
BackgroundBackground Acute tryptophanAcute tryptophan

depletiontransiently induces symptomsindepletiontransiently induces symptomsin

thosewithremitted depression.Thethosewithremitted depression.The

behavioural specificity is uncertain,behavioural specificityis uncertain,

however.Recently, symptomprovocationhowever.Recently, symptomprovocation

studies have become controversial,studies have become controversial,

particularly inthe USA.particularly inthe USA.

AimsAims To assess the specificityof acuteTo assess the specificityof acute

tryptophan depletion.To investigatetryptophan depletion.To investigate

systematically the subjective experiencessystematically the subjective experiences

ofthose takingpart in a symptomofthose takingpart in a symptom

provocation study.provocation study.

MethodMethod Twenty individualswithTwentyindividualswith

remitted depressionunderwent acuteremitted depressionunderwent acute

tryptophan depletion in a double-blind,tryptophan depletion in a double-blind,

crossover trial.Psychiatric symptoms andcrossover trial.Psychiatric symptoms and

self-schemata relevantto depressionwereself-schemata relevantto depressionwere

assessed.The qualityofthe informedassessed.The qualityofthe informed

consentprocedure and subjectiveconsentprocedure and subjective

experienceswere also evaluated.experienceswere also evaluated.

ResultsResults Acute tryptophan depletionAcute tryptophandepletion

induced a specific depressive response.induced a specific depressive response.

The effectsweremore pronounced inThe effectsweremore pronounced in

females than inmales.Participantswerefemales than inmales.Participantswere

quite satisfiedwiththe informed consentquite satisfiedwiththe informed consent

procedure.Theyhadunderstood thatthisprocedure.Theyhadunderstood thatthis

was a fundamentalresearch project andwas a fundamentalresearchproject and

personalbenefitswerenotexpected.personal benefitswere notexpected.

However, someparticipants still found it aHowever, someparticipants still found it a

positive experience.positive experience.

ConclusionsConclusions Acute tryptophanAcute tryptophan

depletion is a suitablemodel ofdepletion is a suitablemodel of

vulnerability to depression, fromboth avulnerability to depression, fromboth a

scientific and an ethicalperspective.scientific and an ethicalperspective.

Declaration of interestDeclaration of interest None.None.

Fundingdetailed in Acknowledgements.Fundingdetailed in Acknowledgements.

Acute tryptophan depletion inducesAcute tryptophan depletion induces

transient symptoms in 50–60% of thosetransient symptoms in 50–60% of those

with remitted depression treated with awith remitted depression treated with a

serotonergic antidepressant (Booijserotonergic antidepressant (Booij et alet al,,

2003). Evidence suggests that it causes a2003). Evidence suggests that it causes a

return of symptoms that were present be-return of symptoms that were present be-

fore treatment (Delgadofore treatment (Delgado et alet al, 1990), but, 1990), but

others argue that it mainly induces physicalothers argue that it mainly induces physical

symptoms (Lam & Yathamsymptoms (Lam & Yatham, 2003). Studies, 2003). Studies

have almost exclusively relied on thehave almost exclusively relied on the

Hamilton Rating Scale for DepressionHamilton Rating Scale for Depression

(HRSD), which includes many somatic(HRSD), which includes many somatic

items (Hamilton, 1960). Hence, the behav-items (Hamilton, 1960). Hence, the behav-

ioural specificity of acute tryptophan deple-ioural specificity of acute tryptophan deple-

tion is still uncertain. Furthermore,tion is still uncertain. Furthermore,

symptom provocation studies are now con-symptom provocation studies are now con-

troversial. For instance, front-page articlestroversial. For instance, front-page articles

inin The Boston GlobeThe Boston Globe (Whitaker & Kong,(Whitaker & Kong,

1998) accused researchers of abusing pa-1998) accused researchers of abusing pa-

tients for financial profit or professionaltients for financial profit or professional

advancement. No lasting or serious side-advancement. No lasting or serious side-

effects have been reported for acute trypto-effects have been reported for acute trypto-

phan depletion, suggesting that thephan depletion, suggesting that the

procedure is safe. However, the views ofprocedure is safe. However, the views of

participants have not been investigated.participants have not been investigated.

The aims of the present study were toThe aims of the present study were to

investigate the behavioural specificity ofinvestigate the behavioural specificity of

acute tryptophan depletion and to collectacute tryptophan depletion and to collect

data on participants’ opinions on a deple-data on participants’ opinions on a deple-

tion study.tion study.

METHODMETHOD

ParticipantsParticipants

Eligible participants for the acute trypto-Eligible participants for the acute trypto-

phan depletion trial were out-patients of aphan depletion trial were out-patients of a

mood disorders clinic. Inclusion criteriamood disorders clinic. Inclusion criteria

were: age between 18 and 65 years; on-were: age between 18 and 65 years; on-

going treatment with a selective serotoningoing treatment with a selective serotonin

reuptake inhibitor (SSRI) or serotonin–reuptake inhibitor (SSRI) or serotonin–

noradrenaline reuptake inhibitor (SNRI)noradrenaline reuptake inhibitor (SNRI)

for at least 4 weeks; meeting DSM–IVfor at least 4 weeks; meeting DSM–IV

criteria for depression in remissioncriteria for depression in remission

(American Psychiatric Association, 1994);(American Psychiatric Association, 1994);

and an HRSD (17-item version) score lowerand an HRSD (17-item version) score lower

than 15. Exclusion criteria were: majorthan 15. Exclusion criteria were: major

physical illness; substance misuse withinphysical illness; substance misuse within

the past 3 months; psychosis (lifetime);the past 3 months; psychosis (lifetime);

lactation; and pregnancy. Diagnoses werelactation; and pregnancy. Diagnoses were

clarified with the Structured Clinical Inter-clarified with the Structured Clinical Inter-

view for DSM–IV (SCID; Firstview for DSM–IV (SCID; First et alet al,,

1995). After a complete oral and written1995). After a complete oral and written

description of the study, written informeddescription of the study, written informed

consent was obtained. Twenty-three par-consent was obtained. Twenty-three par-

ticipants were enrolled in the trial, two ofticipants were enrolled in the trial, two of

whom subsequently withdrew.whom subsequently withdrew.

After the tryptophan challenge, all 23After the tryptophan challenge, all 23

participants, together with a further 18participants, together with a further 18

(10 females) who had participated in(10 females) who had participated in

another acute tryptophan depletion project,another acute tryptophan depletion project,

were asked to complete a questionnairewere asked to complete a questionnaire

about their experiences during the study.about their experiences during the study.

Participants in the other project also hadParticipants in the other project also had

remitted depression and the design, pro-remitted depression and the design, pro-

cedure and inclusion criteria of that projectcedure and inclusion criteria of that project

were identical to the present study.were identical to the present study.

DesignDesign

The study had a randomised double-blindThe study had a randomised double-blind

crossover design with two depletioncrossover design with two depletion

sessions, separated by at least 4 days. Thesessions, separated by at least 4 days. The

hospital pharmacist was responsible forhospital pharmacist was responsible for

the randomisation.the randomisation.

