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symptom profile, underlying mechanisms of illness, and
antidepressant response require further study. Consis-
tently across epidemiologic surveys, women are reported
as suffering from major depression 2 to 3 times more
commonly than men.1–4 This difference is reportedly unre-
lated to ethnicity, education, income, or marital status.
The natural course, quality, and severity of depressive
symptoms have been inconsistently reported to vary be-
tween sexes, and this issue has led to continued debate.5–8

Although treatment studies reporting the effects of sex
have been sparse, an intriguing trend is suggested among
studies addressing these differences. Women (especially
if premenopausal) may respond less favorably to imipra-
mine and more favorably to the more serotonergic agents
paroxetine, sertraline, fluoxetine, and phenelzine, while
the opposite may be true for men.9–12 Although these find-
ings are not consistently replicated,13 they are further sup-
ported by a finding that older women of menopausal age
may have a lower rate of response to monoamine oxidase
inhibitor (MAOI) and selective serotonin reuptake inhibi-
tor (SSRI) antidepressants.13,14 Based in a recent analysis
of a large pooled dataset, Thase and colleagues15 reported
an apparently lower remission rate in older women than
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Objective: Although sex differences in the
prevalence of depression are well known, the
effects of sex on the underlying mechanisms of
illness and on antidepressant action remain less
clear. Tryptophan depletion and catecholamine
depletion (via α-methylparatyrosine [AMPT]
administration) are broadly utilized methods for
studying the effects of the safe and transient re-
duction of serotonin and catecholamine neuro-
transmission, respectively. The present study as-
sessed the effects of sex on the mood response
during acute monoamine depletion.

Method: Data on Hamilton Rating Scale for
Depression (HAM-D) scores during depletion
tests were analyzed retrospectively in 59 subjects
(41 women, 18 men) who underwent tryptophan
depletion and 39 subjects (25 women, 14 men)
who underwent catecholamine depletion. All sub-
jects were in remission from a DSM-IV–defined
major depressive episode. Data reviewed included
subjects enrolled between November 1993 and
November 1997.

Results: Significant increases in HAM-D
scores were observed in response to both deple-
tion procedures, with a similar magnitude of
change. Analysis of variance with repeated mea-
sures of HAM-D scores revealed a significant
main effect of time for tryptophan depletion
(F = 7.31, df = 3, p < .01) and for catecholamine
depletion (F = 9.61, df = 4, p < .01). Time-by-sex
interaction was significant for tryptophan deple-
tion (F = 4.04, df = 3, p = .01), but not for cate-
cholamine depletion (F = 0.75, df = 4, p = .57).
Depressive symptoms were significantly greater
in women during tryptophan depletion (t test
p < .01), while no significant sex differences
were found during catecholamine depletion.

Conclusions: These findings suggest that the
effect of sex in depressive vulnerability may be
related to differential sex effects in monoaminer-
gic function.

(J Clin Psychiatry 2006;67:1618–1623)

A

Received June 6, 2005; accepted April 13, 2006. From the
Department of Psychiatry, College of Medicine, University of Arizona
Health Sciences Center, Tucson (Drs. Moreno and Freeman and Ms.
McGahuey); and the Department of Psychiatry, University of Texas
Health Sciences Center, San Antonio (Dr. Delgado).

Supported by the University of Arizona College of Medicine Dean’s
Physician Scientist Career Development Award (Dr. Moreno) and
National Institute of Mental Health grant R01 MH48977 (Dr. Delgado).

Presented at the 29th annual meeting of the Society for Neuroscience,
New Research Abstract 855.16, November 1999, Miami Beach, Fla.; and
the 37th and 38th annual meetings of the American College of
Neuropsychopharmacology, December 1998, Las Croabas, Puerto Rico,
and December 1999, Acapulco, Mexico.

Financial disclosure is listed at the end of this article.
The authors thank the Arizona Hispanic Center of Excellence for

logistics support; Candace Fogel, R.N., for assistance with data
management; and Jeri Lizabeth Fickelman, Ph.D., for editorial
contribution.

Corresponding author and reprints: Francisco A. Moreno, M.D.,
Department of Psychiatry, College of Medicine, University of Arizona
Health Sciences Center, 1501 N. Campbell Ave., Suite 7303, Tucson, AZ
85724 (e-mail: fmoreno@e-mail.arizona.edu).

lthough sex differences in the prevalence of de-
pression are well established, the effects of sex on

1618



© COPYRIGHT 2006 PHYSICIANS POSTGRADUATE PRESS, INC. © COPYRIGHT 2006 PHYSICIANS POSTGRADUATE PRESS, INC.

