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Objective: The study assessed the effects on global cognitive function and mood of a re-
duction of brain serotonin by means of acute tryptophan depletion in 16 patients with de-
mentia of the Alzheimer type and in 16 cognitively intact comparison subjects. Method: In a
double-blind, crossover design, subjects received a tryptophan-free amino acid drink to in-
duce acute tryptophan depletion and, on a separate occasion, a placebo drink containing a
balanced mixture of amino acids. On each occasion, ratings of depressed mood were made
at baseline and 4 and 7 hours later, and the Modified Mini-Mental State was administered at
baseline and 4 hours later. Results: Patients with dementia of the Alzheimer type had a sig-
nificantly lower mean score on the Modified Mini-Mental State after acute tryptophan deple-
tion than after receiving placebo. The comparison group showed no difference in mean
score on the Modified Mini-Mental State after acute tryptophan depletion and after receiving
placebo. No significant changes in mood were found in either group. Conclusions: Acute
tryptophan depletion significantly impaired cognitive function in patients with dementia of the
Alzheimer type. Compromised serotonergic function, in combination with cholinergic deficit,
may make an important contribution to cognitive decline in dementia of the Alzheimer type.

(Am J Psychiatry 2000; 157:638—-640)

Dementia of the Alzheimer type is associated with
cholinergic loss, but levels of other neurotransmitters,
particularly serotonin (5-HT), are abnormal in demen-
tia of the Alzheimer type and may contribute to both
cognitive and noncognitive features of the disorder.
Acute tryptophan depletion by dietary means re-
duces central 5-HT levels and 5-HT function (1). In
young, healthy volunteers acute tryptophan depletion
has been shown to cause impairment in learning (2).
We examined the effect of 5-HT depletion induced
by acute tryptophan depletion in patients with demen-
tia of the Alzheimer type and in healthy comparison
subjects. We hypothesized that acute tryptophan
depletion would cause impairment in cognitive func-
tion and that the impairment would be potentiated in
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dementia of the Alzheimer type by the preexisting
cholinergic deficit. We also measured the effect of 5-
HT depletion on mood to determine whether changes
in cognitive function could be secondary to mood
changes induced by acute tryptophan depletion.

METHOD

Subjects were receiving no medication known to affect the S-HT
system, had no personal or family history of depression, and had no
history of serious coexistent physical illness. Subjects with dementia
of the Alzheimer type were recruited from hospital outpatient clinics
and day hospitals. They had a computerized tomography scan and
full laboratory tests to screen for problems that could cause demen-
tia and met criteria for probable Alzheimer’s disease outlined by the
National Institute of Neurological and Communicative Disorders
and Stroke and the Alzheimer’s Disease and Related Disorders Asso-
ciation (3). Comparison subjects were matched for age, sex, and
years of education, were cognitively intact, and had scored 90 or
more on the Cambridge Mental Disorders of the Elderly Examina-
tion (4). They were recruited from among spouses of the patients.
After subjects and their caretakers were given a complete description
of the study, their written informed consent was obtained. Subjects
were warned of the possibility of a transient lowering of mood and
worsening of performance on tests of learning and memory. The
study was approved by the Newcastle and North Tyneside Health
Authority Joint Ethics Committee.
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TABLE 1. Effect of Acute Tryptophan Depletion and Other Study Variables on Mood and Cognitive Ratings in 16 Subjects With
Alzheimer’s Disease and 16 Cognitively Intact Comparison Subjects

Mood, Measured by
Geriatric Depression

Mood, Measured by
Montgomery-Asberg
Depression Rating

Cognitive Function,
Measured by Modified

Scale Scale Mini-Mental State

Variable F df p F df p F df p
Main effects

Acute tryptophan depletion? 0.77 1,28 0.39 135 1,28 0.26 587 1,28 0.02

Time of measurement? 0.42 2,56 0.66 1.04 2,56 0.36

Study group® 19.84 1,28 <0.001 0.77 1,28 0.39 139.96 1,28 <0.001

Order of study conditions? 2.06 1,28 0.16 297 1,28 0.10 263 1,28 0.12
Interactions

