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Mood Response to Acute Tryptophan 
Depletion in Healthy Volunteers: Sex 
Differences and Temporal Stability 
Mark A. Ellenbogen, B.A., Simon N. Young, Ph.D., Peggy Dean, R.N., Roberta M. Palmour, Ph.D., 
and Chawki Benkeljat M.D. 

We investigated (1) the mood response of normal women, 
without a family history of major affective disorder, to acute 
tryptophan depletion, and (2) the temporal stability of the 
mood change, within subjects, when rechallenged at least 1 
month later. To deplete tryptophan, a tryptophan deficient 
amino acid mixture was ingested. The control treatment 
was a nutritionally balanced amino acid mixture containing 
tryptophan. A marked lowering of plasma tryptophan (80% 
to 90%) was achieved by both depletions. Compared to the 
balanced condition, the women exhibited a significant 
lowering of mood after the first tryptophan depletion on the 
elation-depression (p < .05), energetic-tired (p < .005), 
confident-unsure (p < .01), and clearheaded-confused (p < 
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Acute tryptophan depletion (ATD) is a research strat
egy that reduces the availability of the serotonin precur
sor tryptophan and thus provides a tool for studying 
the behavioral consequences of low brain serotonin in 
humans. To accomplish this end, subjects are given a 
mixture of amino acids devoid of tryptophan. Protein 
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.01) scales of the bipolar profile of mood states. Whereas a 
lowering of mood was not found in a comparable sample of 
males studied earlier, these results were similar to those 
obtained in healthy males at genetic risk for major affective 
disorder (MAD). Inasmuch as a family history of MAD and 
female sex are predisposing factors to depression, these 
results suggest that a mood-lowering response to acute 
tryptophan depletion may occur preferentially in subjects 
with a susceptibility to lowered mood. However, the mood 
response to tryptophan depletion exhibited poor temporal 
stability in individual subjects. © 1996 American 
College of Neuropsychopharmacology 
[Neuropsychopharmacology 15:465-474, 1996] 

synthesis is enhanced, and the resulting incorporation 
of tryptophan into protein leads to a rapid (5 hours) and 
substantial (80% to 90%) lowering of tryptophan in 
plasma and tissues (Moja et al. 1984; Young et al. 1985; 
Delgado et al. 1990; Benkelfat et al. 1994). As tryp
tophan hydroxylase, the rate-limiting enzyme for sero
tonin synthesis, is normally about half-saturated in hu
man brain (Young and Gauthier 1981 ), this decline in 
tryptophan availability is thought to reduce the rate of 
serotonin synthesis in the brain. The advantage of this 
technique is that any resulting change in mood or be
havior is likely to be a consequence of the effects of the 
tryptophan-deficient amino acid mixture, and thereby 
believed to result from a lowering of central nervous 
system (CNS) serotonin. The disadvantages are that the 
effects of ATD on human brain serotonin synthesis have 
not yet been demonstrated and that the behavioral ef
fects of ATD may be related in part to alterations in the 

0893-133X/96/$15.00 
PII S0893-133X(96)00056-2 



466 M.A. Ellenbogen et al. 

brain of the levels of other potentially psychoactive me
tabolites of tryptophan, such as tryptamine, melatonin, 
quinolinic acid, kynurenic acid, or even to alterations in 
brain protein synthesis. 

In studies of normal male volunteers, ATD results in 
a significant lowering of mood in some subject groups 
(Young et al. 1985; Smith et al. 1987; Cleare and Bond 
1995), but not in others (Danjou et al. 1990; Abbott et al. 
1992; Benkelfat et al. 1994). This discrepancy may be 
due to differences in the baseline mood state between 
studies; earlier studies finding a mood-lowering effect 
of tryptophan depletion used subjects with mean base
line depression scores in the upper end of the normal 
range (Young et al. 1985; Smith et al. 1987; Cleare and 
Bond, 1995), whereas the recent negative findings, char
acterized by more rigorous screening, were obtained in 
fully euthymic subjects (Danjou et al. 1990; Abbott et al. 
1992; Benkelfat et al. 1994). Recently, we showed that 
ATD significantly lowered mood in normal male sub
jects who had an extensive family history of MAD (Ben
kelfat et al. 1994). 

