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Tlic study wc plan LO cu r ry  011 hcrc  and fo r  which you hnvc voluntccrcd to 
a s s i s t  us is co~iccrrictl with thc tcsting of nciv ant imalar ia l  cornpounds which a r c  
being dcvclopcd by compctcnt invcstigalors undcr a program sponsored by thc United 
Stalcs  Govcnimcnt (Unitcd Stntcs Army).  
ascer ta in  ~vlicthcr the drugs a r e  cffective and sa le  for  administration to human b'cings. 
Thc  nnturc  of tlic drugs we proposc to use is such that wc do  not cxpcct sc r ious  
complications f rom, thc i r  USC. Thc toxicity of thc drugs  is unknown o r  has been 
incompletely studied as far a s  human beings a r e  concerned, but no drugs w i l l  be  used 
a t  a dosage which, on the bas i s  of previous t e s t s  in animals  o r  men, would lead u s  
to nnticipate sevcre  cnough toxicity to endangcr life o r  to produce permanent 
disability. 
submit  to frcqucnt blood t e s t s  and othcr  laboratory t c s t s ,  and will bc askcd to 
cooperate with u s  fo r  a pcriod of a t  l eas t  thirty days or f o r  s evc ra l  months, if  
indicated. Voluntccrs w i l l  have blood drawn at  intervals  and may a l so  receive 
trailsfusions of blood e i ther  f rom normal  individuals o r  f rom subjects  who a r e  
susceptible to anemia whcn t rcated with primaquine a n d / o r  o ther  ant imalar ia l  agents. 
The  pers i s tence  of rcd cells in the blood and the presence  of o thcr  substances will  
be  dctermincd by radioactive isotope lechniqucs which have bcen approved as  safe 
by the University of Chicago Clinic (Radioisotope Committee).  

. 

The purpose of thc 'tcsting proeram i s  to  

Persons  voluntecring to a s s i s t  in this study w i l l  be givcn medication, will 

A fce  of Twenty Dollars  ($20. 00) w i l l  be paid to each individual who is 
accepted f o r  and who completes the prescr ibed tes ts .  - 
within thir ty  (30) days a f te r  tes t s  -are  sta-rted. 

This  fee w i l l  be payable 
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I, No. being 

y e a r s  of age,  having volunteered to  subject myself to cer ta in  scientific studies which 
have f o r  t he i r  purpose the determination of the toxicity and efficacy of new anti-  
ma la r i a l  compounds (the nature  and extent of which studies,  a s  descr ibed in the 
foregoing statement is fully understood by me)  to be  conducted by the University of 
Chicago under a program sponsored by the United States  Army,  in consideration of 
the cash  payment to be made to me in connection therewith, do hereby assurce al l  
r i s k s  involved in my participation therein,  and acting f o r  myself ,  my  he i rs ,  personal  
representa t ives  and assigns,  do hereby re lease  and forever  discharge the University 
of Chicago, a corporation, i t s  Board of Trus tees ,  individually and collectively, i t s  
off icers ,  agents, employees and ins t ruc tors ,  and specifically Dr.  Paul  E. Carson,  
Dr. K a r l  Rieckmann, Dr.  Henri  F r i sche r ,  Dr. J a m e s  E. Bowman, Dr.  Lawrence 
Kass ,  Dr .  William D. Willerson, Dr.  Robin D. Powell, a l l  doctors ,  nurses  and 
individuals who may have any responsibility connected with the University o r  the 
United States  Army, the State of Illinois, the Direc tor  of the Department of Public 
Safety of the State of Illinois, the Warden of the Illinois State Penitentiary a t  Jo l ie t -  
Statevil le,  and a l l  employees connected with the above insti tutions and departments  
who a r e  conducting the studies re fer red  to  in the foregoing statement,  of and f rom 
all su i t s ,  c la ims  o r  demands of every charac te r  a r i s ing  from o r  relating i n  any way 
to such experiments and tes t s ,  including personal injury, damage to o r  loss  of 
health, l ifc o r  property which I, my he i rs ,  executors ,  adminis t ra tors  or assign, 
hcrcaf tc r  niay o r  shall  hnvc by reason of my participation in such studics. 

I 11c:rcl~y n ~ r c c  to coopcrnlc w i t h  any and a l l  doctors ,  nu r ses  m t l  medical 
personnel who may be assigned to t r ea t  mc o r  altend me, and to take such 
medications and submit to such t rcatmcnt  as said doctors  may prescr ibe,  promptly 
in accordance with their  direction. 

This  is to certify that this -qclcase is being-exe.cut:,d voluntarily and 

In Witness Whereof, I have hereunto s e t  my hand and s e a l  

. 
under  no duress .  

t h i s  DAY of 19 

(SEAL) 
Voluntccrls Signature 

WITNESS: ADDRESS STATEVILLE 

STATEVILLE WITNESS: ADDRESS 
vie nI&cIical Rcscnrch Ccntcf 
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CONSENT TO TRYPTOPHAN AND/OR KYNURENINE METABOLISM TEST 

1, 

to Professor R. R.  Brown and/or his associates, to 'administer tryptophan 

and/or kynurenine by mouth to me for the purpose of studying the abi l i ty  

o f  my body to ut i l ize these substances. Tryptophan i s  an essential dietary 

component of  protein required by man, and kynurenine i s  one o f  i t s  chief 

breakdown products which also occurs naturally i n  the body. 

