in the 
l ive r  were  de termined.  F r e e  t ryptophan in the s e r u m  was de te rmined  by the method of Spies and Cham- 
be r s  [9], but in samples  of s m a l l e r  volume.  Dialysis was c a r r i e d  out during centr i fugat ion of 4-5 m l s e r u m  
in cel lulose bags at 37~ for  5 h at 1500 r p m .  The r e su l t s  of t r i a l  de terminat ions  ag reed  with data in the 
l i t e r a tu re  [4] obtained by a spee t ro f luo rome t r i e  method. 

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

When the CO 2 concentrat ion in the inspi red  a i r  was inc reased  (3.8%) the pH of the blood fell  ( f rom 
7.385-~ 0.046 to 7.310 + 0.067; P <  0.002). When the CO s concentrat ion in the a i r  was 0.2% there  was v i r -  
tual ly  no change in pH. 

Changes in the indices of ty ros ine  and t ryptophan me tabo l i sm  in r a t s  inhaling a i r  containing 0.2 and 
3.8% CO 2 were  s i m i l a r  in direct ion,  but in the f i r s t  case  they did not r each  s ta t i s t i ca l  s ignif icance.  Dif fer -  
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Fig. 1. Changes in content of f ree  ty ros ine  and t ryp to -  
phan in blood s e r u m  and act ivi ty  of ty ros ine  a m i n o t r a n s -  
f e r a s e  and t ryptophan oxygenase in l ive r  during inhalation 
of a i r  containing 3.8% CO 2. Shaded columns show values 
differing s ta t i s t i ca l ly  s ignif icant ly  (P < 0.05) f r o m  control .  
Group of animals  inhaling a i r  containing 3.8% CO 2 for 3 
weeks ,  followed by o rd ina ry  a i r  for 4 weeks ,  marked  by 
a s t e r i sk .  Zero  line in each case  r e p r e s e n t s  control .  

ences between the r e su l t s  obtained with the exper imenta l  and control r a t s  at each t ime of tes t ing a r e  shown 
in Fig. 1. During hypercapnia  the ty ros ine  a m i n o t r a n s f e r a s e  and t ryptophan oxygenase act ivi ty  in the l iver  
inc reased ,  i .e . ,  i nc reased  amounts of p-hydroxyphenylpyruvic  acid and kynurenin were  evidently formed.  
S imi lar  r e su l t s  have been obtained in mice  during high altitude hypoxia [3]. The concentrat ion of f ree  t y r o -  
sine and f ree  total  t ryptophan in the s e r u m  fell  during hypercapnia .  Converse ly ,  the concentrat ion of f r ee  
t ryptophan obtained by dia lys is  increased .  This pa r t  of the f ree  t ryptophan ks known to undergo in t e rmed i -  
ate me tabo l i sm  and it not only inc reases  t ryptophan oxygenase act ivi ty  in the l ive r  but it a lso  blocks the 
fu r the r  m e t a b o l i s m  of its own der iva t ives  at the 3-hydroxyanthrani l ic  acid oxidase level  [2]. Consequently,  
in hypercapnia ,  conditions a re  c rea ted  in the body not only for inc reased  breakdown of t ryptophan,  but a lso  
for  the g r e a t e r  accumulat ion of its der iva t ives ,  including the carc inogenic  compounds 3-hydroxykynurenin,  
3-hydroxyanthrani l ic  acid,  etc.  These  d is turbances  were  s t i l l  p r e sen t  4 weeks a f t e r  the end of the e x p e r -  
iments .  

It has not yet been p roved  that during hypercapnia  endogenous carcinogenic  metabol i tes  of t y ros ine  
accumula te  in the body; only the poss ib i l i ty  of the i r  m o r e  rap id  fo rmat ion  has been demons t ra ted  ( increased 
ty ros ine  a m i n o t r a n s f e r a s e  act ivi ty  in the l iver) .  However,  cha rac t e r i s t i c a l l y  in hypoxia in man the e x c r e -  
tion of p-hydroxyphenyl lac t ic  acid with the urine is inc reased  [6]. Since many metabol ic  d is turbances  a r e  
the s a m e  in hypercapnia  and hypoxia [7, 10], it can be postula ted  that hypercapnia  is a lso  accompanied  by 
the accumulat ion of p-hydroxyphenylpyruvic  and p-hydroxyphenyl lac t ic  acids in the body. 
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