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Abstract
Background Depressed patients perform poorly on tests of
autobiographical memory specificity (AMS); this may have
negative consequences for other important cognitive abili-
ties, delays recovery from mood episodes, and, in recovered
patients, may mediate vulnerability to future episodes.
Although the cognitive mechanisms underlying AMS
deficits are beginning to be understood, the neurobiological
mechanisms remain unclear. Serotonin is implicated in both
depression and long-term memory; therefore, temporary
lowering of brain serotonin function via acute tryptophan
depletion (ATD) offers a means of studying the role of
serotonin in autobiographical memory specificity.
Materials and methods In this study, 24 previously de-
pressed women underwent low-dose ATD or sham deple-
tion and completed tests of initial and delayed memory,
recollection- and familiarity-based recognition, and AMS.
Results ATD did not differentially affect state mood.
Compared with sham depletion, ATD impaired immediate
recall on the Auditory Verbal Learning Test. Although ATD
did not differentially impair recollection- and familiarity-
based recognition, it did slow recognition of positive words.
ATD also reduced autobiographical memory specificity in
response to negative cue words.
Discussion The results confirm previous findings that low-
dose ATD can reinstate depression-congruent biases in

cognition without causing depressive mood in vulnerable
populations. The ATD-induced reduction in memory
specificity suggests that serotonergic dysfunction may
mediate depressive deficits in autobiographical memory;
the interaction of cognitive and neurobiological vulnerabil-
ity mechanisms is discussed.
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Background

One of the most reliable neuropsychological impairments
observed in depression is reduced autobiographical memory
specificity (AMS): when asked to retrieve a specific
autobiographical memory in response to a cue word,
depressed patients perform poorly relative to nondepressed
controls. Instead of describing an event that occurred at a
particular time and place, depressed patients are more likely
to give a response that summarizes a repeated event (for a
review, see Williams et al. (2007)). This phenomenon is
important because the degree of AMS impairment predicts
the time course of affective disturbances (Brittlebank et al.
1993; Dalgleish et al. 2001). Additionally, in euthymic
individuals, the degree of AMS impairment predicts later
depression symptoms (Gibbs and Rude 2004; Mackinger et
al. 2000; van Minnen et al. 2005; but see also Spinhoven et
al. (2006)).

Several cognitive mechanisms have been suggested for
AMS reductions in depression, including functional avoid-
ance (Williams 1996), executive dysfunction (Dalgleish et
al. 2007; Yanes et al. 2008), and rumination (Barnard et al.
2006; Crane et al. 2007), yet the neurobiological mecha-
nisms remain unclear. Two studies have attempted to link
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reduced AMS to increased cortisol levels, with mixed
results (Barnhofer et al. 2005; Buss et al. 2004). However,
given that serotonin is strongly implicated in both long-
term memory and depression (Cowen 1996; Harmer et al.
2002; Riedel et al. 1999), serotonergic mechanisms could
underlie depressive deficits in AMS.

The assertion that serotonin plays a key role in both
long-term memory and depression rests partly on evidence
from studies using acute tryptophan depletion (ATD).
Tryptophan (TRP) is the amino acid precursor of serotonin
and is normally obtained in the diet. ATD involves
ingesting an amino acid mixture that lacks TRP; the amino
acid load stimulates protein synthesis, increasing the
demand for TRP and thereby lowering plasma TRP
concentrations. TRP thus competes at a relative disadvan-
tage with other large neutral amino acids (LNAA) for entry
across the blood-brain barrier. These actions substantially
lower brain TRP levels, thus temporarily reducing serotonin
synthesis and availability (Ruhe et al. 2007).

ATD with a standard dose (typically 100 g but
sometimes less) TRP-free mixture can induce transient
depressive relapse in recovered depressed patients (Delgado
et al. 1990; Smith et al. 1997). More recent research has
shown that low-dose (31.2 g) ATD in recovered depressed
patients selectively induces temporary cognitive impair-
ments similar to those seen in depression without affecting
mood, whereas such changes are not observed in partic-
ipants with no depression history (Hayward et al. 2005).
These findings may reflect differential vulnerability to
neuropsychological impairments following disruption of
serotonergic function; such impairments could be important
in the etiology of future depressive episodes. However,
biased emotional information processing following low-
dose ATD has also been reported in healthy volunteers
(Roiser et al. 2008).

