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Abstract. Doses of 5.0, 7.5 and 10.0 g n-tryptophan, the 
amino acid precursor of serotonin, or saline alone were 
administered by IV infusion to a group of 11 healthy male 
subjects, and both hormonal and behavioral responses were 
monitored. Significant increases were observed in plasma 
concentrations of growth hormone and prolactin after all 
three doses of L-tryptophan, but not after saline infusion. 
No alterations in cortisol or thryotropin were noted at any 
level. Examination of behavioral effects of I,-tryptophan 
revealed a dose-dependent impairment in performance on 
the symbol copying test. In addition, L-tryptophan pro- 
duced significant effects on mental and physical sedation, 
but did not alter subjective ratings of tranquilization. In 
agreement with some prior reports, these observations sup- 
port the ability of e-tryptophan, when administered IV in 
high doses, to produce pronounced effects on the central 
nervous system in humans, and suggest the potential utility 
of this paradigm as a neuroendocrine challenge test. 
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Current concepts of the biochemical bases of affective dis- 
orders have been focused to a considerable extent on alter- 
ations in central monoaminergic systems. Earlier pharma- 
cological studies of the mechanism of action of the tricyclic 
antidepressant drugs and monoamine oxidase inhibitors 
suggested that these compounds produce their therapeutic 
effects by enhancing transmission in norepinephrine 
(Schildkraut 1965; Bunney et al. 1965) or serotonin (Cop- 
pen 1967; Lapin and Oxenkrug 1969; van Praag 1974) path- 
ways. More recent studies employing chronic administra- 
tion of antidepressant compounds have suggested that 
monoaminergic systems undergo compensatory alterations 
in response to presynaptic blockade of neurotransmitter up- 
take. These compensatory changes have been shown to oc- 
cur both presynaptically (e.g., decreased tyrosine hydroxy- 
lase activity in noradrenergic neurons) (Segal et al. 1974) 
and postsynaptically (e.g., decreased receptor number fol- 
lowing chronic treatment with antidepressant compounds) 
(Bergstrom and Kellar 1979; Savage et al. 1980; Peroutka 
and Snyder 1980). Clarification of the relevance of these 
neurochemical mechanisms to the clinical course of drug 
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therapy will depend upon the development of reliable mea- 
sures of brain monoaminergic function in humans. 

Clinical studies of serotonergic activity in depression 
have involved measurement of concentrations of serotonin, 
its precursor tryptophan and its metabolite 5-hydroxyindo- 
leacetic acid in spinal fluid, plasma, urine and brain tissue 
obtained at autopsy (Ashcroft et al. 1966; van Praag et al. 
1970; Coppen et al. 1973; Strom-Olsen and Weil-Malherbe 
1958; Pare and Sandler 1959). All such measures, however, 
share the same limitations, i.e., they do not directly reflect 
serotonin activity in the central nervous system (CNS). The 
development of reliable methods to assess the functional 
activity of central serotonergic systems in humans would 
be of value in clarifying the involvement of this neurotrans- 
mitter in affective disorders. Moreover, such methods 
would provide a means to assess the effects of antidepres- 
sant drugs on the responsiveness of CNS serotonergic sys- 
tems. 

A substantial body of data supports a role for serotonin 
in neuroendocrine regulation (Anton-Tay and Wurtman 
1971). For example, tryptophan and 5-hydroxytryptophan 
(5-HTP), precursors of serotonin biosynthesis, have been 
administered in clinical studies to stimulate hormone secre- 
tion. Some studies have reported increased concentrations 
of prolactin (PRL), growth hormone (GH), adrenocortico- 
tropin (ACTH) and cortisol after the administration of ser- 
otonin precursors (MacIndoe and Turkington 1973; Kato 
et al. 1974; Lancranj an et al. 1977 ; Wirz-Justice et al. 1976; 
Mueller et al. 1974; Woolf and Lee 1976; Fraser et al. 1979; 
Imura et al. 1973; Modlinger et al. 1980; Meltzer et al. 
1984), but these findings have not been consistently repli- 
cated (Smythe et al. 1976; Faber et al. 1977; Glass et al. 
1980; Handwerger et al. 1975 ; Westenberg et al. 1982; Lal 
et al. 1980). Although the majority of the studies cited are 
well-designed and controlled, variations in experimental 
conditions make comparison of the results obtained ex- 
tremely difficult. These conditions include precursor type, 
dose, route of administration, frequency and duration of 
blood sampling, hormones evaluated and sex distribution 
of subjects. 

