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This work studies association between relapse during acute tryptophan depletion (ATD) and CSF level of tryptophan (TRP) in remitted

depressives treated with sertraline or bupropion. Eight medication-responding depressives ingested an ATD amino acid mixture during

48-h continuous CSF sampling before and after treatment. Mood rating scores were compared with nadir levels of TRP in CSF. CSF TRP

nadirs averaged 8.7% of am baselines in remitted patients. Mood relapsed whenever the CSF nadir was below 40 nmol/l TRP in remitted

patients, and never when above (Fisher’s exact test, P¼ 0.029). Relapsing medication responders also showed very low

preantidepressant ATD-induced nadirs. ATD-induced relapses were associated with low CSF TRP levels. Individual susceptibility to

depletion may be independent of antidepressant treatment, mood state, or treatment status. Resistance to relapse may invoke an

undefined, protective CNS mechanism against extremely low CSF levels of TRP during ATD.
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INTRODUCTION

Most remitted depressive patients experience a brief mood
relapse during acute tryptophan depletion (ATD). The
mood change is weakly, if at all, correlated with the
observed 80–90% drop in plasma tryptophan (TRP).
Instead, vulnerability to relapse has been associated with
various symptom clusters (Delgado et al, 1990, 1991, 1994,
1999; Salomon et al, 1992, 1993; Benkelfat et al, 1995; Leyton
et al, 1997; Lenzinger et al, 1999; Moreno et al, 2000a;
Neumeister et al, 2002; Moore et al, 2000). ATD does not
affect mood in healthy subjects (Abbott et al, 1992; Salomon
et al, 1997). CSF TRP concentrations during ATD in healthy
subjects are not associated with mood changes (Carpenter
et al, 1998; Williams et al, 1999; Moreno et al, 2000b).
An explanation for individual vulnerability to relapse is
lacking.
Depressed patients were TRP depleted before and then

after treatment with sertraline or bupropion. CSF TRP levels

were measured continuously, sampling every 10min
through the ATD nadir period. We hypothesized that
sertraline-remitted patients would relapse if a critically low
TRP level was reached, and that bupropion responders
would be protected during ATD. However, our preliminary
data suggest that CSF TRP nadir levels influence mood state
more than the medication used. There may be a metabolic
vulnerability, or absence of depletion-protective mechan-
ism, in a subset of depressive individuals.

METHODS

Vanderbilt’s Institutional Review Board and the General
Clinical Research Center (GCRC) committee approved this
protocol and associated advertisements (1996–1999). Pa-
tients consented after lengthy discussions of procedures,
potential risks, and concerns. Depressed (ages 18–65,
Hamilton rating scale for depression (HRSD)X18 at
screening, 2 months antidepressant free) medically healthy
patients (by thorough laboratory, neurological, and physical
exams) were eligible. Exclusions included suicidality,
psychosis, tobacco use or nonaffective primary psychiatric
diagnosis, or past severe headache, back problems, serious
illness, or severe suicide attempt. Family and psychiatric
histories were recorded.
Major depressive episode (DSM-IV, APA, 1994) was

diagnosed clinically and by SCID-I/P and SCID-II (First
et al, 1996a, b). The HRSD (Mazure et al, 1986) defined
eligibility (17-item, X18), remission (decrease 50% or p8),
and ATD relapse (10 point rise or X18). Adverse events
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were recorded twice daily. Balanced monoamine meals
began 3 days before continuous CSF collection and excluded
methylxanthines. Rooms were darkened from 23:00 to
06:15. ATD (using the amino acid mixture described by
Delgado et al, 1990) began at 09:30 after 25.5 h of baseline
CSF sampling. The study design did not include the placebo
drink.
Pretreatment 48-h continuous CSF collections preceded 8

weeks of open pharmacotherapy (sertraline 50mg daily
week one, then 100mg; or bupropion 150mg daily week
one, then 150mg BID). A second continuous CSF collection
followed the fifth week of treatment. This monotherapy
(except for one patient who continued her lithium
throughout) was monitored for 3 weeks beyond the second
CSF collection.
Antecubital venous plasma was frozen (�601C) for later

assay of ‘Total TRP’. Plasma ultrafiltrate (Amicon, Beverly,
MA) was frozen for nonprotein-bound ‘Free TRP’ assays.
Lumbar catheters were placed (Bruce and Oldfield, 1988;
Kennedy et al, 1999) before 07:30, after 12 h supine, and
collections began at 08:00. CSF was collected continuously,
in 10-min aliquots, in polypropylene (41C), moved to dry
ice within 30min, and then stored (�601C).
A previously reported reductive electrochemical HPLC

method was modified to measure TRP in plasma and CSF
and 5-HIAA in CSF (Schmidt et al, 1990). 5-HIAA and TRP
assays were stable across the 3-year study period. Interassay
(between day) coefficients of variance for both TRP and 5-
HIAA were 7.9% (144 replicate analyses of pooled CSF over
4 years on three different HPLC systems). ‘Within assay’
coefficients of variance, run on 288 replicates over 4 days,
were 1.5% for TRP and 1.8% for 5-HIAA. Minimum
sensitivity was 0.01–0.002 times the measured amounts.
Independent, blind analyses were conducted. Mood

relapse and ATD nadirs (absolute lowest value) were
analyzed for association (n¼ 8, all two-tailed tests, all a
priori specified a¼ 0.05). The 24-h mean pre-ATD levels
(n¼ 144), termed ‘baseline’, were compared with ATD nadir
values to determine percent declines. The percent decline
was also expressed relative to the 8:00 am pre-ATD level, for
comparison with values in the literature (see abstract).
Lithium treatment in one patient did not affect TRP levels.
Fisher’s exact test assessed categorical comparisons.