A recent mega-analysis found that standard-dose ATD
also impairs initial memory and delayed recall in healthy
volunteers, with females showing greater impairment
(Sambeth et al. 2007). Furthermore, one study using a
source-memory paradigm found that ATD impaired source
memory without affecting overall recognition (McAllister-
Williams et al. 2002). The source memory paradigm is
conceptually equivalent to memory tests that distinguish
between recollection- and familiarity-based recognition.
Other work distinguishing between these processes has
used the Remember–Know Test (Tulving 1985). In the
Remember–Know Test, participants are given a recognition
memory test and are asked to report whether, in saying that
they recognize a stimulus, they “remember” it or “know” it.
A “remember” response indicates that they have a specific
“recollection” of some aspect of the earlier exposure to the
stimulus, whereas a “know” response indicates that the
stimulus seems “familiar” but that they cannot specifically

recollect anything about the encoding circumstances.
Depressive mood impairs “remember” responding while
sparing “know” responding; moreover, those with lower
rates of “remember” responding also have greater AMS
deficits (Ramponi et al. 2004). This suggests that similar
processes might underlie AMS and recollection-based
recognition.

ATD may therefore offer a valuable tool for investigating
the role of serotonin in AMS and recollection-based
recognition. Although one study found no effect of ATD
on AMS (Park et al. 1994), the participants were males with
no history of depression—a group unlikely to show
cognitive or mood changes under ATD. To our knowledge,
no previous study has examined the effect of ATD on
responses on the Remember–Know Test.

The aim of this study was to examine the effect of low-
dose ATD on AMS and recollection-based recognition in
recovered depressed women. Only women were included
because of their increased sensitivity to the effects of ATD
compared to men (Booij et al. 2002). The low-dose
procedure removed the potential for confounding by state
mood changes. We also assessed memory using the
Auditory Verbal Learning Test (AVLT; cf. Hayward et al.
2005). A Number Generation Test of executive dysfunc-
tion—known to be associated with reduced memory
specificity (Dalgleish et al. 2007)—was used to investi-
gate whether any AMS deficits could be attributed to
differential effects of ATD on executive function. The
hypotheses were that low-dose ATD would not affect
mood but would impair initial recall memory, “remember”
but not “know” hit rates on the Remember–Know Test,
and specificity of autobiographical memory.

Materials and methods

Participants

The participants were 24 euthymic women (mean age
26.5 years, range 18–54) who had at least one lifetime
major depressive episode, but who had not met criteria for
major depression in the preceding 6 months (as determined
by the Structured Clinical Interview for DSM-IV) and did
not meet criteria for any other past or current axis I
disorders. None had taken antidepressants in the previous
3 months, were currently receiving psychological treat-
ment, or were currently taking any medications other than
contraceptives. They were screened for current physical
illness and significant medical history that could affect
tryptophan depletion. The amino acid testing session was
scheduled so as to avoid the premenstrual week. All
participants gave written informed consent prior to taking
part in the study and were reimbursed for their time and
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expenses. The study was approved by the Oxfordshire
Research Ethics Committee.

Procedure

Participants completed screening procedures and baseline
testing on the Autobiographical Memory Test (AMT) and
Number Generation Test. The AVLT and Remember–Know
Test both involve a surprise memory test, so repeated
administration of these tasks is not possible. Between 4 and
54 days (mean=17.2, SD=13.1) after the baseline visit,
participants arrived at the unit in the morning after fasting
from midnight and were randomly allocated in a double-
blind between-groups design to receive either a tryptophan-
free amino acid mixture or a balanced control mixture.
Subjective mood state was measured on arrival (t0) using
the following questionnaires: the Beck Depression Inven-
tory (BDI; Beck et al. 1996; Dalgleish et al. 2007), a
12-item version of the Hamilton Depression Rating Scale
(HDRS) modified to be more suitable for assessing short-
term changes in symptoms (Hayward et al. 2005), a 24-item
version of the Profile of Mood States (POMS; McNair et al.
1992), and 10 cm visual analog scales (VAS) for the
following dimensions: alert, afraid, happy, sad, guilty,
tense, confused, and anxious. These questionnaires were
completed again 5 h after drink consumption (t5). Venous
blood samples were taken at t0 and t5 for subsequent
analysis of TRP levels. Psychological testing (AVLT,
Number Generation Test, AMT, and Remember–Know
Test) commenced after the t5 questionnaires and blood
samples were complete. During the 5-h wait, participants
were free to drink water and caffeine-free teas and were
permitted to read, work, or watch DVDs, provided that the
reading or viewing material was emotionally neutral.

