Journalof e o
J. Neural Transmission 47, 299—306 (1980) Noeural Transmission

© by Springer-Verlag 1980

Plasma Tyrosine in Normal Humans: Effects of
Oral Tyrosine and Protein-Containing Meals

E. Melamed, B. Glaeser, J. H. Growdon,
and R. J. Wurtman

Laboratory of Neuroendocrine Regulation, Department of Nutrition and Food
Science, Massachusetts Institute of Technology, Cambridge, and Department of
Neurology, Tufts University Medical School, Boston, Massachusetts, U.S.A.

Wich 1 Figure

Received January 14, 1980

Summary

To test the effects of tyrosine ingestion and concurrent food consumption
on plasma tyrosine levels and on the plasma tyrosine ratio, we meastred
plasma neutral amino acid levels in 11 subjects who consumed a diet
containing 113 g protein and who also took 100 mg/kg/day of L-tyrosine
(in three equally divided doses) before meals. Plasma tyrosine levels rose
significantlx{(p < 0.025) during the day when subjects consumed the diet
alone;’ theyy increased markedly after tyrosine ingestion (p << 0.005).
Tyrosine.&dministration did not affect plasma concentrations of the other
neutral amino acids that compete with tyrosine for entry into the brain.
Thus, the plasma tyrosine ratio -increased from 0.13 to 0.21 (p <0.001) on
the day fed subjects received the tyrosine. These observations indicate that
tyrosine administration might increase brain tyrosine levels and perhaps
accelerate catecholamine synthesis in humans with diseases in which catechol-
amine synthesis or release is deficient.

Introduction
Plasma amino acid levels fluctuate during the day in response to

food consumption (Wurtman, 1970; Fernstrom et al., 1979); these
changes in turn affect brain tryprophan and tyrosine concentrations
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and thereby influence the rates ac which neurons synthesize serotonin
(Fernstrom et al., 1973; Fernstrom and Wurtman, 1971 a, b) and the
catecholamine neurotransmitters dopamine and norepinephrine (Wurt-
man et al., 1974; Gibson and Wurtman, 1977, Scally et al., 1977;
Gibson and Wurtman, 1978). Oral tryptophan, without the other
amino acids present in protein, has been used to treat diseases, such
as posthypoxic intention myoclonus (Delean et al., 1976), depression
(Maas, 1975; Mendels et al., 1975), and insomnia (Hartmann, 1975),
which may result from deficient serotoninergic neurotransmission. The
possible use of oral tyrosine to enhance catecholamine synthesis in
humans has not, to our knowledge, been evaluated. Tyrosine admin-
istration is known to accelerate neuronal synthesis and release of
catecholamines in rats (Wurtman et al., 1974; Gibson and Wurtman,
1977; Scally et al., 1977; Gibson and Wurtman, 1978), which suggests
that it might also be useful in restoring catecholamine-dependent
functions in human diseases associated with deficient catecholaminergic
neurotransmission. Before testing tyrosine’s utility in specific diseases,
we examined the effects of short-term tyrosine administration on
plasma levels of tyrosine and other large neutral amino acids in
normal subjects. We previously showed that a single oral dose of
L-tyrosine (100 mg/kg) produced a two-fold increase in plasma
tyrosine levels and a corresponding increase in the ratio of plasma
tyrosine to the sum of the plasma levels of the other neutral amino
acids (the plasma tyrosine ratio) in fasting subjects (Glaeser et al.,
1979). In the present study, we have extended these observations to
normal subjects who consumed a diet containing protein and who also
took multiple doses of tyrosine. Since tyrosine’s entry into the brain
depends on plasma levels of other neutral amino acids Present in
dietary protein (Fernstrom and Faller, 1978), we compared the diet-
induced changes in the plasma tyrosine ratio to those changes following
the consumption of both tyrosine and protein-containing meals.

Materials and Methods

Eleven healthy male subjects, aged 18—21, participated in the study
according to a protocol approved by the MIT Subcommittee on the Use of
Humans as Experimental Subjects. All were admitted to the MIT Clinical
Research Center for two consecutive days and nights; they entered at 7 a.m.,,
having fasted from 8 p-m. on the previous night. On both days, the
participants ingested three equal portions of a specially prepared diet at
8 a.m., 12 noon, and 5 p-m. Each meal contained 38 g protein, 112 g carbo-
hydrate, and 44 g fat. On the second day, the subjects also consumed an

2queous suspension of L-tyrosine (100 mg/kg/day in three equal doses) at
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7a.m., 1l am., and 4 p.m. (Fig. 1). Blood samples were collected each day
at 9am, 1pm, 5p.m. 9 P-m., 1am, and 5a.m.; plasma samples were
frozen and stored ar —20 °C until assayed. Fasting blood samples from the
same subjects were obtained on a separate occasion at 8 a.m. after an over-
night fast that started at 8 p-m. the previous evening. Urines were collected
from 7 a.m. t0 7 p.m. and from 7 P-m. to 7 a.m. on the two consecutive days.
Pulse rates and arterial blood pressures were monitored in all subjects in the
supine and standing positions every 3 hours during the day, and ar 9 p-m.
and 1a.m. during the night. Plasma tyrosine was determined by the
fluorometric technique of Waalkes and Udenfriend (1957). Plasma

of the other neutral amino acids were measured using a Beckman amino
acid analyzer (Beckman Instruments, Cedar Grove, NJ) as previously
described (Fernstrom and Faller, 1978). Data were analyzed by two-way
analysis of variance and Student’s t-test.

