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Neuroendocrine effects of L-tryptophan and dexamethasone
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Abstract. An infusion of L-tryptophan was administered
twice to five healthy male volunteers, once after pretreatment with dexamethasone 1 mg the previous evening and
once after no dexamethasone. Cortisol, prolacfin, and
growth hormone levels were measured, and the responses
to L-tryptophan were compared with those seen after an
infusion of L-threonine. L-tryptophan did not produce cortisol secretion after dexamethasone, but prolactin and
growth hormone responses were noticed. The results demonstrate a stimulatory effect of L-tryptophan on prolactin
and growth hormone secretion, and the former is facilitated
by pretreatment with dexamethasone.
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Biological studies of depressed patients have mainly focused
on two different areas of dysfunction: the monoamine neurotransmitters (Schildkraut 1965; Lapin and Oxenkrug
1969) and the hypothalamo-pituitary neuroendocrine systems (for overviews, see Carroll 1978; Weiner and Ganong
1978; Ettigi 1979). Although there is much evidence for
neurotransmitter involvement in the regulation of neuroendocrine function, the precise relationship between these two
systems in humans remains poorly defined (Smythe 1977;
Meites and Sonntag 1981).
The indoleamine serotonin appears to function as an
excitatory neurotransmitter for the secretion of prolactin
and growth hormone. Increases in the circulating levels of
these pituitary hormones have been consistently reported
after the administration of the serotonin precursors L-tryptophan or 5-hydroxytryptophan to normal controls (for
overviews, see Wirtz-Justice 1977; Charney et al. 1982). The
role of serotonin on the hypothalamo-pituitary-adrenal axis
is not clear. Circulating cortisol levels have shown variable
responses to serotonergic precursors in control subjects (Imura et al. 1973; Wirtz-Justice et al. 1976; Woolf and Lee
1976; Hyppfi/i et al. 1979).
The present investigation was conducted to further examine the role of serotonin in the regulation of neuroendocrine systems. We administered L-tryptophan to healthy
subjects and compared the hormonal responses to those
seen after L-threonine. L-Threonine is not a neurotransmitter precursor, although an interactive effect on L-tryptoOffprint requests to: L. Tr/iskman-Bendz, Department of Psychiatry, Karolinska Hospital, S-10401 Stockholm, Sweden

phan transport across the blood-brain barrier has been
demonstrated (Oldendorf and Szabo 1976; Yuwiler et al.
1977; Pratt 1979). This may reduce the serotonin synthesis.
We also examined the effect of a single dose of dexamethasone on the hormonal response to L-tryptophan.
Materials and methods
This study was performed with five healthy male volunteers,
aged 19-33 years, who gave informed consent, were medication-free and had no history of significant physical or psychiatric illness. Each subject was admitted on three occasions to the Clinical Research Center at the University of
Michigan. Subjects arrived during the evening, and fasted
and remained supine after midnight. At 7:30 a.m. an IV
catheter was inserted and kept patent with heparinized saline. L-Tryptophan 5 g or 2.9 g L-threonine (equimolar dosage) was diluted in 0.45% normal saline with 50% N a O H
added to bring the solution to pH 7.4 (see Charney et at.
1982). The infusion began at 9:30 a.m. and was administered over 20 rain.
At the first two admissions each subject received dexamethasone 1 mg at 11:30 p.m., 10 h prior to the infusion
of either L-tryptophan or L-threonine in a randomly assigned double-blind design. During the third admission pretreatment with dexamethasone was omitted and all subjects
received L-tryptophan. The mean interval between the admissions was 13.6 days (range 6-35) and 29.4 days (range
14~44), respectively. Blood samples were drawn at - 3 0 ,
0, +40, +50, +60, +90, +120, +180 rain, where 0 denotes the start of the infusion. All plasma samples from a
single subject were analyzed in the same assay.
Plasma prolactin was measured by an established double antibody radioimmunoassay technique (Sinha et al.
1973). The antibody and primary standard were kindly donated by the N I H National Pituitary Agency and prepared
by Dr AF Parlow of Harbour General Hospital, Torrance,
California. The assay sensitivity range was 0.5-200.0 ng/ml.
Total plasma corticoids (" cortisol") were measured by the
transcortin method of Murphy (1967). Growth hormone
measurement utilized a radioimmunoassay supplied by Serono.

Blood pressure and heart rate were recorded every
10 min. Each subject recorded their experience of specific
symptoms on 100 mm line visual analogue scales. The
symptoms were: mood, pain, inner tension, drowsy/alert,
nausea, irritability, strange feeling (to be specified).
Changes in circulating levels of hormones over time
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were examined with a repeated measures analysis of variance (ANOVA) that included all time-points of the volunteers' data. We performed two separate analyses of the data.
The effect of an L-tryptophan infusion after dexamethasone
pretreatment was compared with an infusion of L-threonine
under similar conditions. This utilized the mean plasma
hormone levels as the repeated measure and the infused
amino acid as the grouping factor. The effect of dexamethasone pretreatment on the hormonal response to an infusion
of L-tryptophan was examined using the mean plasma hormone levels as the repeated measure, with the presence or
absence of dexamethasone pretreatment as the grouping
factor.
Results