Amino acid mixture

The depletion mixture consisted of L-isoleucine (4.2 g);
L-leucine (6.6 g); L-lysine monohydrochloride (4.8 g);
L-methionine (1.5 g); L-phenylalanine (2.9 g); L-tyrosine
(3.4 g); L-threonine (3.0 g); L-valine (4.8 g); the control
mixture additionally contained 2.0 g of L-tryptophan. The
amino acids were suspended in 200 mL of cold tap water.
The unpleasant taste was disguised with blackcurrant
flavoring, and participants were given a sugar-free mint
after consuming the drink to alleviate any residual taste.

Plasma tryptophan determination

Plasma tryptophan data was unavailable for two partic-
ipants because of difficulties with obtaining blood
samples. For all other participants, blood samples were
taken in lithium heparin tubes, centrifuged to obtain

plasma and stored at −20°C. Total L-tryptophan concen-
trations were determined by an isocratic high-performance
liquid chromatography (HPLC) method of analysis.
Plasma proteins were removed by precipitation with a
3% trichloroacetic acid (TCA) and centrifugation at
10,000×g. An aliquot of the supernatant (TCA) was then
diluted in mobile phase before injection onto the HPLC
analytical column. Fluorescence endpoint detection was
used to identify tryptophan.

Psychological tests

Auditory Verbal Learning Test

The AVLT assesses a number of different components
of memory including initial recall, learning, delayed
recall and recognition (Rey 1964). A list of 15 concrete
nouns was read to the participant five times; after each
trial, immediate free recall was tested. Immediate recall
on a distracter list of 15 concrete nouns was then
assessed, after which free recall of the original list was
assessed again. After approximately 10 min, during which
the Number Generation Task (see later) and another
nonverbal task were completed, delayed free recall of
the original list was assessed. Finally, recognition mem-
ory for the original list was tested by reading a list of 50
nouns which included all the words from both lists along
with 20 further words.

Remember–Know Test

Sixty-four unambiguously likeable or unlikeable personal-
ity characteristics, selected from Anderson (1968), were
used as targets. These were divided into two lists, each
comprising 16 likeable and 16 unlikeable words, matched
on word length, written frequency, and meaningfulness.
The lists were ordered pseudorandomly such that no more
than four words of the same valence appeared consecutive-
ly. An additional eight words were used as practice stimuli.
Approximately half the participants encoded list A, and the
remaining participants encoded list B. At recognition, list B
words were used as distracters for those who had encoded
list A and vice versa.

For the encoding phase, participants were required to
categorize the words as likeable or unlikeable as quickly
and accurately as possible using labeled keys. In order to
decide whether the word was likeable or unlikeable,
participants were asked whether they would like or dislike
overhearing someone else describing them as possessing
this characteristic. Each stimulus word appeared for 500 ms
in black lowercase letters on a white screen and was
followed by a fixation cross for 1,000 ms. Responses and
reaction times (RT) were recorded.
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After a 10-min interval during which a nonverbal filler
task (Raven's Advanced Progressive Matrices, set II: Raven
et al. (1998)) was completed, the recognition phase was
presented. Participants were told they would be presented
with targets and distracters one by one and were asked to
indicate, by pressing a labeled key as quickly as possible,
whether they confidently recognized the word as one they
had seen earlier. For words that they recognized, partic-
ipants were instructed to then take as much time as they
needed to make a “remember,” “know,” or “guess “re-
sponse. “Remember” responses were described as follows:
“…the word evokes specific memories of what you
experienced during its first presentation. For example, you
might recall how it looked on the screen, the way in which
it was presented, or even what you were thinking or doing
at the time it was shown.” “Know” responses were described
as follows: “…you are confident that the word appeared, but
cannot recollect any aspects of its presentation—it just seems
familiar.” Participants were asked to use the “guess” category
when they had guessed that the word had been shown
previously to avoid contaminating the “know” category with
guesses (Eldridge et al. 2002), but “guess” responses were
not analyzed. Before commencing the task, participants
practiced using on eight practice words, half of which had
also been practice words in the encoding phase.