, hereby give my consent 

Signed: 

Date: _- . .  
/---- .. 

,.-- 
Witnessed: 
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FORM FOR INITIATION OR REVIEW OF CLINI[W 

INVESTIGATIVE PROGRAMS 

(Submit original only to Department Chairman) 

A. Title of the proposal: V e t r b o l i r m  ef Tryptophor 

B. Sponsoring physician(s): V. Y. B e d  and  B.F. Creakihr 

C. Responsible investigator(8): L. V. Hiukou, Th.D. J. i3, Jouroph, R.R. Brom, 

D, 
Pa.D. ( X c e e a c i n ) ,  
Brief description of the study, including its general goals and purpose, and 

pertinent information on past studies: (Attach additional sheets if necessary.) 

E, Reasons why the investigation(8) are to be performed 0x1 human subjects. 

F. v p e  of patient in which the study is to be done (including approximate number 

of subjects, if known; special restrictions or requirements; method of obtain- 
ing consent; etc.): 

' .  

X!ultipla m y ~ l m a - a p p r e x i a t t ~  t e n  p r t i e r t r  
3. lerodorsm -a pprcximr to t a u  pat ic rt  I 
~ r e ~ i ~ - a p p r o x i r r t e ~ ~  t e n  prtlentr 
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- L -  ;"b e .  
:J I - .  G.' - -  1. Are drugs not in the U. S. Pharmacopoeia (USE') or the NNR beink used'or con- -* 

Yes No A 
templated for use? . .  

2. Is an unusual use of a drug(s) accepted by the USP or NNR contemplated? (An 

example would be the use of an accepted drug in dosages far exceeding the 
recommended limits or for purposes distinctly different from the usual indi- 
cations cited.) Yet3 No x 

3. Are any biological products to be administered that do not bear on their con- 
tainers or labels notation of approval by the Biological Control Division of 
the National Institutes of Health? Yes No ;', 

4. Is external or internal radiation , .  other than . .  accepted diagnostic or thera- 
Yes No x peutic procedures to be administered? 

5 ,  Are any (other) unusual procedures being performed or proposed which in your 
judgment may entail a special hazard - particularly a hazard above and beyond 
any imposed by accepted diagnostic and therapeutic measures for that patient? 

Yes No X 

Yes NO 6. Are any radioisotopes to be administered to human beings? 

a. If yes, are the radioisotopes to be used solely within the limits of pro- 

cedures, specifically described in the USP? Yes No 
Describe the radioisotopic preparation(s): 

b. Or are the radioisotopes to be.used only in accordance with a project 
previously approved by the former Radioisotope Committee of this 
Department? Yes K No 

H-69 2nd 3-63 (L azl i f ied)  Note the project number: 

. /  

IF ANY OF QUESTIONS 1 11IKOUGII 5 A M  ANSWERED AFFIRMATIVELY, o detailed analysie 
of the potential hazards must be appended, including pertinent bibliographic cita- 
tions and other relevant information. 

IF QUESTION 6 IS ANSWERED AFFIRMATIVELY, a completed supplementary form for 
Radioisotope Administration t o  Human Beings must be appended. However, this form 
need not be filed provided that question 6a or 6b is also answered affirmatively. 

separate form uust be submitted for each radioisotopic species t o  be administered, 
A 

\..?+$- 
y sician 

Committee on Clinical Investigations and . '],.I 

1/ Date r 

- .  

Usee of Radioisotopes 
Approval . r e c m e n d  ed 

Disapproval Date 

I ?w JlfDl 791964.  
V. P. Bond, M. D. 1 11q8 1 I Chairman, Medical Department 

6/ 25 / 63 
* *  
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( 3ragraphsD and E (Information)? 

