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Abstract
Background—Studies in depressed patients have demonstrated the presence of emotional bias
toward negative stimuli, as well as dysregulated brain serotonin function. The present study
compared the effects of acute tryptophan depletion (ATD) on both an emotional processing and a
planning task in never-depressed healthy volunteers at high and low familial risk for depression.

Methods—Young adults with no personal psychiatric history were stratified into two groups
based on family history (n = 25). Participants were enrolled in a randomized, double-blind,
placebo-controlled crossover ATD study and completed the affective go/no-go and Tower of
London tasks once during each condition.

Results—There was a significant treatment by valence by group interaction on the affective go/
no-go, driven primarily by a greater frequency of inappropriate responses to sad than to happy
distracters in the high-risk group during ATD. No group differences were observed on the Tower
of London.

Conclusions—Asymptomatic individuals at high familial risk for depression showed
abnormalities in emotional processing while undergoing experimentally induced tryptophan
depletion. These findings support emotional processing disturbances as potential trait-level
abnormalities associated with the risk of mood disorder.

Keywords
Affective go/no-go; emotional processing; family history; high risk; major depression; tryptophan
depletion

Major depressive disorder (MDD) is characterized by an inability to disengage from
distracting negative thoughts, memories, and events (1,2). Studies in depressed patients have

© 2011 Society of Biological Psychiatry

Address correspondence to Adriana Feder, M.D., Mount Sinai School of Medicine, Department of Psychiatry, One Gustave L. Levy
Place, Box 1230, New York, NY 10029; adriana.feder@mssm.edu.
Authors AN and DSC contributed equally to this work.

Supplementary material cited in this article is available online.

Dr. Charney reported no other biomedical financial interests or potential conflicts of interest. Ms. Skipper, Dr. Blair, Ms. Buchholz,
Dr. Schwarz, Dr. Doucette, Ms. Alonso, and Ms. Collins reported no biomedical financial interests or potential conflicts of interest.

NIH Public Access
Author Manuscript
Biol Psychiatry. Author manuscript; available in PMC 2014 March 04.

Published in final edited form as:
Biol Psychiatry. 2011 April 15; 69(8): 804–807. doi:10.1016/j.biopsych.2010.12.033.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



reported evidence of emotional bias toward negative stimuli (3-5), as well as dysregulated
brain serotonin (5-HT) function (6). Recent studies in healthy volunteers have linked 5-HT
function specifically with performance on emotional processing or “hot” cognitive tasks
(7-9).

To understand the role of 5-HT function in the pathophysiology of MDD, it is critical to
study individuals at high familial risk (HR) for depression before first onset of the disorder.
Acute tryptophan depletion (ATD) is a widely used experimental paradigm that manipulates
availability of brain 5-HT by depletion of its precursor, tryptophan, allowing the study of
differences in 5-HT function (6,10). Published ATD studies comparing affective processing
in HR and low familial risk (LR) groups have yielded mixed results (11,12), with one study
suggesting a differential effect of ATD when combined with stress (13).

The present study compared the effects of ATD on performance in an emotional processing
task, the affective go/no-go (AGNG) (3), in a group of healthy volunteers with positive
family history of MDD (HR) and a control group with negative family psychiatric history
(LR). Both major depression and ATD have been shown to affect performance on this task.
Studies with the AGNG have reported negative bias in currently depressed patients (3,4),
positive bias in healthy volunteers with a negative family psychiatric history (4,8), and
abolition of positive bias in healthy volunteers during ATD (7-9). The specific dependent
measures revealing emotional bias (i.e., omission errors, distracter errors, reaction times)
have varied across studies. The only published ATD study in remitted depressives reported
positive bias both during ATD and placebo, an unexpected finding (14). To our knowledge,
there are no published studies comparing performance on the affective go/no-go task in
healthy volunteers at high and low risk for depression. In light of previous findings in ATD
studies of healthy individuals (7-9) and the established link between MDD and 5-HT
dysfunction (6), we predicted that ATD would differentially affect emotional processing in
HR and LR participants. Specifically, we hypothesized that the HR group would show a
negative emotional bias on the AGNG during ATD compared with the LR control group. By
contrast, we hypothesized that ATD would not differentially impact performance in a
comparison planning task not involving affective processing, the Tower of London (TOL)
(15).