All 128 stimuli were then presented in eight blocks of 16
words presented in a fixed pseudorandom order such that not
more than four words from the same list appeared consecu-
tively. Each stimulus word was preceded by a fixation cross
for 1,000 ms; the stimulus then appeared for 3,000 ms in black
lowercase letters on a white screen. If the subject responded
“old,” she was prompted to make a “remember”/“know”/
“guess” judgment. If the subject responded “new” or did not
respond within 3,000 ms, the next stimulus word appeared.
Responses and RT were recorded.

Autobiographical Memory Test

The AMT (Williams et al. 1996) was used at the baseline visit
and 5 h after consuming the amino acid drink. Two lists of
cue words, each comprising 10 words (five positive, e.g.,
“brave” and 5 negative, e.g., “harsh,” matched for frequency
and imageability) were used, one at the screening visit and
one at the second visit at t5. Each list was presented verbally
in a fixed random order. Seven participants in the depletion
group and four in the control group were presented with list
A at the first visit and list B at the second visit; the list order
was reversed for the remaining participants (five in the
depletion group and eight in the control group). Drink
received and list order were independent [χ2 (1)=1.51, n.s.].

Participants were instructed that, for each cue word, they
should respond with a memory of an autobiographical
event which had lasted less than 1 day and which had

occurred at a specific time and place. They were told that
the event could have occurred recently or a long time ago
and could have been important or trivial but that no
responses should be repeated for a subsequent word. They
were given an example of a correct and incorrect response.
Participants practiced with three neutral words with
feedback. Responses were tape-recorded for subsequent
coding. The outcome measure was the number of specific
memories that occurred within 20 s of the cue word, where
a specific memory was defined as a description of a single
episode lasting less than a day, e.g., “the day I graduated”
which did not repeat a previous response. If the type of
response initially generated was unclear, participants were
prompted to expand on their response after test completion.
Coding of memories was performed by a single rater
(ADMH), blind to drink condition; previous research in our
lab has shown that memory specificity can be reliably rated
in this way (Barnhofer et al. 2007).

Executive dysfunction (Number Generation Task)

The Number Generation Task is a measure of executive
dysfunction known to correlate with memory specificity
deficits (Dalgleish et al. 2007). Participants were required to
generate numbers that satisfy a set of constraints which were
presented once verbally (e.g., “Please give me a sequence of
five numbers between four hundred and ninety-nine and one
hundred and one”), and the number of errors was counted.
Three practice questions were given beforehand with
feedback. Errors were summed across types (numbers not
in sequence, numbers outside the upper or lower bounds,
incorrect number of numbers [e.g., giving five numbers, 101
through to 105, when asked for four numbers], incorrect
number of digits [e.g., giving a seven digit number when
asked for a six digit number]). Multiple instances of the same
error type within the same sequence were counted as a single
infringement of one constraint (as in Barnard et al. (2001)).

Statistical analyses

All data were analyzed using analysis of variance or t tests.
For all measures, drink (depletion or control) was entered as
the between-subjects factor. For repeated measures (mood
ratings, plasma tryptophan levels, AMT), time of testing
was used as a within-subjects factor. For AMT and
Remember–Know Test data, stimulus valence (positive or
negative) was used as a within-subjects factor. Remember–
Know Test recognition data were also analyzed using
judgment type (remember or know) as an additional
within-subjects factor. Baseline Number Generation Test
scores and then change in Number Generation Test scores
were included as covariates for AMT data analyses.
Significant interactions were examined with simple main

502 Psychopharmacology (2009) 207:499–508



effect analyses. All statistical analyses were performed
using SPSS version 15.

Results

Participants

There were no significant differences between the control
and depletion groups in terms of age, years of tertiary
education, age at depression onset, number of episodes of
depression, interval since last episode, and delay between
first and second visits (see Table 1). Eight participants in
the depletion group and five participants in the control
group had received previous psychological treatment.
Baseline BDI, HDRS, and total TRP also did not differ
significantly between the groups at baseline (see Table 2).

Changes in plasma tryptophan

The depletion drink significantly decreased total plasma
TRP levels relative to the control drink [time × drink:
F(1, 20)=107.159, p<0.001]. The mean percentage de-
crease in total TRP in the depletion group was 70.0%
(SD=10.82); whereas in the control group, total TRP
increased by a mean of 87.2% (SD=58.08, see Table 2).