Figures 1-3 show the mean values for plasma cortisol prolactin, and growth hormone associated with each of the
three infusions.
The plasma prolactin level showed a significant main
effect for time in both analyses (L-tryptophan, L-threonine;
F= 2.56, df= 6,24, P = 0.046; dexamethasone, no dexamethasone; F = 4.58, df= 6.24, P = 0.003). Although the group
effect was not significant (F=4.88, df= 1,4, NS; F=3.88,
df= 1,4, NS, respectively), the amino acid by time interaction was significant (F= 5.05, df= 6,24, P = 0.002) and reflects the different response of plasma prolactin levels after
L-tryptophan compared with L-threonine. The dexamethasone pretreatment by time interaction was not significant,
suggesting that dexamethasone did not significantly alter
the pattern of prolactin response to L-tryptophan.
Analyses of the mean plasma cortisol levels after the
infusions revealed no significant time or group effect, suggesting that this hormone did not respond consistently to
either amino acid. The response to L-tryptophan was also
unchanged by pretreatment with dexamethasone.
Although the analysis of mean growth hormone levels
after L-tryptophan and L-threonine did not reveal a significant time or group effect, the amino axid X time interaction
was highly significant (F= 4.86, df= 6,24, P = 0.002). There

was no significant effect of dexamethasone pretreatment,
and although the time effect was highly significant ( F = 9.50,
df--6,24, P=0.000), the dexamethasone pretreatment by
time interaction was not significant.
The individual baseline and peak-levels of prolactin and
growth hormone are shown in Figs. 4 and 5. These figures
also demonstrate that four of five subjects had the following
response patterns for prolactin: no response after L-threonine, but an increase after L-tryptophan, which was enhanced by dexamethasone pretreatment the previous evening.

Side-effects. No symptoms were reported after L-threonine.
The most common symptoms associated with the L-tryptophan infusion were drowsiness, irritability and strange feelings, described as "lightheadedness", "dizziness", "lousiness", "tipsy, like after a couple of drinks" and "numbness
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Fig. 1. Effect of IV L-tryptophan or L-threonine with previous dosage of dexamethasone or L-tryptophan alone on cortisol. Each
point represents mean _+SE
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Fig. 3. Effect of IV L-tryptophan or L-threonine with previous dosage of dexamethasone or L-tryptophan alone on growth hormone.
Each point represents mean _+SE
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Fig. 4. Levels of prolactin before (B) and after
[peak level, (P)], IV administration of amino acid
with or without previous dexamethasone in each
individual (I-V)
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above eyebrows". The subject who complained of the most
side-effects also had the most prominent neuroendocrinological responses. In four out of five subjects the maximum
severity of side-effects occurred between 15 and 30 rain after
the start of the 5-tryptophan infusion, and they all preceded
the peak effects of hormones by 25.6_+ 10.2 rain.
The vital signs were stable before, during and 1 h after
the infusions.
Discussion

The findings in this study indicate that L-tryptophan stimulates the secretion of growth hormone and prolactin, but
not cortisol, both with and without a previous dosage of
dexamethasone. Other studies with L-tryptophan given IV
to healthy subjects have shown similar increases of prolactin
and growth hormone (MacIndoe and Turkington 1973;
Charney et al. 1982; Heninger et al. 1984). Cortisol was
measured in only one study during L-tryptophan infusion
(Woolf and Lee 1976), and decreased levels were reported.
L-Tryptophan is almost exclusively metabolized in the
serotonergic nerve-ending, which selectively contains tryp-
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Fig. 5. Levels of growth hormone before (B) and
after [peak level, (P)], IV administration of amino
acid with or without previous dexamethasone in
each individual (I-V)

tophan hydroxylase (Moir and Eccleston 1968; Aghajanian
and Asher 1971 ; Fuxe et al. 1971). Therefore, the endocrine
responses that were observed in our study may have resulted from either the direct action of L-tryptophan or increased levels of its metabolite serotonin. It is also possible
that the glucocorticoid dexamethasone exerts its facilitatory
effects on the prolactin and growth-hormone systems via
changes in serotonergic functioning. Millard et al. (1972)
reported that IV administration of L-tryptophan to rats produced an increase in cerebral serotonin levels, and this increase was doubled by prior administration of corticosterone. Banki et al. (1983) found increased levels of the serotonin-metabolite 5-hydroxyindoleacetic acid (5-HIAA) in
cerebrospinal fluid after dexamethasone in a group of psychiatric patients. Similarly, Rothschild et al. (1985) reported
increased serotonin and 5-HIAA levels in the hypothalamus
of rats after one dosage of dexamethasone IP.
The mechanism by which prior administration of dexamethasone enhances prolactin and growth hormone responses to L-tryptophan may be similar to the observed
increase in the prolactin-response to a single dosage of haloperiodol after dexamethasone-pretreatment (Aylsworth
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et al. 1980). A l t h o u g h the enhancing effect o f dexamethasone could be the result of additional d o p a m i n e blockade,
this p h e n o m e n o n would also be consistent with a serotonergic effect of dexamethasone. By comparison, prolactin and
A C T H - r e s p o n s e s to m o r p h i n e and T R H (Rossier et al.
1980; Steger et al. 1981), and stress-induced alterations in
prolactin, A C T H and cortisol following insulin (Copinschi
e t a l . 1975) or foot-shocks (Rossier e t a l . 1980), were
blunted or unchanged by dexamethasone pretreatment.
The design o f this study does not permit us to exclude
an order effect with the reduction of prolactin response
to the infusion resulting from increased familiarity with the
procedure. There is, however, no significant difference between trials in the preinfusion levels o f prolactin.
In conclusion, our study supports the involvement o f
the serotonergic system in the regulation o f prolactin and
g r o w t h - h o r m o n e secretion, a n d suggests that elevated glucocorticoid levels can enhance this stimulatory input.
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