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Tryptaphan, a widely d i s t r i b u t e d  n a t u r a l l y  occur r ing  e s s e n t i a l  amho 
a c i d ,  has  been the  subjec t  of a g r e a t  deal of biochemical i n v e s t i g a t i w ,  
I t  is  conw$rted t o  many o the r  compounds of b i o l o g i c a l  s i g n i f i c a n c e ,  some 
of which no longer retain the  indole  nucleus.  
recognized as the  precursor  of such d i v e r s e  coeapounds as quinolinic acid, 
n i c o t i n i c  a c i d ,  xanthommatin, xanthurenic  acid, s e r o t o n i n ,  Cor, and many 

thesis of these b i o l o g i c a l l y  o t h e r s ,  
impor tan t  compounds a r e  s t i l l  obscure, ryptophan balance data on grow- 
ing  animals and the  d i s t i n c t  requirement for t ryptophan for maintenance 
i n  t h e  adult, indicates t h a t  a f a i r  amount of carbon from t h i s  m h o  
a c i d  is disposed of through the  lung and kidney each clay. Only a small 
part  of t h e  i n j e c t e d  indole  nucleus is accounted f o r  in the  va r ious  
e x c r e t i o n  products  of normal mammals. T r y p t o p b n ,  like ofher e s s e n t i a l  
amino acids, must be disposed o f  by a major rou te  l e t d i n g  t o  a l i p h a t i c  
compounds and f i n a l l y  t o  CO2. 
converted to  niacin in man. Niacin de f i c i ency  in man has been s p e c i f i -  
c a l l y  cured by n i a c i n  or tryptophan (3-5) and blood pyr id inenucleo t ides  
were r e s t o r e d  t o  normal l e v e l s  by supplements af t ryptophan a f t e r  
dep le t ion  on n i ac in -de f i c i en t  d i e t s  (6). 
metabo l i t e s  of  t ryptophan have been i s o l a t e d  or i d e n t i f i e d  in human 
ur ines .  Makino and coworkers r epor t ed  tha t  3-hydroxykynurenine was 
r e spons ib l e  f o r  t h e  p o s i t i v e  diazo r e a c t i o n  f r e q u e n t l y  observed in 
severe t u b e r c u l o s i s  ( 7 ) .  Musajo, Benassi and Panpajola ( 8 )  i s o l a t e d  
kynurenine and 3-hydroxykynurenine from u r i n e  o f  p a t i e n t s  w i t h  various 
pa tho log ica l  cond i t ions  bu t  could not  i s o l a t e  t hese  compounds fron 
normal h w a n  urine.  
C o p p h i  (9) excre ted  3-hydroxyanthranilic acid h si, wif ican t amounts 
whereas normal u r ine  contained only t r aces .  Xanthurenic acid  has been 
i d e n t i f i e d  i n  u r ine  from vitamin B6-deficient  s u b j e c t s  (19, l l ) .  
been calLed an abnonnal metabol i te  i n  human ur ine,  however, P r i c e  and 
Dodge (12) were a b l e  t o  i d e n t i f y  xanthurenic  ac id  along w i t h  kynurenic 
acid and t h e  8-methyl ether of xanthurenic  a c i d  in normal human urine.  

This ambo a c i d  is now 

t7.F Many p o i n t s  concerning the b 

There is  evidence that t ryptophan is 

A number of intermediary 

Tuberculosis  p a t i e n t s  s t u d i e d  by Nusajo, Spada and 

It has 
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O f  cudrent  i n t e r e s t  in t he  metabolism of  tryptophan is the  p o s s i b i l i t y  
t h a t  c e r t a h  of i ts lae tabol i tes  may cause bladder cancer  i n  man. 
chemical s b i l a r i t i e s  between the  ]mom bladder carcinogens and tryptophan 
metabol i te$ a reappa ren t ,  i n  that s e v e r a l  of t h e  me tabo l i t e s  of tryptophan 
normo.lly fbund in  u r ine  a r e  aromatic arahes and adnophenola .  Reports 
from E n g l a d  i n d i c a t e  that 3-hydroxyanthranilic a c i d ,  3-hydroxykynurenine, 
2-amino-3-~ydroxyacetophenonc and xanthurenic  acid 8-methyl e t h e r  were 
weakly carcinogenic  i n  the  bladders  of  mice. Analyses of t h e  urine of 
bladder t w o r  p a t i e n t s  has shown t h a t  only half of 41 p a t i e n t s  studied 
had abno-1 q u a n t i t i e s  of c e r t a i n  t ryptophan me tabo l i t e s ,  c h i e f l y  
kynurenine, acetylkynurenine,  hydroxykynurenine and kynurenic ac id .  No 
d e f i n i t e  c ior re la t ion  could be ma& between the degree af abnormal t t yp to -  
phan metabiolism and type o r  number of  tumors, r e c u r r e n c e , r a t e ,  age a t  
onset o r  d the r  c l i n i c a l  ffndfngs. Stud ies  on p a t i e n t s  w i t h  other  f o r m  
of cancer' o r  with a tnrsety of o t h e r  nm-neop las t i c  diseases, indicated 
that many of these  Subject8 had abnormal t ryptophan metabolism and tha t  
t h e r e  wera I number of clinical cond i t ions ,  inc luding  bladder cancer ,  in 
which d i s d r d e r s  of t ryptophan metabolism occurred (14) .At  the present 
time the s i g n i f i c a n c e  of tryptophan metabolism in n e o p l a s t i c  d i s e a s e s  is 
n o t  c l e a r ,  
through t h e  kynurenine pathway i n  man has not been adequately s tud ied .  
In  animaX$ various i s o t o p e  experiments have ind ica t ed  t h a t  very s i g n i f i -  
cant amowits of t ryptophan,  kynurenine and hydroxyanthrani l ic  acid are 
metabolized t o  carbon dioxide (14,15,16) th ru  the  breakdown o f  3-hydroxy- 
a n t h r a n i l i c  a c i d  (17). That a large amount of i nges t ed  tryptophan m y  
also enter t h i s  p a t h y  i n  man is suggested by q u a n t i t a t i v e  s t u d i e s  of 
t h e  u r ina ry  excre t ion  of tryptophan me tabo l i t e s  by subjects who exc re t e  
e l eva ted  amounts of metabol i tes .  

