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Effect of Phenylalanine Metabolites on Urinary Excretion of Indole-3-acetic 
Acid and 5-Hydroxyindole-3-acetic Acid in Man.” (25538) 

RICHARD E. TASHIAN (Tntroduced by R. JT. Gerard) 
Dppt. of Hunzan Genetics, U1tiveYJity of ;tl’ichigan Medical School, Ann Arboi. 

lncreased urinary excretion of indole-3- 
acetic acid (IAA) , indole-3-lactic acid, and 
iiidican, and decreased excretion of 5-hydroxy- 
indole-3-acetic acid (5-HTAA) have been re- 
ported for the hereditary metabolic disease 
phenylketonuria (1-3). However, the relation 
between the increased concentration of phe- 
nylalanine and its metabolites in this disease 
a.nd the disturbance in tryptophan metabolism 
has not been adequately explained. It has re- 
cently been found that the pyridoxine-requir- 
i ng enzymes dihydroxyphenylalanine decar- 
boxylase, 5-hydroxytryptophan decarboxylase, 
and glutamic acid decarboxylase can be in- 
hibited in vitm by certain metabolites of 
phenylalanine (4-6). These findings suggest 
that the in vivo inhibition of tryptophan de- 
carboxylase as well as 5-hydroxytryptophan 
clecarboxylase might possibly underlie the al- 
teration in tryptophan metabolism associated 
with phenylketonuria. I n  vivo evidence for 
the reversibility of this type of inhibition was 
clemonstrated when it  was shown that urinary 
5-HIAA levels could be elevated to normal 
values in phenylketonurics when placed on 
low-phenylalanine diets or fed L-tryptophan 
( 7,s). or reduced in patients with carcinoid tu- 
mors after ingestion of phenylacetic acid (9 ) .  
Few data, however, have as yet been presented 
on the in ~ i i z ~ o  effects of specific phenylalanine 
metabolites on excretion of urinary indoles in 
healthy individuals. The present report de- 
xribes the effect of phenylpyruvic acid, o- 
fiydroxyphenylacetic acid, and phenylacetic 
x i d  on urinary excretion of IAA and 5-HIA-4 
in normal human subjects. 

Jiietliods. The 5 adult males used as sub- 
jects were between 2 2  and 36 years of age. 
Two-hour control urine samples were taken 
from the test subjects prior to administration 
of the test compound. The orally adminis- 
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tered dosages were : sodium phenylpyruvatef 
(20 mg/ kg) ,  phenylacetic acid+ (20 mg/kg), 
and o-hydroxyphenylacetic acid: ( 2  mg/kg), 
Urine samples were then cotllected every 2 
hours for the following &hour period. The 
urine samples were immediately assayed for 
indican (indoxylsulfate) , IAA, and phenyl- 
pyruvic acid and then frozen for subsequent 
analysis. The frozen samples were assayed 
for o-hydroxyphenylacetic acid and 5-HTAA 
within 3 days. Indican was estimated by 
Parker’s modification of the procedure of As- 
kenstedt( 10) ; no attempt was made to quan- 
tify these values which are presented as rela- 
tive figures only. The colorimetric method 
of Berry and Woolf (1 1 )  was used for the 
phenylpyruvic acid assay, and a modification 
of the paper-chromatographnc procedure of 
Armstrong e t  al. ( 1 2  ) for the o-hydroxyphe- 
nylacetic acid assay in which the spots were 
developed with 2,6-dichloroquinone chlori- 
mide. TAA was measured by the colorimetric 
method of Weissbach et a L ( 1 3 )  and the 5- 
HIAA by the colorimetric technic of Uden- 
friend et 01. (14) .  Because indolelactic acid 
is also extractable by the procedure used for 
the IAA assay, paper chromatograms were run 
on the urine extract as described by Weissbach 
et  al.( 13) ; no increase in indolelactic acid 
over control values was detectable. Even so, 
the contribution of indolelactic acid to the 
IAA values can not be completely discounted. 
The values for 5-HIAA were corrected for an 
estimated 85% recovery. 

Resul ts .  Increases in the urinary excretion 
of IAA and 5-HIAA usually occurred within 
the first 2-hour period following administra- 
tion of a specific phenylalanine metabolite. 
Increases in IAA excretion were in all cases 
greater than those of 5-HIAA. 