Amino acid mixturesAmino acid mixtures

At each depletion session, patients receivedAt each depletion session, patients received

in randomised order either a 100 g or a 25 gin randomised order either a 100 g or a 25 g

amino acid mixture. The composition ofamino acid mixture. The composition of

the 100 g mixture (aimed at reducing tryp-the 100 g mixture (aimed at reducing tryp-

tophan levels by 90%) was as follows:tophan levels by 90%) was as follows:

5.5 g5.5 g LL-alanine, 3.2 g-alanine, 3.2 g LL-histidine, 13.5 g-histidine, 13.5 g LL--

leucine,leucine, 12.2 g12.2 g LL-proline, 6.9 g-proline, 6.9 g LL-tyrosine,-tyrosine,

4.9 g4.9 g LL-arginine, 5.7 g-arginine, 5.7 g LL-phenylalanine,-phenylalanine,

6.9 g6.9 g LL-threonine, 6.9 g-threonine, 6.9 g LL-serine, 8.9 g-serine, 8.9 g

LL-valine-valine, 2.7 g, 2.7 g LL-cysteine, 8.0 g-cysteine, 8.0 g LL-isoleucine,-isoleucine,

3.0 g3.0 g LL-methionine, 11.0 g-methionine, 11.0 g LL-lysine HCL-lysine HCL

and 3.2 g glycine. The 25 g mixture (aimedand 3.2 g glycine. The 25 g mixture (aimed

at 50% reduction) consisted of the sameat 50% reduction) consisted of the same

amino acids but in one-quarter the amountamino acids but in one-quarter the amount

(Krahn(Krahn et alet al, 1996). Amino acids were, 1996). Amino acids were

mixed with cold water to a final volumemixed with cold water to a final volume

of 300 ml. Liquid chocolate syrup wasof 300 ml. Liquid chocolate syrup was

added, and the mixture was served chilledadded, and the mixture was served chilled

to limit the unpleasant taste of some ofto limit the unpleasant taste of some of

the amino acids. Participants were kept onthe amino acids. Participants were kept on

a 24-h low-tryptophan diet (160 mg/day)a 24-h low-tryptophan diet (160 mg/day)

prior to both sessions. During the depletionprior to both sessions. During the depletion

sessions, water, (de)caffeinated coffee, (herb)sessions, water, (de)caffeinated coffee, (herb)

tea, orange juice and protein-poor (tea, orange juice and protein-poor (550.05 g)0.05 g)

biscuits were allowed in standard amounts.biscuits were allowed in standard amounts.

Patients had a low-tryptophan lunch 3 hPatients had a low-tryptophan lunch 3 h

after drinking the mixture.after drinking the mixture.

AssessmentsAssessments

We used the Comprehensive Psychopatho-We used the Comprehensive Psychopatho-

logical Rating Scale (CPRS) to assess symp-logical Rating Scale (CPRS) to assess symp-

toms (Goekooptoms (Goekoop et alet al, 1992). The CPRS is a, 1992). The CPRS is a
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68-item interview/observation scale with68-item interview/observation scale with

item scores ranging from 0 (absent) to 6item scores ranging from 0 (absent) to 6

(very severe), including the Montgomery–(very severe), including the Montgomery–

Asberg Depression Rating Scale (MADRS;Åsberg Depression Rating Scale (MADRS;

Montgomery & Asberg, 1979) and theMontgomery & Åsberg, 1979) and the

Brief Anxiety Scale (TyrerBrief Anxiety Scale (Tyrer et alet al, 1984). Fac-, 1984). Fac-

tor analytic research has revealed that thetor analytic research has revealed that the

CPRS consists of six factors (GoekoopCPRS consists of six factors (Goekoop etet

alal, 1992). Emotional dysregulation refers, 1992). Emotional dysregulation refers

to a number of symptoms common to bothto a number of symptoms common to both

anxiety and depression. Motivational inhi-anxiety and depression. Motivational inhi-

bition refers to dysregulation of appetite,bition refers to dysregulation of appetite,

interest and motor inhibition, whereasinterest and motor inhibition, whereas

motor disinhibition refers to ‘manic-like’motor disinhibition refers to ‘manic-like’

symptoms. The subscale behavioural disin-symptoms. The subscale behavioural disin-

tegration refers to items such as agitation,tegration refers to items such as agitation,

slowness of movement and emotional indif-slowness of movement and emotional indif-

ference. Perceptual disintegration refers toference. Perceptual disintegration refers to

psychotic symptoms. Autonomic dysregula-psychotic symptoms. Autonomic dysregula-

tion measures autonomic arousal/anxiety.tion measures autonomic arousal/anxiety.

For the present study, a number of ques-For the present study, a number of ques-

tions were added to the CPRS interview,tions were added to the CPRS interview,

to allow scoring of the 17-item HRSD.to allow scoring of the 17-item HRSD.

Ratings were performed by a trained inter-Ratings were performed by a trained inter-

viewer who was masked to the sequence ofviewer who was masked to the sequence of

the mixtures and to the research questionthe mixtures and to the research question

(i.e. the specificity question).(i.e. the specificity question).

Self-report measures included the BeckSelf-report measures included the Beck

Depression Inventory II (BDI–II; BeckDepression Inventory II (BDI–II; Beck etet

alal, 1996) and the Positive and Negative, 1996) and the Positive and Negative

Affect Schedule (PANAS; WatsonAffect Schedule (PANAS; Watson et alet al,,

1988). The BDI–II is more focused on cog-1988). The BDI–II is more focused on cog-

nitions than other depression scales, andnitions than other depression scales, and

has three subscales: affective, somatic, cog-has three subscales: affective, somatic, cog-

nitive (Van der Does, 2002). The PANAS isnitive (Van der Does, 2002). The PANAS is

based on the tripartite model of anxiety andbased on the tripartite model of anxiety and

depression (Watsondepression (Watson et alet al, 1988). It mea-, 1988). It mea-

sures negative affect (common to anxiety/sures negative affect (common to anxiety/

distress and depression) and positive affectdistress and depression) and positive affect

(low scores specific for depression). Partici-(low scores specific for depression). Partici-

pants also rated a list of 48 physical symp-pants also rated a list of 48 physical symp-

toms on a five-point scale.toms on a five-point scale.