Methods and Materials
Participants

Procedures were approved by the Mount Sinai School of Medicine Institutional Review
Board. Male and female volunteers (18–35 years) with no personal history of any Axis I
disorders and free of medical illness, current medications, and lifetime 3,4-methylene-
dioxymethamphetamine (ecstasy) use were stratified into two groups based on family
history. The HR volunteers had at least one first-degree relative with recurrent or chronic
MDD. The LR volunteers had no history of any Axis I disorders in first-degree relatives.
Participants were assessed with the Structural Clinical Interview for DSM-IV and a clinical
interview by a psychiatrist. Family history of psychiatric (Axis I) disorders was ascertained
for all first-degree relatives by administering the Family Interview for Genetic Studies (16)
to participants and whenever possible to a second family informant. For HR participants, the
Family Interview for Genetic Studies was also used to identify at least one first-degree
relative with recurrent or chronic MDD, formally diagnosed by a physician and prescribed
antidepressant medication. Whenever possible (for 5 [38%] HR volunteers), the Structural
Clinical Interview for DSM-IV was also administered to the affected relative to confirm the
MDD history. The two groups were matched for age and gender.
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Experimental Procedure
Participants were enrolled in a randomized, double-blind, placebo-controlled crossover ATD
study, using a modified methodology (17,18) (Supplement 1). The HR and LR groups were
matched for treatment order. Blood samples for plasma tryptophan were obtained at baseline
(T0) and 6 hours (T6) and 8 hours (T8) after capsule ingestion. Mood-lowering response was
assessed by self-report with visual analogue scales at T0, 5 hours after capsule ingestion
(T5), and T8. Participants completed the TOL task (15) at T6 and the AGNG task (3) at T8.
Data from three LR participants who completed only one of the two sessions were excluded
from analyses (Supplement 1).

Data Analysis
Biochemical, mood, and behavioral data were analyzed with repeated measures analysis of
variance using SPSS 16 (SPSS, Inc., Chicago, Illinois), with group (HR vs. LR) as the
between-subject factor. Analyses of plasma tryptophan levels and mood-lowering response
to ATD included treatment (ATD vs. placebo) and time as within-subject factors. Analyses
of performance on the AGNG task (omission and distracter errors, reaction times) included
treatment, valence (happy vs. sad word blocks), and block type (shift vs. non-shift) as
within-subject factors. For analyses with the TOL task, treatment and difficulty level were
included as within-subject factors.

Results
The completer sample included 13 HR (10 female participants, mean age 26.5 years) and 12
LR (9 female participants, mean age 25.3 years) participants (Supplement 1). Group
characteristics did not differ significantly between groups. For most HR participants (92%),
age of onset of MDD in the affected relative was < 30 and MDD was recurrent.

Biochemical Effects
At T6, plasma free tryptophan levels were reduced from baseline by 72% in the HR group
and by 71% in the LR group. Total tryptophan levels were reduced by 72% in the HR group
and by 76% in the LR group. There were significant treatment by time interactions for both
free [F(1,23) = 26.6, p < .0001] and total [F(1,22) = 97.5, p < .000001] tryptophan levels,
with no significant group effect. Analyses of tryptophan levels at T8 confirmed persistence
of a significant treatment by time interaction for free and total tryptophan levels (p < .001).

Mood Effects
There were no significant treatment by time by group interactions on the happy/euphoric
[F(2,22) = .55, p = .59] or the sad [F(2,22) = 1.62, p = .22] visual analogue scales
(Supplement 1).

