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Effect of Phenylalanine and Its Metabolites on the Brain Serotonin Level

of the Rat.*
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Although it is well established that sero-
tonin metabolism is altered in phenylketon-
uria, it has not been determined whether
phenylalanine per se or its metabolites or both
are responsible for these changes. It has
been shown that blood serotonin levels are
lowered in human phenylketonuria(l) and
that rats fed high phenylalanine diets have
lowered brain serotonin levels(2,3,4,5). In
the investigation presented here phenylala-
nine and its important metabolites were fed
to rats in an effort to determine their relative
abilities to lower brain serotonin levels.

Methods and materials. Wistar rats used
for these experiments were fed a natural diet
with the following composition: ground yel-
low corn, 55.75%; middlings, 13.00% ; meat
and bone scraps, 13.00%; linseed oil meal,
6.00%; dried skim milk, 6.00%; liver meal,
1.50%; yeast, 2.00%; alfalfa meal, .75%;
mineral mixture, 2.00%. Food and water
were given ad libitum. Animals were on their
respective diets approximately 2 weeks prior
to sacrificing by decapitation. L-Phenylala-
nine and phenylacetic acid were obtained
from Nutritional Biochemicals Corp. Phenyl-
pyruvic acid was obtained from Sigma Chemi-
cal Co. or synthesized in our laboratory(6).
Ortho-hydroxyphenylacetic acid was obtained
from K and K Laboratories. L-Phenylalanine
was determined by the method of McCaman
and Robins(7), phenylpyruvic acid by the
method of Saifer(8), serotonin by the method
of Bogdanski(9), ortho-hydroxyphenylacetic
acid by chromatography in n-butanol-pyri-
dine-water (14-3-3) followed by development
with nitroaniline and visual comparison of
color intensity with standards, and phenyl-
acetic acid by chromatography in n-butanol-
acetic acid-water (12-3-5) followed by color
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development with bromcresol green and com-
parison of color intensity with standards of
phenylacetic acid. The urine used for chro-
matography of phenylacetic acid was treated
with boiling 6 N hydrochloric acid for 3 hours
to release bound phenylacetic acid prior to
chromatography.

Results and discussion. In a preliminary
experiment it was found that phenylpyruvic
acid was rapidly metabolized by the animals
so that there was only a very slight increase
in urinary phenylpyruvic acid even when fed
at levels as high as 3% of the diet. However,
when fed at 4.5% of the diet urinary excre-
tion was markedly increased (Table I).

Inspection of chromatograms run on ali-
quots of 24-hour urines indicated that most
or all of the ingested ortho-hydroxyphenyl-
acetic acid and phenylacetic acid were ex-
creted in the urine. The rats fed ortho-hy-
droxyphenylacetic acid averaged 198 mg of
urinary ortho-hydroxyphenylacetic acid per
24 hours. The rats fed phenylacetic acid av-
eraged 245 mg of urinary phenylacetic acid
per 24 hours. Inasmuch as the rats excreted
approximately 10 ml of urine in 24 hours,
these very high urinary levels of phenylala-
nine metabolites represent concentrations 10-
20 times higher than those observed in hu-
man phenylketonuria. Serum phenylalanine
levels are not raised by feeding these 2 me-
tabolites because their formation from phenyl-
alanine is irreversible. Table I shows that
the brain serotonin levels also are not altered
when phenylacetic acid is fed. Brain sero-
tonin levels were somewhat higher than con-
trols when o-hydroxyphenylacetic acid was
added to the diet. However, this difference
was not significant at the 5% level of proba-
bility.

The effect of phenylpyruvic acid on brain
serotonin levels is more difficult to determine,
hecause this keto acid is so readily converted
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TABLE I. Comparison of Brain Serotonin Levels with Serum Phenylalanine Levels.

Brain Serum Urinary

serotonin, phenylalanine, phenylpyruvie

Supplement added to diet ug/g mg/100 ce acid, mg/day
None (15)* 47 2.4 4
7% L-Phenylalanine (6) 31t 14.6 8
4.5% Phenylpyruvie acid (9) .40% 6.0 37.2
3.0% o-Hydroxyphenylacetic acid (11) .53 1.9 3
4.0% Phenylacetic acid (6) 49 2.1 3

* Numbers in parentheses indicate No. of animals in each experimental group. Serum phenyl-
alanine and urinary phenylpyruvie acid determinations were performed on only 6 animals re-
ceiving o-hydroxyphenylacetic acid. Avg wt of animals in each group was 170-185 g at begin-
ning of experiment. All experimental values represent means for that particular group.

t Significantly lower than control group (P <.01).