The Self-referent Adjectives EncodingThe Self-referent Adjectives Encoding

and Recall Task (SAERT; Dobson & Shaw,and Recall Task (SAERT; Dobson & Shaw,

1987) was used to assess self-schemata rele-1987) was used to assess self-schemata rele-

vant to depression. The task consists of avant to depression. The task consists of a

random presentation of ten positive andrandom presentation of ten positive and

ten negative adjectives and six neutralten negative adjectives and six neutral

words, preceded by three neutral practicewords, preceded by three neutral practice

trials. Words were selected from a validatedtrials. Words were selected from a validated

list of personality trait words (Anderson,list of personality trait words (Anderson,

1968) and matched on word frequency,1968) and matched on word frequency,

word length and number of syllables. Eachword length and number of syllables. Each

word was presented twice. At the first pre-word was presented twice. At the first pre-

sentation, participants had to decide assentation, participants had to decide as

quickly as possible whether or not the wordquickly as possible whether or not the word

was self-descriptive. Immediately there-was self-descriptive. Immediately there-

after, the same word was presented again,after, the same word was presented again,

accompanied by a six-point scale rangingaccompanied by a six-point scale ranging

fromfrom 773 (not at all applicable) to +33 (not at all applicable) to +3

(very applicable). Response speed was(very applicable). Response speed was

emphasised for the initial (yes/no) ratings,emphasised for the initial (yes/no) ratings,

not for the second presentation. Immedi-not for the second presentation. Immedi-

ately after the second presentation, partici-ately after the second presentation, partici-

pants were asked to recall the adjectivespants were asked to recall the adjectives

presented.presented.

Ethics questionnaireEthics questionnaire

The questionnaire contained 28 items con-The questionnaire contained 28 items con-

cerning the quality of the informed consentcerning the quality of the informed consent

procedure and participants’ experiencesprocedure and participants’ experiences

during the study. Reasons for participationduring the study. Reasons for participation

were also collected. The questionnaire waswere also collected. The questionnaire was

completed anonymously; a code could linkcompleted anonymously; a code could link

the questionnaire data to the project inthe questionnaire data to the project in

which the individual had participated.which the individual had participated.

The psychometric properties of theThe psychometric properties of the

questionnaire are unknown.questionnaire are unknown.

Blood plasmaBlood plasma

We collected venous blood (10 ml) intoWe collected venous blood (10 ml) into

tubes containing ethylenediamine tetra-tubes containing ethylenediamine tetra-

acetic acid (EDTA) to determine the totalacetic acid (EDTA) to determine the total

plasma tryptophan concentration and theplasma tryptophan concentration and the

ratio of total tryptophan to large neutralratio of total tryptophan to large neutral

amino acids. Immediately after sampling,amino acids. Immediately after sampling,

plasma was centrifuged for 20 min atplasma was centrifuged for 20 min at

26502650 gg and frozen atand frozen at 776565 88C prior toC prior to

quantitative amino acid analysis by high-quantitative amino acid analysis by high-

performance liquid chromatographyperformance liquid chromatography

(Fekkes(Fekkes et alet al, 1995)., 1995).

ProcedureProcedure

After receiving oral and written infor-After receiving oral and written infor-

mation about the study, eligible partici-mation about the study, eligible partici-

pants were invited to a screeningpants were invited to a screening

interview that included the SCID–IV, theinterview that included the SCID–IV, the

HRSD and MADRS questionnaires and anHRSD and MADRS questionnaires and an

interview with a dietician. During day 1interview with a dietician. During day 1

of each session, participants consumed theof each session, participants consumed the

prepacked low-tryptophan meals. Partici-prepacked low-tryptophan meals. Partici-

pants arrived at the laboratory the nextpants arrived at the laboratory the next

morning (8 or 9 a.m.) after an overnightmorning (8 or 9 a.m.) after an overnight

fast. Symptoms and side-effects werefast. Symptoms and side-effects were

assessed at baseline (arrival at the labora-assessed at baseline (arrival at the labora-

tory) (tory) (771 h), +6.5 h and the next morning1 h), +6.5 h and the next morning

(+24 h). The SAERT was conducted at both(+24 h). The SAERT was conducted at both

sessions at +4.5 h. Blood samples weresessions at +4.5 h. Blood samples were

taken attaken at 771 h, at +6 h and at +24 h. All1 h, at +6 h and at +24 h. All

participants were tested individually andparticipants were tested individually and

were paidwere paid ee115 for participation.115 for participation.

At the end of their participation, indi-At the end of their participation, indi-

viduals were asked to complete the ethicsviduals were asked to complete the ethics

questionnaire and to mail it in a prepaidquestionnaire and to mail it in a prepaid

envelope to an independent investigator.envelope to an independent investigator.

The address was a university in a differentThe address was a university in a different

city, and it was emphasised that the datacity, and it was emphasised that the data

would remain confidential. To test whetherwould remain confidential. To test whether

the questions were well understood, wethe questions were well understood, we

administered the questionnaire in a semi-administered the questionnaire in a semi-

structured interview format to the first fourstructured interview format to the first four

participants. The results did not differ fromparticipants. The results did not differ from

the other completed questionnaires. Thethe other completed questionnaires. The

study was approved by an independentstudy was approved by an independent

medical ethics committee.medical ethics committee.

Statistical analysisStatistical analysis

All variables were examined for accuracy ofAll variables were examined for accuracy of

data entry, missing values and fit betweendata entry, missing values and fit between

their distributions and the assumptions oftheir distributions and the assumptions of

data analysis. To analyse the mood ratings,data analysis. To analyse the mood ratings,

we used general linear models (GLM) forwe used general linear models (GLM) for

repeated measures with interventionrepeated measures with intervention

(100 g amino acids(100 g amino acids v.v. 25 g amino acids)25 g amino acids)

and time of assessment (pre-and time of assessment (pre- v.v. post-post-

depletiondepletion vv. the next day) as within-subject. the next day) as within-subject

factors and gender as a between-subjectfactors and gender as a between-subject

factor. Contrasts tested for differencesfactor. Contrasts tested for differences

between specific time points.between specific time points.

Although the choice of the scales wasAlthough the choice of the scales was

based on prior research and theoretical con-based on prior research and theoretical con-

siderations, a more stringent level ofsiderations, a more stringent level of aa maymay

be needed to keep overallbe needed to keep overall aa under control.under control.

This could cause a power problem,This could cause a power problem,

although the sample size of our study isalthough the sample size of our study is

comparable with those of other acutecomparable with those of other acute

tryptophan depletion studies. To correcttryptophan depletion studies. To correct

for multiple comparisons and to retainfor multiple comparisons and to retain

reasonable power, we setreasonable power, we set aa at 0.15at 0.15

(Stevens, 1996). Because there were 14(Stevens, 1996). Because there were 14

sub-scales, each variable was tested atsub-scales, each variable was tested at

the 0.15/14the 0.15/14¼0.01 level of significance.0.01 level of significance.

Contrast tests were not corrected becauseContrast tests were not corrected because

they were planned.they were planned.

For each significant scale, effect sizeFor each significant scale, effect size

(Cohen’s(Cohen’s dd) was calculated as follows) was calculated as follows

(Cortina & Nouri, 2000; Rosnow &(Cortina & Nouri, 2000; Rosnow &

Rosenthal, 2003):Rosenthal, 2003):

Cohen’sCohen’s dd¼MM11––MM22//sspooledpooled

wherewhere sspooledpooled¼HH[([(ss11
22++ss22

22)/2];)/2]; MM11 andand MM22

are the means of each scale at baselineare the means of each scale at baseline

and at timeand at time tt¼+6.5 h; and+6.5 h; and ss11
22 andand ss22

22 areare

the corresponding variances.the corresponding variances.

