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pounds than those described here. Induction 
of fibrinolytic activity in human plasma by 
addition of such compounds may lead to new 
approaches for development of thrombolytic 
agents. 

A number of urea derivatives 
added at low concentrations to plasma before 
or after clotting induce spontaneous dissolu- 
tion of human plasma clots. They also con- 
siderably enhance the activity of urokinase. 

Summary. 

of the group. Bovine fibrin clots are dis- 
solved by ethyl urethan only in presence of 
human plasma. 
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The studies of Jervis( 1) have shown that 
the primary biochemical defect in phenylke- 
tonuria consists of an inability to oxidize phe- 
nylalanine to tyrosine due to absence of the 
liver enzyme, phenyldanine hydroxylase. 
This results in an accumulation of phenylala- 
nine in the blood and excretion of phenylke- 
tones in the urine. Armstrong and Robinson 
( 2 )  and Ferari et a L ( 3 )  have demonstrated 
the presence of indolelactic acid in urine of 
phenylketonuric patients and suggested that 
there may also be a disorder of tryptophane 
metabolism in this disease. More recently, 
3 different groups(4-6) have observed a sig- 
nificant lowering of 5-hydroxytryptamine in 
the serum and of 5-hydroxyindoleacetic acid 
in the urine of phenylketonuric patients. 
These changes are reversible when the pa- 
tients are placed on a diet low in phenylala- 
nine content. Pare et a t . ( 7 )  have suggested 
that this disturbance of S-hydroxyindole 
metabolism in phenylketonuria is due to an 
in hi bi tion of 5 -hy droxy tryptophan decar- 
boxylase by phenylalanine metabolites, a 
finding which has been confirmed by both 
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in v i t ro(8)  and in vivo(9,lO) studies. 
Auerbach et al. ( 11) showed that phenyl- 

ketonuria could be produced experimentally 
in rats by feeding excessive amounts of both 
phenylalanine and tyrosine. This provided 
a means for studying the metabolism of the 
S-hydroxyindole compounds in an in vivo 
system which is genetically normal. 

Materials and methods. Phenylketonuria 
was produced experimentally according to 
the procedure described by Auerbach et al. 
( 11) .  Weanling rats of the Sprague-Dawley 
strain were placed on stock diets and experi- 
mental diets as follows: 1) 3.75% L-tyrosine 
and 3.75% DL-phenylalanine for 3 months, 
2 )  3.75% L-tyrosine and 3.75% DL-phenyl- 
alanine for 2 months, 3 )  3.7570 L-tyrosine 
and 2.5% DL-phenylalanine for 2 months, 
and 4) 2.5% DL-phenylalanine alone for 2 
months. 

Twenty-four hour collections of urine were 
obtained weekly and phenylpyruvic acid was 
determined by the method of Berry and 
Woolf ( 1 2 )  and 5-hydroxyindoleacetic acid 
by the method of Udenfriend et a L ( 1 3 ) .  
Blood samples were obtained by cardiac 
puncture at 674 to 7 weeks and 9 weeks after 
start of the diet. The plasma was analyzed 
for 5-hydroxytryptamine using the method 



534 S-HYIIROXYINDULK I N  I ’ H E N Y L K E T O N U K I C  RATS 

-12 -12 

x 
& 8  

a t  260 and 250 mp, and calculated as fol- 
lows: Protein concentration (mg/ml) = 
1.55 0.D.2so - 0.76 0.D.200. Amount of en- 
zyme activity was expressed as pM of tyro- 
sine formed per 100 mg of protein. 
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described by \Vaalkes ( 1 5 ) and phenylalani tie 
by the spectroscopic method of LaDu and 
Michael( 14) .  Becaurc of the high levels of 
tyrosine in the experimental rats. the plasma 
from these animals ww first chromato- 
graphed with n-butanol saturated with 2N 
NaOH, the section of the filter paper con- 
taining tyrosine removed. and the remaining 
fraction eluted with distilled water and con- 
centrated before being used for deterniina- 
ti on of p he t i  y la la n i ne . 

