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Objective: To date, the impact of the neurotransmitter serotonin
(5-HT) on different neuropsychological functions in adults with
attention deficit hyperactivity disorder (ADHD) is underinvestigated.
We aimed to examine the effects of acute tryptophan depletion (ATD)
and the resulting reduction in central nervous 5-HT synthesis on target/
non-target discrimination ability and sustained attention in adults with
ADHD using an AX-Continuous Performance Test (AX-CPT).
Method: Twenty male patients with ADHD (age: M = 30.25
SD = 9.37) and twenty male healthy controls (age: M = 27.90
SD = 6.01) received ATD on one day and a tryptophan-balanced
control condition (BAL) on another day in a double-blind within-
subject crossover design. A continuous performance test (AX-CPT)
with three conditions (AX, AY, and BX) was administered on both
days under depleted and sham-depleted conditions.
Results: In patients omissions increased after ATD when compared
with BAL. Patient’s reaction time decreased after ATD when compared
with BAL, which was contrasted by opposite effects in controls.
Patients showed fewer correct responses (AX condition) and showed a
higher rate of errors (condition AXE) independent of ATD or BAL
intake.
Conclusion: The present preliminary results are indicative of the
contribution of serotonergic neurotransmission to attentional processes
in adults with ADHD.
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Significant outcomes

• Reduced central nervous 5-HT synthesis, as achieved by acute tryptophan depletion (ATD), was
associated with higher rates of omissions, as measured by a modified AX-Continuous performance
test (AX-CPT) in adults with ADHD.

• Adults with ADHD displayed shorter reaction times and committed more omissions in the AX-CPT
when compared with healthy controls after administration of ATD, which is indicative of decreased
accuracy in attentional performance induced by diminished brain 5-HT synthesis.

Limitations

• Although the present study showed a significant impact of ATD on participant performance in the
AX-CPT, the relatively small sample requires replication in future studies with larger samples.

• There is a lack of genetic data, especially regarding polymorphisms related to central nervous system
serotonin and dopamine functions.

• Compensational effects of other neurotransmitters (dopamine) on the present behavioral results
cannot be ruled out.

124

Acta Psychiatr Scand 2013: 128: 124–132 © 2013 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
All rights reserved
DOI: 10.1111/acps.12090

ACTA PSYCHIATRICA SCANDINAVICA

doctorhinz
Text Box
Pages 2 and 5



Introduction

Attention deficit hyperactivity disorder (ADHD)
is a psychiatric syndrome characterized by persis-
tent inappropriate levels of inattention, as well as
impulsivity and hyperactivity. It is associated with
functional impairments across multiple academic
and social domains and is commonly accompa-
nied by a range of externalizing disorders such as
oppositional defiant disorder (ODD) or conduct
disorder (CD) as well as internalizing disorders
such as social anxiety or major depression (1, 2).
ADHD is increasingly acknowledged as a serious
psychiatric disorder in adulthood, and ADHD in
adult patients is heterogeneous and highly comor-
bid with other psychiatric disorders, particularly
mood disorders, personality disorders, and sub-
stance abuse (3, 4). It is known that ADHD in
childhood is manifested by marked impairments
in both social and academic domains, with differ-
ent aspects of attention undergoing age-related
changes even in healthy children (5). The impair-
ments observed in children and adolescents with
ADHD are also apparent in adult patients with
the disorder (6). Currently, ADHD is considered a
multifactorial psychiatric disorder with a genetic
predisposition and changes in catecholaminergic
neurotransmission, particularly dopamine (DA)
and noradrenaline (NA) (7, 8). These changes are
thought to lead to inhibitory and attentional defi-
cits, which in turn contribute to impairments typi-
cal of ADHD. Recent studies indicated that the
prefrontal cortex (PFC) in particular plays an
important role in the underlying pathophysiology
of ADHD (9, 10). Many symptoms in patients
with ADHD (such as deficits in focused attention,
inhibition, and working memory) are comparable
with symptoms in patients suffering from frontal
lobe damage, a finding that indicates the relevance
of frontal subcortical networks (11, 12).