Mood ratings

There was no differential effect of drink on the HDRS,
BDI, POMS, or VAS scales [all p values for main effects of
drink and time × drink interactions ≥ 0.05]. This confirmed
that there was no difference between the depletion and
control drinks in their effect on mood.

Auditory Verbal Learning Test

Compared to the control drink, tryptophan depletion impaired
initial recall memory scores [depletion: mean=6.73,
SD=1.51; control: mean=8.75, SD=2.24; t(22)=3.172,
p=0.012]. It had no effect on learning, recall after a distracter
list, or delayed recall or recognition [all p values>0.121].

Remember–Know Test

In the encoding phase, although all participants tended
to classify positive words more quickly and accurately
than negative words, there was no effect of tryptophan
depletion on accuracy or mean RT for either correctly
or incorrectly classified words [accuracy: trend-level
main effect of valence F(1, 22)=3.194, p=0.088, other
p values>0.245; correct RT: main effect of valence
F(1, 22)=34.166, p<0.001, other p values>0.258; incor-

rect RT: all p values>0.664]. In the recognition phase,
tryptophan depletion had no effect on overall recognition
hit rate or false alarm rate, although on average,
participants had more hits and false alarms for positive
than negative words [accuracy: main effect of valence:
F(1, 22)=8.179, p=0.009, other p values>0.138; false
alarm rate: main effect of valence: F(1, 22)=14.129,
p=0.001, other p values>0.537]. Analysis of hits separat-
ed by judgment type (“remember” or “know” but ignoring
“guess”) revealed that hit rates were higher for “remem-
ber” than “know” responses and, as seen previously in the
overall hit rate, higher for positive than negative words;
the latter effect was modified by a trend-level valence ×
drink interaction [main effect of judgment type: F(1, 22)=
11.081, p=0.003, main effect of valence: F(1, 22)=4.685,
p=0.042, valence × drink interaction: F(1, 22)=3.378,
p=0.080, other p values>0.332]. Analysis of RT separated
by judgment type1,2 (again ignoring guesses) showed that
tryptophan depletion significantly slowed recognition
judgments relative to sham depletion; additionally, all
participants made recognition judgments more quickly for
positive than negative words as well as being quicker for
words subsequently judged as “remember” than words
subsequently judged as “know.” However, these main
effects were modified by a significant valence × drink
interaction which arose because tryptophan depletion
abolished the faster recognition of positive words relative
to negative words [main effect of drink: F(1, 22)=5.731,
p=0.026, main effect of valence: F(1, 22)=9.861,
p=0.005, main effect of judgment type: F(1, 22)=
31.184, p=<0.001; valence × drink interaction F(1, 22)=
6.019, p=0.023, between groups t test for positive words:
t(22) 2.752, p=0.012, for negative words: t(22)=1.726,
p=0.098; see Fig. 1].

Autobiographical Memory Test

One participant in the depletion group was inadvertently
given the same cue words at baseline and at t5; her scores
were therefore omitted from the AMT analyses.

The 2 (time) × 2 (cue word valence) × 2 (drink) mixed
design ANOVA showed a main effect of time [F(1, 21)=
8.125, p=0.010] and a trend-level main effect of valence
[F(1, 21)=3.512, p=0.075]; however, these were modified
by a significant time × valence × drink interaction [F(1, 21)=

1 Note that we used the mean RT to choose “old” or “new” separated
by subsequent judgement type (“remember” or “know”) rather than
the time to choose “remember” or “know,” because participants were
instructed to make the first choice as quickly and accurately as
possible but had as long as they needed to make the second choice.
2 One participant in each group had a missing RT value because they
made no responses of that type; these values were replaced using
expectation–maximization within the group.
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9.241, p=0.017]. The follow-up analyses separated by cue
word valence revealed no effects for positive cues [all p
values≥0.168]; whereas for negative words, there was a
main effect of time [F(1, 21)=4.558, p=0.045], which was
modified by a significant time × drink interaction [F(1, 21)=
9.569, p=0.006] arising from a reduction in autobiographical
memory specificity for negative cue words in the depletion
group compared to the control group (Fig. 2)3.

In order to examine whether the reduction in memory
specificity was related to low baseline executive function or
to an ATD-induced reduction in executive function, the
analysis was repeated twice, first using baseline Number
Generation Task errors as a covariate and second using
change in Number Generation Task errors as a covariate. In
both of these analyses, the critical time × valence × drink
interaction remained significant, and the follow-up time ×
drink interaction remained significant for negative cues (but
not positive cues)4.