Tryptophan, a widely d i s t r i b u t e d  n a t u r a l l y  occurr ing.  e s s e n t i a l  amino 
a c i d ,  has  been t h e  s u b j e c t  of a g r e a t  d e a l  of biochemical i n v e s t i g a t i o n .  
It is  converted 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  r e t a i n  t h e  indo le  nucleus.  Th i s  amino a c i d  is now 
recognized as t h e  p recu r so r  of such d i v e r s e  compounds as q u i n o l i n i c  a c i d ,  
n i c o t i n i c  a c i d ,  xanthomatin,  xanthurenic  ac id ,  s e ro ton in ,  Col, and many 
o the r s .  Many p o i n t s  concerning t h e  b i o s y n t h e s i s  of t h e s e  b i o l o g i c a l l y  
important  compounds a r e  s t i l l  obscure,  i.e. Tryptophan balance d a t a  on 
growing animals  and t h e  d i s t i n c t  requirement f o r  t ryptophan f o r  maintenance 
i n  t h e  a d u l t ,  i n d i c a t e s  t h a t  a f a i r  amount of carbon from t h i s  amino 
a c i d  i s  disposed of through t h e  lung and kidney each day. 
p a r t  of t h e  i n j e c t e d  indo le  nucleus i s  accounted f o r  i n  t h e  v a r i o u s  
e x c r e t i o n  products  6f normal mammals. 
amino ,ac ids ,  must be  disposed of by a major r o u t e  l ead ing  t o  a l i p h a t i c  
compounds and f i n a l l y  t o  CO2. 
converted t o  n i a c i n  i n  man. Niacin de f i c i ency  i n  man has  been s p e c i f i -  
c a l l y  cured by n i a c i n  or t ryptophan  (3-5) and blood py r id inenuc leo t ides  
were r e s t o r e d  t o  normal levels by supplements of  t ryptophan a f t e r  
d e p l e t i o n  on n i a c i n - d e f i c i e n t  d i e t s  (6). A number of  in te rmediary  
m e t a b o l i t e s  of t ryp tophan  have been i s o l a t e d  o r  i d e n t i f i e d  i n  human 
u r ines .  Makino and coworkers r epor t ed  t h a t  3-hydroxykynurenine was 
r e s p o n s i b l e  f o r  t h e  p o s i t i v e  d i azo  r e a c t i o n  f r e q u e n t l y  observed i n  
severe t u b e r c u l o s i s  (7). 
kynurenine and 3-hydroxykynurenine from u r i n e  of p a t i e n t s  w i t h  v a r i o u s  
pa tho log ica l  conditions b u t  could n o t  i s o l a t e  t h e s e  compounds from 
normal human u r i n e .  
Coppini (9) excre ted  3-hydroxyanthrani l ic  a c i d  i n  s i g n i f i c a n t  amounts 
whereas normal u r i n e  conta ined  only  traces. Xanthurenic  a c i d  has  been 
i d e n t i f i e d  i n  u r i n e  from v i t amin  Bg-def ic ien t  s u b j e c t s  (10,l l) .  
been c a l l e d  a n  abnormal m e t a b o l i t e  i n  human u r i n e ,  however, P r i c e  and 
Dodge (12) were a b l e  t o  i d e n t i f y  xan thuren ic ; e id  along w i t h  kynurenic  
a c i d  and t h e  8-methyl e t h e r  of xan thuren ic  a c i d  i n  normal human u r ine .  

Only a s m a l l  

Tryptophan, l i k e  o t h e r  essent ia l  

There i s  evidence tha t t ryp tophan  i s  

Musajo, Benassi  and P a r p a j o l a  (8) i s o l a t e d  

Tubercu los i s  p a t i e n t s  s t u d i e d  by Musajo, Spada and 

It has  

Of c u r r e n t  i n t e r e s t  i n  t h e  metabolism of t ryp tophan  is  t h e  p o s s i b i l i t y  
t h a t  c e r t a i n  of i t s  m e t a b o l i t e s  may cause b ladder  cancer  i n  man. 
chemical s imi l a r i t i e s  between t h e  known b ladde r  carc inogens  and t ryptophan  
m e t a b o l i t e s  are apparent ,  i n  t h a t  several o f  t h e  m e t a b o l i t e s  of  t ryptophan 
normally found i n  u r i n e  are aromat ic  amines and aminophenols. Reports  
from England i n d i c a t e  t h a t  3 -hydroxyanthrani l ic  a c i d ,  3-hydroxykynurenine, 
2-amino-3-hydroxyacetophenone and xan thuren ic  a c i d  &methyl e t h e r  were 
weakly carc inogenic  i n  t h e  b l adde r s  of m i c e .  Analyses of  t h e  u r i n e  of 
b l adde r  tumor p a t i e n t s  has  shown t h a t  on ly  h a l f  of 41 p a t i e n t s  s tud ied  
had abnormal q u a n t i t i e s  of c e r t a i n  t ryp tophan  m e t a b o l i t e s ,  c h i e f l y  
kynurenine,  ace ty lkynurenine ,  hydroxykynurenine and kynurenic  ac id .  No 
d e f i n i t e  c o r r e l a t i o n  could be  made between t h e  degree of  abnormal t ryp to-  
phan metabolism and type  o r  number of  tumors, r ecu r rence  rate, age a t  
o n s e t  o r  o t h e r  c l i n i c a l  f i nd ings .  S t u d i e s  on p a t i e n t s  w i t h  o t h e r  forms 
of  cancer  o r  w i t h  a v a r i e t y  of o t h e r  non-neoplas t ic  d i s e a s e s ,  i nd ica t ed  
t h a t  many of  t h e s e  s u b j e c t s  had abnormal t ryp tophan  metabolism and t h a t  
t h e r e  were a number of c l i n i c a l  cond i t ions ,  i nc lud ing  b ladder  cancer ,  i n  
which d i s o r d e r s  of  t ryp tophan  metabolism occurred  ( ). A t  t h e  p re sen t  
t i m e  t h e  s i g n i f i c a n c e  of t ryp tophan  metabolism i n  n e o p l a s t i c  d i s e a s e s  is  
n o t  clear. 
through t h e  kynurenine pathway i n  man ha8 n o t  been adequate ly  etudied.  
I n  animal6 v a r i o u s  i eo tope  experiments have i n d i c a t e d  t h a t  v e r y  e i g n i f i 4  

The . 