Phenylpyruvic acid administration. Inges- 
tion of phenylpyruvic acid resulted in a 
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marked increase (3.5-  to 6.2-fold) in  the uri-  
narj- excretion of 1-4-4 (Tahlc 1 ) and a 3.5- 
fold increase (one subject) in  5-HT;(ia4. Since 
p he n y1 a c e tic acid a 11 d 11 o ss i 11 1)- u - h j- (1 r o 1 ~ -  1’ he - 
nylacetic acid ( 15 ) are deriiretl from phenj 1- 
pyruvic acid, the response to ;,henylpyruvic 
acid loading must he the result of the com- 
bined effect of all 3 metabolites. The low re- 
covery (less than 14%) of administered phe- 
nylpyruvic acid attests to the efficient metah- 
olism of this compound. S o  siqiiificant alter- 
T,\ HliE I T .  1 7 r i ~ ~ i ~ ~ ~ r  I i : u * i  ( , t i o i l  o f  o TI! ilro\T- 
plieiij1:icetic ,2citl (o-HP,\.\ j ,  Iil(lol(~:1rt~iir .\clrl 
(ILIA), aiid . i - H ~ - t l t ~ o ~ ~ i i i c l o l e n c . ~ ~ t j v  .4v111 ( 5 - H  l . \ A  1 

after O r a l  Acliiiinistmtioit of o - T I  1 ( 1 1 . 0  

:icc.tiv A v i t l  ( 2  iiig k g  I .  

* 4.5 iiig/kg. 

ation in excretion of indican could be detected 
by the method employed. 

o-HSn’.nxvphPf~zylacetic acid adminis tra t io pi. 
The high recovery (greater than 83%) of the 
i 11 ceq t ed 0- hy drosyphenylace tic acid indicate> 
that the alterations in the urinary excretion 
of T r i \ A  and 5-H1-U are due almost entirel?. 
to the unmetabolized compound. The sensi- 
tivity of tryptophan metabolism to o-hydroxy- 
phenylacetic acid is borne out in Table 11. 
Here. although the o-hydroxyphenylacetic 
acid dose was only 1 10 that of the phenylpy- 
ruvic acid test. 1-4-4 was evcreted a t  higher 
levels (5.,5- to 7.5-fold increase) than those 
I)roduced by plienylpyruvic acid loading. The 
2.5- to 3.1-fold increase in excretion of 5- 
HT.L4 was seemingly within the range induced 
1 ~ -  the phenylpyruvic acid test. 

P h c l ? ~ ? ~ ~ t i ~  acid adrnifzistrntion. The 2 -  
to about 4-fold increase in TAA (Table 111) 

T3\ l~ l ,F :  1 I I .  1-1 i i i i i i j -  E\cix’tioii o f  o 
~ ~ I i ( ~ i ~ j ~ l : r c c ~ t i v  \ c . i , l  i o  FTP,1-\ t ,  T i i c l o l ( ~ i i c .  
i JA\A1 1 ,  : i i 1 1 1  -7 I l ~ ~ I t o \ ~ - i ~ i t l o l r : ~ c c ~ t i c  \ritl  (?7 HTAA 
: i f’t t I i ( )I :I I A\ I I 1 I I 1 I I 41 I-:\ t i  O I I  of I ’Ir c~ii?-l:i c ctic Acicl 

( 2 0  11’2 I , $ : ) .  

; , f t c> l  o JIPA4&\ T. \ , \  r5-1111.2Al 
: I t 1 1  I I i il . (polnlch) ___- 7 

Iirought about by phenylacetic acid ingestion 
appeared to be similar to. or somewhat lower 
than. the increases resulting from phenylpy- 
ruvic acid administration. There is some in- 
dication of depression in excretion of 5-HI AX. 

Discussion. If we assume that the same 
metabolites that inhibit 5-hydroxytryptophan 
tlecarbosylase ( 5 )  can inhibit tryptophan de- 
carhoxylase as well, then the blocks in amine 
formation as outlined in Fig. 1 can be postu- 
lated. That tryptophan undergoes decarbos- 
ylation to tryptamine in mammalian tissues 
is supported by the recent findings of Weiss- 
bach et aZ.(l3). Inhibition in formation of 
tryptamine and 5-hydroxytryptamine could 
have the effect of shunting an increased 
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Xndlolelactic Acid *< Indolepyrwic Acid 
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F I G .  1. Iiitcrineiliary patliways i n  fo imnt ion  of inilolweetie acid, inilol(~lac.tic acid, S-hydrosy- 
inclolcacctic. ;ici(I, :uiil iiitlicair from tiy1,topli;iii. 

amount of tryptophan to the transamination 
route to indolepyruvic acid and L4A (Fig. 1 ) .  
It is not clear, however, just why indolelactic 
acid is not also excreted in increased amounts. 
In  this connection, i t  is also of interest that 
the increased levels of urinary indican re- 
ported in phenylketonurics ( 2 )  could not be 
experimentally induced by the PPA loads ad- 
ministered in the present study. 