The functions and impairments of these net-
works have been thoroughly investigated in young
people and adults with ADHD (13–16). Because
the brain regions of these networks are rich in DA,
the DA hypothesis of the underlying pathophysiol-
ogy of ADHD has received particular attention in
the current literature (17). Three dopaminergic
pathways have been identified and are suggested to
play a major role in symptom manifestation in
patients with ADHD. Studies have observed that
the mesolimbocortical and nigrostriatal pathways
show altered function in ADHD (17). The nucleus
accumbens in the mesolimbic pathway was shown
to be linked to impulsive behavior (18), whereas
dysfunction of the dopaminergic system in nigro-
striatal pathways was shown to be related to

increased hyperactivity (19). The mesolimbic path-
way in particular is essential for selective attention
and working memory in patients with ADHD
(20). It is generally accepted that the activity of
dopaminergic neurons in nigrostriatal pathways
and the ventral tegmental area is modulated by
central nervous system serotonin (5-HT) function
(21). Animal studies using the five-choice serial
reaction time task [a task that is thought to be
closely related to the continuous performance test
(CPT), which is commonly used in human studies]
showed the impact of DA and 5-HT on attentional
performance. One study reported that manipula-
tions of subcortical DA led to effects on speed and
probability of responding (22). Moreover, lesion
studies yielded a relationship between 5-HT and
impulsivity, particularly with regards to premature
responding and decreased omissions (22).

Recent research also suggests that ADHD is
associated not only with alterations in catecholam-
inergic neurotransmission but also with variations
in central nervous 5-HT function (23–25). Early
studies reported reduced 5-HT uptake in platelets
in a sample of children with ADHD (26). Further
human and animal studies indicated that lowered
central nervous system 5-HT synthesis is associated
with higher rates of aggression and impulsivity
(27, 28). Oades reported that poor attention and
reduced performance on a stop-signal task corre-
lated with reduced serotonin transporter (SERT)
binding in children with ADHD (29). Reduced
performance on a stop-signal task also correlated
with higher distractibility and impulsivity (30).
A review of the genetics of ADHD in children and
adolescents suggested a genetic foundation for the
function of the 5-HT1B receptor in patients with
the inattentive ADHD subtype and also for the
function of 5-HT2A/C receptors in patients with
ADHD (31). It was speculated that in patients with
ADHD, there could be ineffective central nervous
system 5-HT synthesis, possibly caused by a partic-
ular variant of the enzyme tryptophan hydroxylase
(31), which is the rate limiting enzyme in central
nervous system 5-HT synthesis. However, the
influence of changes in central nervous system 5-
HT synthesis on ADHD symptoms in adult
patients has not been thoroughly investigated as of
yet.

Aims of the study

Our first aim was to replicate deficits in sustained
attention and behavioral inhibition in adults with
ADHD using a modified continuous performance
test (AX-CPT). Second, we aimed to investigate
whether a diminished central nervous 5-HT
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synthesis rate as achieved by acute tryptophan
depletion (ATD) has an impact on deficits related
to attentional processes as indexed by target/non-
target discrimination ability and sustained atten-
tion in adults with ADHD.