Liver phenylalanine hydroxylase was de- 
termined by the method of Kenney et al. 
(16). One milliliter of soluble fraction of 
liver prepared from 33% homogenates in 
0.15 M KCI by centrifugation in a prepara- 
tgry ultracentrifuge at  10.500 q for 30 min- 
utes was shaken a t  35°C for 60 minutes with 
150 p M  of potassium phosphate buffer (pH 
6.8) 2 p31 o f  phenylalanine. 2 p J 1  of DI’SH. 
and 5 puhI of nicotifiamide in a total volume 
of 1.75 ml. ‘4t the end of incubation. 0.25 
ml of water was added, and protein was pre- 
cip’tated by 0.5 ml of 30‘i/( trichloroacetic. 
acid. 0.2 nil of clear supernatant was used 
for tyrosine determination by the colori- 
metric method of Udenfriend and ( ’oolwr 
( 1 1 ) .  Protein content of each homogenate 
was determined by measuring the absorption 

cretion of phenylpyruvate are given in Fig. 1. 
The majority of the experimental animals 
placed on both phenylalanine and tyrosine 
were found to excrete increased amounts of 
I)henylpyruvate as soon as sufficient amounts 
of urine could be obtained for analysis. This 
increased to a peak level of 5 to 6 nig/’24 
hours at  7 to 9 weeks after being placed on 
the diets. I’henylpyruva te excretion reverted 
to control levels when phenylalanine and ty- 
sosine supplementation was discontinued. 
\\‘hen the rats were fed 2.5% DL-phenylala- 
nine alone, there was a delay in increase of 
1)henylpyruvate excretion until the animals 
had been on the diet for 4 to 6 weeks. 

J’lasma phenylalanine levels obtained at  
6% weeks to 7 weeks and a t  9 weeks showed 
a similar and statistically significant rise in 
experimental animals fed phenylalanine and 
tyrosine (Table I) .  However, the animals 
fed 2.5% DL-phenylalanine alone failed to 
show a significant increase. 

Mean values of urinary 5-hydrosyindole- 
acetic acid excretion in these ,same animals 
are shown in Fig. 2. There was a decrease 
in experimental animals fed tyrosine and phe- 

‘l’ARr,F: I. 13lootl Plieiiylalaiiine Levcls Expwssrd 
:IS ~ ~ g / i d  in Rats Fcd Stock and Experiment::l 

Diets. 
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FIG. 2. Mean urinary 5-hydroxy indoleacetic acid 
excretions expressed as pg/24 hr for rats fed stock 

and experimental diets. 
Esp. 1. 3.75% L-tyrosine + 3.75% DL-yhenylalr- 

Exp. 2. 3.755% L-tyrosine + 3.75% DC-phenylnla- 

Esp. 3. 3.75% L-tyrosine + 2.5’3, DL-phenylaln- 
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nylalanine and a close correlation existed be- 
tween rise of phenylpyruvate and fall of 5- 
hydroxyindoleacetic acid. No such decrease 
could be found in the animals given 2.5% 
DL-phenylalanine alone. 

Plasma S-hydroxytryptamine levels at  6% 
to 7 and 9 weeks are shown in Table 11. 
There was a significant decrease noted in 
the experimental animals fed phenylalanine 
and tyrosine. However, no such difference 

TABLE 11. Blood 5-Hydroxytrypta.nliiic Levels 
Expressed as pg/ml in Rats Fed Stock and Esperi- 

nitwtnl Diets. 