Discussion

The main findings of this study were that, compared to
sham depletion, low-dose ATD in recovered depressed
women impaired initial recall memory, reduced output of
specific negative autobiographical memories, and slowed
recognition of positive words relative to negative words.
These effects were found in the absence of any differential
changes in mood suggesting that they occurred as direct
effects of central serotonin depletion.

The present study replicated Hayward and colleagues'
(2005) finding of impaired initial recall memory in
recovered depressed patients after ATD. This is also
consistent with previous work demonstrating that ATD
induces impaired initial recall in both depression-vulnerable
and healthy groups (Sambeth et al. 2007). However, similar
to the findings reported by Hayward and colleagues
(Hayward et al. 2005), we did not find an effect of ATD
on delayed recall (or delayed recognition), which contrasts
to the majority of findings in healthy volunteer studies
(Sambeth et al. 2007). The reasons for this are unclear but
may relate to the low-dose procedure specifically used in
both the current study and the Hayward (Hayward et al.
2005) study. As such, initial recall appears to be particularly
sensitive to central depletion of serotonin in vulnerable
participants.

We found no evidence to support the hypothesis that
low-dose ATD impairs recollection-based but not
familiarity-based recognition. Standard-dose ATD has
previously been shown to impair source memory—which
requires recollection-based recognition—in never-
depressed males (McAllister-Williams et al. 2002). The
absence of any effect of ATD on recollection-based
memory in the present sample may have been because the
low-dose procedure did not induce a large enough decline
in recollection to be detected on this task. However, ATD
did abolish the speeding of recognition of positive words
compared to negative words. Although this latency effect is
more subtle than an effect on accuracy, it does suggest
some lack of fluency in processing positive stimuli and is
consistent with the negative biases in information process-
ing reported by Hayward and colleagues (2005) following
tryptophan depletion. Such effects may also be involved in

3 Collapsed across valence and time of testing, there was no difference
in the number of specific memories recalled for the two lists [paired t
test: t(22)=0.577, n.s.]. However, when the data were separated by
valence, there were more specific memories recalled for positive cue
words on list B than list A [t(22)=2.44, p=0.023]; there was no such
difference for negative cue words [t(22)=1.70, n.s.]. When list order
was included in the overall mixed design ANOVA testing the effect of
ATD on AMS, the only significant effect involving list order was a
three-way interaction involving time, valence, and list order
[p=0.033]. There were no other significant effects involving list
order, and the crucial time × valence × drink interaction remained
significant. Given that there were no interactions involving list order
and drink type, we do not believe this detracts from our main results
regarding effects of ATD on AMS.
4 We were not specifically interested in the effect of ATD on NGT; the
Number Generation Task was included to examine whether any
change in AMS could be attributed to changes in executive function.
A 2 (drink) × 2 (time) mixed design ANOVAwith Number Generation
Task errors as the dependent variable showed no main effects and no
interactions [all p values≥0.30]. However, when baseline Number
Generation Task errors were introduced as a covariate in the AMS
analysis, there was a time × NGT interaction [F(1, 19)=3.274, p=
0.018], which arose because those who made more errors on the
Number Generation Task errors at baseline had a greater decline (or
smaller increase) in memory specificity at t5 relative to baseline,
independent of drink and cue valence [R (23)=−0.436, p=0.038].
Crucially, the time × valence × drink interaction for AMS remained
significant [p=0.031], indicating that the decline in memory specific-
ity to negative words following ATD was independent of baseline
Number Generation Task errors.

Depletion Control

Age 28.3(10.3) 24.6(5.3)

Years of tertiary education 4.5(3.5) 3.4(3.0)

Age at first onset of depression 18.9(4.9) 18.3(3.7)

Number of depressive episodes 2.1(1.3) 1.8(1.1)

Time since remission (years) 2.7(2.5) 2.9(2.0)

Delay between first and second visits (days) 13.0(9.0) 21.3(15.4)

Table 1 Demographic and clin-
ical characteristics of the two
groups (means with standard
deviations in parentheses)
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mood decline seen with higher doses of tryptophan
depletion in vulnerable patient groups (Smith et al. 1997).