In the general population, major depressive episodes 
are significantly more prevalent in women than men, 
with a female-male ratio close to 2:1 on average (Weiss
man and Klerman 1977; Myers et al. 1984; Regier et al. 
1984; Perugi et al. 1990; Leon et al. 1993; Weissman et al. 
1993; Blazer et al. 1994), suggesting that females are sta
tistically at a greater risk for major depression than 
males. The effects of ATD in normal women have been 
examined in only two studies. Weltzin et al. (1994) re
ported a significant increase in ratings of depressed mood 
after ATD, whereas Oldman et al. (1994) did not. How
ever, these findings were obtained in small samples, and 
neither family histories nor premenstrual mood change 
were formally assessed. Both of these factors are be
lieved to affect the mood response to ATD (Benkelfat et 
al. 1994; Menkes et al. 1994). In the Oldman et al. (1994) 
study, the use of a 50-g amino load and no pre-experi
ment low-protein diet resulted in a lesser depletion of 
plasma tryptophan than in studies using a 100-g amino 
acid mixture and a 1-day low protein diet the day before 
the depletion (Delgado et al. 1990; Benkelfat et al. 1994). 
In one study, ATD caused a significant aggravation of pre
menstrual symptoms, particularly irritability, in women 
with premenstrual syndrome (Menkes et al. 1994). 

We report here on the mood response to ATD in 
healthy euthymic women devoid of any personal or fa
milial history of psychiatric illness, who were tested on 
three separate occasions at least 1 month apart. All 
women underwent two ATD trials and one balanced 
control trial, randomized for order. Our hypotheses 
were that (1) normal females subjects, unlike the normal 
male subjects studied previously (Abbott et al. 1992; 
Benkelfat et al. 1994), would exhibit a significant mood 
lowering response to ATD, and (2) the mood response 
to ATD would be stable over time. 
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SUBJECTS AND METHODS 

Selection of Subjects 

Female subjects, aged 18 to 30 years, were recruited be
tween June 1993 and November 1994 through local 
newspaper advertisements. Inclusion criteria for all par
ticipants included good physical health and a knowl
edge of the medical and psychiatric history of their bio
logical relatives. Exclusion criteria included (1) having 
been adopted, (2) evidence of personal past or present 
Axis 1 DSM-III-R diagnosis, (3) evidence of MAD in any 
first- or second-degree relatives, or of any other DSM
III-R Axis-I diagnosis in a first-degree relative, and (4) 
significant past medical illness. 

Psychiatric evaluations were conducted for all sub
jects by a trained psychiatric research nurse (PD) in con
sultation with the project psychiatrist (CB), using the 
Structured Clinical Interview for DSM-III-R, non-patient 
version (SCID-NP) (Spitzer 1987). Family histories were 
determined by a graduate student (MAE), trained in ge
netic psychiatric interviews, using a family history as
sessment module (Nurnberger et al. 1994). 

Premenstrual mood changes (PMC) were assessed 
prospectively for two complete cycles using a three
item visual analogue scale (depression, anxiety, and irri
tability), self-administered once a day in the morning 
(Rubinow et al. 1984). PMC was measured as the in
crease in ratings of negative mood in the week prior to 
menses (late luteal phase; day 7 through day 1) as com
pared with ratings obtained in the follicular phase (day 
4 through day 10). Criteria for late luteal phase dyspho
ric disorder was a 30% increase in ratings of negative 
mood in the late luteal phase, compared with the follic
ular phase, in both menstrual cycles (Schnurr 1989). 

Experimental Procedure 

Overview. The experiment was a double-blind, placebo
controlled, cross-over study. The order of treatments 
was randomized in blocks of six. Subjects participated 
in two ATD experimental sessions (T-1; T-2) and one nu
tritionally balanced amino acid (B) control session, at 
least 1 month apart. All sessions were scheduled during 
the follicular phase of the menstrual cycle, with only 
one session per cycle. Each session consisted of two 
consecutive days. On day 1, each subject ate a low-pro
tein diet. On day 2, subjects consumed either a tryp
tophan-free amino acid drink (T- session), or a similar 
amino acid drink which also contained the appropriate 
amount of L-tryptophan for a nutritionally balanced 
protein source (B session). Behavioral measurements 
and a venous blood sample were collected before and 5 
hours after ingestion of the amino acid drink. 