FOCUS ON WOMEN’S MENTAL HEALTH

1620 J Clin Psychiatry 67:10, October 2006

in younger women. Interestingly, the findings suggested
greater remission rates with the serotonin and norepi-
nephrine reuptake inhibitor venlafaxine than with various
SSRIs, and the largest difference in response rate (23%
contrast) was observed in the group of older women not
receiving hormone replacement therapy. This reported
difference may be mediated by a decrease in serotonin-
mediated antidepressant responsiveness, with a propor-
tionally larger norepinephrine-mediated response. Thus, it
is important to ascertain whether sex differences in mono-
amine system activity explain the sex differences observed
in the prevalence of depression, its underlying pathophysi-
ology, and treatment response differences.

Compelling data that pertain to underlying mechanisms
of antidepressant action and vulnerability to depressive
illness come from studies utilizing neurotransmitter deple-
tion paradigms. Tryptophan depletion and catecholamine
depletion via α-methylparatyrosine (AMPT) administra-
tion are methods commonly used to study the effects of
transient and safe reduction of serotonin (5-HT) and cate-
cholamine neurotransmission, respectively. The appeal of
these paradigms results from their safety and selectivity
and from the robustness of the clinical responses observed
as a result of transiently induced monoamine activity
changes. In healthy subjects, acute tryptophan depletion
decreases the rate of brain 5-HT synthesis.16 Nishizawa et
al.16 reported that not only were baseline rates of 5-HT
synthesis significantly lower in females than in males, but
the depletion effects on 5-HT synthesis were also signi-
ficantly greater in females. Ellenbogen et al.17 suggested
that healthy women might be more prone to experience
depressive symptoms during tryptophan depletion than
men. Booij et al.18 reanalyzed pooled data from various
published studies and found that remitted depressive
women were also more likely than men to experience de-
pressive changes during tryptophan depletion, and more-
over that women experienced greater depletion of plasma
tryptophan than men after the administration of the same
tryptophan-depletion protocol.

To our knowledge, there are no studies that address sex
differences during catecholamine depletion. The present
study assessed the effects of sex on the mood response to
acute 5-HT and catecholamine depletion in subjects from
different age groups who were in clinical remission from
major depressive disorder.

METHOD

Subjects
Ninety-eight subjects who underwent neurotransmitter

depletion paradigms at the Arizona Health Sciences Cen-
ter were studied. Data reviewed included subjects enrolled
between November 1993 and November 1997. Fifty-nine
subjects (41 women, 18 men) received tryptophan deple-
tion, and a separate group of 39 subjects (25 women,

14 men) received catecholamine depletion (AMPT). Sub-
jects were selected from a pool of 142 potential subjects
who participated in a variety of neurotransmitter de-
pletion studies approved by the University of Arizona
Human Subjects Committee and from whom written in-
formed consent had been obtained. Subjects were selected
if they had at least 1 prior episode of major depressive dis-
order (Diagnostic and Statistical Manual of Mental Dis-
orders, Fourth Edition [DSM-IV]),19 based on the Struc-
tured Clinical Interview for DSM-IV.20 Subjects with
residual depressive symptoms were selected if their total
testing-day baseline score on the 25-item Hamilton Rat-
ing Scale for Depression (HAM-D)21 was ≤ 15. Subjects
who tested repeatedly, or did so under nonstandardized
conditions (i.e., tryptophan depletion supplemented with
buspirone), were excluded from this assessment. All sub-
jects were free of general medical or neurologic condi-
tions on the basis of the clinical history and review of sys-
tems, physical examination, electrocardiogram, routine
blood tests, pregnancy test, and urine drug testing during
screening. In women, the phase of menstrual cycle, prox-
imity to menopause, and use of hormonal agents were not
reliably recorded and were excluded from analysis.

Procedure
Although data regarding subjects were drawn from a

variety of neurotransmitter depletion studies, each subject
was administered the same tryptophan depletion or
AMPT procedure during participation.

Testing was performed in the outpatient offices of the
Psychopharmacology Research Program of the Depart-
ment of Psychiatry at the University of Arizona Health
Sciences Center. The majority of subjects were involved
in a treatment protocol and continued to take antidepres-
sant medication throughout testing, although a small
portion of subjects had been in remission and medication-
free for longer than 3 months. For each depletion testing
day, subjects arrived at approximately 8:30 a.m., and they
were allowed to move about freely, use the bathroom, and
have access to drinking water or fruit juice during the test
sessions. Subjects undergoing tryptophan depletion fasted
overnight prior to testing and did not eat until after 4:00
p.m. Subjects read or listened to the radio at will, but
did not sleep, watch television, or engage in extensive
interactions.