To our knowledge, this is the first study to demonstrate a
link between disruption of serotonergic function and
impaired autobiographical memory specificity. This finding
suggests that ATD, at a level insufficient to cause overt
mood changes, yet induced a reinstatement of depressive
deficits in AMS in these recovered patients. Previous
failure to find reduced AMS following ATD is likely due
to the use of a sample including only never depressed males
(Park et al. 1994). Moreover, the fact that the AMS effect

found in this study was specific to negative words suggests
that responses to neutral cue words, such as those used by
Park and colleagues, may not demonstrate ATD-induced
reductions in AMS.

Why would ATD induce deficits in specific negative
recall? A possible explanation can be drawn from one of
the cognitive theories regarding reduced specificity: the
“functional avoidance” or “affect regulation” hypothesis
(Williams 1996). This is based on the notion that, within a

Fig. 2 Mean number of specific memories given for positive and
negative cue words in the depletion (shaded bars) and control (white
bars) groups; values represent means±SEM. Asterisks indicate a
significant interaction for negative cue words (p=0.006)

Fig. 1 Mean reaction times (collapsed across “remember” and
“know” responses) to correctly recognize positive and negative words
in the depletion (shaded bars) and control (white bars) groups; values
represent means±SEM

Depletion at t0 Depletion at t5 Control at t0 Control at t5

BDI 2.17(2.52) 1.67(2.39) 1.75(3.47) 1.67(2.84)

HDRS 1.33(2.61) 1.25(2.49) 0.42(0.67) 0.33(0.65)

POMS scales

Tension 0.92(1.51) 0.33(1.15) 1.17(1.70) 0.58(1.24)

Depression 0.08(0.29) 0.08(0.29) 0.00(0.00) 0.25(0.87)

Anger 0.33(0.65) 0.00(0.00) 0.17(0.39) 0.42(0.90)

Fatigue 1.33(1.30) 2.17(2.82) 1.08(1.24) 2.33(2.67)

Confusion 0.42(0.67) 0.42(0.67) 0.42(0.51) 0.58(1.44)

Vigor 6.92(1.88) 5.08(3.45) 7.50(2.78) 6.33(3.08)

VAS scales

Alert 5.58(1.65) 4.68(2.09) 5.94(2.35) 5.33(2.45)

Afraid 1.22(2.14) 0.43(0.41) 1.11(1.37) 0.56(0.87)

Happy 6.58(0.75) 5.82(1.65) 6.87(1.57) 6.49(1.74)

Sad 0.59(0.56) 0.65(0.68) 0.64(0.6) 1.05(1.88)

Guilty 0.87(0.99) 0.54(0.71) 0.99(1.42) 0.66(0.61)

Tense 0.93(1.55) 0.52(0.64) 1.85(2.19) 1.21(1.45)

Confused 0.48(0.54) 0.38(0.36) 0.60(1.11) 0.83(1.61)

Anxious 0.60(0.77) 0.53(0.56) 1.68(2.06) 1.00(0.95)

Total tryptophan (μmol/L) 35.75(4.57) 10.56(3.78) 35.02(6.73) 63.15(14.68)

Table 2 Mood ratings and total
tryptophan before (t0) and 5 h
after (t5) consumption of the
depletion or control amino acid
drink (means with standard
deviations in parentheses)
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hierarchy of representations in the autobiographical mem-
ory system, more general memories are located at a higher
level than more specific memories and that a top-down
search process is initiated in carrying out strategic retrieval,
such as in the AMT (Conway and Pleydell-Pearce 2000).
Within this system, it is postulated that specific autobio-
graphical memories tend to be more emotionally salient
than general memories and, therefore, have more potential
to be aversive. Depressive impairments in AMS may thus
reflect a learned tendency to truncate the retrieval process at
a higher, more general level of the autobiographical
memory hierarchy in an attempt at regulating affect by
avoiding retrieval of specific details (Williams 1996).

It has been argued that the serotonin system mediates
both the prediction of aversive outcomes and also the
behavioral inhibition that serves to minimize encounters
with those outcomes, thereby regulating negative affect
(Dayan and Huys 2008). In Dayan and Huys' view, the
reduction in serotonin following ATD reduces both accurate
prediction of negative outcomes and behavioral inhibition;
the individual would therefore encounter unexpected
negative outcomes (from either internal or external states)
and make large negative prediction errors, increasing the
tendency towards mood decline. If this theory is correct,
reduced specificity in retrieving negative autobiographical
events represents the reactivation of a temporarily effective
affect regulation mechanism in the context of impairment of
the normal affect control processes.