L-Tryptophan is of potential value as a neuroendocrine 
provocative agent because it is selectively taken up and 
converted to serotonin in serotonergic neurons. Because 
tryptophan hydroxylase, the rate-limiting enzyme in the 
biosynthesis of serotonin, has a low affinity for its substrate, 
addition of tryptophan through dietary or pharmacological 
means can lead to increases in brain serotonin concentra- 
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tion (Fernstrom and Wurtman 1971, 1972). Another widely 
used serotonin precursor, 5-HTP lacks the specificity of 
tryptophan for serotonergic neurons, since it can be con- 
verted to serotonin in catecholamine neurons by the enzyme 
L-aromatic amino acid decarboxylase (Fuxe et al. 1971). 
Plasma free tryptophan concentrations correlate signifi- 
cantly with both lumbar and ventricular cerebrospinal fluid 
tryptophan (Curzon et al. 1980). Moreover, following IV 
administration of tryptophan prior to subcaudate tracto- 
tomy, a strong correlation was demonstrated between plas- 
ma free tryptophan and cerebral cortical tissue tryptophan 
(Gillman et al. 1980). While there is evidence from preclini- 
cal studies that plasma tryptophan correlates with brain 
serotonin concentration (Fernstrom and Wurtman 1971), 
this relationship remains to be established in humans. 

Administration of tryptophan by IV infusion avoids dif- 
ficulties with unreliable gastric absorption and variable 
first-pass hepatic metabolism. Thus, this approach might 
allow standardization of a procedure which could help to 
clarify inconsistencies in the literature on tryptophan as 
a neuroendocrine provocative agent. Recently, Charney 
et al. (1982) and Heninger et al. (1984) observed prolactin 
and growth hormone responses to IV administration of 
tryptophan (7 g). We now report further data on the neuro- 
endocrine and behavioral effects of IV tryptophan, includ- 
ing a description of the dose-response characteristics. 

Methods 

Subjects. We studied 11 healthy male subjects ranging in 
age from 22 to 31 years, with a mean age of 27.4-t-1.3 
(SEM) years. The subjects' weights were within 10% of 
ideal body weight in all cases (range: 63.6-87.3 kg, mean 
weight: 75.3 + 3.5 kg). All subjects were in good health, not 
using any medication and were completely drug-free for 
at least 7 days prior to the start of the study. They were 
without personal or family history of psychiatric illness. 
All subjects freely participated after full informed consent 
was obtained. 

Procedures. For each subject, tryptophan or saline infusion 
was performed on four occasions, with at least a 7-day 
interval between each test. The studies were carried out 
at the Clinical Research Center of the Hospital of the Uni- 
versity of Pennsylvania. At 08.00 hours, after an overnight 
fast, the subjects were placed recumbant in bed, and a 19- 
gauge butterfly IV catheter connected to two 3-way stop- 
cocks in series was inserted under sterile conditions into 
an antecubital vein. An infusion of normal saline, at a rate 
sufficient to keep the vein open, was started immediately. 
Three blood samples (12 ml each) were obtained at 15-min 
intervals to determine basal concentrations of prolactin, 
growth hormone, cortisol and thyrotropin (TSH). 

L-Tryptophan was obtained in powdered form, and so- 
lutions were formulated, sterilized by milipore filtration and 
tested for pyrogenicity by the Hospital Pharmacy Service. 
Preliminary studies carried out in four subjects indicated 
that tryptophan infusions of 1.25 and 2.5 g were ineffective 
in stimulating hormone secretion. Therefore, in the present 
study, we employed doses of 5.0 g (dissolved in 500 ml nor- 
mal saline), 7.5 g (in 1 1) and 10.0 g (in 1 1). Four trials 
were carried out in the following order: tryptophan 5.0 g, 
7.5 g, 10.0 g, and normal saline (1 1). Subjects were aware 
of the substance being infused for each trial. Infusion of 

5.0 g and 10.0 g took approximately 30 rain. Blood samples 
were collected at 15, 30, 45, 60, 75, 90, 105 and 120 rain 
after the start of an infusion. The use of the two 3-way 
stopcocks allowed the tryptophan or saline infusion to be 
stopped briefly during collection of the 15- and 30-min sam- 
ples. 

Hormone assay. PRL, GH and TSH concentrations were 
determined by means of double antibody radioimmunoas- 
say techniques, and cortisol by means of a single antibody 
radioimmunoassay technique, as described previously 
(Winokur et al. 1982). All samples from all four trials for 
a single subject were analyzed in duplicate in the same as- 
say. 