The q u a n t i t y  of  Inges ted  t ryptophan  which is metabol ized 
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cant amounts of tryptophan, kynurenine and hydroxyanthranilic acid are 
metabolized to carbon dioxide (14, 15, 16) through the breakdown of 3-hydroxy~ 
anthranilic acid (17). That a lar.ge amount of ingested tryptophan !may 

* 

also enter this pathway in man is suggested by quantitative studies of 
the urinary excretion of tryptophan metabolites by subjects who excrete 
elevated amounts of metabolites. 

14 
In rats 46 per cent of tryptophan-2-C14 is excreted in C 02 and 

12 per cent in the urine in a 24-hour period. 
activity is bound in proteins in the body organs, in enzymes, and in 
the various retained metabolites. 

The remainder of the 

, '. : 

, *  

. .  

. *I 

- * .  . I .  , . .  
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. .  

The proposed study will determine the percentage conversion of labeld 
tryptophan into C14O2 , and tryptophan metabolites , as measured by urinary 
excretion, also the percentage incorporation of tryptophan and its 
metabolites into blood fractions and other body components, such-as 
coenzyme I. These mechanisms will be studied in all types of neoplastic 
disease patients. It is planned that a dose of 50 pc of catbon-14- 
labeled tryptophan-2-C14 or tryptophan-7a-C14 will be given orally in 
a gelatin capsule. However, in terminal patients it is possible that 
a 100 pc dose may be advisable to obtain sufficient activity in the 
various fractions for measurement. 

. 

A simple formula for beta dosimetry, assuming uniform distribution 
in a volume large in relation t o  the range of beta particles (18) is 

dB (day) = 51.2 C E rads where C = concentration of isotope in pc/gm 
B 

E a average energy per disintegra- ' tion in MEV 

substituting, 

x 0.05 = 0.0018 rads/day. 50 

70,000 
dB = 51.2 x 

This dose of 1.8 m rads/day or 0.66 radslyear would be sustained 
if there were complete retention indefinitely and is therefore a maximum 
estimate for whole-body dosage. The known metabolism of labeled trypto- 
phan does not suggest any critical organs except the liver, and even in 
this case the finding of less than 6% of the ingested dose in the whole 
liver after 24 hours does not indicate any organ to be more critical 
than the whole body. 

The patients will be given tryptophan-2-C14 with a specific activity 
of 0.62 mc/mMole. 
no radioactive components other than the C14. 

This compound was obtained from Tracerlab and it has 

From the use of 50 pc of CL4 there will be no radiolagical hazard 
to attendant personnel, 
be collected for analysis during the first few hours and continuously 
evacuated. Blood and urine samples ;will be collected-for analysis in 
the research laboratories. Any samples sentb the clinical labs on 
the first day will be marked "radioactive." 
except in case of accident, and though no isotope accountability is 
necessary, experimental design will provide such accountability. 

As part of the study the patients' breath will 

No monitoring procedure, 
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FORM FOR INITIATION OR REVIEW OF CLINICAL 

INVESTIGATIVE PROGRAMS 

(Submit original only to Department Chairman) 

. A .  Title of the proposal: Metabolism of Tryptophan 

B. 

C. 

D. 

Sponsoring physician(s): V. P. Bond, E. P. Cronkite and G. Cotzias 

Responsible investigator(s):L.V. Hankes, Ph.D., P. Papavasiliou, M.D. ,  R. R. I 

Brief de.scription of the study, including its general goals and purpose, and 
pertinent information on past studies: 

Ph.D., Wisconsin), and J. Bateman, M.D. 

(Attach additional sheets if necessary 

The tryptophan metabolism study which was initiated under project 

proposals H-69 and H-69 modified will be expanded to include the 
I . (  1 

study of Parkinsons :disease patients. 
. . .  . . .  
.. . 

. .  
. ... , . . . i .  . .  

. .  ., . .  . .  ... . ' ,  .: ; :. , G ... . 
,: . .  .., , , . .: 

. .  . .  . .  
. .  

' . .  - . -  . '  ' . .  . .  . .  D and E are answered in the attached sheets. . .  . .  
. . , ,  . .  . ... 

. . . '  . .  . . , . . . .. . . . . .  . . .  . .  
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E. Reasons why the investigation(s) are to be performed on human subjects. 

. .  . 

F. Type of patient in which the study is to be done (including approximate number 
of subjects, if known; special restrictions or requirements; method of obtain- 
ing consent; etc.): 

Multiple myeloma -- 
Scleroderma . -- 
Anemia ' -- 

a pprox ima t e 1 y t en pa t i en t s 

I I  11 I I  

11 I I  II 

* I 1  11 
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G. 1. Are drugs not in the U. S. Pharmacopoeia (USP) or the NNR being used or con- 
templated for use? Yes Nox 

2. Is an unusual use of a drug(s) accepted by the USP or NNR contemplated? (An 
example would be the use of an accepted drug in dosages far exceeding the 
recommended limits or for purposes distinctly different from the usual indi- 
cations cited.) 