} Significantly lower than control group (P <.05).

to phenylalanine. However, brain serotonin
levels were depressed most effectively by sup-
plementing the diet with 7% phenylalanine,
which resulted in a several-fold increase in
serum phenylalanine level but only a very
small increase in urinary phenylpyruvic acid
(Table I). On the other hand, the diet sup-
plemented with phenylpyruvic acid caused a
massive excretion of phenylpyruvic acid and
a 2- to 3-fold increase in serum phenylalanine,
yvet was less effective in lowering brain sero-
tonin levels. These data indicate that the
brain serotonin level is lowered by an elevated
serum phenylalanine level per se and that the
urinary level of phenylpyruvic acid is, at best,
a far less important factor.

There is good evidence that DOPA de-
carboxylase and S5-hydroxytryptophan de-
carboxylase are the same enzyme(10,11,12).
Fellman(13) has shown that production of
adrenaline by this enzyme in vitro is mark-
edly inhibited by phenylpyruvic acid, phenyl-
lactic acid and phenylacetic acid but not by
L-phenylalanine.  Others(14) have shown
that this enzyme is inhibited iz vitro by phe-
nylpyruvic acid but not by phenylalanine in
the production of adrenalin. The production
of serotonin by this enzyme is strongly in-
hibited in vitro by phenylacetic acid, phenyl-
pyruvic acid and phenyllactic acid but is only
slightly inhibited by phenylalanine(15). Ex-
periments presented here suggest that the
lowering of brain serotonin #z vivo is not the
result of inhibition of this enzyme by phe-
nylalanine metabolites. In fact, the brain
serotonin level was somewhat elevated by
feeding o-hydroxyphenylacetic acid. The re-

duction in brain serotonin by phenylalanine
but not by its metabolites as observed in our
experiments would probably best be ex-
plained by the fact that transport of the pre-
cursor of serotonin, 5-hydroxytryptophan, into
brain is inhibited by phenylalanine(4). If
lowered brain serotonin is the cause of the
mental defect in phenylketonuria, it is im-
portant to control the serum phenylalanine
level of phenylketonuric children more closely
than can be done by checking for urinary
phenylpyruvic acid, since its level is not ap-
preciably increased until the serum phenyl-
alanine level has reached a concentration of at
least 15 mg per 100 ml of serum(16). A sim-
ple method for determining serum phenylala-
nine is available(17).

Summary. Wistar rats were placed on diets
supplemented with 7% phenylalanine, 4.5%
phenylpyruvic acid, 3% ortho-hydroxyphenyl-
acetic acid or 49% phenylacetic acid. Analy-
sis of brain samples for serotonin after several
days on these diets showed that phenylala-
nine feeding effectively lowered brain sero-
tonin, phenylpyruvic acid feeding did so less
effectively, and phenylacetic acid and o-hy-
droxyphenylacetic acid feeding caused no sig-
nificant change. The implications of these
findings in relation to the treatment of phenyl-
ketonuria are discussed.
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The very extensive use of the sulfonylurea
drugs, particularly tolbutamide and chlorpro-
pamide in treatment of diabetes has prompted
a great deal of research on the mode of action
of these drugs(1-7), yet the physiologic
mechanisms responsible for the hypoglycemic
action are not understood. Levine(8), ex-
amined in detail the various hypotheses on
the mode of action of these drugs and finally
stated, “The many in vivo observations com-
pel one to accept the conclusion that the hy-
poglycemic sulfonamides somehow promote
the release of additional insulin from the
beta cells of the islets of Langerhans, a pheno-
menon spoken of as beta cytotrophism.” The
data presented here do not support this hy-
pothesis. We have measured the insulin se-
cretion rate in dogs given tolbutamide by in-
travenous infusion and have found that it is
not significantly different from the secretion
rate in control dogs given a saline infusion.
In contrast to this, glucose infusion produces
a secretion rate 5 to 10 times that of the sa-
line treated controls.

* Present address: Ames Research Center, Nat.
Aeronautics and Space Admin., Moffet Field, Calif.

Methods. Adult female dogs were used for
this study. Average body weight for the
group was 30 lb, but body weights varied
from 20 to 50 lb. The general state of nu-
trition also varied to the same extent. Fifteen
dogs were treated with sodium tolbutamide,
1.0 g in 500 ml saline administered intrave-
nously. Fourteen dogs, serving as controls,
received 500 ml saline intravenously. A
group of 8 dogs were infused with 500 ml of
10% glucose in saline.

Operative procedure. The animals were
fasted for 24 hours before the experiment.
They were anaesthetized with Nembutal and
a mixture of Os and 5% CO. was adminis-
tered by intra-tracheal tube throughout the
entire procedure. The intravenous infusion
of tolbutamide (or glucose or saline) was
started at the beginning of the abdominal
surgery so that the drug was present in the
pancreas for about 30 minutes before collec-
tion of pancreatic venous blood was started.
Rate of infusion of the 500 ml volume was
so regulated that the infusion was continued
throughout the entire period of blood collec-
tion.



