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The effects of dietary neurotransmitter
precursors on human behavior'-3

Harris R Lieberman, PhD. Suzanne Corkin, PhD. Bonnie J Spring. PhD,
Richard J Wurtman, MD, and John H Growdon, MD

ABSTRACT  The neurotransmitter precursors tryptophan and tyrosine arc present in a variety
of foods. In order to document possible effects of tryptophan and tyrosine on human behavior.
single oral doses of these substances and maiched placebos were administered 1o 20 men in a
double-blind, crossover study. Various tests of mood state and performance were then administered.
Tryptophan increased subjective fatigue and decreased self-ratings of vigor and alertness, but did
not impair performance on any of the tests. Tyrosine produced no effects in our young population
compared with placebo. but did decrease reaction time relative to tryptophan. It may be concluded

that tryptophan has significant sedative-like properties. but unlike other sedatives may not impair

performance.
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Introduction

Consumption of certain foods and food
constituents can influence the rates at which
neurons synthesize and release specific neu-
rotransmitters (1). Dietary substances can
alter brain neurotransmission by changing
the central nervous system (CNS) concentra-
tion of the substrates used for the synthesis
of neurotransmitters. Tryptophan and tyro-
sine are dietary amino acids and also neu-
rotransmitter precursors known to influence
the availability of their neurotransmitters.
Ingestion of tryptophan increases the CNS
concentration of serotonin and its release
from brain neurons. Similarly, increased ty-
rosine availability can enhance the release of
catecholamines when cells are firing fre-
quently (1). Since ingestion of both of these
precursors may influence the activity of spe-
cific neural systems, it is possible that the
consumption of tryptophan and tyrosine may
also modify the behavioral functions asso-
ciated with these neurotransmitter systems.
For example, it has been reported that inges-
tion of tryptophan induces drowsiness (2, 3)
and decreases the time required for humans
to fall asleep (4, 5). These findings are con-
sistent with many animal studies demon-
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strating that increases in serotoninergic activ-
ity are involved in the induction and mainte-
nance of sleep (6). Less is known about the
behavioral effects of tyrosine, although when
administered to mice it has been reported to
have stimulant-like effects (7). It has also
been reported that tyrosine may reduce the
behavioral effects of acute stress (8).
Although tryptophan and tyrosine are nat-
urally occurring constituents of many foods
and have been shown to modify brain com-
position in animals (1), there have been few
investigations of their behavioral effects on
waking human subjects. We therefore ad-
ministered single doses of tryptophan and
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tyrosine to 20 men, and measured their
mood and sensorimotor performance under
drug and placebo conditions.

Methods
Subjects

Twemy healthy male subjects. aged 18 10 45 (mean

= 24). participated in the study.! They were recruited

Iocall\ by sign-up sheets and word-of-mouth. The study

was approved by the institutional Committee on the Use
of Humans as Experimental Subjects.

Expcrimental design

Tryptophan (50 mg/kg) and tyrosine (100 mg/kg). in
pill form. were each administered 1o all subjects. A
double-blind. placebo-controlled, crossover design was
employed. Afier one practice session, each subject ingesied
one of the two amino acids or one of the two placebos
for each of the remaining four sessions. The placebos
each were maiched in appearance 1o one of the amino
acids. The order of substance ingestion for each subject
was systematically varied by use of the Latin-square

design. The subject fasted for 12 h before each session. -

and then, at 0700, ingested the substance designated for
that session. Testing began 2 h later.

Two self-report mood questionnaires and four tests
of performance were administered.

Visual Analogue Mood Scalc (VAMS). The VAMS is
a self-report mood questionnaire that yields three factor-
analytically derived mood categories: Alert, Sad, and
Calm (9). Each of 32 adjectives was rated by the subject
by moving a pointer along a horizontal linc presented
on a cathode ray tube (CRT). The absence of a particular
mood was indicated by placing the pointer on the
extreme lefi of the linc. and the maximum by placing it
on the right.

Profile of Mood Siates (POMS). The POMS is a self-
report mood questionnaire that yields 6 factors: Tension-
Anxiety. Depression-Dejection, Anger-Hostility, Vigor-
Activity, Fatigue-Inertia, and Confusion-Bewilderment
(10). The test consists of 65 ad)ectimuchol'which
must be rated on a 5-point scale.

Simple Auditory Reaction Time. In this microcom-
puter-administered test, the subject responded. as rapidly

as possible, to the onset of a 75 dB, 1900 Hz tone. Afier.

five warmup trials. 125 test trials were presented. A
wvisual cue, presented on a CRT, indicated the start of a
trial.

Two-Choice Visual Reaction Time. In this test, the
subject was required to discriminate between two slightly
different letter-like symbols. which were presented ta-
chistoscopically on a CRT screen by a microcomputer.
The stimulus duration was either 54 or 72 ms. To
decrease the discriminability of the two stimuli and
therefore difficulty of the test. a masking stimulus ap-
peared afier each tnial. The brief duration of the stimuli,

* Data from only 16 subjects is reporied for the RT
tasks due to a procedural error resulting in the loss of
data from the first four subjects.
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and their small size. required sustained vigilance by the
subject.

Grooved Peghoard Test For this test the subject was
required to insert. as rapidly as possible. a series of 2§
pegs into randomly oriented holes on a board. Since
both the pegs and board are grooved, each peg must be
properly oriented 1o be inseried. The test is more difficult
than many other peghoard tests because the holes are
slanted.