Differences between group means for continuous measure-
ments were tested by the Student’s t-test and checked by the
Mann–Whitney U test. Before–after comparisons were
analyzed with the paired t-test and checked with the
Wilcoxon signed-rank test. Spearman correlation was used
to assess the relation between continuous variables.
Statistical analyses were performed on using SPSS for
Windows (Version 10.0, SPSS, Chicago).

RESULTS

A total of 16 consenting patients entered, 12 remained after
all assessment procedures, and one was released before CSF
collection because of a ‘dry tap’. Of these, 11 (mean7 SD,
range: age 36.67 9.1 years, 26–50; 82% females; HRSD
19.47 4.4, 15–27) completed the study procedures. As
responders to antidepressant treatment, eight (seven
females) were the a priori intended focus of study.
Treatment groups (sertraline vs bupropion) were indis-

tinguishable (NS) in baseline mood ratings, mean (24-h
baseline) plasma free and total TRP levels, and CSF 5-HIAA
levels.
Treatment compliance was assessed by interview only. No

baseline measure predicted antidepressant response. Treat-
ment assignment did not predict levels of CSF or plasma
TRP (free or total), or CSF 5-HIAA (Fisher’s exact test, NS).
Symptoms remitted in five of seven sertraline-treated
patients and three of four bupropion-treated patients.
During ATD, depressive relapses were brief and without
clinical consequence. There were no significant adverse
events and no withdrawals for any reason. Of 26 physical
symptom checklist (PSC) items, only memory, drowsiness,
and trouble concentrating averaged in the mild to moderate
range at any time point, and this was at baseline, improving
over time. No group-averaged mean symptom score was
ever significantly worse than at baseline (PSC, paired t-test,
a 0.05). One patient, on one occasion several hours after
ingesting the amino acid mixture, vomited without sequel-
lae. Baseline headache ratings were mild to moderate (rated
1–4, 2.27 0.9), so that significant worsening would be
expected only if severe headaches dominated. Severe
headaches were unusual, any headache was infrequent,
and all postspinal headaches resolved immediately (after
blood patch in five of 26 catheterizations including four
non-ATD studies).

Treatment EffectsFFindings from Baseline Sampling,
before ATD

Baseline CSF 5-HIAA levels (24-h means of 144 samples
per study, before ATD) declined with treatment, as expected
(cf Agren, 1980, P¼ 0.025, n¼ 11). This was usually
observed in sertraline-treated patients (mean 67.5% of
pretreatment, n¼ 7, P¼ 0.02) but only some bupropion-
treated patients (94.0% of pretreatment, n¼ 4, NS). Within-
subjects CSF TRP baseline levels were highly correlated
between studies (r¼ 0.85, n¼ 11), as observed in both the
sertraline and bupropion groups. Correlations were weak
between mean CSF TRP and mean 5-HIAA, mean plasma
total TRP, or mean plasma free TRP, both before and after
treatment.

Treatment RespondersFFindings from Baseline
Sampling, before ATD

Among responders (n¼ 8), treatment was associated with
declines in mean (n¼ 144 samples per study) CSF 5-HIAA
and plasma total TRP (76.0% (pre- to postantidepressant,
P¼ 0.03) and 77.0% (P¼ 0.05), respectively). Free plasma
TRP and CSF TRP were not significantly changed with
treatment (n¼ 8).

ATD Findings

Preantidepressant ATD was associated with irritability in
the lithium-maintained patient (HRSD rise from screening
to first ATD nadir, 3 points). She also showed the only
preantidepressant CSF TRP nadir (19.5 nM/l) below 40 nM/l.
No clinically notable mood change was observed before
antidepressant treatment. Pretreatment CSF TRP nadirs
correlated most strongly with free plasma TRP (r¼ 0.81,
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df¼ 6, P¼ 0.025, two-tailed) but weakly with total plasma
TRP (r¼ 0.37, NS) and very weakly with CSF 5-HIAA
(r¼ 0.16, NS) nadirs. Post-treatment ATD was the focus of
the study in the medication responders (n¼ 8, sertraline-
treated n¼ 5, bupropion-treated n¼ 3). The ATD was
associated with mood relapse after sertraline treatment
(60%, HRSD change mean¼�9.7 points) and also in a
bupropion-remitted (33%, change¼�11 points) patient.
Most nonrelapsing patients showed small rises in HRSD
(mean change¼+2.75), suggesting a bimodal mood re-
sponse to ATD. After treatment, the CSF TRP nadir
correlated weakly and inversely with CSF 5-HIAA
(r¼�0.24, NS), plasma total TRP (r¼�0.03, NS) but
tended towards significance with free plasma TRP nadirs
(r¼�0.64, df¼ 6, P¼ 0.1).
All TRP and 5-HIAA levels declined with ATD (all