Details of procedure. Subjects were scheduled one to 
two per test day. When two subjects were tested on the 
same day, they remained in separate rooms for the en-
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tire experimental procedure. For day 1, on which the 
subjects ate a low protein diet, prepacked, precooked 
meals were either collected by the subject or delivered 
to their home. These meals were the same as those used 
previously in the study of FH + and FH - men (Benkel
fat et al. 1994). Tryptophan (160 mg/24 hours), protein 
(22.6 g/24 hours), and caloric content (2212 kcal/24 
hours) were similar to those found in the low protein 
diet used by Delgado et al. (1990). The same diet was 
provided before all experimental sessions to help main
tain blindness for both subjects and investigators and to 
standardize baseline behavioral measurements. Sub
jects were instructed to eat at regular hours and were al
lowed ad libitum water and up to three cups of coffee 
or tea per day. 

Subjects who had given informed consent were 
asked to arrive for the day 2 experimental sessions at 
9:00 a.m., having fasted since midnight the previous 
night. Subjective rating scales of mood states were com
pleted, and a 10-ml venous blood sample was taken for 
measurement of baseline total and free (non-albumin
bound) plasma tryptophan. Mood ratings were carried 
out blind to the nature of the amino acid mixture ad
ministered. Each subject was then given either a tryp
tophan-free amino acid drink (T- session), or a nutrition
ally balanced amino acid drink, containing 1.9 g L-trypto
phan, as well as other amino acids (B session). For the 
next 5 hours, subjects stayed in a single room and were 
entertained by being shown one or two movies (Diner, 
Star Trek IV, The Right Stuff, and National Geographic 
documentaries). The movies were chosen to be rela
tively effectively neutral. Five hours after the ingestion 
of amino acids, mood ratings were again administered, 
and a second blood sample was drawn. Each subject 
was then given a high protein snack, and received a 1 g 
L-tryptophan tablet. Subjects in the T- session were ad
ministered tryptophan to restore their tryptophan lev
els, whereas subjects after the B session were adminis
tered tryptophan to maintain the double-blind status of 
the study. The tryptophan preparation used is available 
on prescription in Canada and has not been associated 
with any cases of eosinophilia myalgia syndrome (Wilkins 
1990). Clinical supervision was offered for at least 1 hour 
after completion of the study session, with contact main
tained by phone when necessary in the evening and 
during the day after the experimental session. All sub
jects resumed their normal diet between the two experi
mental sessions. 

Amino acid drinks. The tryptophan deficient (T-) amino 
acid mixture ingested by subjects was based on the mix
ture used by Young et al. (1985) and consisted of 15 
amino acids weighing 85.8 g. Because women weigh, on 
average, 16.7% less than men (Health and Welfare Can
ada 1990), the 103-g amino acid mixture used previ
ously in male samples was reduced accordingly. The 
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content of the T- drink was as follows: L-alanine 4.6 g, 
L-arginine 4.1 g, L-cyseine 2.3 g, glycine 2.7 g, L-histi
dine 2.7 g, L-isoluecine 6.7 g, L-leucine 11.3 g, L-lysine 
monohydrochloride 9.2 g, L-methionine 2.5 g, L-phenyl
alanine 4.8 g, L-proline 10.2 g, L-serine 5.8 g, L-threo
nine 5.4 g, L-tyrosine 5.8 g, L-valine 7.4 g. The balanced 
amino acid mixture contained the same amino acids 
plus 1.9 g L-tryptophan. The amino acids were given in 
the same proportion as they occur in human milk, 
which is presumably close to the optimum amino acid 
composition for humans, except that glutamate and as
partate were excluded because of concerns about their 
toxicity. This would not affect the ability of the T- mix
ture to lower tryptophan availability because glutamate 
and aspartate are not essential amino acids. Because of 
the unpleasant taste of methionine, cysteine, and argi
nine, these amino acids were encapsulated and admin
istered separately from the other amino acids. The 
amino acid mixture was prepared within a few minutes 
of oral administration by mixing the powdered amino 
acids with 135 ml water, 45 ml chocolate syrup, and 0.6 
g of sodium cyclamate. A second mixture was used in 
some cases, due to the development of a taste aversion 
after amino acid mixture ingestion. This mixture con
sisted of the powdered amino acids, 180 ml orange juice 
from concentrate, and 1.1 g sodium cyclamate. 

Measurement of Mood Changes 

Mood changes were determined using two subjective 
mood rating scales: the bipolar profile of mood states 
(POMS) (Lorr et al. 1982; McNair et al. 1988) and the vi
sual analogue mood scale (VAMS) (Bond and Lader 
1974). The bipolar form of the POMS, the main measure 
used in this study, is composed of six bipolar scales: 
agreeable-hostile, composed-anxious, elated-depressed, 
confident-unsure, energetic-tired, and clearheaded-con
fused, and is highly sensitive to nonclinical changes in 
mood states. The YAMS consists of 16 100-mm horizon
tal lines, each representing a bipolar dimension of a 
mood state, on which the subject is instructed to place a 
perpendicular mark that best describes her mood state. 