Thurstone Tapping Test This is a test of motor speed
and coordination (11, 12). In the first pant of the test.
the subject held 2 metal stylus in one hand and tapped.
as rapidly as possible in a specific sequence. the sectors
of a 13 cm circle divided into 4 quadrants. In the second
stage of the test. the subject used both hands. simulia-
neously tapping different patterns with each.

Results

The data from all tests were analyzed by
the Latin-square analysis of variance (AN-
OVA). The two within-subjects main factors
in this analysis were substance and test session
order. The between-subject variable was order
of substance administration. A posterion
comparisons, when appropriate, were matie
with a two-tailed Neuman-Keuls statistic.

VAMS. The analysis of variance performed
on the Alent scale of the VAMS detected a
significant main effect for both substance (p
< 0.001) and test session order (p < 0.01).
The substance effect was attributable to tryp-
tophan, which on a posteriori testing was
found to significantly decrease the Alertness
scale as compared to cither placebo or tyro-
sine (p < 0.01, Fig 1). The other two VAMS
scales, Calm and Sad. were not significantly
altered by either substance.

POMS. The Fatigue-Inertia and Vigor-
Activity subscales of the POMS were signifi-
cantly altered by substance administration.
On a posteriori testing. tryptophan was found
to significantly increase the Fatigue-Inertia
scale (p < 0.05), and decrease the Vigor-Ac-
tivity scale (p < 0.01). when compared to
cither its placebo or tyrosine (Fig 2). Signifi-
cant effects of test session order were also
detected by these two subscales. The other
POMS scales yielded no significant findings.

Simple Auditory Reaction Time. This was
the only performance test where a significant
effect attributable to substance was observed.
Tryptophan significantly increased RT when
compared to tyrosine (p < 0.05 on the post-
hoc test), but neither amino acid differed
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FIG 1. The effects of tryptophan, tyrosine, and their
respective placebos on three scales of VAMS self-report
mood questionnaire (mean * SEM).

significantly from its respective placebo. There
was also no significant difference between the
two placebos; therefore, this performance dif-
ference cannot be attributed to a placebo
effect.

Two-Choice Visual Reaction Time. Anal- .

yses of variance were performed for each of
the two stimulus durations presented. Neither
amino acid had any effect on two-choice
reaction time.

Grooved Pegboard Test. Separate analyses
of variance were performed on time for com-
pletion and number of pegs dropped. There
were no significant effects of substance.

Thurstone Tapping Test. Two analyses of
variance were performed on the number of
taps per condition (unimanual or bimanual).

LIEBERMAN ET AL

The substances did not alter performance on
this task.

Discussion

The observation of increased drowsiness
resulting from tryptophan ingestion is con-
sistent with other reports indicating that this
dietary constituent has hypnotic properties
(2, 4, 5). We have found that when trypto-
phan is administered without the other
LNAA's present in protein that suppress its
uptake into the brain, it has considerable
psychopharmacological activity with respect
to human mood. Tyrosine, however, when
given in a single oral dose, appears to be less
potent, at least with regard to the limited
number of behavioral parameters we assessed.
This finding is not surprising since neurons
can become unresponsive to additional ty-
rosine if their firing frequency slows (1).

The sedative-like effects of tryptophan on
human mood are consistent with considerable
neurochemical and behavioral evidence that
serotoninergic neurons participate in the in-
duction and regulation of sleep. Lesions of
serotoninergic neurons reduce time spent
sleeping. and various drugs that inhibit sero-
toninergic neurotransmission also reduce
sleep (6).

The finding that tryptophan increased sim-
ple RT compared 10 tyrosine may indicate
that these substances have antagonistic prop-
erties. There are at least two possible expla-
nations for this result. Ingestion of tyrosine,
which competes with tryptophan for uptake
across the blood-brain barrier, may decrease
brain tryptophan (1). Alternatively, tyrosine
by acting on catecholaminergic neurons may
itself improve performance in a manner sim-
ilar to the positive effect of L-dopa adminis-
tration in patients with Parkinsonism. Tyro-
sine has in fact been reported to have behav-
ioral effects in animals similar to those
resulting from administration of stimulants
such as amphetamine and caffeine (7) and
to reverse the effects of acute stress (8). It
has also been reported to be useful in the
treatment of human depression (13).

Because tryptophan induces drowsiness but
does not impair performance, at least on the
tests we administered, it is a good candidate
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FIG 2. The effects of tryptophan. tyrosine, and their respective placebos on the sia subscales of the POMS self-

report mood questionnaire (mean + SEM).

for evaluation as a mild hypnotic. Most
prescription drugs currently used as hypnot-
ics, such as the benzodiazepines and barbi-
turates, impair performance not only imme-
diately after administration but also the next
day (14). Further experimentation will be
required to confirm the sparing of perfor-
mance noted after tryptophan administration,
especially since there is no consensus as to
which tests are most appropriate to use in
assessing performance (14). Since tryptophan
has been shown to reduce sleep latency in
the dose we administered (4), it may be
preferable to such drugs, particularly if a less
potent hypnotic would be sufficient. Regard-

less of the possible clinical application of
tryptophan, this study confirms that admin-
istration of a normal dictary constituent.
tryptophan, can significantly modify human
behavior. a

We thank R Beecher. M Duffy, and C Wogan for
technical assistance.
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