I3ecause of the lack of sustained stress in 
the present work, the inhibition picture dis- 
cussed above, although possibly applicable to 
the pathological state in phenylketonuria, 
woiuld not necessarily apply to the results of 
the present study. An alternate explanation 
would be that these phenylalanine metabolites 
have the capacity, either directly or indirectly, 
to displace bound tryptamine and 5-hydroxy- 
t ryptamine from tissues. These released 
amines then undergo conversion by amine oxi- 
dases to 1AA and 5-EIIAA. This could explain 
the paradox in the present study of an in- 
crease in excretion of 5-HIAA rather than the 
ex1)ected suppression resulting from inhibition 
of 5-hydroxytryptophan decarboxylase ; for 
only when an equilibrium is reached and the 
tissue amine is depleted would the overall in- 
hibitory effect become apparent. The ability 
of certain compounds to displace tissue 5 -  
liyrdroxytryptamine has been attributed to 
their antimetabolite action ( 16) .  

'The possibility remains that some 5-HIAA 
is formed via oxidative deamination of 5-hy- 
droxytryptophan to 5-hydroxyindolepyruvic 
acid. If this route is operative, however, it  
does not appear to be an effective alternate 
pathway for the metabolism of S-hydroxy- 

tryptophan. There is as yet no evidence for 
such a pathway in the mammal. 

Summary. 1) Oral administration of phe- 
nylpyruvic acid, phenylacetic acid, and n-hy- 
droxyphenylacetic acid to human subjects re- 
sulted in increase in urinary excretion of in- 
doleacetic acid. A smaller increase in excre- 
tion of 5-hydroxyindoleacetic acid followed 
administration of phenylpyruvic acid and o- 
hydroxyphenylacetic acid. 2 ) o-Hydroxyphe- 
nylacetic acid was demonstrated to be more 
eft'ective than either phenylpyruvic acid or 
phenylacetic acid in increasing excretion of 
indoleacetic acid. 3)  The relation of these 
findings to inhibition of tryptophan decarbox- 
ylase and 5-hydroxytryptophan decarboxylase 
is discussed. 

The  author acknowledges the able technical assis- 
tance oi  Patricia A. Llewellen. 
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Some Characteristics of Proteolytic System of a Marine Bacterial Species.” 
(25.539 

The desirabili tj? of increasing present lim- 
ited knowledge of bacterial proteolytic en- 
zj’mes may be inferred from work of p r e v i c ) ~ ~  
authors ( 1-4 ) . sone  of whom suggested poten- 
tial u<efulness of these enzymes in inlrestiga- 
tions of protein and enzyme structure and i n  
industrial processes (3.4 ) . Tnvestigations o i  
bacterial proteinases have dealt principally 
with enzymes from terrestrial species : marine 
organisms have been largely neglected, even 
though they have been reported more proteolj-- 
tic than either soil or fresh water forms( 5 ) .  I n  
view of es tab1 is hed pro t eol y t ic ;I b il i t y . ni a r i n e 
bacteria appear to ofier considerable promiw 
in investigations designed to increase our over- 
all information on bacterial proteolytic en- 
z y m es . This report d es c r i 11 e s char act e r i s t i cs 
of a proteolytic system of an organism iso- 
lated from a marine environment. 

i1lateyiaZ.s and iqicthods. The organism wah 
a marine bacterial species isolated by Ilerltel 
and Traganza (6)  from the alimentary canal 
of the marine isopod, Limnoricz, and reported 
by them to lie highly proteolytic.+ Stock cul- 
tures were grown on slants consisting of 17; 
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Iwptone and 2% agar in artificial sea water, 
and were transferred a t  monthly intervals. A 
transfer was made from stock culture to  a 
slant identical to stock medium, except that  
artificial sea water diluted 1 : 10 with distilled 
n-ater was used. ,After 1 2  to 24 hours incuba- 
tion. a loop transfer was made to 50 ml Er- 
lenmeyer flask containing 6 ml of growth 
medium (Table I) ; this subculture was in- 
cubated 12 to 24 hr before use to inoculate 1 
liter of growth medium. Incubation was at 
25‘C with shaking. After 54 to 56 hours in- 
cubation, cells were removed by centrifugation 
and passage through a Seitz filter; the result- 
ing culture filtrate was used as source of en- 
zyme. One ml of enzyme solution was incu- 
hated a t  37°C with 5 ml of denatured hemo- 
globin substrate.: At end of desired incuba- 
tion time. reaction was stopped and residual 
protein precipitated by addition of 10 ml of 
5% trichloroacetic acid. The  mixture was 
filtered through Whatman No. 3 paper, and 
determination of acid-soluble split products 
was made by the method of Northrup et al. 
( 7 )  by reading a t  280 mp, in Beckman Model 
1)V Spectrophotometer. Enzyme concentra- 
tion and time of incubation were always 
chosen so that activity was proportional to 

Prepared by suspending 5 g salt-free lyophilized 
hmoglobin (Mann Research Labs.) in  80 ml of 
iiater, adding 8 g urea, and incubating at  37” C 
f(qr 45 to 60 minutes. Ten g urea and 125 ml of 
0 2 M phcsphate buifer (pH 8.0) were then added. 
Other pH values were employed where indicated. 
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