Acute tryptophan depletion and time of measurement 1.72 2,56 0.19 043 2,56 0.66

Acute tryptophan depletion and study group 0.10 1,28 0.76 0.31 1,28 0.59 357 1,28 0.07

Acute tryptophan depletion and order of study conditions 226 1,28 0.14 0.0 1,28 0.96 042 1,28 0.52

Order of study conditions and study group 0.01 1,28 0.91 0.0 1,28 0.95 545 1,28 0.03

2 Acute tryptophan depletion induced by a tryptophan-deficient amino acid drink compared with placebo (a drink containing a balanced

mixture of amino acids).

b For ratings of mood, completed at baseline and 4 hours and 7 hours after baseline.
¢ Subjects with dementia of the Alzheimer type compared with cognitively intact comparison subjects.
91n the double-blind, crossover design, placebo administered first or tryptophan-deficient amino acid drink administered first.

Subjects were tested twice, at least 1 week apart, in a double-
blind, placebo-controlled, balanced-order, crossover design. Subjects
fasted overnight, and at 9:00 a.m., they completed baseline measures
and then received either a placebo drink consisting of a nutritionally
balanced mixture of 52 g of amino acids (2) or a drink that was iden-
tical except that it contained no tryptophan. Subjects remained at
rest in the laboratory for 7 hours. Blood was taken at baseline and
after 4 and 7 hours; the Montgomery-Asberg Depression Rating
Scale (5) and Gerlatrlc Depression Scale (6) were administered at the
same three time points. At 4 hours, the Modified Mini-Mental State
was administered (7).

Plasma and an ultrafiltrate were stored at —20°C. Free plasma
tryptophan and total plasma tryptophan were measured using high-
performance liquid chromatography (8). Intra- and interassay coef-
ficients of variation were 3.4% and 4.4%, respectively, for free tryp-
tophan and 3.3% and 4.4 %, respectively, for total tryptophan.

Subjects’ scores on the Modified Mini-Mental State were ana-
lyzed by repeated measures analysis of variance (ANOVA) with
treatment (depletion or placebo) as a within-subject variable and
order of the study conditions (placebo first or acute trytophan de-
pletion first) and study group as between-subject variables. For
analysis of the data from the mood rating scales and of the data on
free and total tryptophan, time was added as a within-subject vari-
able. The reported p values of all ANOVAs used the Huynh-Feldt
correction factor.

Scores on the Modified Mini-Mental State and mood rating scales
at 4 hours were also analyzed for each group separately using post
hoc t tests for paired samples (two-tailed). Where a significant group
effect was found, post hoc t tests for independent samples were used
to compare the groups at equivalent time points, under equivalent
experimental conditions. These data are reported as means with
standard deviations and 95% confidence intervals (ClIs).

RESULTS

Sixteen subjects with dementia of the Alzheimer
type and 16 comparison subjects completed the study.
The subjects with dementia consisted of 10 women
and six men with a mean age of 75.0 years (SD=5.7)
and a mean score of 60.3 (SD=9.8) on the Cambridge
Mental Disorders of the Elderly Examination. The
comparison subjects consisted of eight women and
eight men with a mean age of 73.1 years (SD=4.9) and
a mean score of 99.4 (SD=3.7) on the Cambridge
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Mental Disorders of the Elderly Examination. An ad-
ditional female comparison subject withdrew after the
first visit because of side effects (nausea). There were
no significant differences between the groups in age,
sex, or years of education.