For the SAERT, intervention was theFor the SAERT, intervention was the

only within-subject factor. Clinical andonly within-subject factor. Clinical and

demographic variables were analysed bydemographic variables were analysed by

univariate GLM andunivariate GLM and ww22-tests.-tests.

RESULTSRESULTS

Demographic dataDemographic data

Of 23 individuals who satisfied the inclu-Of 23 individuals who satisfied the inclu-

sion criteria, 21 completed the study. Twosion criteria, 21 completed the study. Two

(both male) withdrew after the first session;(both male) withdrew after the first session;

the first owing to a severe headache on thethe first owing to a severe headache on the

depletion day (after 25 g amino acids), thedepletion day (after 25 g amino acids), the
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second because of health problems after thesecond because of health problems after the

first session (100 g amino acids) unlikely tofirst session (100 g amino acids) unlikely to

be caused by acute tryptophan depletion.be caused by acute tryptophan depletion.

These two are not included in the analyses.These two are not included in the analyses.

One female participant vomited aboutOne female participant vomited about

10 min after ingestion of the 100 g mixture,10 min after ingestion of the 100 g mixture,

but she was able to complete both sessions.but she was able to complete both sessions.

Because the reduction of plasma trypto-Because the reduction of plasma trypto-

phan levels with the 100 g mixture in thisphan levels with the 100 g mixture in this

participant was only marginally higher thanparticipant was only marginally higher than

with the 25 g mixture (64%with the 25 g mixture (64% v.v. 55%), and55%), and

much lower than the average reductionmuch lower than the average reduction

with the 100 g mixture (see below), thiswith the 100 g mixture (see below), this

individual was also excluded.individual was also excluded.

Data screeningData screening

One participant missed one item on theOne participant missed one item on the

PANAS positive scale; this item score wasPANAS positive scale; this item score was

replaced by the mean of the remainingreplaced by the mean of the remaining

items for that individual on that scale.items for that individual on that scale.

Using Mahalonobis distances and theUsing Mahalonobis distances and the

standardised residuals criterion, we de-standardised residuals criterion, we de-

tected an outlier on the MADRS and CPRStected an outlier on the MADRS and CPRS

sub-scales of emotional dysregulationsub-scales of emotional dysregulation

and motivational inhibition (and motivational inhibition (dd224416.1;16.1;

| z-residual || z-residual |443) and HRSD (3) and HRSD (dd22¼15.3;15.3;

| z-residual || z-residual |443) and HRSD (3) and HRSD (dd22¼15.3;15.3;

| z-residual || z-residual |443). This patient had a3). This patient had a

response with the 25 g mixture and noresponse with the 25 g mixture and no

response after 100 g. The clinical andresponse after 100 g. The clinical and

demographic characteristics of the sampledemographic characteristics of the sample

are presented in Table 1.are presented in Table 1.

Biochemical effectsBiochemical effects

Full depletion significantly reduced totalFull depletion significantly reduced total

tryptophan and the tryptophan/largetryptophan and the tryptophan/large

neutral amino acids ratio at +6 h by 86%neutral amino acids ratio at +6 h by 86%

(s.d.(s.d.¼5.5) and 93% (s.d.5.5) and 93% (s.d.¼4.2), respec-4.2), respec-

tively. During partial depletion, the averagetively. During partial depletion, the average

reductions were 47% (s.d.reductions were 47% (s.d.¼14.3) for total14.3) for total

tryptophan and 42% (s.d.tryptophan and 42% (s.d.¼17.1) for the17.1) for the

tryptophan/large neutral amino acids ratio.tryptophan/large neutral amino acids ratio.

SymptomsSymptoms

The behavioural effects of both the 25 g andThe behavioural effects of both the 25 g and

100 g mixtures are presented in Table 2.100 g mixtures are presented in Table 2.

Significant timeSignificant time66intervention effects wereintervention effects were

found for the HRSD (found for the HRSD (FF¼8.5, d.f.8.5, d.f.¼2,34,2,34,

PP¼0.001), the MADRS (0.001), the MADRS (FF¼10.6, d.f.10.6, d.f.¼
2,34,2,34, PP550.001), and the CPRS sub-scales0.001), and the CPRS sub-scales

of emotional dysregulation (of emotional dysregulation (FF¼6.7,6.7,

d.f.d.f.¼2,34,2,34, PP¼0.003), motivational inhibi-0.003), motivational inhibi-

tion (tion (FF¼7.8, d.f.7.8, d.f.¼2,34,2,34, PP¼0.002) and0.002) and

behavioural disintegration (behavioural disintegration (FF¼5.4,5.4,

d.f.d.f.¼2,36,2,36, PP¼0.009). The MADRS change0.009). The MADRS change

score data revealed two clearly separablescore data revealed two clearly separable

groups 7 participants had a mood changegroups 7 participants had a mood change

of at least six points (range 6–12) and theof at least six points (range 6–12) and the

remaining 13 participants had no moodremaining 13 participants had no mood

change (rangechange (range 771 to +2). The HRSD gave1 to +2). The HRSD gave

a comparable division, but less clearly se-a comparable division, but less clearly se-

parable groups: 7 participants had a changeparable groups: 7 participants had a change

of at least three points (range 3–6), theof at least three points (range 3–6), the

remaining participants had smaller or noremaining participants had smaller or no

changes (rangechanges (range 772 to +2). The agreement2 to +2). The agreement

between the two scales was 90% (kappabetween the two scales was 90% (kappa

0.56,0.56, PP¼0.01). The interaction for the0.01). The interaction for the

BDI–cognitive sub-scale approached sig-BDI–cognitive sub-scale approached sig-

nificance (nificance (FF¼3.3, d.f.3.3, d.f.¼2,36,2,36, PP¼0.05) and0.05) and

the BDI–total was significant (the BDI–total was significant (FF¼3.9,3.9,

d.f.d.f.¼2,36,2,36, PP¼0.03).0.03).

The total number of side-effectsThe total number of side-effects

decreased in both sessions. Scores that weredecreased in both sessions. Scores that were

notably lower atnotably lower at tt¼+6.5 h compared with+6.5 h compared with

tt¼771 h were ‘angry/irritable’, ‘sweating’1 h were ‘angry/irritable’, ‘sweating’

and ‘tension’. Scores on the items ‘nausea’and ‘tension’. Scores on the items ‘nausea’

and ‘feel sick’ increased, with no differencesand ‘feel sick’ increased, with no differences

between conditions.between conditions.

Self-referent Adjectives EncodingSelf-referent Adjectives Encoding
and Recall Task (SAERT)and Recall Task (SAERT)

Prior to analysis, consistency of the answersPrior to analysis, consistency of the answers

across presentations was checked. Inconsis-across presentations was checked. Inconsis-

tent answers (e.g. if a participant pressedtent answers (e.g. if a participant pressed

the ‘yes’ button for the word ‘lazy’ and thenthe ‘yes’ button for the word ‘lazy’ and then

rated it as ‘not applicable’ on second rating)rated it as ‘not applicable’ on second rating)

were analysed separately. Outcome mea-were analysed separately. Outcome mea-

sures were highly skewed, except for per-sures were highly skewed, except for per-

centage of words recalled. Reaction timescentage of words recalled. Reaction times

were log10 transformed. Non-parametricwere log10 transformed. Non-parametric

tests were used for the other skewed vari-tests were used for the other skewed vari-

ables of the SAERT because transforma-ables of the SAERT because transforma-

tions were unsuccessful.tions were unsuccessful.