P¼ 0.0001). CSF TRP nadir ranges were from 1.7 to 39.9%
(first ATD) or 1.6 to 8.7% (second ATD) of respective
baselines (n¼ 8; both Po0.0001). CSF 5-HIAA levels also
declined from the respective baselines in both studies
(51.3%7 22.7 of first ATD baseline; 52.7%7 10.9 of second
baseline, n¼ 8, both Po0.0001). Mood HRSD scores during
the second (remitted baseline) ATD (n¼ 8) were correlated
very weakly with 5-HIAA (r¼ 0.18, NS), plasma free TRP
(r¼ 0.36, NS), or plasma total TRP (r¼ 0.07, NS), but
strongly and inversely with CSF TRP (r¼�0.784, P¼ 0.03).
CSF TRP nadirs lasted for an average of 3.2 h (defined as
within 5% of baseline from nadir, n¼ 21 studies,
SD¼ 0.93 h).
Mood relapsed in all remitted patients with a CSF TRP

nadir below 40 nM (n¼ 4, all female), and none of the
patients (n¼ 4, three female) above that level (P¼ 0.029,
Fisher’s exact test, see Figure 1). Three of four relapsing
patients also had the lowest levels of CSF TRP during the
pretreatment ATD. Percent decline in CSF TRP from
baseline (the lowest¼ 1.2%) was not associated with
changes in mood measures (Table 1).
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DISCUSSION

Only about half of the remitted depressives relapse briefly
during ATD (Delgado et al, 1990). The present preliminary
data associate relapse with a threshold TRP level in CSF.
TRP levels in four patients’ lumbar CSF dropped below
40 nM/l and all relapsed, while four others neither reached
the critical level nor showed a mood relapse. Since this
subset of depressives also showed the lowest TRP nadirs
prior to antidepressant treatment, abnormal indoleamine
metabolism may be a stable trait among those who relapse.
However, even if an ATD-relapsing subset is identified, only
remission-related inferences can be drawn since ATD prior
to remission caused a worsening of symptoms only in one
patient, who was maintained throughout the study on her
chronic lithium regimen, and who also showed the only
preantidepressant subthreshold TRP nadir.
Frequent (every 10min) serial measurements of CSF TRP

and 5-HIAA levels assured a sample within 5min of the
absolute nadir, while this was not true for plasma (highest
frequency every 30min) and might account for poor plasma
TRP-mood correlations. However, the CSF nadirs remained
extremely low for more than 1 h, so the plasma sampling
frequency should not have been an obstacle. Findings with
the mechanistically distinct, catecholaminergic antidepres-
sant bupropion (Ascher et al, 1995; Ferris et al, 1983; Dong
and Blier, 2001) were not distinguished from those with the
SSRI sertraline.
Unusually low CSF TRP levels may precipitate a change in

mood, presumably through depletion of rapid-turnover
pools of serotonin (5-HT). 5-HIAA declines were not
correlated with mood or CSF TRP level, but were delayed
(hours) compared to the rapid decline in CSF TRP. Lumbar
CSF circulation may reflect central TRP levels rapidly,
having the same plasma source, while rostral 5-HIAA mixes
and flows slowly, delaying and dampening significance of
the signal. Besides a direct effect on 5-HT, other explana-
tions might include kynurenine metabolism (Moroni, 1999)
or indirect neuronal network effects. Further study is
needed to elucidate the mechanisms in this vulnerable
patient subset.

Limitations

Continuous CSF sampling in our hands is well tolerated,
but its demands, and hence the small n, limit general-
izability. Gender may be an important source of variability
of response to ATD, and was not equitably balanced in
this study. Increased sensitivity to TRP depletion in
depressed women has been reported, and decreased
brain uptake of [11-C]a-methyl-tryptophan (Nishizawa
et al, 1997) was observed in healthy female subjects after
TRP depletion. Our subject numbers are too small
and predominantly female to draw any gender-based
conclusions. However, females showed both the vulnerable
and nonvulnerable response in an almost 1 : 1 ratio.
The complexity and potential risks posed by this procedure
limit the study size to a minimum that contributes
a statistically valid sample. Conclusions regarding
gender specificity, or past psychiatric or family history
relations with relapse potential would require a larger
sample.

Summary

Mixed responses to ATD among remitted patients may be
because of central nervous system vulnerability to, or to
lacking protection from a depleted plasma source of the 5-
HT precursor, TRP. This data offers a putative phenotype
that may predispose to a depression subtype. The
biochemical response to depletion of the 5-HT precursor
appears to be an individual trait, not a mood or treatment
state. This does not imply that 5-HT is not linked to mood
in the nonrelapsing patients, but that they are able to
compensate for dietary depletions of TRP. Further study,
when new methods are available to follow TRP fate and
metabolism rates, will be needed to confirm the present
suggested threshold and better understand TRP depletion.
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