Affective Go/No-Go
Analysis of distracter error rates showed a significant treatment by valence by group
interaction [F(1,23) = 5.00, p = .035] (Figure 1, Table 1). Further analysis showed a
significant valence by group interaction during ATD [F(1,23) = 4.43, p = .047] but not
during placebo [F(1,23) = .67, p = .42]. During ATD, the HR group showed a higher
number of inappropriate responses to sad than to happy distracters, which approached
significance [t(12) = 1.93, p = .08]; in the LR group, responses to distracters during ATD did
not differ significantly by valence [t(11) = 1.00, p = .34]. In within-group analyses, the
treatment by valence interaction within the HR group fell just short of the trend level
[F(1,12) = 3.17, p = .10]; there was no significant treatment by valence interaction in the LR
group [F(1,11) = 1.95, p = .19].
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There was also a main effect of block type, with a significantly higher number of distracter
errors during shift than nonshift blocks [F(1,23) = 17.2, p < .001]. For reaction time (RT),
there was a significant main effect of valence, with significantly longer RT for sad than
happy words [F(1,23) = 13.8, p = .001]. There were no significant treatment by valence by
group interactions in omission error rates or in RT.

Tower of London
On the TOL task, there was a significant main effect of difficulty [F(3,20) = 6.6, p = .003]
but no significant treatment by difficulty by group interactions in performance [F(3,20) =
1.3, p = .30] (Table 2).

Discussion
This is the first study to our knowledge to compare the effects of ATD on affective and
nonaffective cognitive tasks in healthy individuals with a family history of highly familial
forms of depression and low-risk control subjects. Acute tryptophan depletion unmasked a
significant group by valence interaction in distracter error rates. In particular, the HR group
made a higher number of inappropriate responses to sad than to happy distracters during
ATD, a difference that approached significance. In contrast, emotionally neutral decision
making was not affected by ATD.

These differential effects of ATD on task-based emotional processing across groups in the
absence of overt impact on mood supports prior findings that 5-HT might be more directly
linked to affective processing than to mood per se (8,19). Unlike prior studies in LR
volunteers (7-9), we did not find a positive bias in the LR group during the placebo
condition, possibly given our smaller sample size and the inclusion of both male and female
participants. Of note, however, results from these prior studies were not always consistent,
as they differed in the dependent measure showing positive bias—distracter errors versus
reaction times (Supplement 1).

Findings in never-depressed HR individuals during ATD suggest a possible premorbid
vulnerability in 5-HT regulation. Abnormal 5-HT function in HR individuals might induce
bias toward sad stimuli, resulting in reduced engagement in potentially rewarding activities
or interactions with others, and a complex iterative cycle ultimately leading to first onset of
MDD (8,19,20). Of note, only a subset of HR participants showed a higher response to sad
than to happy distracters during ATD (Figure 1). Longitudinal follow-up could help
determine whether performance on the AGNG can identify HR individuals who will
eventually develop MDD, representing over one third of first-degree relatives of probands
with early-onset, recurrent MDD (21).

While we studied a carefully characterized sample of HR volunteers at particularly high
familial risk for depression, our results are limited by sample size. Further, our findings
might be specific to the particular tasks selected for study. Future studies should include a
range of affective processing tasks and examine how differences in emotion processing
might relate to neural responses and to behavioral responses in real-life situations.

Conclusions
In summary, ATD unmasked differences in emotional processing across HR and LR groups
but did not affect planning ability. The possibility that individuals at high familial risk for
depression exhibit disturbances in the processing of affective stimuli before and as a step
toward the development of a mood disorder deserves further study.
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Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Performance on the affective go/no-go task. Figure 1 illustrates a significant treatment by
valence by group interaction in distracter error rates on the affective go/no-go task [F(1,23)
= 5.00, p = .035]. During acute tryptophan depletion, the high-risk group made more
inappropriate responses to sad distracters during happy target blocks than to happy
distracters during sad target blocks, a difference that approached significance [t(12) = 1.93,
p = .08]. In the low-risk group, responses to distracters during acute tryptophan depletion did
not differ significantly by valence [t(11) = 1.00, p = .34]. There were no significant findings
during the placebo condition. Each diamond or triangle represents an individual participant.
ATD, acute tryptophan depletion.
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