Participants were more likely to rateParticipants were more likely to rate

positive than negative traits as self-positive than negative traits as self-

descriptive, and they needed less time fordescriptive, and they needed less time for

positive than for negative traits to decidepositive than for negative traits to decide

whether they were self-descriptive. Therewhether they were self-descriptive. There

was no main effect of acute tryptophanwas no main effect of acute tryptophan

depletion. However, in responders (depletion. However, in responders (DD
MADRSMADRS 556) full depletion tended to6) full depletion tended to

decrease the consistency of positive traitdecrease the consistency of positive trait

ratings compared with partial depletionratings compared with partial depletion

(mean % consistency 90% (s.d.(mean % consistency 90% (s.d.¼1.1)1.1) vv..

96% (s.d.96% (s.d.¼0.8);0.8); ZZ¼771.89,1.89, PP¼0.06, two-0.06, two-

tailed; Fisher exacttailed; Fisher exact PP¼0.04, one-tailed).0.04, one-tailed).

This was not true for non-respondersThis was not true for non-responders

(mean % consistency 88% (s.d.(mean % consistency 88% (s.d.¼1.0)1.0) v.v.

92% (s.d.92% (s.d.¼1.0)). Participants who were1.0)). Participants who were

inconsistent usually first pressed the ‘yes’inconsistent usually first pressed the ‘yes’

button (under time pressure) and thenbutton (under time pressure) and then

rated it as ‘not applicable’ (full deple-rated it as ‘not applicable’ (full deple-

tion: 17 times; partial depletion: 18 times);tion: 17 times; partial depletion: 18 times);

the reverse happened only once under boththe reverse happened only once under both

conditions.conditions.

There were significant effects of in-There were significant effects of in-

tervention (tervention (FF¼4.7, d.f.4.7, d.f.¼1,18,1,18, PP¼0.04)0.04)

and interventionand intervention66mood response (mood response (FF¼5.7,5.7,

d.f.d.f.¼1,18,1,18, PP¼0.03) on memory for positive0.03) on memory for positive

words. Full depletion decreased immediatewords. Full depletion decreased immediate

recall of positive words in responders butrecall of positive words in responders but

not in non-responders (38%not in non-responders (38% v.v. 2% relative2% relative

to partial depletion). There were no otherto partial depletion). There were no other

differences between responders and non-differences between responders and non-

responders.responders.

Computation of effect sizesComputation of effect sizes

Cohen’sCohen’s dd for the significant symptomfor the significant symptom

scales are displayed in Table 3.scales are displayed in Table 3.
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Table1Table1 Clinical and demographic characteristicsClinical and demographic characteristics

of the participants (of the participants (nn¼20)20)

CharacteristicsCharacteristics nn oror

mean (s.d.)mean (s.d.)

MaleMale 1111

Age, yearsAge, years 48.7 (7.9)48.7 (7.9)

Educational levelEducational level

HighHigh11 99

MediumMedium22 88

LowLow33 33

Type of medicationType of medication

SSRISSRI44 13 (2 SSRI-13 (2 SSRI-

treatment-freetreatment-free

for 1month)for 1month)

SNRISNRI55 (75^225mg)(75^225mg) 77

DiagnosisDiagnosis

Subtype of most recentSubtype of most recent

depressive episodedepressive episode

Notmelancholic, atypicalNotmelancholic, atypical

or catatonicor catatonic

33

MelancholicMelancholic 1111

AtypicalAtypical 66

Seasonal patternSeasonal pattern 22

Past episodes of depressionPast episodes of depression

Number of past episodes:Number of past episodes:

mean (s.d.)mean (s.d.)

4.8 (4.4)4.8 (4.4)

SingleSingle 44

RecurrentRecurrent 1616

RemissionRemission

Partial remissionPartial remission 1313

Full remissionFull remission 77

Duration of remission:Duration of remission:

months (s.d.)months (s.d.)

5.9 (5.6)5.9 (5.6)

SSRI, selective serotonin reuptake inhibitor; SNRI,SSRI, selective serotonin reuptake inhibitor; SNRI,
serotonin^noradrenaline reuptake inhibitor.serotonin^noradrenaline reuptake inhibitor.
1. Higher vocational education, university.1. Higher vocational education, university.
2. Secondary education at intermediate and higher2. Secondary education at intermediate and higher
level; senior secondary vocational education.level; senior secondary vocational education.
3. Primary education, lower-level secondary education.3. Primary education, lower-level secondary education.
4. Paroxetine (4. Paroxetine (nn¼5); fluoxetine (5); fluoxetine (nn¼2); citalopram2); citalopram
((nn¼2); fluvoxamine (2); fluvoxamine (nn¼2); sertraline (2); sertraline (nn¼2).2).
5. Venlafaxine (75^225mg) (5. Venlafaxine (75^225mg) (nn¼5); nefazodone5); nefazodone
hydrochloride (150mg) (hydrochloride (150mg) (nn¼2).2).
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Gender effectsGender effects

At baseline, there were no significant demo-At baseline, there were no significant demo-

graphic or clinical differences betweengraphic or clinical differences between

males and females (Fig. 1). Morningmales and females (Fig. 1). Morning

((tt¼771 h) MADRS scores were higher in1 h) MADRS scores were higher in

females at both sessions (partial depletionfemales at both sessions (partial depletion

FF¼4.3, d.f.4.3, d.f.¼1,17,1,17, PP¼0.05; full depletion0.05; full depletion

FF¼6.9, d.f.6.9, d.f.¼1,17,1,17, PP¼0.02) and the0.02) and the

interventionintervention66timetime66gender interactiongender interaction

was significant (was significant (FF¼6.9, d.f.6.9, d.f.¼2,34,2,34,

PP¼0.003).0.003).

The increase of MADRS scores betweenThe increase of MADRS scores between

tt¼771 h and1 h and tt¼+6.5 h after full depletion+6.5 h after full depletion

was larger in females (Fig. 1). Allwas larger in females (Fig. 1). All

responders were women. Females alsoresponders were women. Females also

tended to have a larger increase of BDI–tended to have a larger increase of BDI–

somatic scores than males in the fullsomatic scores than males in the full

depletion condition atdepletion condition at tt¼+6.5 h (+6.5 h (PP¼0.07).0.07).

Order of administrationOrder of administration

Type of intervention did not interact withType of intervention did not interact with

order of administration; neither were thereorder of administration; neither were there

any higher-order interaction effects. Onany higher-order interaction effects. On

the SAERT, participants needed less timethe SAERT, participants needed less time

to decide whether a word was self-to decide whether a word was self-

descriptive during the second session, irres-descriptive during the second session, irres-

pective of intervention or word valencepective of intervention or word valence

((FF¼23.3, d.f.23.3, d.f.¼1,18,1,18, PP550.001).0.001).