Determination of Plasma 
Tryptophan Concentrations 

Plasma tryptophan was measured in all blood samples 
as an index of the extent of ATD. The free (non-albu
min-bound) plasma tryptophan concentration was as
sumed to be equivalent to the concentration of tryp
tophan found in an ultrafiltrate of plasma prepared at 
25°C under an atmosphere containing 5% carbon diox
ide by centrifugal ultrafiltration (MPS-1, Amicon Inc, 
Beverly, MA) through YMT membranes (Millipore Wa
ters, Bedford, MA). Tryptophan in the ultrafiltrate and 
in deproteinized plasma was measured by high perfor-
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mance liquid chromatography on a Waters µBondapak 
C18 (Millipore Waters) reverse phase column with fluo
rometric detection. 

Data Analysis 

In order to control for intraindividual variability in 
baseline measures over a period of months, all behav
ioral and biochemical results were converted to change 
scores (6 scores): the baseline measure on day 2 was 
subtracted from the post-treatment measure taken 5 
hours after the ingestion of the amino acid mixture. All 
behavioral and blood data were analyzed using two
way mixed design ANOVAs (order X treatment). Order 
(B, T-1, T-2; T-i, B, T-2; T-1, T-2, B) was an independent 
factor, whereas treatment was a within-subject, re
peated measures factor. Tests of simple effects were per
formed for all statistically significant interactions. In or
der to assess the mood response to ATD in women, only 
data from the B and first T- treatment were included in 
the analysis, so that the results would be comparable 
with the design used in an earlier study of a FH- males 
(Benkelfat et al. 1994). 

The relationship between the first and second T- treat
ments was assessed by Pearson product moment corre
lations between the two T- treatments and ANOVAs 
comparing the two T- treatments and the B and second 
T- treatments. 

The relationship between PMC and mood changes 
after AID was assessed using Pearson product moment 
correlations. 

Ethics 

All subjects who participated in the study gave written 
informed consent. The study was approved by the Re
search Ethics Board of the Department of Psychiatry, 
McGill University. Subjects were compensated Can 
$170 for loss of time due to their participation in the 
study. 

RESULTS 

Subjects 

In total, 110 potential subjects were evaluated in person 
or over the telephone for participation in the study. Sub
jects were excluded for the following reasons: 23 had a 
personal DSM-III-R Axis 1 diagnosis; 23 subjects were 
excluded on the basis of the presence of a DSM-III-R 
Axis 1 disorder in a first-degree relative or multiple sec
ond and/ or third degree relatives, or due to insufficient 
information or uncertainty about one's family history; 
six were not physically healthy and two had insufficient 
knowledge of English or French. Twenty-nine subjects 
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dropped out either before coming in for the initial inter
view or before completing an amino acid session. Four 
subjects dropped out after one session and three after 
two sessions. Reasons for failure to complete the study 
included: prolonged symptoms of nausea and/ or fa
tigue (n = 3), medical reasons unrelated to this study 
(n = 1), or moved away during study (n = 3). Subjects 
completing only one trial were not included in the data 
analysis. One subject completing one B and one T- session 
was included in the analysis of mood changes after ATD, 
whereas two other subjects completing two T- trials and 
no B trial were excluded. These latter two subjects were 
included in the analysis of the stability over time of the 
mood response to ATD. The final sample consisted of 20 
subjects completing all three trials (one Band two T- tri
als), one subject completing one Band one T- trial, and 
two subjects completing two T- trials. The mean age of 
the sample was 23.7 :±: 3.5 years (range 18 to 30), mean 
weight was 61.1 :±: 7.4 kg (range 44.5 to 74.8), and mean 
height was 1.67 :±: 0.07 m (range 1.55 to 1.83). 

Baseline Measures 

Baseline measures of plasma tryptophan did not differ 
significantly between treatments. With the exception of 
higher ratings of energy at baseline on the VAMS, but 
not on the POMS, in the second T- treatment compared 
with the B treatment (Fi,17 = 4.4, p < .05), baseline rat
ings of mood state did not significantly differ among 
the three treatments. All of the following analyses will 
use 6 scores. 

