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Lack of Relapse With Tryptophan Depletion
Following Successful Treatment With ECT

Frederick Cassidy, M.D., Elizabeth Murry, M.D., Richard D. Weiner, M.D., Ph.D.,
and Bernard J. Carroll, M.B., Ph.D.

Objective: Although the antidepressant mechanism of ECT is unknown, there are consid-
erable data to support serotonergic involvement. The effects of tryptophan depletion were
studied in patients with major depression treated successfully with ECT. Method: Five patients
who had been successfully treated with ECT for major depression were studied in a random-
ized, double-blind, crossover design comparing tryptophan depletion to a placebo procedure.
Results: No effect of tryptophan depletion on mood symptoms was observed despite more
than an 85% decrease in total serum tryptophan. Conclusions: These data suggest that pre-
synaptic serotonin availability may not be necessary for the acute maintenance of an anti-
depressant response to ECT.
 (Am J Psychiatry 1997; 154:1151–1152)

W hile ECT remains the most effective treatment
for major depression, its mechanism of action is

unclear. Serotonergic systems, as well as other neuro-
transmitter systems, have been implicated (1). Studies
of serotonergic changes during ECT have employed
animal models or relied on changes in 5-hydroxyindo-
leacetic acid in CSF. Delgado et al. (2) demonstrated the
value of tryptophan depletion as a methodology for
studying serotonergic systems in vivo by applying this
procedure to patients who had recently responded to
antidepressant drug treatment for major depression
and demonstrating the transient reappearance of de-
pressive symptoms. In an extension of this work, Salo-
mon et al. (3) showed that reemergence of symptoms
was dependent on the relative serotonergic properties
of the medication, i.e., patients treated successfully with
serotonergic antidepressants tended to relapse, while
patients treated with more noradrenergic ones did not.

Although initially applied to the study of antidepres-
sant medication, the probe is also pertinent to the study
of other therapies, such as ECT, that are hypothesized
to act through the serotonergic systems.

METHOD

Subjects were recruited from the inpatient mood disorders serv-
ice at John Umstead Hospital. All subjects met DSM-IV criteria for
major depressive episode at the time they were evaluated for ECT and
had subsequently responded to a course of bilateral ECT as docu-
mented by both clinical impression and at least a 65% decrease in
scores on the Montgomery-Åsberg Depression Rating Scale (mean=
87.0%, SD=13.2%). All subjects gave written informed consent for
participation in this study.

The study group comprised three white women and one white and
one Oriental man. All met DSM-IV criteria for major depressive epi-
sode, three with psychotic features. The mean age was 40.6 years
(SD=11.2, range=22–52). Immediately before ECT, subjects were
treated with the following: nortriptyline; nortriptyline, haloperidol,
and lorazepam; imipramine and loxitane; venlafaxine; and fluphen-
azine and lorazepam.

All subjects received standard bilateral, brief-pulse ECT through
use of a MECTA model SR-1 ECT device. Stimulus intensity was
titrated at the first treatment to achieve a 25-second motor convul-
sion. Men initially received a 80-mC stimulus and women a 48-mC
stimulus, and stimulus charge increased by 50% until an adequate
motor convulsion was obtained. The subsequent treatments em-
ployed a stimulus charge 50% above the determined threshold and
were thereafter increased by 50% as needed to maintain a motor con-
vulsion for 25 seconds or longer. Subjects received methohexital and
succinylcholine before stimulus, beginning at doses of 1 mg/kg, which
were adjusted as needed. Four subjects were premedicated with gly-
copyrrolate as a vagolytic agent. One patient received midazolam af-
ter the third and subsequent treatments for postictal agitation.
Psychotropic medications were discontinued before treatment. Sub-
jects received treatments three times per week until a therapeutic pla-
teau had been achieved, as determined by the treating psychiatrist and
the ECT team. The mean number of treatments received was 13
(SD=2, range=11–15).