Questionnaire about ethicalQuestionnaire about ethical
aspects of the acute tryptophanaspects of the acute tryptophan
depletiondepletion

Of the 41 questionnaires, 36 were returnedOf the 41 questionnaires, 36 were returned

(20 participants of the present study, 16(20 participants of the present study, 16

from the other depletion project). Twofrom the other depletion project). Two

questionnaires (1 present study, 1 otherquestionnaires (1 present study, 1 other

project) were identified as completed byproject) were identified as completed by

individuals who withdrew from the trialsindividuals who withdrew from the trials

151151

Table 2Table 2 Mood assessment scores according to intervention and time of assessment,Mood assessment scores according to intervention and time of assessment, tt

Assessment instrumentAssessment instrument InterventionIntervention

Partial acute tryptophan depletion (25 gmixture)Partial acute tryptophan depletion (25gmixture) Full acute tryptophan depletion (100gmixture)Full acute tryptophan depletion (100 gmixture)

tt¼771h1h tt¼+6.5h+6.5h tt¼+24h+24h tt ¼771h1h tt¼+6.5h+6.5h tt¼+24h+24h

MeanMean s.d.s.d. MeanMean s.d.s.d. MeanMean s.d.s.d. MeanMean s.d.s.d. MeanMean s.d.s.d. MeanMean s.d.s.d.

CPRSCPRS

Emotional dysregulationEmotional dysregulation 6.86.8 6.26.2 6.66.6 6.66.6 6.26.2 6.16.1 7.97.9 5.95.9 11.9*11.9* 11.711.7 5.75.7{{ 7.17.1

Motivational inhibitionMotivational inhibition 0.90.9 1.31.3 0.70.7 1.31.3 0.90.9 1.51.5 1.31.3 1.31.3 2.7*2.7* 3.23.2 0.90.9{{ 1.51.5

Motivational dysinhibitionMotivational dysinhibition 0.20.2 0.40.4 0.20.2 0.70.7 0.10.1 0.40.4 0.20.2 0.90.9 0.40.4 0.70.7 0.20.2 0.40.4

Perceptual disintegrationPerceptual disintegration 0.00.0 0.20.2 0.00.0 0.00.0 0.00.0 0.20.2 0.00.0 0.20.2 0.10.1 0.50.5 0.00.0 0.20.2

Behavioural disintegrationBehavioural disintegration 0.30.3 0.60.6 0.40.4 0.70.7 0.50.5 0.70.7 0.50.5 1.01.0 1.2*1.2* 1.41.4 0.20.2{{ 0.60.6

Autonomic dysregulationAutonomic dysregulation 1.51.5 1.51.5 1.41.4 1.81.8 1.21.2 1.21.2 1.31.3 1.41.4 2.02.0 2.42.4 1.51.5 2.52.5

MADRSMADRS 3.73.7 3.93.9 3.73.7 3.83.8 3.63.6 3.93.9 4.64.6 3.93.9 7.9*7.9* 7.87.8 3.43.4{{ 4.44.4

BASBAS 2.02.0 1.81.8 2.02.0 3.03.0 1.91.9 2.32.3 2.72.7 2.82.8 3.53.5 4.84.8 2.02.0{{ 3.53.5

HRSDHRSD 2.42.4 1.71.7 2.22.2 1.91.9 2.92.9 2.12.1 2.92.9 2.12.1 4.4*4.4* 3.03.0 2.52.5{{ 2.72.7

BDIBDI

AffectiveAffective 1.41.4 1.71.7 1.31.3 1.71.7 1.31.3 1.81.8 1.91.9 2.42.4 1.81.8 2.32.3 1.41.4 1.91.9

CognitiveCognitive 2.62.6 3.13.1 2.32.3 3.43.4 1.81.8 2.82.8 2.22.2 3.13.1 2.6*2.6* 3.43.4 1.21.2{{ 2.32.3

SomaticSomatic 3.63.6 3.13.1 3.53.5 3.23.2 3.03.0 3.23.2 3.43.4 2.62.6 3.83.8 3.53.5 2.32.3{{ 2.72.7

Total scoreTotal score 7.77.7 7.57.5 7.27.2 8.08.0 6.16.1 7.47.4 7.67.6 7.17.1 8.28.2 8.68.6 4.94.9{{ 5.65.6

PANASPANAS

PositivePositive 27.927.9 7.67.6 27.427.4 9.59.5 28.028.0 9.69.6 27.927.9 9.09.0 24.924.911 10.310.3 27.927.9{{ 9.59.5

NegativeNegative 14.514.5 5.85.8 13.013.0 4.94.9 13.013.0 3.73.7 14.214.2 5.15.1 13.613.6 4.24.2 12.712.7 3.53.5

Side-effectsSide-effects 9.59.5 6.56.5 6.86.8 6.06.0 6.16.1 5.55.5 7.47.4 6.66.6 6.36.3 6.36.3 4.74.7 4.94.9

Univariate contrast tests: *Univariate contrast tests: *PP550.050.05 vv.. tt¼771h;1h; {{ PP550.050.05 vv.. tt¼+6.5 h.+6.5h.
CPRS,Comprehensive Psychopathological Rating Scale; MADRS,Montgomery^—sberg Depression Rating Scale; BAS, Brief Anxiety Scale; HRSD,Hamilton Rating Scale forCPRS,Comprehensive Psychopathological Rating Scale; MADRS,Montgomery^—sberg Depression Rating Scale; BAS, Brief Anxiety Scale; HRSD,Hamilton Rating Scale for
Depression; BDI, Beck Depression Inventory; PANAS, Positive and Negative Affectivity Scale.Depression; BDI, Beck Depression Inventory; PANAS, Positive and Negative Affectivity Scale.
1.1. PP¼0.070.07 v.v. tt¼771h.1h.

Table 3Table 3 Confidence intervals and effect sizes of the significantmood assessment scores.Values are calculatedConfidence intervals and effect sizes of the significantmood assessment scores.Values are calculated

for the full depletion condition;for the full depletion condition; tt¼+6.5 minus+6.5 minus tt¼771.Negative1.Negative ddmeans worsening of symptomsmeans worsening of symptoms

Assessment instrumentAssessment instrument 95% confidence limit95% confidence limit dd

LowerLower UpperUpper

MADRSMADRS 775.405.40 771.231.23 770.540.54

HRSDHRSD 772.642.64 770.310.31 770.580.58

CPRS emotional dysregulationCPRS emotional dysregulation 777.317.31 770.680.68 770.430.43

CPRSmotivational inhibitionCPRSmotivational inhibition 772.642.64 770.200.20 770.570.57

CPRS behavioural disintegrationCPRS behavioural disintegration 771.181.18 770.120.12 770.570.57

BDI cognitiveBDI cognitive 770.860.86 0.160.16 770.120.12

MADRS,Montgomery^—sberg Depression Rating Scale; HRSD,Hamilton Rating Scale for Depression; CPRS,MADRS,Montgomery^—sberg Depression Rating Scale; HRSD,Hamilton Rating Scale for Depression; CPRS,
Comprehensive Psychopathological Rating Scale; BDI, Beck Depression Inventory.Comprehensive Psychopathological Rating Scale; BDI, Beck Depression Inventory.
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by the content of the answers to open-by the content of the answers to open-

ended questions.ended questions.