Results

1. Plasma Tyrosine Levels

During day I, when the subjects consumed only protein-containing
meals, plasma tyrosine concentrations were highest (94—96 nmol/ml)
between 1 p.m. and 9 p-m., and lowest (70 nmol/ml) at 5 a.m. (Fig. 1).
Except at 1 a.m., al| plasma tyrosine levels were significantly higher
than the 5a.m. plasma concentration (p <0.025). During day II,
when supplemental tyrosine was corisumed in addition to the protein
meals, all plasma tyrosine levels, except at 5 a.m., were significantly
higher than the respective levels on day I (p < 0.005). Major increases
in plasma tyrosine levels on day II persisted until at least 9 p-m., or
5 hours after the last tyrosine dose. Peak levels (178 nmol/m] at 1 p.m.
and 5 p.m.) were more than double the levels observed at 5a.m.
(79 nmol/ml), and almost double the levels at comparable times on
day I.

2. Plasma Neutral Amino Acia's

On day I, the plasma concentrations of the large neutral amino
acids valine, leucine, 1soleucine, methionine, phenylalanine, and
tryptophan were al| higher at 1 p.m. than at 5 a.m. (Table 1). Levels
of the individual amino acids (Table 1) at 1 p.m. on day I were similar
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and IT and at 5 p.m. on day II; all three were significantly higher than
the fasting 5 a.m. value on day I (p < 0.005).
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Fig. 1. Diurnal variations in plasma tyrosine levels (lower part) and in the sums
of the plasma concentrations of the large neutral amino acids. valine, leucine, iso-
leucine, methionine, phenylalanine, and tryptophan (upper part) in 11 normal,
human subjects ingesting protein-containing meals alone (day I of the study) or
with tyrosine supplementation (day II of the study). Identical meals, each
containing 38 g protein, were consumed at 8 a.m., 12 noon, and 5 p.m. on the two
consecutive days of the study. On day II, tyrosine was administered orally one
hour before each meal at a dose of 33 mg/kg body weight. All amino acid levels
are expressed in nmol/ml and the vertical bars represent standard errors of the mean

3. Tyrosine Ratio

In the fasting state, the mean ratio of the plasma tyrosine con-
centration to the sum of the six other neutral amino acids at 8 a.m.
was 0.101£0.05 (mean £ S.E.M.). On day I of the study, the tyrosine
ratios at 1p.m. and at 5a.m. were 0.13 and 0.12, respectively
(Table 1), and rose significantly (p <0.001) to 0.21 at 1 p.m. and
5 p.m. on day II The increases in the tyrosine ratio on day II resulted
almost entirely from the greater rise in plasma tyrosine concentration,
reflecting tyrosine’s addition to the diet. '
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4. Clinical Signs

No significant changes were observed in blood pressure, pulse rate,
or urinary volume after tyrosine administration. There were no gastro-
intestinal complaints, nor were abnormal neurologic or psychologic
phenomena observed during this study.

Discussion

This study confirms previous reports (Wurtman, 1970; Fernstrom
et al., 1979) that plasma tyrosine levels, like those of other amino
acids, normally fluctuate during the day in response to food intake.
Thus, consumption of protein-rich meals causes daytime, postprandial
plasma amino acid levels to rise, whereas these levels generally fall
during the night, during a fast, or after low-protein, ‘high-carbo-
hydrate meals. In the present study, a diet that supplied 113 g protein/
day produced the expected elevations in plasma levels of the
neutral amino acids after meal consumption; highest plasma tyrosine
levels occurred at 1 p.m., 5 p-m., and 9 p.m.; the lowest levels occurred
at5a.m.

Ingestion of L-tyrosine one hour before each meal elevated plasma
tyrosine levels much more than did an unsupplemented protein meal.
Tyrosine is transported from blood to brain by a specific uptake
system that it shares with other neutral amino acids, including valine,
leucine, isoleucine, methionine, phenylalanine, and tryptophan (Fern-
strom and Faller, 1978). The amount of tyrosine that enters the brain
therefore depends on the ratio of tyrosine to the sum of the competing
neutral amino acids: more tyrosine enters and js available for catechol-
amine synthesis when the tyrosine ratio is high, and less enters when
the ratio is low. Repeated doses of tyrosine did not significantly alter
the normal fluctuations in the plasma levels of the other neutral amino
acids that occur during the day in response to meals. Thus, tyrosine
administration increased the plasma tyrosine ratio despite the diet-
induced increases in plasma levels of the other competing neutral
amino acids. Since the amount of tyrosine that enters the brain
depends on the plasma tyrosine ratio (Fernstrom and Faller, 1978),
‘tyrosine administration may increase brain tyrosine levels and perhaps
also catecholamine synthesis in humans consuming normal meals, as
is the case with rarts (Wurtman et al., 1974; Gibson and Wurtman,
1977; Scally et al., 1977; Gibson and Wurtman, 1978). Therefore,
tyrosine may be helpful in treating diseases, such as Parkinson’s
disease, depression, hypertension, and hyperprolactinemia, that may
involve inadequate central catecholaminergic tone.
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