The tryptophan depletion protocol included 2 days; on
the first day, subjects were assessed prior to and after
consumption of a tryptophan depletion beverage, and the
second day included follow-up assessments. Behavioral
ratings were obtained in the morning 15 minutes prior to
(9 a.m.), 5 hours after (2 p.m.), 7 hours after (4 p.m.), and
approximately 26 hours after ingestion of the amino acid
drink (11 a.m. the next day). Tryptophan depletion was
accomplished by ingestion of a 102-g, tryptophan free,
15–amino acid beverage as described in prior studies.22,23
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Methionine, cysteine, and arginine were encapsulated
because of their distinctly unpleasant taste.24 Subjects in-
gested the capsules 15 minutes before drinking the re-
maining amino acids suspended in water (300 mL) and
flavored with 30 cm3 of chocolate syrup.

The catecholamine depletion test included 2 days of
AMPT administration (1 g t.i.d. on day 1, 1 g at 9 a.m., and
1 g at 2 p.m. on day 2) and a follow-up day. Behavioral
and side effect ratings were obtained twice daily (9 a.m.
and 3 p.m.) during AMPT administration and on the morn-
ing of the follow-up day. Many of the subjects received
diphenhydramine as an active control for AMPT at a dif-
ferent testing date, but a number of them did not receive it.

Given that many of the subjects did not receive ad-
equate control testing, data on mood during the control
condition are not included.

Measures for Protection of Subjects
Given the possible induction of transient depressive

symptoms, the following procedures were implemented
for the protection of subjects. Patients deemed at risk for
suicide or other complications were excluded. Patients
were advised that they would be required to stay in the
hospital until assessed, debriefed, and considered safe to
go home by one of the investigators. Subjects were closely
monitored and carefully educated about symptomatic re-
lapse and potential complications, were transported home
by a family member or research staff, and were strongly
encouraged to contact the on-call research clinician as
needed. All subjects who participated were discharged
without complications.

Measurements
Depression ratings at each time point were obtained

with the 25-item HAM-D. Side effects from the depletion
procedures were recorded with the Symptom Checklist,
as described by Woods et al.25 Ratings were performed by
experienced research-clinicians with established reliabil-

ity (κ scores ≥ .85). Repeated ratings on each patient were
performed by the same clinician whenever possible. In
studies that included the use of control tests, subjects and
raters remained blinded to the sequence of testing.

Data Analysis
Change in depressive scores (HAM-D) was assessed by

analysis of variance (ANOVA) in a repeated-measures de-
sign. This allowed for an assessment of the main effect of
time and gender-by-time interaction. The Tukey test was
used to assess the significant interactions revealed by
ANOVA. Raw scores were analyzed with a t test. A “cat-
egorical relapse” during testing was defined as a ≥ 100%
increase of HAM-D score with a minimum total score of
18. Spearman correlation was used to assess the relation-
ship between sex and change in HAM-D score, as well as
sex and categorical relapse during testing. Categories of
age groups were also created in order to assess the inter-
action of age and sex combined. Categories are intended to
represent standard age categories and may not reflect the
subject’s reproductive life-phase. The groups were as fol-
lows: group 1 = ≤ 24 years, group 2 = 25 to 34 years,
group 3 = 35 to 44 years, group 4 = 45 to 54 years, group
5 = 55 to 64 years, group 6 = ≥ 65 years.

Results were considered significant when p ≤ .05.
Trends are also reported when p ≤ .10. All tests were
2-tailed. Bonferroni correction is proposed for the
ANOVA of time and the tests for interaction of sex, age,
and age group in both tryptophan depletion and AMPT
datasets. The corrected p value considered significant for
the ANOVA results is ≤ .0125. Data analysis and graphic
presentation utilized the SPSS computer program.26

RESULTS

Sample characteristics are shown in Table 1. Subjects
experienced depressive responses during both monoamine
depletions. Repeated-measures ANOVA of HAM-D scores

Table 1. Demographic and Clinical Characteristics
Tryptophan Depletion Catecholamine Depletion (AMPT)

Characteristic Male Female All Male Female All

Baseline HAM-D score, mean ± SD 5.5 ± 4.5 4.9 ± 3.7 5.1 ± 3.9 5.4 ± 3.3 4.5 ± 3.8 4.8 ± 3.6
Age when depleted, mean ± SD, y 48.1 ± 11.9 43.5 ± 12.2 44.8 ± 12.2 45.2 ± 14.4 43.1 ± 13.9 43.9 ± 13.9
Total subjects, N (%) 18 (30.5) 41 (69.5) 59 (100) 14 (35.9) 25 (64.1) 39 (100)
Treatment at time of depletion test, N (%)