Material and methods

Sample

The patients were recruited from a pool of male
adult patients with ADHD who were receiving
treatment at the ADHD out-patient clinic of the
Department of Psychiatry and Psychotherapy,
University of Duisburg-Essen. The study sample is
identical with the one in previous research (32).
Patients with an IQ below 85 were not included in
the study. IQ was estimated with the ‘picture com-
pletion’ and ‘similarities’ (33) subtests of the
Wechsler Intelligence Scale for adults. A
multiple-choice word test, the B version of the Ger-
man ‘Mehrfachwahl-Wortschatz-Intelligenz-Test’
(MWT-B), was also administered (34). The MWT-
B resembles the English spot-the-word test. Sub-
jects with diabetes, obesity, schizophrenia,
substance abuse, mood and anxiety disorders, and
other chronic medical conditions were excluded.
No patients with a history of drug abuse were
included in the study. The control group was
recruited by notices at adjacent universities and
university hospitals. All patients were diagnosed
with ADHD by a trained psychiatrist according to
the ICD-10 and DSM-IV-TR criteria prior to the
beginning of the study. An assessment was per-
formed as part of the regular diagnostic process of
diagnosing patients with ADHD, using question-
naires involving current problems related to
attention, hyperactivity, and impulsivity (ADHD
Self-rating questionnaire: ADHS-SB; Wender
Utah Rating Scale, WURS-K, (35, 36)) as well as
questionnaires assessing state and trait anxiety
(State-Trait Anxiety Inventory, STAI X1 and X2,
(37)), depressive symptoms (Beck’s Depression
Inventory, BDI, (38)), and baseline levels of impul-
sivity (Barrett-Impulsiveness Scale (39)). We used
self-rating questionnaires because of their generally
acknowledged validity and efficient diagnostic
properties (36). Controls were excluded from the
study if they reached the cut-off score for ADHD
(ADHS-SB, WURS-K) or depression (BDI). After
applying these exclusion criteria, 20 male adult
patients with ADHD (age: M = 30.25 years,
SD = 9.37 years) with a confirmed diagnosis of
ADHD and 20 healthy male control participants
(age: M = 27.9 years, SD = 6.01 years) were
included in the study. The groups did not differ

significantly in age. The subjects had achieved
between 8 and 21 years of formal education (mean
duration of formal education was 14.58 years,
SD = 3.2 years). Years of formal education did
not differ significantly between the groups. All
patients with ADHD were instructed to stop their
medications during the study after consulting with
their psychiatrist. Patients receiving methylpheni-
date (MPH) were instructed to stop their medica-
tion 24 h before each study day, and these patients
confirmed that they had followed these instruc-
tions. The study was assessed and approved by the
Ethics Committee of the Faculty of Medicine of
the University Essen-Duisburg and was conducted
in accordance with the Helsinki declaration.

Study design

The study design was a double-blind, within-sub-
ject, crossover design. The patients received the
ATD test and a control condition in a randomized
and counterbalanced order on two separate testing
days, which were 7 days apart. On one day, the
ATD procedure Moja-De was administered within
an amino acid beverage lacking tryptophan (TRP),
the physiological precursor of 5-HT (40–45). On a
further day the participants received the same
amino acid mixture with TRP serving as a bal-
anced control condition (BAL). If ATD was
administered on day 1, the subjects received the
BAL mixture on day 2 and vice versa.

Acute tryptophan depletion

The ATD procedure by Moja et al. (45), a method
of diminishing central 5-HT synthesis in human
subjects, lowers central 5-HT synthesis by decreas-
ing the influx of TRP over the blood–brain barrier
into the brain by orally administering a TRP-free
amino acid mixture (46, 47). This procedure was
recently validated in an animal model (46) and was
also used in studies with young people (48, 49).
The reduced influx of free plasma TRP is achieved
by changing the plasma concentrations of other
long-chained neutral amino acids (LNAAs) and
their ratio to free plasma TRP at the L-1 trans-
porter at the blood–brain barrier. Because the
influx of LNAAs into the brain works in a compet-
itive manner, changes in plasma concentrations of
relevant amino acids result in a diminished influx
of TRP into the brain. The decreased uptake of
TRP into the CNS leads to a reduced synthesis rate
of central nervous system 5-HT (50). A marked
reduction in plasma TRP levels after the adminis-
tration of a 7-amino acid mixture was first
described by Moja et al. (45). This study used an
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amino acid mixture identical to previous research
(51). For the balanced control condition, TRP was
added to the mix [both mixtures were optically
identical, and the difference in quantity (as the
BAL condition also included TRP) was not visi-
ble]. The participants were not allowed to eat pro-
tein-rich meals starting at 8 p.m. on the day prior
to each study day. Immediately after beverage
intake (ATD/BAL), the subjects were given a mul-
tivitamin candy to counterbalance the aftertaste of
the amino acid mixture. One hour after adminis-
tration of ATD/BAL, all participants received a
multivitamin drink containing 30% of the recom-
mended daily dose of nicotine adenine dinucleo-
tide, a TRP-derived vitamin. A soup snack
containing no TRP was offered to the patients 2
hours after ATD/BAL intake.

