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Short communication

Assessment of endogenous dopamine release
by methylphenidate challenge using iodine-123 iodobenzamide
single-photon emission tomography
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1 Graduate School of Neurosciences, Department of Nuclear Medicine, Academic Medical Center, Meibergdreef 9, 1105 AZ Amsterdam,
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&p.1:Abstract. This double-blind, placebo-controlled study
assessed pharmacologically induced endogenous dopa-
mine (DA) release in healthy male volunteers (n=12).
Changes in endogenous DA release after injection of the
psychostimulant drug methylphenidate were evaluated
by single-photon emission tomography (SPET) and
constant infusion of iodine-123 iodobenzamide
([123I]IBZM), a D2 receptor radioligand that is sensitive
to endogenous DA release. Methylphenidate induced
displacement of striatal [123I]IBZM binding, resulting in
a significantly decrease in the specific to non-specific
[123I]IBZM uptake ratio (average: 8.6%) in comparison
with placebo (average: −1.9%). Moreover, injection of
methylphenidate induced significant behavioural re-
sponses on the following items: excitement, anxiety, ten-
sion, and mannerisms and posturing. The results of this
study demonstrate the feasibility of using constant infu-
sion of [123I]IBZM and SPET imaging to measure en-
dogenous DA release after methylphenidate challenge
and to investigate neurochemical aspects of behaviour.

&kwd:Key words:Single-photon emission tomography – D2 re-
ceptors – Iodine-123 iodobenzamide – Methylphenidate
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Introduction

The positron emission tomography (PET) and single-
photon emission tomography (SPET) techniques can
now be used to study dopaminergic receptors and trans-
porters in the human brain in vivo [1, 2]. Recent studies
have suggested the additional potential of both tech-
niques for the study of endogenous dopamine (DA) re-
lease [3–5]. In these studies, the pharmacologically in-

duced DA release was measured by the in vivo competi-
tion between endogenous DA and dopaminergic radioli-
gands for binding to DA receptors. This approach is of
interest since differences in the response of the dopami-
nergic system may be associated with neuropsychiatric
illnesses, e.g. schizophrenia [4–6].

Interestingly, two recent SPET studies from Laruelle
and co-workers [5, 6] have reported the feasibility of us-
ing a constant infusion technique with [123I]iodobenz-
amide ([123I]IBZM, a D2 receptor radioligand) to evalu-
ate the d-amphetamine induced DA release in the human
brain. Although these studies clearly showed the feasi-
bility of using a [123I]IBZM constant infusion pro-
gramme to measure endogenous DA release and behav-
ioural effects after pharmacological challenge, the stud-
ies were not placebo controlled. Moreover, d-amphet-
amine is not a registered drug in Europe. The aim of
this study, therefore, was to investigate the feasibility of
the constant infusion SPET technique for imaging of the
endogenous DA release induced by the DA uptake
blocker methylphenidate [4, 7] and to measure behav-
ioural responses in a double-blind, placebo-controlled
design.

Materials and methods

Subjects. &p.2:Twelve volunteers participated in this randomized, dou-
ble-blind, placebo-controlled study (mean age 24, range 21–27
years). Inclusion criteria were: (a) male aged between 18 and 30
years, (b) absence of any prior exposure to methylphenidate or d-
amphetamine, and (c) absence of past or present medical, neuro-
logical and psychiatric conditions (including alcohol and drug
abuse). All subjects gave their written informed consent. This
study was approved by the Medical Ethical Committee of the
Academic Medical Center. Subjects received potassium iodide
prior to the SPET scanning.

SPET protocol. &p.2:[123I]IBZM (specific activity of >200 MBq/nmol),
was prepared by Amersham Cygne (Eindhoven, The Netherlands)
as previously described [8], and injected via a permanent cannula
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in a forearm vein as a bolus followed by a constant infusion, ac-
cording to the following scheme (data represent average±SD,
n=12): bolus 68.4±3.9 MBq; rate of infusion, 15.8±1.5 MBq h−1;
duration of the study 300 min.

Subjects were scanned on the high-resolution tomographic
neuroSPET system, the SME 810 X (Strichman Medical Equip-
ment Inc., Medfield, Mass., USA) using the settings previously
described [9].