The study used a double-blind, counterbalanced, placebo-con-
trolled design over a 5-day period beginning 1–4 days after comple-
tion of ECT (mean=2, SD=1), before the institution of maintenance
psychotropic medication. Days 1, 3, and 5 were used to establish and
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confirm that patients were at baseline; subjects were given a full-
strength amino acid mixture or a control drink in blind, random or-
der at 9:00 a.m. on days 2 and 4 of the experiment. Details of the
depletion technique are described elsewhere (4). On days 2 and 4
ratings were obtained at 9:00 a.m., 10:00 a.m., 12:00 noon, 2:00
p.m., and 4:00 p.m. through use of the Montgomery-Åsberg Depres-
sion Rating Scale (5). Depression scale ratings were completed by one
of us (F.C.), who remained blind throughout the protocol. Blood sam-
ples were obtained concurrently with each rating, and serum was fro-
zen at –80°C for subsequent tryptophan analysis with high perform-
ance liquid chromatography (6). This assay is able to detect 1.5 nmol/
ml of tryptophan. The coefficient of variation is less than 3%.

Changes in depression scale scores were analyzed to assess the ef-
fect of tryptophan depletion on mood state, as well as to test for order
and period effects, through use of t tests (7).

RESULTS

No clinical change was noted during tryptophan de-
pletion or control condition in any of the five subjects.
A mean 85% decrease in tryptophan levels was noted
after ingestion of the active mixture (table 1). Changes
in depression scale scores during depletion were not sig-
nificant (t=0.60, df=3). Analysis of changes in depres-
sion scale scores did not indicate either period (t=–0.60,
df=3) or order (t=0.40, df=3) effects.

DISCUSSION

Although animal and human CSF studies document
serotonergic changes during ECT (1), the role of sero-
tonin in the therapeutic mechanism of ECT has never
been demonstrated. Observed increases in 5-hydroxy-
tryptamine (5-HT2) receptor densities during electro-
convulsive seizures are in contrast to those seen with
antidepressant therapies (1), highlighting the impor-
tance of not prematurely attributing causality to ob-
served changes. Tryptophan depletion strategies have
permitted a more direct approach to the in vivo study

of serotonergic systems. Tryptophan depletion, how-
ever, did not demonstrate a major role of presynaptic
serotonin availability in the treatment of major depres-
sion with ECT. Although the possibility of a type II er-
ror was not excluded, a power analysis (8) of changes
in Montgomery-Åsberg Depression Rating Scale scores
indicated that more than 1,000 subjects would be re-
quired for a power of 0.80 at an alpha level of 0.05 to
demonstrate a difference. For practical reasons, the
study was not pursued further.

Clarification of the neurotransmitter systems respon-
sible for the antidepressant efficacy of ECT is important
to the rational selection of maintenance pharmacother-
apy following ECT, as well as to the development of
augmentation strategies for use during ECT. Further re-
search of the mechanism of ECT is warranted.
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TABLE 1. Montgomery-Åsberg Depression Rating Scale Scores and Serum Tryptophan Levels for Five Patients With Major Depression Treated
With ECT and Subsequent Crossover Comparison of Tryptophan Depletion and Placebo Procedure

Depression Scale Score Mean Tryptophan Level (nmol/ml)

Order of
Placebo Amino Acid Mixture Placebo Amino Acid Mixture

Patient
Crossover

Treatmentsa
Before
ECT Baseline

After 5
Hours Baseline

After 5
Hours Baseline

After 5
Hours Baseline

After 5
Hours

1 P:A 23  3   2   2  2  60.4 40.6 60.9 4.6
2 P:A 29  8  10  10  9  38.8 41.0 34.7 6.8
3 P:A 44  2   1   2  2  38.7 35.7 43.5 4.5
4 A:P 50  8   4   2  1  50.0 45.8 52.8 5.3
5 A:P 44  3   3   5  4  32.9 33.4 31.0 8.7

Total group
Mean 38.0 4.8  4.0  4.2 3.6 44.2 39.3 44.6 6.0
SD 11.4 2.9  3.5  3.5 3.2 11.0  4.9 12.4 1.8

aIndicates whether placebo (P) or amino acid mixture (A) was given first.
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