AX-Continuous Performance Test (AX-CPT)

The AX-CPT is a modified computerized continu-
ous performance test (CPT) (52). The experimental
paradigm was a variant of an AX-CPT with three
stimulus conditions. In the AX-CPT, the subject
was instructed to press the left [ctrl] key every time
the letter ‘A’ (cue) was followed by the letter ‘X’
(target). In any other cue-target combination other
than ‘AX’ (AY, BX), subjects were instructed to
press the right [ctrl] key. To increase test difficulty
and avoid possible ceiling effects, 90% of the pixels
of the target stimulus were removed using a stan-
dard picture tool (Adobe Photo Shop CS4�). After
the presentation of an exclamation mark (100 ms),
the first letter (cue stimulus) appeared on a com-
puter screen for 100 ms. The second letter (target
stimulus) was presented for 100 ms after a 700 ms
delay. Subjects had to respond by pressing the
right or left [ctrl] key within 1000 ms. There was
no intertrial interval. Instead, one trial immedi-
ately followed the next. The AX condition was pre-
sented in 70% of the trials (490 trials). The
remaining 30% of the trials (210) were separated
into two conditions [condition AY (15% = 105 tri-
als) and condition BX (15% = 105 trials)]. The let-
ter ‘Y’ represents any non-X letter. The letter ‘B’ is
indicative of a range of other letters that were used
randomly in the BX condition. The difficulty for
the subjects was that the presentation of the AX
condition (70% of the trials) led to predominant
response behavior.

The AX-CPT was programmed and presented in
MS-DOS 6.0 on a desktop PC with a license for
ERTS. Before the main statistical analysis was per-
formed, the median response times, correct
responses, and errors for the conditions AX, AY,
BX as well as omissions were analyzed using

ERTSCODE (BeriSoft Cooperation). Omissions
were defined as a lack of response in each trial dur-
ing the AX-CPT.

Data analysis

All calculations were performed using SPSS ver-
sion 17.0 (IBM). Between-group comparisons were
performed using Student’s t-tests. The significance
level was set and kept at P < 0.05. The main data-
set was statistically analyzed using repeated-
measures analyses of variance (ANOVAs) for each
dependent variable. The following variables were
used as within-subject factors: the AX-CPT′s cor-
rect responses (conditions AX, BX, AY), the error
rate (conditions AXE, BXE, and AYE), the number
of omissions, and the arithmetic mean of the med-
ian reaction time (RT) for correct responses and
errors (we used the median because of its insensi-
tivity to statistical spikes). In addition, the group
(ADHD vs. controls) and ATD/BAL were
included as factors in the ANOVAs. All ANOVAs
were corrected using post hoc Bonferroni correc-
tion and Greenhouse–Geisser adjustments. Effect
sizes were calculated with g2, which estimates the
proportion of variance in the dependent variable
that is attributable to the group effect. T-tests
revealed no significant differences between subjects
with or without ADHD in variables of estimated
intelligence (IQ) or duration of education (all
P > 0.05). Thus, the models were not adjusted for
intelligence or education. The results of the scores
for the WURS-K, ADHS-SB, STAI, BIS (Barratt
impulsiveness scale), and BDI questionnaires
showed significant differences between patients
and controls. BDI was used as a covariate for fur-
ther analysis (Table 1).