The main results are summarisedThe main results are summarised

in Table 4. All participants were quitein Table 4. All participants were quite

satisfied with the informed consent pro-satisfied with the informed consent pro-

cedure and reported that they had felt con-cedure and reported that they had felt con-

fident to decide whether to participate.fident to decide whether to participate.

More than half reported that participationMore than half reported that participation

in the study had changed their perceptionin the study had changed their perception

of their illness. Changes that were men-of their illness. Changes that were men-

tioned included that the study had helpedtioned included that the study had helped

them to gain more insight and facilitatedthem to gain more insight and facilitated

acceptance of being vulnerable. Someacceptance of being vulnerable. Some

participants mentioned that the transientparticipants mentioned that the transient

return of symptoms had made them realisereturn of symptoms had made them realise

how much they had improved during treat-how much they had improved during treat-

ment. Two participants interpreted theirment. Two participants interpreted their

experiences as evidence for a biologicalexperiences as evidence for a biological

cause of their depression, and felt lesscause of their depression, and felt less

responsible. All changes were perceived asresponsible. All changes were perceived as

positive.positive.

The informed consent procedure hadThe informed consent procedure had

been very well understood. In response tobeen very well understood. In response to

a question about whether the participanta question about whether the participant

expected to get better treatment after parti-expected to get better treatment after parti-

cipation, 90% (cipation, 90% (nn¼32) answered ‘not at all’32) answered ‘not at all’

and 11% (and 11% (nn¼4) ‘slightly’. Regarding moti-4) ‘slightly’. Regarding moti-

vation to participate (open-ended ques-vation to participate (open-ended ques-

tion), 58% (tion), 58% (nn¼21) wanted to contribute21) wanted to contribute

to the development of better treatments into the development of better treatments in

the future. Others participated because ofthe future. Others participated because of

gratefulness towards the hospital or generalgratefulness towards the hospital or general

interest in science. Two participants alsointerest in science. Two participants also

mentioned financial reasons.mentioned financial reasons.

There were no significant differencesThere were no significant differences

between the two projects on any of thebetween the two projects on any of the

items investigated. The evaluation of theitems investigated. The evaluation of the

identified withdrawals was not differentidentified withdrawals was not different

from the other participants. One who with-from the other participants. One who with-

drew (a female mood responder) had feltdrew (a female mood responder) had felt

unprepared for how big the effect wouldunprepared for how big the effect would

be, but she still reported that the studybe, but she still reported that the study

had been helpful, in the sense that it hadhad been helpful, in the sense that it had

convinced her that she is less responsibleconvinced her that she is less responsible

for her depression than she had thought.for her depression than she had thought.

DISCUSSIONDISCUSSION

Could the depletion procedureCould the depletion procedure
be explained well to participants?be explained well to participants?

Symptom provocation studies have becomeSymptom provocation studies have become

controversial, particularly in the USA.controversial, particularly in the USA.

Questions have been raised concerning theQuestions have been raised concerning the

risk/benefit ratio for participants, theirrisk/benefit ratio for participants, their

capacity to decide whether to participatecapacity to decide whether to participate

and the provision of adequate informedand the provision of adequate informed

consent (Miller & Rosenstein, 1997;consent (Miller & Rosenstein, 1997;

Michels, 1999). This is the first acute tryp-Michels, 1999). This is the first acute tryp-

tophan depletion study to systematicallytophan depletion study to systematically

collect the views of participants. Individ-collect the views of participants. Individ-

uals did not regret participating, and theyuals did not regret participating, and they

had understood the informed consent pro-had understood the informed consent pro-

cedure. Despite the provocation of symp-cedure. Despite the provocation of symp-

toms and the fact that there was no directtoms and the fact that there was no direct

benefit, some participants still experiencedbenefit, some participants still experienced

personal advantages. Two interpreted theirpersonal advantages. Two interpreted their

experiences as evidence of a biological basisexperiences as evidence of a biological basis

for their depression and felt less responsiblefor their depression and felt less responsible

for their illness. The influence of this on thefor their illness. The influence of this on the

future course of illness should be furtherfuture course of illness should be further

investigated, as well as the generalisabilityinvestigated, as well as the generalisability

to other symptom provocation studies. Toto other symptom provocation studies. To

justify future challenge studies, it may bejustify future challenge studies, it may be

useful to routinely investigate participants’useful to routinely investigate participants’

subjective experiences in this type ofsubjective experiences in this type of

research.research.

Is the acute tryptophan depletionIs the acute tryptophan depletion
response a specific modelresponse a specific model
of depressive relapse?of depressive relapse?
Full acute tryptophan depletion signifi-Full acute tryptophan depletion signifi-

cantly increased depressive symptoms ascantly increased depressive symptoms as

measured by the MADRS and HRSD. Themeasured by the MADRS and HRSD. The

MADRS increase was larger in femalesMADRS increase was larger in females

than in males. The menstrual cycle wasthan in males. The menstrual cycle was

not taken into account in the present study,not taken into account in the present study,

but the finding is consistent with ourbut the finding is consistent with our

pooled reanalysis of previous acutepooled reanalysis of previous acute

tryptophan depletion studies (Booijtryptophan depletion studies (Booij et alet al,,

2002).2002).

Almost all acute tryptophan depletionAlmost all acute tryptophan depletion

studies in individuals with remitted depres-studies in individuals with remitted depres-

sion have relied exclusively on the HRSD,sion have relied exclusively on the HRSD,

and no previous study has measured aand no previous study has measured a

broad range of symptoms. However, somebroad range of symptoms. However, some

studies added self-report questionnairesstudies added self-report questionnaires

such as the Profile of Mood States, or pro-such as the Profile of Mood States, or pro-

vided qualitative descriptions of the ‘re-vided qualitative descriptions of the ‘re-

lapse’ (Smithlapse’ (Smith et alet al, 1997; Lam & Yatham,, 1997; Lam & Yatham,

2003). Full but not partial depletion2003). Full but not partial depletion

affected the CPRS sub-scales emotionalaffected the CPRS sub-scales emotional

dysregulation, motivational inhibition anddysregulation, motivational inhibition and

behavioural disintegration. No significantbehavioural disintegration. No significant

effects were found on the sub-scales moti-effects were found on the sub-scales moti-

vational disinhibition (elation, pressure ofvational disinhibition (elation, pressure of

speech, ‘manic-like’ symptoms), perceptualspeech, ‘manic-like’ symptoms), perceptual

disintegration (psychotic symptoms), auto-disintegration (psychotic symptoms), auto-

nomic dysregulation (autonomic arousal/nomic dysregulation (autonomic arousal/

anxiety), or on the Brief Anxiety Scale.anxiety), or on the Brief Anxiety Scale.