Plasma Tryptophan Concentrations 

Due to technical difficulties, the number of subjects 
with plasma tryptophan measurements differ among 
the three conditions. Blood measurements in both the B 
and first T- treatment were completed for 19 subjects, in 
both the Band second T- treatment for 15 subjects, and 
in both T- conditions for 18 subjects. In order to include 
the maximum number of subjects in each condition, 
pairwise comparisons were performed (B, 1st T-; B, 2nd 
T-; 1st T-, 2nd T-), rather than analyzing all three condi
tions simultaneously. Overall, the tryptophan-deficient 
amino acid mixture resulted in a substantial decline in 
plasma total and free tryptophan concentrations in both 
T- treatments, whereas the balanced mixture caused in
crease in plasma tryptophan (Table 1). Treatment X order 
ANOVAs of plasma tryptophan concentrations demon
strated that both the first (total tryptophan: F1,12 = 58.7, 
p < .0001; free tryptophan: F1,12 = 111.0, p < .0001) 
T- conditions were significantly different from the B 
treatment and that there was no significant difference 
in the depletion of plasma tryptophan between the two 
T- trials. 
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Table 1. Changes in Total and Free Plasma Tryptophan Levels after Amino Acid 

Ingestiona 

Total plasma tryptophan 
Pretreatment, µg/ml 
5 hr post-ingestion, mg/ µI 
Percentage change 

Free plasma tryptophan 
Pretreatment, µg/ml 
5 hr post-ingestion, mg/ µl 
Percentage change 

"Values expressed as mean:+: SEM. 
bn 17. 

Mood Response to ATD 

Balanced 
(n = 19) 

11.9 ::+: 0.6 
18.2 ::+: 1.6 

52.8 

1.47 ::+: 0.17 
2.24 ::+: 0.21 

52.4 

In contrast to normal male subjects (Benkelfat et al. 
1994), female subjects exhibited a significant lowering 
of mood on four of the six POMS scales after ATD. 
These results are presented in the bar graph on the left 
of Figure 1; results of a comparable male sample, taken 
from our previous study (Benkelfat et al. 1994), are pre
sented on the right. ANOVA revealed significant main 

O Balanced 

1st trp depletion 
(n = 23) 

11.8 ::+: 0.4 
1.4 ::+: 0.1 

-88.5 

1.32 ..c. 0.09 
0.19 ::+: 0.02 

-85.6 

2nd trp depletion 
(n = 18) 

11.6 ::+: 0.6 
1.9 ::+: 0.2 

-83.5 

1.29 ::+: 0.08 
0.25 ::+: 0.02 

-80.6!, 

effects of treatment on the POMS elation-depression 
(F1,18 = 5.3, p < .05), energetic-tired (F1,18 = 10.5, p < 
.005), confident-unsure (F1,18 = 9.1, p < .01), and clear
headed-confused scales (F1,18 = 8.5, p < .01); neither or
der nor interaction effects were found. No significant 
differences were found between treatments on either 
the relaxed anxious or the agreeable-hostile scales. 

Similar results were obtained with the VAMS. Com-
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Figure 1. Mood change in females (left) and male (right) controls after the first tryptophan depletion and ingestion of a bal

anced amino acid mixture. In contrast to male controls, females exhibited a significant mood-lowering response to tryp

tophan depletion compared with the balanced control treatment. The bar graph of male controls is derived from data by 

Benkelfat et al. (1994). 
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Table 2. Changes on the Visual Analogue Mood Scale after the First Tryptophan 
Depletion and Ingestion of a Balanced Amino Acid Load in Female Controls" 

VAMSltem Balanced 1st trp depletion F (1,18)b p 

Happy-Sad -3.9 :±: 2.9 5.8 :±: 3.2 5.3 <0.05 
Content-Discontent -3.8 :±: 3.1 8.8 :±: 4.0 6.9 <0.05 
Gregarious-Withdrawn -5.3 :±: 3.8 9.8 :±: 5.4 5.3 <0.05 
Tranquil-Troubled -1.5:±:1.8 0.7 :±: 2.2 0.6 NS 
Relaxed-Tense 0.8 :±: 3.2 -0.9 :+: 3.6 O.Ql NS 
Clearheaded-Muzzy -9.0 :+: 5.2 13.5 :+: 6.9 10.8 <0.005 
Quick-witted-Mentally slow -2.0 :+: 5.1 8.1 :+: 5.4 2.4 NS 
Proficient-Incompetent -0.7 :±: 3.2 6.2 :±: 2.7 3.4 Tr (<0.09) 
Amicable-Antagonistic -3.1 :+: 2.9 0.9 :±: 3.1 0.8 NS 
Energetic-Lethargic -7.6 :+: 5.2 10.1 :+: 6.2 5.4 <0.05 
Alert-Drowsy -12.3 :±: 7.0 10.9 :+: 7.2 7.5 <0.05 
Interested-Bored 5.2 :+: 4.4 16.3 :+: 5.7 2.2 NS 

a All values are mean fl scores ± SEM, n = 21. Positive Llscores represent a lowering of mood (i.e. toward 
the sad or discontent end of the dimension), whereas negative Llscores reflect a heightening of mood. NS: 
nonsignificant; Tr: trend for significance 

border x condition repeated measures ANOV A; no effect of order. 