Behavioral measurements. Estimates of changes in the sub- 
jects' emotional state during the various infusions were re- 
corded using a series of 100 mm line tests composed of 
16 items (Norris 1971). To facilitate data analysis, the 16 in- 
dividual items were grouped into four categories: mental 
sedation (alert-drowsy, clear headed-fuzzy, quick witted- 
mentally slow, attentive-dreamy) ; physical sedation 
(strong-feeble, well coordinated-clumsy, energetic-lazy, ca- 
pable-incompetent) ; tranquilization (calm-exited, con- 
tented-discontented, peaceful-agitated, relaxed-tense); and 
other (happy-sad, amicable-antagonistic, interested-bored, 
talkative-withdrawn). In addition, all subjects were admin- 
istered the digit-symbol substitution test (DSST) and the 
symbol copying test at repeated intervals. The DSST re- 
quired subjects to draw a symbol beneath a sample digit 
that corresponds to a code of associated symbols and digits 
at the top of the test form. The test is part of the Wechsler 
Adult Intelligence Scale (Wechsler 1955), except that the 
code was changed each time that the test was administered, 
and was a measure of a combination of information pro- 
cessing, scanning ability, and motor speed. The test was 
scored as the number of correct items completed in 90 s. 
The symbol copying test required subjects to copy the sym- 
bols used in the DSST. The test was scored as the number 
of items completed in 90 s. All three tests were administered 
at three time points (5 rain before, 20 rain after and 115 rain 
after the start of an infusion) during each trial. An addition- 
al test trial was carried out 25 rain before the start of the 
first (5.0 g) infusion. 

Data analysis. The term "basa l"  is used to refer to the 
hormonal concentration at 0 rain, immediately before the 
start of a tryptophan or a saline infusion. The symbol A 
(as in A GH) indicates the maximum increase above the 
basal value. Variations in hormone concentrations caused 
by tryptophan were examined over time by analysis of vari- 
ance, and each individual time point was compared with 
basal values using Dunnett 's test (Dunnett 1955). Changes 
in performance on the DSST and symbol copying test were 
also examined using analysis of variance. Data obtained 
from the analog mood scales were analyzed using the 
Mann-Whitney nonparametric test. 

Results 

Basal hormone concentrations. Serum concentrations of 
PRL, GH and cortisol at time 0 (immediately before the 
start of tryptophan or saline infusion) for each of the four 
trials are presented in Table 1. Mean basal cortisol levels 



Table 1. Basal hormone concentrations" 

Tryptophan 

Saline 5 g 7.5 g 10.0 g 
A 

t -  

C 

*6 
2 

Growth hormone b 1.8__0.2 1.9_+0.2 2.3+_0.6 2.5_+0.4 
Prolactin u 8.8+1.5 8.4_+1.4 9.5_+1.6 8.6_+1.2 
Cortisol ~ 11.6±1.5 17.8_+2.3 13.0_+1.2 12.1_+1.8 
TSH b 2.2-+0.1 2.2_+0A 2.2_+0.1 2.3_+0.2 

" Values represent the mean hormone concentration prior to the 
infusion of each dose of tryptophan or saline_+SEM, The 
number of subjects examined was 11, except for TSH, where 
N=6  

b Values do not differ significantly from each other according to 
analysis of variance, P >  0.05 
Values differ significantly according to analysis of variance, 
F(3.30)= >0.22, P<0.00t  
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Fig. l. Dose-effect curve for the release of growth hormone follow- 
ing the IV infusion of L-tryptophan. Subjects (N= 11) were accli- 
mated to the hospital bed for 30 min. L-Tryptophan or saline 
(0.9%) was then infused over a 21~25 min period starting at 
Time 0. Plasma samples were obtained every 15 rain for measure- 
ment of growth hormone concentration 

were significantly higher before infusion of  t ryp tophan  
(7.5 g) than for any of  the other three trials. N o  differences 
were observed across the four sessions for basal  concentra-  
tions of  P R L  or GH.  TSH concentrat ions at  t ime 0 were 
generally close to or at the limit of  detection for the assay 
for all trials (data  not  shown). 