Similarly, depletion did not change PANASSimilarly, depletion did not change PANAS

negative affect (common to anxiety andnegative affect (common to anxiety and

stress) but tended to decrease positive affectstress) but tended to decrease positive affect

(indicative of depression). The lack of effect(indicative of depression). The lack of effect

on anxiety is of interest, since differenton anxiety is of interest, since different

serotonergic projections and receptorsserotonergic projections and receptors

may mediate both depression and anxietymay mediate both depression and anxiety

(Graeff(Graeff et alet al, 1996)., 1996).

It is noteworthy that the behaviouralIt is noteworthy that the behavioural

changes following acute tryptophanchanges following acute tryptophan
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Fig.1Fig.1 The effects of acute tryptophandepletion onThe effects of acute tryptophandepletion on

the Montgomery^—sberg Depression Rating Scalethe Montgomery^—sberg Depression Rating Scale

(MADRS) according to gender;(MADRS) according to gender; ------**------ females, fullfemales, full

depletion;depletion; ------&&------ males, full depletion; ---males, full depletion; ---~~--- females,--- females,

partial depletion;partial depletion; ------̂̂ ------ males, partial depletion.males, partial depletion.

**FF¼5.1, d.f.5.1, d.f.¼1,17,1,17, PP¼0.04.0.04.

Table 4Table 4 Most relevant items of the ethics questionnaireMost relevant items of the ethics questionnaire

ItemItem Mean (s.d.)Mean (s.d.)

How do you rate the information received about:How do you rate the information received about:

the aim of the study? (1the aim of the study? (1¼very bad, 4very bad, 4¼very good)very good) 3.4 (0.6)3.4 (0.6)

the tests and procedures? (1the tests and procedures? (1¼very bad, 4very bad, 4¼very good)very good) 3.4 (0.5)3.4 (0.5)

the possible effects of the amino acidmixture? (1the possible effects of the amino acidmixture? (1¼very bad, 4very bad, 4¼very good)very good) 3.0 (0.8)3.0 (0.8)

In retrospect, do you think that you had all the information to decide whetherIn retrospect, do you think that you had all the information to decide whether

or not to participate? (1or not to participate? (1¼no, not at all, 4no, not at all, 4¼yes, completely)yes, completely)

3.4 (0.5)3.4 (0.5)

Did the studymeet your expectations? (1Did the studymeet your expectations? (1¼no, not at all, 4no, not at all, 4¼yes, very well)yes, very well) 3.0 (0.7)3.0 (0.7)

Has your perception of your (previous) depression changed? (1Has your perception of your (previous) depression changed? (1¼not at all,not at all,

44¼verymuch)verymuch)

2.0 (1.0)2.0 (1.0)

Did you expect to receive better treatment because you participated in this study?Did you expect to receive better treatment because you participated in this study?

(1(1¼not at all, 4not at all, 4¼verymuch)verymuch)

1.1 (0.3)1.1 (0.3)

Evaluation of financial compensation (1Evaluation of financial compensation (1¼high, 2high, 2¼adequate, 3adequate, 3¼low)low) 2.0 (0.5)2.0 (0.5)
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depletion were larger on observer-ratingdepletion were larger on observer-rating

scales than on self-report questionnaires,scales than on self-report questionnaires,

the latter often resulting in trends or non-the latter often resulting in trends or non-

significant results. However, these changessignificant results. However, these changes

were also consistent with a specific depres-were also consistent with a specific depres-

sive response (increase of BDI–total andsive response (increase of BDI–total and

BDI–cognitive, decrease of positive affect).BDI–cognitive, decrease of positive affect).

As noted previously (BooijAs noted previously (Booij et alet al, 2003),, 2003),

people with depression may use standardspeople with depression may use standards

other than those used by healthy controlsother than those used by healthy controls

to rate changes in mood over a short timeto rate changes in mood over a short time

interval. This is supported by the findinginterval. This is supported by the finding

on the SAERT; responderson the SAERT; responders more oftenmore often

rated positive traits as self-rated positive traits as self-descriptivedescriptive

but rated these as ‘not applicable’ on reflec-but rated these as ‘not applicable’ on reflec-

tion. The same effect may occur with self-tion. The same effect may occur with self-

rating scales, where individuals are typi-rating scales, where individuals are typi-

cally instructed to choose the first answercally instructed to choose the first answer

that appears right.that appears right.

Does acute tryptophan depletionDoes acute tryptophan depletion
change depression-relatedchange depression-related
self-schemata?self-schemata?

Although acute tryptophan depletion sig-Although acute tryptophan depletion sig-

nificantly increased depression-related cog-nificantly increased depression-related cog-

nitions (indicated by BDI–cognitive), fullnitions (indicated by BDI–cognitive), full

depletion did not affect self-schemata.depletion did not affect self-schemata.

Acute tryptophan depletion negatively in-Acute tryptophan depletion negatively in-

fluenced the recall of positive traits, butfluenced the recall of positive traits, but

only in responders. A number of studiesonly in responders. A number of studies

have demonstrated that people with depres-have demonstrated that people with depres-

sion are impaired in the recall of positive in-sion are impaired in the recall of positive in-

formation, and that they are more likely toformation, and that they are more likely to

store and recall information which is con-store and recall information which is con-

gruent with their mood state (Burtgruent with their mood state (Burt et alet al,,

1995). The present study suggests that this1995). The present study suggests that this

mood-congruent memory bias is mediatedmood-congruent memory bias is mediated

by low serotonin.by low serotonin.

Are the statistically significantAre the statistically significant
changes in mood also clinicallychanges in mood also clinically
significant?significant?

Although statistically significant, the in-Although statistically significant, the in-

creases in HRSD and MADRS ratings werecreases in HRSD and MADRS ratings were

relatively low. However, effect sizes wererelatively low. However, effect sizes were

around 0.50, which is clinically relevantaround 0.50, which is clinically relevant

(Cohen, 1988).(Cohen, 1988).
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CLINICAL IMPLICATIONSCLINICAL IMPLICATIONS

&& Acute tryptophan depletion specifically induces depressive symptoms in thoseAcute tryptophan depletion specifically induces depressive symptoms in those
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&& Mood-congruentmemory bias in depressionmay be related to the serotoninMood-congruentmemory bias in depressionmay be related to the serotonin
system.system.

&& Acute tryptophan depletion is a suitablemodel for investigating depression, bothAcute tryptophan depletion is a suitablemodel for investigating depression, both
from scientific and ethical perspectives.from scientific and ethical perspectives.

LIMITATIONSLIMITATIONS

&& The psychometric properties of the ethics questionnaire are unknown.The psychometric properties of the ethics questionnaire are unknown.

&& As participants were paid, thismight have resulted inmore favourable responses.As participants were paid, thismight have resulted inmore favourable responses.

&& Comparedwith other acute tryptophan depletion studies, therewere fewComparedwith other acute tryptophan depletion studies, therewere few
withdrawals; thismay have influenced the results of the ethics questionnaire.withdrawals; thismay have influenced the results of the ethics questionnaire.
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