pared with the B treatment, female subjects demon
strated a significant lowering of mood on the happy-sad, 
content-discontent, gregarious-with drawn, clearheaded
m uzzy, energetic-lethargic, and alert-drowsy items of 
the VAMS (Table 2). A trend toward significance was 
found on the proficient-incompetent item of the VAMS. 
No effect of order was found on any of the VAMS items. 

Mood Response to ATD: Stability over Time 

Overall, the mood responses on both the POMS and 
VAMS during the first and second T- treatments dem
onstrated no temporal stability in individual subjects 
(n = 22; Table 3). Some positive correlations were found 
on the VAMS, but these were more closely related to 
arousal and alertness (energetic-lethargic, clearheaded
muzzy, alert-drowsy, interested-bored) than to mood. 

The mean mood response after a second T- treatment 
was either attenuated or completely abolished, as mea
sured by either the POMS or the VAMS (Table 3). ANO
VAs (n = 20) revealed that there was no significant dif
ference in mood change between the B and second T
treatment on all POMS and YAMS scales. Furthermore, 
significant differences were found between the two T
treatments (n = 22) on the energetic-lethargic (F1,19 = 

5.5, p < .05 and alert-drowsy (F1,19 = 8.9, p < .01) items 
oftheVAMS. 

Due to a smaller (although not significantly so) de
crease in plasma tryptophan after the second T- treat
ment compared with the first (see Table 3), POMS ela
tion depression data was reanalyzed after excluding 
five subjects with a depletion of total tryptophan less 
than 80% in the second T- treatment and four subjects in 
which plasma tryptophan samples were not obtained. 
In the remaining 13 controls, plasma total tryptophan in 
the first and second T- treatments was reduced by 88.7% 

and 87.8%, respectively. This gave similar results, as the 
mean mood-lowering response (::t::SE) after the first 
T- treatment (-6.1 ::t:: 1.8) was significantly attenuated 
after the second T- treatment (0.9 ::t:: 2.0; F1,10 = 7.4, 
p < .5), and the correlation between T- treatments was 
poor (r = - .038, NS). 

Relationship Among the Mood Response to ATD, 
Premenstrual Mood Changes, and Alterations in 
Plasma Tryptophan Levels 

Prospective visual analogue ratings over two menstrual 
cycles were obtained in 15 subjects. No subject fulfilled 
the criteria for late luteal phase dysphoric disorder. 
Measures of PMC were obtained for depression (PMC-D), 
anxiety (PMC-A), irritability (PMC-1), and the sum total 
of these three measures (PMC-T). For each item, PMC 
was calculated by subtracting the sum total of follicular 
ratings (baseline) from the sum total of late luteal rat
ings for each menstrual cycle (6 scores). Then the 6 
score for each cycle was averaged to yield one measure 
of PMC. Pearson correlations were performed between 
the logarithm transformed measures of PMC and the 6 
scores on the elation-depression, energetic-tired, confi
dent-unsure, and clearheaded-confused scales of the 
POMS, all of which demonstrated significant change af
ter the first T- treatment. PMC was unrelated to changes 
in mood after the first T- treatment. No significant cor
relations were found between PMC-T (r = 0.121, NS), 
PMC-D (r = 0.110, NS), PMC-1 (r = 0.345, NS0) and 
PMC-A (r = 0.240, NS) and the POMS elation-depres
sion change scores after the first T- treatment. With the 
exception of a significant correlation between PMC-1 
and the POMS-U (r = 0.578, p < .05), no other signifi
cant correlations were found. 