X Yes No 
3. Are any biological products to be administered that do not bear on their con- 

tainers or labels notation of approval by the Biological Control Division of. 

the National Institutes of Health? 
X 

Yes N o  

. 4 .  Is external or internal radiation other than accepted diagnostic or thera- 
X 

peutic procedures to be administered? Yes No 
5. Are any (other) unusual procedures being performed or proposed which in your 

judgment may entail a special hazard - particularly a hazard above and beyond 
any imposed by accepted diagnostic and therapeutic measures for that patient? 

P Yes NoX - 
.~es'X No 6. Are any radioisotopes to be administered to human beings? 

a. If yes, are the radioisotopes to be used solely within the limits of pro- 
cedures, specifically described in the USP? Yes 'No 
Describe the radioisotopic preparation(s): 

b. Or are the radioisotopes to be used only in accordance with a project 
previously approved by the former Radioisotope Committee of this 
Department? Yes x NO 

' 

Note the project number: H-69, H-69 (modified) and H-70 

I F  ANY OF QUESTIONS 1 THROUGH 5 ARE ANSWERED AFFIRMATIVELY, a detailed analysis 
of the potential hazards must be appended, including pertinent bibliographic cita- 
tions and other relevant information. 

I F  QUESTION 6 IS ANSWERED AFFIRMATIVELY, a completed supplementary form for  

Radioi'sotope Administration'to Human Beings must be appended. However, this form . 
need not be filed provided that question 6a or 6b is also answered affirmatively. A 

separate form must be submitted for each radioisotopic species to be administered. 

Committee on Clinical Investigations and 
Uses of Radioisotopes 
Approval recommended Date 
Disapproval .. Date 

. 
_I 

- .  

V. P. Bond, M. D. 
Chairman, Medical Department I 1  198  18I 
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L A "  - 
Tryptophan, a widely d i s t r i b u t e d  n a t u r a l l y  occurr ing  e s s e n t i a l  amino 

a c i d ,  has  been t h e  sub jec t  of a g r e a t  d e a l  of biochemical i nves t iga t ion .  
It i s  converted 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  r e t a i n  t h e  indo le  nucleus.  
recognized a s  t h e  precursor  of such d i v e r s e  compounds a s  q u i n o l i n i c  a c i d ,  
n i c o t i n i c  ac id ,  xanthomatin, xanthurenic  a c i d ,  s e ro ton in ,  Col, and many 
o the r s .  Many p o i n t s  concerning t h e  b iosyn thes i s  of t h e s e  b i o l o g i c a l l y  
important compounds a r e  s t i l l  obscure,  i.e. Tryptophan ba lance  da t a  on 
growing animals and t h e  d i s t i n c t  requirement f o r  t ryptophan f o r  maintenan'ce 
i n  t h e  a d u l t ,  i n d i c a t e s  t h a t  a f a i r  amount of carbon from t h i s  amino 
a c i d  i s  disposed of through t h e  lung and kidney each day. Only a small  
p a r t  of t h e  i n j e c t e d  indo le  nucleus i s  accounted f o r  i n  t h e  v a r i o u s  
exc re t ion  products  of normal mammals. Tryptophan, l i k e  o t h e r  e s s e n t i a l  
amino ac ids ,  must be disposed of  by a major r o u t e  lead ing  t o  a l i p h a t i c  
compounds and f i n a l l y  t o  C02. 
converted t o  n i a c i n  i n  man. Niacin de f i c i ency  i n  man has  been s p e c i f i -  
c a l l y  cured by n i a c i n  o r  t ryptophan (3-5) and blood pyr id inenucleo t ides  
were r e s to red  t o  normal levels by supplements of t ryptophan a f t e r  
d e p l e t i o n  on n i a c i n - d e f i c i e n t  d i e t s  (6). A number of in te rmediary  
me tabo l i t e s  of t ryptophan have been i s o l a t e d  o r  i d e n t i f i e d  i n  human 
u r i n e s .  Makino and coworkers repor ted  t h a t  3-hydroxykynurenine was 
r e spons ib l e  f o r  t h e  p o s i t i v e  d i azo  r e a c t i o n  f r equen t ly  observed i n  
severe t u b e r c u l o s i s  (7). Musajo, Benassi  and Paupajola (8) i s o l a t e d  
kynurenine and 3-hydroxykynurenine from u r i n e  of p a t i e n t s  w i t h  va r ious  
pa tho log ica l  cond i t ions  bu t  could not  i s o l a t e  t h e s e  compounds from 
normal human ur ine .  Tuberculos is  p a t i e n t s  s tud ied  by Musajo, Spada and '  
Coppini (9) excre ted  3-hydroxyanthrani l ic  a c i d  i n  s i g n i f i c a n t  amounts 
whereas normal u r i n e  contained only t r a c e s .  Xanthurenic a c i d  has  been 
i d e n t i f i e d  i n  u r i n e  from vi tamin  B - d e f i c i e n t  s u b j e c t s  (10,ll). 6 been c a l l e d  a n  abnormal me tabo l i t e  i n  human u r i n e ,  however. P r i c e  and 
Dodge (12) were a b l e  t o  i d e n t i f y  xanthurenicac id  along w i t h  kynurenic 
a c i d  and t h e  8-methyl e t h e r  of xanthurenic  a c i d  i n  normal human u r ine .  