Hormone response to infusion with tryptophan or saline. Infu- 
sion of  L- t ryptophan at doses of  5.0, 7.5 or 10.0 g produced 
significant increases in G H  concentra t ion;  whereas no 
change in G H  levels was observed after saline infusion 
(Fig. 1). The peak p lasma concentrat ions of  G H  were 
reached approximate ly  60 rain after the start  of  the t rypto-  
phan  infusion. G H  levels were elevated significantly above 
preinfusion basal  values between 45 and 75 min following 
the adminis t ra t ion of  t ryp tophan  (5.0 g), and between 45 
and 105 rain following adminis t ra t ion of  t ryp tophan  (7.5 
and 10.0 g). Examinat ion  of  the max imum G H  response 
(A GH)  revealed increasing response values between 5.0 and 
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Fig. 2. Dose-effect curve for the release of prolactin following the 
intravenous infusion of L-tryptophan. See Fig. 1 for further details 
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Fig. 3. Peak response of growth hormone and prolactin to infusion 
of L-tryptophan. The peak response for each subject was defined 
as the largest increase in hormone concentration above baseline 
values following infusion. The values represent hormone concen- 
tration with vertical lines indicating SEM 

10.0 g. However,  the difference in A G H  between the 7.5 g 
and 10.0 g trials was not  statistically significant. Using an 
arbi t rary  cut-off  value of  A G H >  5.0 ng/ml to define a re- 
sponse, eight subjects (73%) showed a G H  response to tryp- 
tophan (5.0 g), nine subjects (82%) responded to a dose 
of  7.5 g and ten subjects (91%) responded to a dose of  
10.0 g. One subject (9%) showed a A G H  of  >5 .0  ng/ml 
during saline infusion. 

Significant increases in PRL levels were observed after 
all three doses of  L-tryptophan,  but  not  after saline infusion 
(Fig. 2). The peak P R L  response appeared at approximate ly  
45 min after the start  of the t ryp tophan  infusion, somewhat  
earlier than the peak G H  response. PRL levels were signifi- 
cantly elevated above basal  concentrat ions at  45 rain with 
5.0 g t ryptophan,  between 30 and 75 min following 7.5 g, 
and between 30 and 90 rain after the 10.0 g dose. Examina-  
tion of  A PRL after the three doses revealed a strong dose- 
response relationship (Fig. 3). Using a A PRL_> 5.0 ng/ml, 
two subjects (18%) responded to a dose of  5.0 g, six subjects 
(55%) responded to a dose of  7.5 g, and ten subjects (91%) 
responded to 10.0 g. No  subject had a APRL_>5.0 ng/ml 
during saline infusion. 
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Fig. 4. Effect of the infusion of L-tryptophan on performance on the symbol copying test (Panel A) and the digit-symbol substitution 
test (DSST, Panel B). The two psychomotor tests were administered at three intervals: 1) at baseline just prior to infusion; 2) 20 min 
after infusion; and 3) 115 min after infusion. The values shown represent the mean net change from the baseline score determined 
for that particular dose of 5-tryptophan. Asterisk indicates that the value differs significantly from that obtained following the administra- 
tion of saline according to Student's t-test (*P < 0.05; **P < 0.01). The overall baseline value for symbol copying was 140.6 +_ 8.2 items/90 s 
(X_+SEM) and did not differ significantly between test sessions (P>0.05). The overall baseline value for the DSST was 62.0+3.8 
and did not differ significantly between test sessions (P > 0.05) 
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Fig. 5. Effect of the infusion of 
L-tryptophan on subjective 
ratings of mental sedation 
(Panel A) and physical sedation 
(Panel B). The administration of 
the tests is described in the 
legend of Fig. 4. The values 
shown represent the mean scale 
value (mm) far each dose of L- 
tryptophan. The asterisk 
indicates that the value differs 
significantly from that measured 
following saline administration 
according to Student's t-test 
(*P < 0.05 ; **P < 0.01) 

Cortisol  and TSH serum levels were moni tored  during 
the course of  the four trials. No  significant changes in plas- 
ma concentrat ion were measured for either hormone  at any 
time following the infusion of  t ryp tophan  (data  not  shown). 
Consistent with its known diurnal  pat tern  of  secretion 
(Weitzman et al. 1971), cortisol levels tended to decline dur-  
ing the course of  the t ryp tophan  and saline infusions. 