No significant correlations were found between the 
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Table 3. Stability over Time: A Comparison of the Mood Response to the First and Second 

Tryptophan Depletion Trials in Female Controlsa 

1st T- 2nd T-

mean 6.score :t:: SEM mean Llscore :t:: SEM rb p 

POMS scales: 
Elated-Depressed -3.9 :t:: 1.5 -0.9 :t:: 1.5 0.001 NS 
Relaxed-Anxious -2.5 :t:: 2.1 -0.6 :t:: 1.0 0.026 NS 
Energetic-Tired -4.6 :t:: 2.9 1.6 :t:: 2.3 0.120 NS 
Aggreeable-Hostile -2.7 :t:: 1.6 1.8 :t:: 1.3 -0.372 Tr (<.09) 

Confident-Unsure -3.4 :t:: 1.7 0.2 :t:: 1.2c -0.105 NS 
Clearheaded-Confused -4.3 :t:: 1.6 -1.0 :t:: 1.oc 0.125 NS 

VAMSitem: 
Happy-Sad 6.9 :t:: 3.2 2.2 :t:: 2.9 0.071 NS 
Content-Discontent 8.5 :t:: 3.9 0.4 :t:: 3.7 0.033 NS 
Gregarious-Withdrawn 10.0:t:: 5.6 1.3 :t:: 4.6 0.315 NS 
Tranquil-Troubled 1.1 :t:: 2.1 -4.9 :t:: 3.7 0.161 NS 
Relaxed-Tense 0.5 :t:: 3.7 -0.4 :t:: 2.8 0.011 NS 
Clearheaded-Muzzy 12.9 :t:: 6.9 0.1 :t:: 5.oe 0.472 <.05 

Quick-witted-Mentally slow 8.1 :t:: 5.5 -0.5 :t:: 4.7 0.328 NS 
Proficient-Incompetent 5.8 :t:: 2.9 1.8 :t:: 31 0.107 NS 
Amicable-Antagonistic 1.2 :t:: 3.0 0.2 :t:: 3.2 -0.034 NS 
Energetic-Lethargic 9.6 :t:: 6.2 -5.0 :t:: 5.3c 0.527 <.05 

Alert-Drowsy 11.0 :t:: 7.6 -5.7:t::6.1° 0.606 <.005 

Interested-Bored 17.9 :t:: 5.7 7.8 :t:: 4.6 0.532 <.05 

0 All values are mean .:l scores ± SEM, n = 22. On the POMS, positive .:l scores represent a heightening of 
mood, while negative 11 scores reflect a lowering of mood. On the VAMS, it is the opposite. NS: nonsignifi
cant; Tr: trend for significance. 

bPearson product moment correlation coefficients. 
cANOVA, 1st T- vs 2nd T-, p < .05. 
dp < .01. 
eTrend for significance, p < .10. 

POMS-0 b. scores and changes in plasma total and free 
tryptophan after either the first or second tryptophan 
depletions. 

DISCUSSION 

The first objective of this study was to examine the ef
fect of ATD in women with no family history of MAD. 
Healthy euthymic women, unlike a comparable sample 
of men, showed a lowering of mood in response to 
ATD. In addition to changes in mood, the various scales 
of the POMS and YAMS demonstrated significant de
creases in energy, gregariousness, confidence, clear
headedness, and alertness. The lowering of mood in the 
women appears to be largely independent of the degree 
of premenstrual mood changes. However, premenstrual 
mood changes were relatively mild. The second objec
tive of this study was to examine the temporal stability 
of the affective response to ATD. The results were un
equivocal; in women with no family history of affective 
disorder, the response of individuals to ATD was not 
stable over a period of 1 or 2 months. 

A few potential limitations should be considered in 

evaluating these results. First, the male comparison 
sample was studied approximately 2 years earlier. Al
though comparisons of different studies must be made 
with caution, the two studies employed similar designs 
and were carried out by the same research team. Sec
ond, baseline POMS depression scores of the women 
were higher than those in the previous study on males. 
Although both groups had baseline depression scores 
within the normal range, slight differences in baseline 
mood may account for the increased susceptibility of 
normal women to ATD (Young 1992). Third, as women 
are believed to report more affective symptoms than 
men do (Young et al. 1990), we cannot rule out the pos
sibility that women, compared with men, paid more at
tention to, and reported more fully, those negative 
symptoms that occurred after ATD. 