Each subject was scanned during three sessions. Session 1
(which took place from 30 to 60 min after the onset of the experi-
ment) started after positioning of the subject in the camera with a
fixed light source oriented along the canthomeataly (CM) line, by
multiSPET acquisition (150 s/slice) from the CM line up to the
vertex to locate the slice demonstrating best visualization of the
striatum (typically+3 cm from the CM line). Sessions 2 (120–180
min) and 3 (240–300 min) consisted of dynamic SPET scans
(10–12 consecutive acquisitions of 300 s per slice) performed at
the level of the reference slice as identified in session 1. Images
were attenuation corrected and reconstructed as previously de-
scribed [2]. Methylphenidate (0.5 mg/kg) or an identical volume
of placebo (saline 0.9%) was injected intravenously at 180 min
(directly after the end of session 2).

Evaluation of behavioural response. &p.2:Behavioural responses to
methylphenidate or placebo were measured by the Positive and
Negative Syndrome Scale (PANSS) interview [10]. The interview
consisted of 30 items, and responses were rated from 1 (symptom
not present) to 7 (symptom extremely severe). Factors covered by
the interview included a positive (7 items), a negative (7 items),
and a general psychopathology scale (16 items). This interview
proved to have high inter-rater reliability [10]. Two interviews
were undertaken per subject, one at the onset of the study (0–30
min) and one after intervention (185–230 min). Both interviews
were video-taped. The video-tapes were evaluated blind to meth-
ylphenidate or placebo injection. To quantify behavioural changes
due to methylphenidate or placebo, the “baseline” scores for each
item were subtracted from the scores after intervention. Due to lo-
gistical problems, the pre- and post-intervention interviews could
only be obtained in 10 of the 12 volunteers.

Data analysis. &p.2:SPET data were also analysed blind to methylphe-
nidate or placebo injection. A standard template with regions of
interest of constant size and shape for the striatum and occipital
cortex was positioned on the images, as previously described [9].
The occipital cortex was selected as the background region be-
cause the density of D2 receptors is negligible in this brain area.
Striatal specific binding was calculated as striatal (average of left
and right striatum) minus occipital cortex activity [in Strichman
Medical Units (SMUs)]. For scanning sessions 2 and 3, the ratio
of specific to non-specific striatal uptake was calculated by divid-
ing the specific striatal uptake by the occipital uptake. The differ-
ence in the average ratio of specific to non-specific binding in ses-
sions 2 and 3 was expressed as a percentage of this ratio in session
2. The applied quantification of striatal uptake is insensitive to
changes in cerebral blood flow caused by methylphenidate during
equilibrium and does not require plasma measurement of the ra-
dioligand [5].

The stability of regional brain activity over time was assessed
by linear regression. The slope of these regressions was expressed
as the percentage of the average value in this time interval. Aver-
age change over time was calculated as the average value of the
slope [5].

Differences between groups were analysed by non-parametric
testing (Wilcoxon rank sum).

Results

In the placebo group (n=7), the striatal and occipital cor-
tex activities and the specific to non-specific [123]IBZM
uptake ratio were stable from 120 min to the end of the
experiment (Fig. 1). Changes in striatal activity over
time ranged from −2.6% h−1 to 5.6% h−1, with an aver-
age of 0.5% h−1. Changes in occipital cortex activity
over time ranged from −2.0% h−1 to 1.7% h−1, with an
average of 0.4% h−1. Changes in the specific to non-spe-
cific ratio over time ranged from −3.6% h−1 to 4.1% h−1

(average change, 0.2% h−1).
In the methylphenidate group (n=5) the occipital cor-

tex activity was also stable from 120 min to the end of

Fig. 1. Time course of striatal and occipital cortex uptake activity
(SMU) during constant infusion of [123I]IBZM. Left part of the
figure: a typical placebo experiment. The bolus plus constant infu-
sion administration schedule allowed achievement of stable levels
of striatal and occipital activity from the beginning of session 2
(120 min) to the end of session 3 (300 min). Right part of the fig-
ure: a typical methylphenidate experiment. Injection of methyl-
phenidate (0.5 mg/kg intravenously at 180 min) induced loss of
striatal activity, whereas the activity in the occipital cortex re-
mains stable between 120 and 300 min&/fig.c:

Fig. 2. Individual differences in the specific to non-specific stri-
atal [123I]IBZM uptake ratio in sessions 2 and 3, expressed as a
percentage of this ratio in session 2, for the placebo- and methyl-
phenidate (methylph)-treated groups. Methylphenidate induced a
statistically significant decrease in the [123I]IBZM binding poten-
tial (P=0.019)&/fig.c:
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the experiment (Fig. 1; average change, −1.3%±2.0%
h−1). Methylphenidate induced displacement of striatal
[123I]IBZM binding, resulting in a significant decrease
in the specific to non-specific [123I]IBZM uptake
ratio (8.6%±5.6%) in comparison with placebo
(−1.9%±6.0%; Fig. 2).

Injection of methylphenidate induced significant be-
havioural responses. Total scores on the positive and
general psychopathology scales, but not on the negative
scale, were increased. Methylphenidate induced a signif-
icant increase on the following items: excitement, anxi-
ety, tension, and mannerisms and posturing (Table 1).

Discussion

In this study a [123I]IBZM constant infusion technique
was used to create optimal conditions for within-experi-
ment quantification of endogenous DA release by meth-
ylphenidate in volunteers [5]. Methylphenidate induced
a small but significant reduction in the specific to non-
specific striatal [123I]IBZM uptake ratio. Similar results
have been reported with human carbon-11 raclopride
PET and [123I]IBZM SPET studies. Volkow and co-
workers [4] observed an average decrease of 23% in the
[11C]raclopride distribution volume after intravenous ad-
ministration of 0.5 mg/kg methylphenidate. Moreover,
Farde and co-workers [3] observed an average decrease
of 10% in [11C]raclopride specific striatal binding after
oral administration of 30 mg d-amphetamine. Recently,
Laruelle et al. [5], using a [123I]IBZM constant infusion
schedule, showed an average decrease of 15% in D2 re-
ceptor availability after d-amphetamine (0.3 mg/kg) in-
jection. Interestingly, using the same technique, they
also showed that the decrease in D2 receptor availability
was greater in patients with schizophrenia than in con-
trols [6].

Methylphenidate is a psychostimulant drug common-
ly prescribed for attention-deficit hyperactivity disorder

and narcolepsy. Its main pharmacological mechanism of
action has been suggested to involve increased synaptic
DA levels as a consequence of blockade of the DA trans-
porter [11]. Methylphenidate has been found to exhibit
significant affinity to DA transporters, but no significant
affinity to D2 receptors [7, 11].

Recently, Wang and co-workers reported that methyl-
phenidate decreases cerebral blood flow in human sub-
jects [12]. Therefore, one might argue that the results of
the present study are related to changes in blood flow in-
duced by methylphenidate. To study the influence of
methylphenidate on the availability of striatal D2 recep-
tors, we therefore used the [123I]IBZM equilibrium
method as described by Laruelle and co-workers [5].
They reported that during equilibrium the quantification
of specific striatal [123I]IBZM uptake is insensitive to
changes in cerebral blood flow induced by psychostimu-
lants [5].

The present placebo-controlled study showed a sig-
nificant increase in excitement after injection of methyl-
phenidate. Interestingly, other studies have reported a
comparable increase in restlessness after injection of
amphetamine-like drugs [4, 5]. Moreover, our study re-
ported an increase in anxiety after injection of methyl-
phenidate. This phenomenon was not observed in the
study of Volkow et al. [4]. However, Laruelle et al. [5]
reported an increase in anxiety just several minutes after
injection of d-amphetamine, with a decline thereafter.
The onset of the interview in our study was several min-
utes after intervention, which might explain the discrep-
ancy between the result of our study compared to that of
the study of Volkow et al. [4].

In conclusion, the results of this study showed the
feasibility of using [123I]IBZM constant infusion and
SPET imaging to measure the endogenous DA release
after methylphenidate challenge and to investigate neu-
rochemical aspects of behaviour.
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