This  amino a c i d  i s  now 

T h e r e , i s  evidence t h a t  t ryptophan i s  

It has 

Of c u r r e n t  i n t e r e s t  i n  t h e  metabolism of t ryptophan i s  t h e  p o s s i b i l i t y  
t h a t  c e r t a i n  of i t s  me tabo l i t e s  may cause b ladder  cancer i n  man. The 
chemical s i m i l a r i t i e s  between t h e  known bladder  carcinogens and t ryptophan 8 

metabo l i t e s  a r e  apparent ,  i n  t h a t  s e v e r a l  of t h e  me tabo l i t e s  of t ryptophan 
normally found i n  u r i n e  a r e  aromatic  amines and aminophenols. Reports  
from England i n d i c a t e  t h a t  3-hydroxyanthrani l ic  ac id ,  3-hydroxykynurenineJ 
2-aminq-3-hydroxyacetophenon.e and xanthurenic  a c i d  8-methyl e t h e r  w e r e  
weakly carc inogenic  i n  t h e  b ladders  of mice. Analyses of t h e  u r i n e  of 
b ladder  tumor p a t i e n t s  has  shown t h a t  only h a l f  of 41 p a t i e n t s  s tud ied  
had abnormal q u a n t i t i e s  of c e r t a i n  t ryptophan metabol i tes ,  c h i e f l y  
kynurenine,  acetylkynurenine,  hydroxykynurenine and kynurenic ac id .  No 

. d e f i n i t e  c o r r e l a t i o n  could be made between t h e  degree of abnormal t ryp to-  

onse t  o r  o t h e r  c l i n i c a l  f ind ings .  S tudies  on p a t i e n t s  wi th  o t h e r  forms 
of  cancer  o r  w i t h  a v a r i e t y  of o t h e r  non-neoplast ic  d i s e a s e s ,  i nd ica t ed  
t h a t  many of t h e s e  s u b j e c t s  had abnormal t ryptophan metabolism and t h a t  
t h e r e  were a number of c l i n i c a l  cond i t ions ,  inc luding  b ladder  cancer ,  i n  
which d i s o r d e r s  of tryptophan metabolism occurred (13). A t  t h e  present  
t i m e  t he  s i g n i f i c a n c e  of tryptophan metabolism i n  n e o p l a s t i c  d i s e a s e s  i s  
n o t  c l e a r .  
through t h e  kynurenine pathway i n  man has no t  .been adequately s tud ied .  
I n  animals v a r i o u s  isotope.experiments  h?ve h d i c a t e d  t h a t  very s i g n i f i -  

* 

b + phan metabolism and type  o r  number of tumors, recur rence  r a t e ,  age  . a t  

The q u a n t i t y  of inges ted  t ryptophan which i s 'me tabo l i zed  
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can t  amounts of tryptopha.n, kynurenine and hydroxyanthrani l ic  ac id  a r e  
metabolized t o  carbon d iox ide  (14, 15, 16) through the  breakdown of 3- 
hydroxyanthrani l ic  ac id  (17). That a l a r g e  amount of ingested t ryptophan 
may a l s o  e n t e r  t h i s  pathway i n  man i s  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 i n a r y  exc re t ion  of t ryptophan me tabo l i t e s  by sub jec t s  who exc re t e  
e leva ted  amounts of metabol i tes .  

I n  Parkinsonian d i sease ,  it has  been observed t h a t  t h e  admin i s t r a t ion  
of' l a r g e  doses of dopa w i l l ,  i n  65 p e r  c e n t  of t h e  cases ,  r eve r se  the-  
neu ro log ica l  symptoms. 
levels i n  t h e  u r i n e  of t h e s e  p a t i e n t s  a r e  ve ry  low. 
i n  t h e  metabolism of t ryptpghan i n  t h i s  d i sease .  The s tudy  of t h e  e x c r e t i o n  

. of l abe led  t ryptophan a s  C 0 and u r i n a r y  me tabo l i t e s  be fo re  and a f t e r  dopa 2 t rea tment  may shed some l i g h t  on some of t h e  problems i n  t h e  metabolism of 
t h e s e  p a t i e n t s .  

I n  r a t s  46 p e r  cent  of tryptophan-2-CI4 is excreted i n  C O2 and 

The 5-hydroxyindole a c e t i c  ac id  (tryptophan me tabo l i t e )  
This  sugges ts  a malfunct ic  

14 
12 p e r  cen t  i n  t h e  u r i n e  i n  a 24-hour per iod.  
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,  i n  enzymes, and i n  
t h e  va r ious  r e t a ined  metabol i tes .  