A considerable depletion of free plasma tryptophan
was recorded at 4 and 7 hours after subjects ingested
the tryptophan-deficient drink. Free plasma tryp-
tophan decreased by an average of 73% and 62%, at 4
and 7 hours, respectively, in the comparison group and
by an average of 69% and 62 %, respectively, in the
group with dementia of the Alzheimer type. Total tryp-
tophan levels followed a similar pattern. Repeated
measures ANOVA showed a significant effect of tryp-
tophan depletion on mean score on the Modified Mini-
Mental State (table 1) and a significant effect of group
on mean score on the Modified Mini-Mental State but
no significant interaction of tryptophan depletion and
group. In the group with dementia of the Alzheimer
type, mean score on the Modified Mini-Mental State
was significantly lower after tryptophan depletion
(mean=55.7, SD=14.8) than after ingestion of placebo
(mean=60.3, SD=13.8) (t=2.38, df=15, p=0.03; 95%
CI=0.48-8.64). In the comparison group, there was no
significant difference between mean score on the Mod-
ified Mini-Mental State after tryptophan depletion
(mean=96.0, SD=4.3) and after ingestion of placebo
(mean= 96.6, SD=3.1) (t=0.74, df=15, p=0.47; 95%
CI=-2.19 to 1.07). In both the placebo and depletion
conditions, mean scores on the Modified Mini-Mental
State were, as expected, significantly lower in the
group with Alzheimer’s disease (data not given). There
was a significant interaction between order of the
study conditions and study group (table 1), which
probably reflected a learning effect in the group with
Alzheimer’s disease. Scores on the mood rating scales
showed no significant effects of tryptophan depletion,
time, or order of the study conditions and no signifi-
cant interactions between tryptophan depletion and
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time (table 1). There was a significant effect of group
on score on the Geriatric Depression Scale (table 1).
Post hoc paired t tests showed significantly lower
scores on the Geriatric Depression Scale in the compar-
ison group (t=3.27, df=30, p=0.003).

DISCUSSION

Acute tryptophan depletion produced a robust re-
duction in both free and total plasma tryptophan con-
sistent with that previously described in the literature
(2). Reduction of plasma tryptophan gave rise to a sig-
nificant reduction in score on the Modified Mini-Men-
tal State in subjects with dementia of the Alzheimer
type, but not in the cognitively intact comparison
group. The mean difference in score on the Modified
Mini-Mental State after acute tryptophan depletion
compared with placebo was 4.6 points, or 8% of the
placebo score, which is clinically significant. We found
no change in mood after tryptophan depletion or after
placebo in either group, suggesting that vulnerability
to depressive illness in patients with dementia of the
Alzheimer type may not be solely secondary to reduced
5-HT function.

L-Tryptophan is also metabolized to kynurenic acid
and quinolinic acid, which influence neural transmis-
sion mediated by L-glutamate (9). However, if this pro-
cess was a significant factor in the results reported
here, it is more likely that the low-tryptophan state
would improve rather than worsen cognitive function.
Rosse et al. (10) have demonstrated an improvement in
cognitive function after diet-induced tryptophan deple-
tion in schizophrenia. It is notable that the study by
Rosse et al., like our study, demonstrated changes in
cognitive function in the absence of mood changes.

Cholinergic neurotransmission has been clearly
linked to cognitive processes, and animal evidence sug-
gests an additive effect on certain mnemonic processes
of combined cholinergic and serotonergic lesions (11).
We propose that, in subjects with dementia of the
Alzheimer type but not in comparison subjects, the in-
duced reduction in 5-HT function potentiated impair-
ment caused by a preexisting cholinergic deficit.

Studies of supplementation with L-tryptophan in de-
mentia of the Alzheimer type have failed to demon-
strate any consistent improvement in cognitive func-
tion (12), and large studies of treatment with selective
serotonin reuptake inhibitors (SSRIs) in dementia of
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the Alzheimer type have failed to show clear improve-
ment in cognitive function (13). Serotonergic strategies
may fail to improve cognitive function because they
are ineffective in the presence of impaired cholinergic
function. Although it is likely that some patients have
received a combination of cholinesterase inhibitors
and SSRIs, we know of no systematic evaluation of
such a strategy. Our data suggest that such a combined
replacement strategy may be useful.
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