Results

Reaction time

ATD had a significant effect on the subjects’ RT in
the AX-CPT. An ANOVA for RT showed a signifi-
cant group-by-challenge interaction (F(1/
35) = 6.65, P = 0.005, g2 = 0.2) for the AX condi-
tion. The ADHD group’s RT decreased when
under the influence of ATD (M = 296.10 ms,
SE = 21.37) compared with BAL (M = 374.55 ms,
SE = 20.66). In the control group, the RT
increased for ATD (M = 385.91 ms, SE = 21.08)
when compared with BAL (M = 356.7,
SE = 20.77).

In addition, the condition AXE was significantly
different between groups (F(1/35) = 4.81 P = 0.03,
g2 = 0.13). Participants with ADHD had a shorter
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RT (M = 347.0 ms, SE = 19.45) than controls
(M = 409.1 ms, SE = 19.5). Furthermore, there
was a significant difference between participants
with ADHD (M = 291.9 ms, SE = 15.9) and with-
out ADHD (M = 342.14 ms, SE = 15.9) in condi-
tion AYE (F(1/35) = 4.74, P < 0.04, g2 = 0.12).
For all other conditions, the ANOVA showed no
significant differences (P > 0.05, g2 < 0.03).

Correct responses

There was a significant difference between groups
in condition AX (F(1/35) = 13.01, P = 0.001,
g2 = 0.27). The participants with ADHD provided
fewer correct responses (M = 60.27, SE = 1.57)
than the participants without ADHD (M = 68.5,
SE = 1.57). Furthermore, a significant difference
between groups was detected in condition AY (F
(1/35) = 7.73, P = 0.009, g2 = 0.18; ADHD
group: M = 9.87, SE = 0.58; Control group:
M = 7.2, SE = 0.58). For all other conditions, the
ANOVA showed no significant differences
(P > 0.05, g2 < 0.08).

Errors

There was a significant difference between groups
(F(1/35) = 9.69, p = 0.004, g2 = 0.21) for the condi-
tion AXE. Participants with ADHD had more
errors (M = 2.8, SE = 0.6) when compared with
controls (M = 0.5, SE = 0.6). For all other condi-
tions, there were no significant differences as ana-
lyzed by ANOVA (P = 0.06, g2 < 0.10).

Omissions

A 1 (omissions) 9 2 (challenge: ATD vs.
BAL) 9 2 (group: ADHD vs. controls) ANOVA
showed significant effects for the factors group
(F(1/35) = 15.67, P = 0.001, g2 = 0.30) and chal-
lenge (F(1/35) = 6.16, P = 0.02, g2 = 0.15). The test
of within-subjects contrasts showed a significant
linear group-by-challenge interaction (F(1/

35) = 4.26, P = 0.05, g2 = 0.11). The number of
omissions increased in the group of patients with
ADHD after intake of ATD (M = 17.44,
SE = 2.55) when compared with BAL (M = 6.20,
SE = 2.50). Identical effects were found for the
control group (ATD: M = 2.05, SE = 2.55; BAL:
M = 1.07, SE = 2.46) (Fig. 1).

Discussion

In this study, diminished central nervous system 5-
HT synthesis as indexed by ATD affected target/
non-target discrimination ability and sustained
attention in adult subjects with ADHD. In patients
with ADHD the number omissions increased after
ATD administration when compared with BAL,
and patient’s reaction time decreased after ATD
when compared with BAL intake, a finding that
was contrasted by opposite effects in controls.
Patients showed fewer correct responses (AX con-
dition) and showed a higher rate of errors (condi-
tion AXE) independent of ATD or BAL intake.

Previous studies assessing sustained attention in
a Go/No-go paradigm only detected effects
between groups, and an effect of ATD on omis-
sions or RT has not been reported previously (51,
53). Few studies to date have investigated the
impact of ATD in patients with ADHD. These

Table 1. Demographic data of the ADHD group and the control group

Variable
ADHD Group M (SD)

(n = 20)
Control Group M (SD)

(n = 20)
p-value
(t-test)

Age (years) M = 30.25 (9.37) M = 27.90 (6.01) n.s.
Years of
education

M = 13.90 (3.401) M = 15.25 (2.826) n.s.