Weeks on (litit 
Diets 6% to 7 9 

COllt rol .88 2 . 0 8  ( 5 )  .81 2 . 2 2  (5) 
3.75%) 1,-tyrosinc! .48 lr . 1 0  (5) .43 -+ .o$) ( 5 )  

& 3.75y<> 111,- 
p11~~1yI:i 1:i i i j  11c 

Control .86 -t .I8 (10) .83 2 .17 (10) 
3.755% L-tyrosine .58 2 .12 (10) .51 . I5  (10) 

& 2.5% DL- 
phenylnlnniiie 

Con t r o 1 .55 2 .I3 ( 5 )  .70 r f~  21 (5) 
2.5% Ill-phenyl- .57 2 .08 ( 5 )  .fig 4 3 1  ( 5 )  

alaniiie 

Numbers in parentheses indicate No. of animds 
sacrificed in each experiment. Vnlues expressed ;is 
iiie:ii~s and stand. dev. 

could be ohserved among the animals given 
2.5 $j DL-phenylalanine alone. 

From these data i t  would :it)- 

1)ear that phenylketonuria can be experi- 
mentally produced in the rat by supplemen- 
tation of both phenylalanine and tyrosine 
to the diet. This effect is not nearly as 
marked when phenylalanine alone is admin- 
istered. Auerbach ct QZ. ( 1 1 ) have suggested 
that simultaneous administration of tyrosine 
might cause an adaptive decrease of phenyl- 
alanine hydroxylase in the liver. We have 
repeated these studies and found enzyme ac- 
tivity to be decreased only slightly (Table 
111). This discrepancy may in part be caused 
by differences in the methods used for assay 
of phenylalanine hydroxylase in the two 
studies. 

The present data demonstrate that the 
decrease of 5-hydroxyindole compounds in 
phenylketonuria is a secondary result of ex- 
cessive phenylalanine levels, and does not 
represent a second genetically determined 
metabolic lesion. This is shown by taking a 
normal animal, producing a metabolic lesion 
resembling phenylketonuria, and getting a 
decrease of the S-hydrosyindole compounds. 
Finally, removal of the added phenylalanine 
and tyrosine from the diet resulted in a re- 
versal to normal. The possible role of phe- 
nylalanine compounds upon S-hydroxytryp 
tophan decarboxylase in the intact animal is 
currently being investigated. 

The etiology of the mental defect in phe- 
nylketonuria is unknown. However, it has 
been shown that if such children are treated 
with a low phenylalanine diet at  an early age, 
near-normal mental development will result. 
A similar course of treatment in an older af- 
fected child is of little or no value( 18) .  Re- 
cently, we( 19) have reported on develop- 
mental pattern of 5-hydroxytryptophan de- 
carboxylase in the newborn rat kidney. 
There is an absence of the enzyme in the fe- 
tal and newborn rat, and activity increases 
gradually to adult levels by 33 days of age. 
One could speculate that the excessive 
amounts of phenylalanine in the phenylke- 
tonuric child would further inhibit an  already 
immature enzyme system, and this in turn 

Di~cussion. 
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6% to 7 4.33 f 1.60 (8) 4.1 1 2 .!)o ( 3 )  4.08 & 2’7 (5)  5.31 & 2.36 (5)  
9 4.94 2 2.15 (10) 3.48 t .8!) ( t i )  4.18 .86 (5)  5.05 2 2.31 (5) 

will result in a decrease of S-hydroxytrypta- 
mine which is essential to the developing 
brain. 

Surttmary. Data have been presented con- 
firming experimental production of phenylke- 
tonuria in rats. Supplementation of the diet 
with both phenylalanine and tyrosine re- 
sulted in a marked increase of phenylpyru- 
vate excretion in urine and of phenylalanine 
level in plasma. Supplementation with 2.5y 
DL-phenylalanine alone showed a much less 
marked effect. The rise of phenylpyruvate 
coincided with a decerase of Shydrosyindole- 
acetic acid in the urine. Similarly. the in- 
crease of phenylalanine in the plasma coin- 
cided with a decrease of 5-hydroxytrypta- 
mine in the plasma. This indicates that the 
disturbance of S-hydroxyindole metabolism 
in phenylketonuria is secondary to the in- 
crease in phenylalanine. The possible signifi- 
cance of these phenomena in the etiology of 
mental deficiency and phenylketonuria has 
been discussed. 
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