Performance tests and subjective mood states. The effect of  
L-tryptophan infusion on scores of  the two performance 
tests, the symbol copying test and the digit-symbol substitu- 
t ion test (DSST), are shown in Fig. 4. Tryp tophan  produced 

a dose-dependent  impairment  in performance on the sym- 
bol copying test when measured 30 min after the start  of  
the infusion. The greatest impairment  of  symbol copying 
was produced by 10 g t ryptophan,  persisting 90 min after 
the infusion. In contrast,  performance on the DSST was 
generally not  significantly changed by t ryptophan,  except 
with 7.5 g t ryp tophan  measured 30 min after the infusion. 

The subjective mood  states repor ted by the subjects on 
analogue rat ing scales were quite sensitive to change follow- 
ing the adminis t ra t ion of  t ryptophan.  All three doses of  
t ryp tophan  produced significant increases in ratings of  
mental  sedation at 30 min (Fig. 5). Significant effects on 
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mental sedation were observed at 105 min after 7.5 and 
10.0 g tryptophan. Symptoms of physical sedation were also 
reported to be increased significantly following administra- 
tion of all doses of tryptophan at 30 min. Effects of physical 
sedation persisted until 105 min following 7.5 and 10.0 g 
tryptophan. No significant changes on tranquilization were 
noted after the administration of tryptophan. 

Side effects. No persistent side effects or untoward reactions 
were observed after any dose of L-tryptophan. Reports of 
sleepiness and lightheadedness were observed at all doses. 
At 10.0 g, five subjects felt queasy, with two subjects experi- 
encing nausea. This side effect occurred infrequently at 
lower doses of tryptophan. Three subjects also reported 
tingling sensations in their arms and hands at 10.0 g. 

Discussion 

Infusion of L-tryptophan in doses of 5.0, 7.5 and 10.0 g 
resulted in significant increases in plasma concentrations 
of G H  and PRL. Doses lower than 5.0 g were ineffective 
in stimulating hormone response, suggesting that a thresh- 
old concentration is necessary in order to obtain demonstra- 
ble effects. A linear dose-response relationship was ob- 
served for A PRL between 5.0 and 10.0 g L-tryptophan, with 
no diminishing efficacy at the maximum dose employed 
in the present study. In contrast, A G H  increased signifi- 
cantly between the 5.0 and 7.5 g doses, but showed only 
a modest additional increment, which did not reach statisti- 
cal significance, after 10.0 g tryptophan. In contrast to the 
stimulaltion of G H  and PRL, L-tryptophan produced no 
increase in the concentrations of cortisol and TSH with 
any of the doses employed in this study. This observation 
lends support to the specific nature of the PRL and G H  
responses to tryptophan, since cortisol is highly responsive 
to a variety of stimuli and stressful conditions (Mason 
1968). 

The results of the present study are in substantial agree- 
ment with the previous reports of Charney et al. (•982) 
and of Heninger et al. (•984). Charney et al. (•982) infused 
tryptophan (7.0 g) to ten subjects and observed significant 
increases in plasma concentrations of both PRL and GH. 
PRL responses ( > 4  ng/ml above baseline) were observed 
in all ten subjects, whereas only six subjects had significant 
G H  responses. Heninger et al. (•984) employed a similar 
protocol, with infusion of tryptophan (7.0 g) to 12 female 
and seven male control subjects. Significant elevations in 
PRL after tryptophan were observed in both male and fe- 
male groups, although females demonstrated a larger 
APRL. In the study of Heninger et al. (•984), depressed 
patients showed a lower PRL response to tryptophan than 
did sex-matched controls. 

Previous inconsistent findings regarding the ability of 
L-tryptophan to stimulate hormonal secretion may be at- 
tributable to differences in such factors as dose, route of 
administration, nutritional status, sex and age. Utilization 
of the IV route of administration for L-tryptophan, which 
avoids the first-pass effect, may enhance the likelihood of 
obtaining significant activation of CNS serotonergic mech- 
anisms. The consistency of the results observed by Charney 
et al. (•982), Heninger (•984) and our own group support 
the potential utility of IV L-tryptophan as a neuroendocrine 
stimulation test. 

The lack of cortisol response to tryptophan infusion 
in the present study is in contrast to several preclinical and 
clinical studies demonstrating that stimulation of serotoner- 
gic systems results in increased cortisol secretion. Recently, 
Meltzer et al. (•984) reported that administration of 5-HTP 
(200 mg) produced a larger cortisol response in depressed, 
manic and schizoaffective patients than in healthy volun- 
teers. Interestingly, the magnitude of the cortisol response 
to 5-HTP in the control group was small, and not statisti- 
cally different than that observed after placebo administra- 
tion. Thus, administration of precursors of serotonin bio- 
synthesis (either tryptophan or 5-HTP) may produce lim- 
ited or no change in cortisol secretion in healthy subjects, 
at least in the doses employed in the present studies. Cor- 
tisol responses to 5-HTP in depression may reflect alter- 
ations in CNS serotonergic activity, leading to enhanced 
responsiveness of 5-HT receptors. Further studies are 
needed to examine the cortisol response to serotonergic 
stimulants in both normal subjects and depressed patients. 