SSRI treated 10 (55.6) 19 (46.3) 29 (49.2) 5 (35.7) 10 (40.0) 15 (38.5)
Non-SSRI treated 4 (22.2) 14 (34.1) 18 (30.5) 7 (50.0) 10 (40.0) 17 (43.6)
Medication free 4 (22.2) 8 (19.5) 12 (20.3) 2 (14.3) 5 (20.0) 7 (17.9)

Age group at time of depletion test, N (%)
< 25 y 0 (0) 2 (4.9) 2 (3.4) 2 (14.3) 2 (8.0) 4 (10.3)
25–34 y 2 (11.1) 9 (22.0) 11 (18.6) 1 (7.1) 6 (24.0) 7 (17.9)
35–44 y 5 (27.8) 11 (26.8) 16 (27.1) 4 (28.6) 5 (20.0) 9 (23.1)
45–54 y 8 (44.4) 11 (26.8) 19 (32.2) 3 (21.4) 7 (28.0) 10 (25.6)
55–64 y 1 (5.6) 6 (14.6) 7 (11.9) 3 (21.4) 3 (12.0) 6 (15.4)
> 64 y 2 (11.1) 2 (4.9) 4 (6.8) 1 (7.1) 2 (8.0) 3 (7.7)

Abbreviations: AMPT = α-methylparatyrosine, HAM-D = Hamilton Rating Scale for Depression, SSRI = selective serotonin reuptake inhibitor.
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revealed a significant main effect of time of similar mag-
nitude for tryptophan depletion (F = 7.31, df = 3, p <
.01) and for catecholamine depletion (F = 9.61, df = 4,
p < .01). Time-by-sex interaction was significant for
tryptophan depletion (F = 4.04, df = 3, p = .01), but not
for catecholamine depletion (F = 0.75, df = 4, p = .57).
Women experienced greater depressive responses than
men during tryptophan depletion (mean ± SD HAM-D
score change = 11.10 ± 8.35 for women vs. 5.89 ± 6.63
for men, p = .02), but not during catecholamine depletion
(9.84 ± 7.33 for women vs. 12.29 ± 7.69 for men) (Figure
1). Spearman correlations of sex and change in HAM-D
score and of sex and categorical relapse were statistically
significant during tryptophan depletion (r = –0.31,
p = .02, and r = –0.26, p < .05, respectively), but not
during catecholamine depletion (r = 0.15, p = .35, and
r = 0.15, p = .36, respectively). Both for the group as
a whole and for each sex, there was no significant
effect of chronological age or age group during either
depletion.

Similar findings were observed when categorical de-
pressive responses were considered. During catechol-
amine depletion, 13/39 subjects (33.3%) experienced
relapse (6/14 men [42.9%] and 7/25 women [28.0%]).
During tryptophan depletion, 17/59 subjects (28.8%) ex-
perienced relapse (most notably, only 2/18 men [11.1%],
but 15/41 women [36.6%]) (Figure 2). Post hoc analysis
of the effects of specific antidepressant and of antidepres-
sant group received at the time of depletion testing
showed no significant interaction with main effect of time
for either tryptophan or catecholamine depletion. Simi-
larly, when Symptom Checklist score was used as a mea-
sure of adverse events and tolerability during testing,
there were no interactions of time by gender by Symptom
Checklist scores.

All participants returned to their baseline mood after
testing. None of these subjects required additional clinical
care for symptoms induced by or complications from neu-
rotransmitter depletions.

DISCUSSION

Although similar depressive symptoms were observed
during tryptophan and catecholamine depletions, men
showed depressive responses during tryptophan depletion
that were significantly less than in women, and no sex
differences were observed during catecholamine deple-
tion with AMPT. The marked difference in vulnerability
to depressive responses during tryptophan depletion is
consistent with results from previous studies indicating
that healthy women have lower baseline 5-HT synthesis
rates and experience a greater degree of decrease in
plasma tryptophan and in 5-HT synthesis during trypto-
phan depletion.16,18 Similarly, healthy and recovered de-
pressive women experience greater depressive changes
than men during tryptophan depletion,17,18 but it is intrigu-
ing that the same sex difference is not observed during
catecholamine depletion with AMPT. We may speculate
that the sexual dimorphism associated with the effects of
gonadal hormones during development and other factors
influencing clinical expression may be modified by a
series of compensatory and modulatory mechanisms that
preferentially affect a specific neurotransmitter system. It
is possible that serotonin-related pathways might be dras-
tically influenced by sex hormones while catecholamine-
mediated circuits remain unaffected.