MWT-IQ M = 108 (15.875) M = 109.25 (10.64) n.s.
WIP S M = 107.4 (12.69) M = 108.55 (11.15) n.s.
WIP PC M = 118 (9.78) M = 116.75 (9.32) n.s.
WURS-K M = 34.15 (13.73) M = 11.30 (9.60) P < 0.001
ADHS-SB M = 30.90 (12.01) M = 9.05 (6.60) P < 0.001
STAI X1 M = 40.70 (9.13) M = 33.25 (6.73) P < 0.006
STAI X2 M = 45.77 (12.20) M = 34.10 (11.31) P < 0.003
BIS M = 68.92 (10.70) M = 61.85 (9.91) P < 0.038
BDI* M = 9.57 (2.24) M = 4.55 (5.98) P < 0.048

The characteristics of the two analyzed groups are shown. Data are provided for
age, years of education, Wechsler Intelligence Scale, similarity subtest (WIP S) and
picture completion subtest (WIP PC), multiple-choice word test (MWT-IQ) [resembles
the English spot-the-word test], Wender Utah Rating Scale (WURS-K), ADHD self-
rating questionnaire (ADHD-SB), State-Trait Anxiety Inventory (STAI X1 and STAI X2),
Barratt impulsiveness scale (BIS), and Beck’s Depression Inventory. (M) = Mean,
(SD) = Standard deviation, (n) = size.
*considered as a covariate in ANOVA.
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Fig. 1. Given is an interaction between the factors group
(adult patients with ADHD vs. adult controls) and challenge
(ATD vs. BAL) for omissions as assessed in the AX-CPT.
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studies examined the effects of ATD on memory
performance (53), reactive aggression in adult
patients (32), and reactive aggression in young
people with ADHD (54). Sambeth et al. (53) noted
that delayed recall in a memory task was impaired
after ATD. In contrast to these results, Evers et al.
did not show any effects of decreased central ner-
vous 5-HT synthesis on cognitive performance,
including verbal learning and recognition in
healthy volunteers (51). Our group recently dem-
onstrated an interaction between ATD and reac-
tive aggressive behavior in the present sample.
Adult patients with ADHD showed increased reac-
tive aggression in a Point Subtraction Aggression
Game after ATD when compared with BAL (32).
Further research detected that highly hostile
aggressive patients showed increased inhibition
errors after acute tryptophan depletion when com-
pared with a control condition (54).

To our knowledge, this study is the first to show
an effect of ATD on omissions in adults with
ADHD. The slight increase in the number of omis-
sions in the control group after ATD was not as
pronounced as in the ADHD group, suggesting
that serotonergic pathways in the prefrontal cortex
might be more susceptible to manipulation in
patients with ADHD than in healthy controls.
Consistent with previous work, we identified
shorter reaction times and a higher rate of omis-
sions in adult patients with ADHD, confirming the
previously established hypothesis of problems with
impulsivity and maintaining sustained attention
over a long period of time (55–58). With respect to
neuropsychological deficits frequently reported in
patients with ADHD, the present results are con-
sistent with findings on alterations in executive
functioning in these particular patients (59–61).

In accordance with previous reports related to
changes in serotonergic neurotransmission in
patients with ADHD, diminished central nervous
system 5-HT synthesis was associated with changes
in omissions and reaction times in these particular
subjects in our study. However, with respect to
potential 5-HT–DA interactions, recent studies
have indicated that serotonergic and dopaminergic
pathways project into brain regions (lateral PFC,
dorsal anterior cingulate cortex, dorsal striatal
regions) that are associated with sustained atten-
tion, processing speed, behavioral inhibition, and
mediation of inhibition (62). As outlined by Oades
et al. (27), there is a lower level of available DA
and a 25% reduction in binding characteristics of
the SERT in patients with ADHD, particularly in
prefrontal regions and the anterior cingulate cor-
tex. Lower SERT binding was associated with
poorer attentional performance and higher cogni-

tive impulsivity in patients with ADHD, and 5-HT
was shown to modulate impulse control by increas-
ing reaction latency (30). Cheetam and colleagues
(63) emphasize that a reduction in 5-HT uptake
leads to diminished SERT binding in the PFC.