Behavioral changes were observed after all three doses 
of tryptophan, with increases in symtoms related to mental 
sedation and physical sedation. The effects were of short 
duration after 5.0 g, but were still readily apparent 105 min 
after administration of the 7.5 and 10.0 g doses. In observ- 
ing the subjects during the course of the trials, two phases 
of sedation were noted with the 10.0 g infusion. Pronounced 
feelings of sedation occurred in most subjects during the 
second half of the infusion (i.e., 15 30 min after the start 
of infusion). These symptoms diminished soon after the 
infusion was completed, and most subjects reported feeling 
more alert and clear-headed for the next 60 rain. However, 
a second phase of sedation occurred at about 90 rain after 
the initiation of tryptophan infusion. Several subjects re- 
ported feeling significantly drowsy and fatigued for several 
hours after the termination of the infusion. 

Greenwood et al. (•974) examined the effects of IV L- 
tryptophan infusion (100 mg/kg delivered over a 3-h period) 
on a number of behavioral parameters. A pronounced in- 
crease in symptoms related to drowsiness and fatigue was 
observed, but minimal alterations in other aspects of mood 
state were noted. Charney et al. (•982) reported significant 
behavioral effects after the administration of tryptophan 
(7.0 g, IV). Nine of ten subjects reported a substantial in- 
crease in drowsiness, and six subjects reported a sense of 
feeling mellow and high. While sedation was clearly evident 
in the majority of our subjects, reports of enhanced mood 
state or feeling mellow were rare. Behavioral effects in the 
study of Charney et al. (1982) were observed under double- 
blind conditions; whereas our own observations were made 
under open conditions. 

Performance on the DSST required the combined skills 
of symbol encoding, visual scanning ability and motor 
speed. The accompanying symbol copying test requires per- 
sistent motor performance that must be sustained for the 
entire 90-s testing period. The significant impairments in 
symbol copying ability, without concomitant reductions in 
DSST performance, suggest that the ability of subjects to 
sustain a high rate of motor performance over time was 
impaired by tryptophan, although their cognitive abilities 
remained intact. Furthermore, the dose-dependent relation- 
ship of symbol copying behavior and subjective reports of 
sedation suggest that objective performance tests may pro- 
vide a useful direct measure of the pharmacological effects 
produced by serotonin precursors in humans. The assess- 
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ment  of  the behavioral  effects of  t ryp tophan  in depressed 
patients may be especially interesting, in view of  changes 
in the behavioral  effects of  serotonin agonists in animals 
produced by the chronic adminis t ra t ion of  ant idepressant  
drugs (Lucki and Frazer  1985). 

The results from the present study, in conjunct ion with 
several previous reports (Charney et al. 1982; Charney et al. 
1984; Heninger et al. 1984) suggest that  the IV adminis tra-  
tion of  large doses of  L- t ryptophan can be of  value as a 
provocat ive neuroendocrine challenge test. In light of  the 
interest in altered serotonergic mechanisms in depression, 
this test might be of  value of  studies of  patients with affec- 
tive disorders. Indeed, reports utilizing this strategy with 
depressed patients have already appeared  (Charney et al. 
1984; Heninger et al. 1984). I t  must  be noted that  the stimu- 
lat ion of  G H  and PRL secretion by adminis t ra t ion of  L- 
t ryptophan has not  been established to occur through acti- 
vat ion of  CNS serotonergic mechanisms. As has been em- 
phasized by other investigators (van Praag 1978; Charney 
et al. 1982; Meltzer et al. 1982; Heninger et al. 1984), tryp- 
tophan might  influence hormone  secretion as a consequence 
of  peripheral  effects or of  effects mediated centrally through 
other neurotransmit ter  systems. Fur ther  studies are needed 
to standardize the L-t ryptophan st imulat ion test, to com- 
pare the effects of  L- t ryptophan on hormonal  secretion with 
those of  serotonin receptor agonists, and to demonstra te  
blockade of  t ryptophan- induced hormone  secretion by ser- 
otonin receptor blocking agents. 
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