A number of uncontrolled factors may influence the
response to tryptophan depletion, including the dose of
amino acid drink, which was uniform regardless of body
weight and perhaps led to greater plasma depletion of
tryptophan in smaller subjects. The levels of tryptophan
and large neutral amino acids are not available for analy-
sis. The phase of menstrual cycle and use of gonadal hor-
mones were not prospectively recorded. We reiterate that
data in this study were drawn from a variety of depletion

Figure 1. Sex Differences in HAM-D Change During
Monoamine Depletions

Abbreviations: AMPT = α-methylparatyrosine, HAM-D = Hamilton
Rating Scale for Depression.
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studies, and differences in length of time in remission, use
of different antidepressants, and varied doses and dura-
tions resulted in a greater heterogeneity of the sample. In
addition, since control preparations had been used in only
a portion of the subjects, the study is unable to rule out
placebo effects during depletions. These and other issues
may limit the interpretation of the results, due to their
potential influence on the mood response to monoamine
depletions.

Despite the caution dictated by the above limitations of
this retrospective analysis, the findings are robust and
congruent with the background literature presented. The
lack of sex effects observed during catecholamine de-
pletion (in contrast to the tryptophan depletion findings)
suggests that although men may be less vulnerable to
5-HT–mediated expression of depressive symptoms, such
resilience is not observed when the catecholaminergic
system is challenged.

Studies support that biological differences may under-
lie different vulnerabilities between males and females.
In 5-HT1B knockout mice, female animals had a larger
stress-model vulnerability in the forced swim test and the
tail suspension test during 5-HT depletion.27 Depressive
symptoms during tryptophan and catecholamine deple-
tion in humans are associated with similar changes in ac-
tivity in prefrontal and limbic structures.28,29 However, sex
differences in regional cerebral glucose utilizations have
been reported in the posterior cingulate cortex of remitted
depressive human subjects during tryptophan depletion,
although not in other regions of interest.30

It is generally accepted that gonadal hormones are
responsible for the majority of brain structural and func-
tional differences between the sexes. These include varia-
tions in size of nuclei, number of neurons contained in
these nuclei, and patterns of branching and circuitry con-
nections.31 Besides these organizational or permanent ef-
fects, gonadal hormones affect programming of these
circuits, allowing for temporary regulation.32

In addition, monoamine neurotransmitter receptors
interact closely with reproductive hormones. In a study
done in rodents, ovariectomy prevented the decrease in
5-HT2 binding sites induced by the serotonin and nor-
epinephrine reuptake inhibitor imipramine in the cerebral
cortex but failed to prevent the same changes in β-
adrenergic receptors.33 This finding was reversed by ad-
ministration of estradiol, progesterone, or a combination
of both. Since down-regulation of 5-HT2 and β-adrenergic
receptors is generally accepted as a central marker of anti-
depressant response, the specificity of the Kendall et al.33

findings suggests that ovarian hormones play a permis-
sive role in serotonergic activity that is perhaps crucial for
5-HT2 down-regulation, a dynamic not observed for the
β-adrenergic receptor. It has been postulated that the com-
plex fluctuations in levels of gonadal hormones, estrogen
in particular, throughout the female reproductive lifespan

facilitate vulnerabilities to depressive symptoms pre-
menstrually, postpartum, and during perimenopause.14,34

These findings are consistent with the notion that 5-HT
function may be influenced by sex. An improved under-
standing of the biological functions underlying sex differ-
ences in affective disorders may help inform treatment
interventions.

Further studies are needed to determine whether these
differences relate to the neurotransmitter depletion test it-
self, or if they reflect true sex differences between the
catecholaminergic and serotonergic pathways involved in
the regulation of mood states. Future depletion studies
should prospectively control for variables hypothesized to
affect outcome such as magnitude of depletion and toler-
ability concerns; include a careful assessment of the im-
pact of reproductive hormones, phase of menstrual cycle,
and menopausal status; and consider a within-subject se-
quential depletion design.

Drug names: buspirone (BuSpar and others), diphenhydramine (Bena-
dryl and others), fluoxetine (Prozac and others), imipramine (Tofranil
and others), paroxetine (Paxil, Pexeva, and others), phenelzine (Nar-
dil), sertraline (Zoloft and others), venlafaxine (Effexor and others).
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