The remainder of t h e  

The proposedl&tudy w i l l  determine t h e  percentage conversion of l abe led  * 

t ryp tophan  i n t o  C 
exc re t ion ,  a l s o  t h e  percentage inco rpora t ion  of t ryptophan and i t s  
me tabo l i t e s  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. These mechanisms w i l l  be  s tud ied  i n  a l l  types  of n e o p l a s t i c  d i s e a s e  
p a t i e n t s  and those with scleroderma and Parkinsons disease.  
t ha t l$  dose of 25 t o  50 pc of carbon-14-labeled tryptophan-2-C . or  tryptophan- 
7a-C w i l l  be  given o r a l l y  i n  a g e l a t i n  capsule .  However, i n  te rmina l  
p a t i e n t s  it i s  poss ib l e  t h a t  a 100 pc dose may be adv i sab le  t o  o b t a i n  s u f f i c i e r  
a c t i v i t y  i n  t h e  va r ious  f r a c t i o n s  f o r  measurement. 

02, and t ryptophan me tabo l i t e s ,  a s  measured by u r i n a r y  

If4is planned 

A simple formula f o r  be t a  dosimetry,  assuming uniform d i s t r i b u t i o n  
i n  a volume l a r g e  i n  r e l a t i o n  t o  t h e  range of be t a  p a r t i c l e s  (18) i s  

dp (day) = 51.2 C E r a d s  where C = concen t r a t ion  of i so tope  i n  pc/gm 
B 

E = average energy pe r  d i s i n t e g r a -  ' t i o n  i n  MEX 

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

x 0.05 = 0.0018 rads/day. 50 

70 , 000 
dB = 51.2 x 

This  dose of 1.8 m r ads /day .o r  0.66 r ads /yea r  would be sus ta ined  
i f  t h e r e  were complete r e t e n t i o n  i n d e f i n i t e l y  and i s  t h e r e f o r e  a maximum 
es t ima te  f o r  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 i n  
t h i s  case  t h e  f ind ing  of less than 6% of t h e  inges ted  dose i n  t h e  whole 
l i v e r  a f t e r  24 hours does not  i n d i c a t e  any organ t o  be more c r i t i c a l  than  the  
whole body. 

The p a t i e n t s  w i l l  b e  given L-tryptophan-7a-C14 wi th  a s p e c i f i c  a c t i v i t y  
of 0.49 mc/mMole. This  compound was obfcined from Tracer lab  and i t  h a s  no 1 1 f q 8 2 0  r a d i o a c t i v e  components o t h e r  than t h e  C *. 
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From t h e  u s e  of 25 t o  50 pc of C I 4  t h e r e  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 d a n t  personnel.  
c o l l e c t e d  f o r  a n a l y s i s  dur ing  t h e  f i r s t  few hours  and cont inuously evacuated. 
Blood and u r i n e  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  i n  t h e  research  labora-  
t o r i e s .  Any samples s e n t  t o  t h e  c l i n i c a l  l a b s  on t h e  f i r s t  day w i l l  be  marked 
"radioact ive".  
no i so tope  a c c o u n t a b i l i t y  i s  necessary,  experimental  design w i l l  provide such 
accoun tab i l i t y .  

A s  p a r t  of t h e  s tudy  t h e  p a t i e n t s '  b rea th  w i l l  be  

. 

N o  monitor ing procedure,  except  i n  case  of acc iden t ,  and though 

The dosage of t ryptophan g iven  w i l l  r ep resen t  2.01 t o  2.02 gms. of L- 
tryptophan. 
(19). 
Abbott Labora tor ies .  

An o u t l i n e  of t h e  s tudy i s  a t t ached .  

This  dose has  been used r o u t i n e l y  i n  t h i s  and o t h e r  l a b o r a t o r i e s  
The p i l l s  of L-tryptophan used were prepared from pure L-tryptophan by 

-r 
Y 

. .  
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? a s i e n t s  maintained 4-5 days on s tandard  cocs ro l  die: 

azd f r e e  of d rugs> then  admin i s t e r  t r a c e r  dose o f  L- 

7a-C' - t ryp tophan  w i t h  2.0 gm of L-tryptophan. Col -  

l e c t  24 h r  u r i n e s  oae day be fo re  and f o r  2 days k 4 s e r  

2-3 p a t i e n t s  who do n o t  b e n e f i t  fro;;. DO?A. 

' 4  

c14 . Col l ec t  r e s p i r a t o r y  C1'02 and bloods a z  iatervsls.: 

Afser 1-2 months, t h e  above t ryptophan  s tudy i s  ra-  

peated during course  of therapy  wi th  DOPA. 

14 
-7" 1) Bates  of C 0 r e l e a s e  from trypto2han.  