There is evidence for an altered DA system in
ADHD (64–66) and for an influence of 5-HT on
dopaminergic pathways (31). There is also evi-
dence supporting the assumption that DA function
in the PFC modulates the output to basal ganglia
circuits and for the previously mentioned effect of
5-HT on the DA system (67). Furthermore, there
is evidence that symptoms such as hyperactivity
and poor attentional performance are also linked
to changes in DA function in patients with ADHD
(68). Studies in patients with ADHD showed that
patients displayed more omissions (56–58). Addi-
tional findings show that in normal individuals,
ATD increased impulsiveness (69). A review of the
effects of ATD on memory, executive function,
and attention reported that ATD changes memory
function in healthy adults (51). With regard to the
previously mentioned interaction of 5-HT and DA
in ADHD, one could speculate that an ATD-
induced imbalance in central nervous system 5-HT
synthesis could reduce the modulatory effect of
5-HT on DA. A resulting dysfunction of networks
responsible for sustained attention and behavioral
inhibition might in turn lead to the observed effects
on RT and omissions observed in this study.

This study has advantages over previous
research because it included a healthy control
group that did not differ from the subjects in terms
of education, IQ, or age, which stands in contrast
to previous research (54, 70–72). However, there
are some methodological limitations when
attempting to interpret the data related to ATD
and attention. First, the relatively small sample
size of this pilot study makes it difficult to draw
general conclusions about the effects of ATD on
attentional processes. However, as the changes in
omissions and reaction time showed the same pat-
tern as expected based on theoretical models, it
can be assumed that the investigated sample can be
seen as somewhat representative. Nevertheless,
future studies are needed to draw general clinical
conclusions. Moreover, genetic data, particularly
polymorphisms related to the 5-HT system, were
not obtained. There is preliminary evidence for an
association between altered serotonergic neuro-
transmission and ADHD symptoms. For example,
a variant of the enzyme TPH2, which is essential
for central nervous 5-HT synthesis, has been the
subject of recent research (31). Further research
with significantly larger samples is necessary to
establish whether variations in genes linked to
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serotonergic neurotransmission affect subjects’
AX-CPT performance. Considering the above-
mentioned effects of ATD on the AX-CPT perfor-
mance of adults with ADHD, it should be noted
that we did not control for the effects of other neu-
rotransmitters, such as DA or NA. These limita-
tions should be addressed by future research.

The overall complexity of the 5-HT system must
be considered when trying to interpret the data
obtained in this study. Seven different types of 5-
HT receptors have been identified so far (5-HT1 to
5-HT7). It remains uncertain whether changes in
post- and/or presynaptic serotonergic activity pre-
dominate after ATD or whether an inhibitory
interneuron permits disinhibition in the control of
specific functions of prefrontal serotonergic path-
ways. Studies using functional magnetic resonance
imaging (fMRI) in combination with neurodietary
challenge procedures such as ATD (and also, to a
further extent, phenylalanine-tyrosine depletion
[PTD] to achieve a reduced DA synthesis) are of
particular relevance in further disentangling differ-
ential and commonly modulated effects of 5-HT
and DA on changes in the top-down control of
attention-related neurocircuits. Moreover, PET-
studies using ATD and PTD, as well as potentially
combined monoamine depletion, can be mentioned
here as a further avenue to probe the effects of 5-
HT-DA interactions on attentional performance
with respect to the outlined neurocircuits.

In summary, the present investigation provides
preliminary evidence for altered central nervous
system 5-HT function in adult patients with
ADHD and its association with target/non-target
discrimination ability and sustained attention as
measured in the AX-CPT. Further research is war-
ranted to examine the specific influence of 5-HT on
symptom expression in adults with ADHD.
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