The 

The q u a n t i t y  o f  ingested tryptophan which is  ne tabo l i zed  

14 In  riats 48 per c e n t  of t r ~ p t o p h a n - 2 - C ~ ~  is exc re t ed  i n  C 02 and 
12 p e r  ceiot in t he  u r ine  i n  a 24-hour period. 
a c t i v i t y  i s  bound i n  p r o t e i n s  i n  t h e  body organs,  in enzymes, md in 
t h e  various r e t a i n e d  metabol i tes .  

The remainder of  the 

w i l l  determine 

phan i n t o  C1402, and tryptophan me tabo l i t e s ,  is measured by ur inary  
excret iof l ,  also the  percentage inco rpora t ion  of tryptophan and i ts  
metabolntes i n t o  blood f r a c t i o n s  and o t h e r  body components, such as 
coenzyme I. 
disease pa t i en t s .  I t  i s  planned t h a t  a dose o f  50 pc. o f  carbon-14- 
l abe led  t ryptophax1-2-C~~ or t ryp t0pha .n-7a-C~~ w i l l  be given o r a l l y  in 
a g e l a t i n  capsule.  However, i n  t e rmina l  p a t i e n t s  i t  is poss ib l e  t h a t  
a 100 p c .  dose may be advisable  t o  obta in  s u f f i c i e n t  a c t i v i t y  in t he  
var ious  f r a c t i o n s  f o r  neasurement. 

I .  The proposed study/the percentage conversion of labeled t ryp to -  

These ncchanisms will be s t u d i e d  in a l l  types of n e o p l a s t i c  
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A simple formula f o r  beta dosimetry,  assuming uniform d i s t r i b u t i o n  
in a volume l a rge  i n  r e l a t i o n  t o  t h e  range of beta p a r t i c l e s  (18) is 

d (cay) 3 51.2 C E rads where C P concen t r a t ion  of i s o t o p e  Fn p d g m  
B B 

E = average energy per  d i s i n t e g r a -  
tion ~ ~ M E Y  

s u b s t i t u t i n g ,  

d = 51.2 x B 
. c  50 x 0.05 = O.OOIS rsuis/&i. 70,000 

T h i s  #oae of 1.8 rn rads/day or 0.66 rpdo/year m l d  be s u s t a i n e d  
if there wkre complete r e t e n t i o n  indefinitely and is t he re fo re  a plpximum 
estimate for whole-body dosage. The known metabolism of labe led  t rypto-  
phan does not  suggest  any c r i t i c a l  organs except  t h e  l i v e r ,  and even in 
t h i s  case t h e  f inding of less than 64, of the ingested dose in the whole 
l i v e r  a f t e r  24 hours does no t  indicate any organ t o  be more c r i t i c a l  
t han  the *ole body. 

The p a t i e n t s  will be given tryptopha11-2-C~~ with a specific a c t i v i t y  
of 0.62 mcl/mMole. 
no r a d i o a c t i v e  components o ther  than the  C1'. 

This compound was obtained from Tracer lab  and it  has 

From the use of 50 pc of C14 t he re  w i l l  be no r a d i o l o g i c a l  hazard 
t o  a t t e n c b t  personnel.  
be col1ec:tied f o r  analysis during the  f irst  few hours and cont inuously 
evacuated. Blood and urine samples w i l l  be c o l l e c t e d  f o r  a n a l y s i s  b 
the reseaxlch l abora to r i e s .  Any samples sent t o  t h e  c l i n i c a l  labs on 
t he  f i rs t  d a y  w i l l  be marked "radioact ive."  No monitoring procedure,  
except  in case of a c c i d e n t ,  and though 110 i s o t o p e  accoun tab i l i t y  is 
necessa ry ,  experimental  des ign  will provide  such accountabi l i ty .  

As p a r t  of the study the p a t i e n t s '  b rea th  w i l l  
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