2)  

2 LI 

-'.zslyscs : 

Aaalyses f o r  u r i n a r y  t rypto?han m s t a b o l i t s s  and 

i s o l s t i o n  of thsm by c a r r i e r  methods. 
. .  . 

a)  5-hydroxyindolacet ic  ac id  ' : 

b). 3-hydroxyanthrani l ic  ac id  

. .. . c)  Icynurenina 

d ) 3-.hydroxy!cynurecine 
* .  0 

s) 

J )  

!<) 

Synurenic  a c i d  

Xanthurenic a c i d  

0-aninohippuric  a c i d  

N - ~ ~ t ~ . y l c i c o t l ~ . a a i d ~  
1 

Q u i n o l i n i c  a c i d  * 

?5colinFc ac id  .- 

SicocL;..ic a c i d  
. -  

J 

. .  

. . .  

, , .  
. .  I .  
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Sacc: Draw be2zr ia izsd  blood and t a k e  off plzsxa.  Save 

cells t a l  wash as 2er previous studics. 
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BROOKHAVEN NATIONAL LABORATORY 

M E M O R A N D U M  

DATE:  February 16,-:1967 

TO : Chairman, C o p i t t e e  on C l i n i c a l  

FROM: L. V. Hankes, Ph.D. 

SUBJECT: Extension of P r o j e c t s  H-'69 and H- 69 

I n v e s t i g a t i o n s  and Uses of I so topes  

Wodif ied)  t o  inc lude  Parkinsons 
Disease 

I n  Parkinsonian d i s e a s e ,  i t  has  been observed t h a t  t h e  admin i s t r a t ion  of l a r g e  
doses of dopa w i l l ,  i n  approximately 60 p e r  cent  of t h e  cases ,  reverse t h e  
neuro logica l  symptoms. 
l e v e l s  i n  t h e  u r i n e  of t h e s e  p a t i e n t s  a r e  very  low. 
i n  t h e  metabolism of t ryptyghan i n  t h i s  d i sease .  
of labe led  t ryptophan a s  C 
t rea tment  may shed some l i g h t  on some of t h e  problems in' t h e  metabolism of 
t h e s e  p a t i e n t s .  

The t ryptophan metabolism study which was i n i t i a t e d  under p r o j e c t  proposals  
H'69 and H-69(modified)will  b e  expanded t o  inc lude  t h e  s tudy  of  Parkinsons 
d i s  ease  p a t i e n t s  . 

The 5-hydroxyindole a c e t i c  ac id  ( t ryptophan metabol i te )  
Th i s  sugges ts  a malfunct ion , 

The s tudy  of t h e  exc re t ion  
O2 and u r ina ry  me tabo l i t e s  be fo re  and . a f t e r  dopa 

The p a t i e n t s  w i l l  be  
0.49 mc/mMole. ' T h i s  
and i t  has  no rad ioac  

given L-tryptophan-7a-CI4 wi th  a s p e c i f i c  a c t i v i t y  of 14 . 
compound was obtained from T r a c e f p b  a s  DL-tryptophan-7a-C . 
t ive  components o t h e r  t han  t h e  C . - 

, An o u t l i n e  of t h e  s tudy i s  enclosed. 

Sponsoring phys ic ian  w i l l  be  G. Cotzias ,  M.D. 
.. 

Responsible i n v e s t i g a t o r s  w i l l  be L. V. Hankes, Ph.D., P. Papavas i l iou ,  M.D., 
and R. R. Brown, Ph.D. (Wisconsin) 

Papers- publ ished under p r o j e c t s  H-69 and H-69 (modified) a r e  l i s t e d  below: 

1. L.V. Hankes, M. Schmaeler and K. R a i ,  0-Aminophenol: A Urinary Product ' 

of Tryptophan Metabolism i n  t h e  Human, Proc. of t h e  Sbc. f o r  Expt l .  
Biol.  and Med., 110, 420 (1962). 

I5 W 8 2 b  

2. L.V. Hankes, R.R. Brown, M. Schmaeler, f z d  S. L ipp inco t t ,  Metabolism' 
of 3-Hydroxyanthranilic Acid-Carboxyl-C i n  t h e  Human, Proc. of t h e  ' 

SOC. f o r  Expt l .  Biol. and Med., 115, 1083 (1964). 

3. L.V. Hankes, R.R. Brown, S. L ipp inco t t ,  and M. Schmaeigr, E f f e c t s  of 
L-tryptophan Load on t h e  Ketabolism of Tryptophan-2-C i n  Man, J. 
Lab. and Clin.  Med, Feb. 1967, pg. 313. . .  , 
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i e c t  24 hr u r i a e s  032 day be fo re  and for 2 days ;:car 

c14 . Collccc res?iratory C1"02 and bloods a t  Lccarvals.  

A f t e r  1-2 nonths ,  t h e  above trypcophsn s tudy  i s  re-  
. .  

p e a t i d  during coa r se  of therapy  wi th  DO?X, 

- 14 x,c l y s  cs : . 1; 

2)  

Bates  0: C 0 2. release r'ros try?tophan. 

A.;?alyses f o r  c r i n a r y  t ry?tophan ziecaSoli=es a d  

. .. 

i s o i a t b ; =  of by c z r r i e r  methods. 

a )  5-hydroxyindolacet ic  a c i d  

5) 3-hydroxyanthrani l ic  ac id .  . .  

c )  Kyiiureaine 

d )  3-hydrosykynurzniae 

. .  
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