In a previous study on healthy female controls, Old
man and colleagues (1994) found that ATD did not alter 
mood or appetite in a group of 12 volunteers. However, 
the amino acid mixture was only 50 g, yielding a 78% 
decrease in plasma total tryptophan, compared with the 
84 g mixture and pre-test low-protein diet used in the 
present study, which lowered total tryptophan by 88%. 
The results of Weltzin and colleagues (1994) were more 
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consistent with those obtained in the present study; 
healthy women (whose family history was unknown) 
exhibited a significant increase in ratings of depression 
after ATD, but not after the administration of a balanced 
amino acid mixture. The aggravation of premenstrual 
symptoms seen by Menkes et al. (1994) was character
ized particularly by an increase in irritability, but a low
ering of mood was also seen. There was no increase in 
symptoms when the subjects were studied in the follic
ular phase instead of the premenstrual phase. However, 
the measurement of symptoms was done using a scale 
designed to measure premenstrual symptoms, which 
would not necessarily pick up the type of mood 
changes detected by the POMS and VAMS. 

The response of the normal females in the present 
study was similar to that of FH + males in our previous 
study (Benkelfat et al. 1994). This is consistent with the 
hypothesis that the mood-lowering response to ATD 
may be associated with a susceptibility to MAD, be
cause both a positive family history and female sex are 
considered risk factors for depression. 

Whereas the response to ATD may be associated 
with a susceptibility to MAD, the actual lowering of 
mood seen is not of clinical significance. Thus, in the 
previous study of FH + males (Benkelfat et al. 1994), the 
lowering of mood on the POMS was similar to that seen 
in the present study. In the previous study we also looked 
at mood using the Hamilton Depression Rating Scale 
and the Beck Depression Inventory but saw no changes 
after ATD on either scale. Thus, the response we found 
is different from that seen by Delgado et al. (1990) in 
newly recovered depressed patients on antidepressants, 
some of whom exhibited a full clinical relapse. 

The sex difference in the mood-lowering response to 
ATD in healthy controls is of interest given the evidence 
suggesting that there are sex differences in serotonin 
metabolism. Mean levels of CSF 5-HIAA (Sjostrom and 
Roos 1972; Asberg et al. 1973; Young et al. 1980; Bowden 
et al. 1981; Agren et al. 1986; von Knorring et al. 1986), 
CSF tryptophan (Young et al. 1980), as well as the pro
lactin response to a variety of serotonergic challenges, 
including fenfluramine (McBride et al. 1990), tryptophan 
(Delgado et al. 1989; Deakin et al. 1990), m-cholorophe
nylpiperazine (Kahn et al. 1991), and buspirone (Melt
zer and Maes 1994) are greater in women than in men. 
Sex differences in serotonin metabolism could possibly 
underlie the difference in mood response to ATD be
tween males and females, with females being more sen
sitive to acute changes in CNS serotonin. In response to 
repeated stress, female rats were characterized by 
marked behavioral deficits and a lowering of brain 
5-HIAA levels, whereas males, who were acutely af
fected at first, appeared to rapidly adapt to chronic 
stress and suffered no subsequent decline in brain 
5-HIAA (Kennett et al. 1986). These results indicate that 
female rats, once exposed repeatedly to an uncontrolla-
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ble stressor, are more susceptible than male rats to an 
animal model of depression and to subsequent changes 
in brain serotonergic neurotransmission. 

The lack of temporal stability of the affective re
sponse to ATD does not support its use as phenotypic 
marker of vulnerability to depression in normal women 
characterized by the absence of any familial antecedents 
of MAD. Whether this conclusion also applies to pa
tients or to women with a multigenerational family his
tory of affective disorder is not known. 

The diminished response to the second ATD is of in
terest, even if the reason for this is unknown. Acclimati
zation to the laboratory environment on the second 
T- trial is unlikely as the effect was seen in women who 
had a T- mixture, as well as those who had a B amino 
acid mixture, on their first visit. Still, it is possible that 
some other form of learning or habituation may have 
confounded the results of the second T- treatment. Al
ternately, the attenuated mood response in the second 
T- trial may reflect an adaptive change in serotonergic 
neurotransmission resulting from the previous chal
lenge. Whatever the reason for this result, it enhances 
the idea that ATD will have no long lasting adverse ef
fect, and this finding has relevance to the ethics of ATD 
studies. 

In conclusion, the mood response to ATD and its sta
bility over time were investigated in healthy female con
trols free of any personal or familial history of psychiat
ric disorder. Women were more susceptible to the mood
lowering effects of tryptophan depletion than were male 
controls, consistent with the hypothesis that the mood
lowering response to ATD could indicate a vulnerabil
ity to depression. Whereas its poor temporal stability 
precludes its use as a potential marker of susceptibility 
to depression in control populations, a more pertinent 
evaluation of this query awaits further study in individ
uals with personal and familial antecedents of MAD. 
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