An alternative though not necessarily incompatible view
is that, because retrieval of specific memories places
significant demands on executive functions, depressed or
recovered depressed individuals have difficulty with the
AMT and that this memory deficit is a particular example of
a more general impairment of executive capacity (e.g.,
Dalgleish et al. (2007)). However, an executive deficit
explanation would predict autobiographical memory im-
pairment for both positive and negative cue words, and this
did not occur. Moreover, the reduction in memory
specificity that was observed for negative words remained
significant even after accounting for baseline executive
dysfunction and change in executive dysfunction, as
measured by the Number Generation Test. This dissociation
between memory specificity and executive dysfunction
changes is inconsistent with what would be expected if
memory specificity deficits under ATD were mediated by
increases in executive dysfunction.

The findings reported here are promising in terms of
advancing our knowledge of the ways in which cognitive
and neurobiological vulnerability mechanisms interact. In
depression-prone individuals, when minor decreases in
serotonin availability threaten to cause depressive mood,
this could trigger avoidance of specific recall in response to
negative cues in the environment. Although this cognitive

strategy is potentially successful in defending against mood
decline, it is likely to have maladaptive long-term con-
sequences: impaired memory specificity is known to be
associated with impaired social problem solving (Goddard
et al. 1997; Raes et al. 2005), difficulties imagining future
events (Williams et al. 1996), increased rumination (Crane
et al. 2007), and prolongation of current mood disturbances
(Brittlebank et al. 1993; Peeters et al. 2002; Raes et al.
2006). Thus, a small change in serotonin availability might
produce a cascade of cognitive outcomes that could
precipitate a depressive episode.

Several limitations of this study must be acknowledged.
Firstly, we did not measure TRP:LNAA ratios. This ratio,
rather than total plasma TRP, is what determines the entry
of TRP across the blood-brain barrier (Fernstrom et al.
1975). Although total plasma TRP levels often increase
following the TRP-containing control drink (as in this
study), any change in the TRP:LNAA ratio is typically less
marked, and the ratio may even decrease slightly following
control drink consumption (e.g., Hayward et al. (2005)).
Given that this control condition for ATD is now well
established, our measurements of total TRP were designed
to confirm expected effects of the amino acid depletion
rather than to explore and characterize these effects.
econdly, our sample was limited to women, and it therefore
remains unknown whether recovered depressed men
would also show deficits in AMS and slowed recognition
of positive words following low-dose ATD. Thirdly, the
coding of memory specificity was performed by a single
rater, and therefore interrater reliability for these data is
unknown. However, previous research in our lab has
shown that memory specificity can be reliably rated in this
way (Barnhofer et al. 2007). Finally, we did not include a
never depressed comparison group. Hayward and col-
leagues found no initial recall memory deficit under ATD
in their never depressed sample, but the effect of ATD on
AMS in never depressed individuals remains unclear.
Although one previous study found no effect of full-dose
ATD in never depressed males (Park et al. 1994), the cue
words used in that study were emotionally neutral. Given
that the effect found in our study was valence-specific,
using emotionally valenced words would be crucial in any
future study seeking to examine AMS following ATD in
never depressed individuals.

In summary, low-dose ATD in recovered depressed
women impaired initial recall and AMS in a manner
consistent with the return of depressive deficits in memory;
this raises the possibility that reduced AMS in depression is
due to chronic disruption of serotonergic function. Al-
though previous work has shown that AMS can be
modified through psychological treatments (Williams et al.
2000), the effects of pharmacological treatments on AMS
remains unknown. Further work is needed to pinpoint more
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precisely the neurobiological processes involved in AMS,
including the ways in which serotonergic disturbances
might interact with the functioning of other neurobiolog-
ical systems, such as the hypothalamo-pituitary-adrenal
axis, and how these might be affected by psychological or
pharmacological interventions aimed at alleviating de-
pression and vulnerability to depression. Nonetheless,
these results highlight the consequences of decreased
serotonin in vulnerable patients, demonstrate the close
interactions between cognitive and biological factors in
ongoing vulnerability, and suggest a mechanism by which
small decreases in serotonin function could trigger
maladaptive cognitive strategies associated with risk for
future depression.
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