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There is circumstantial evidence for the involvement of seroto-
nergic and dopaminergic systems in the pathophysiology of so-
cial anxiety disorder. In the present study, using SPECT imaging
we examined the 123|-B-(4-iodophenyl)-tropane binding potential
for the serotonin and dopamine transporters in patients with a
generalized social anxiety disorder and in age- and sex-matched
healthy controls. Methods: Twelve psychotropic medication—
naive patients with social anxiety disorder, generalized type (5
women and 7 men) and 12 sex- and age-matched healthy con-
trols were studied. Volumes of interest were constructed on
MRI-coregistered SPECT scans. Binding ratios were compared
using the Mann-Whitney U test. Possible correlations between
binding patterns and symptomatology were assessed using the
Spearman rank correlation coefficient. Results: Significantly
higher binding potentials were found for the serotonin in the left
and right thalamus of patients. Patients had also a significantly
higher binding potential for the dopamine transporter in the stria-
tum. Conclusion: The present study provided direct evidence
for abnormalities in both the dopaminergic and the serotonergic
systems in patients with generalized social anxiety disorder.
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Social anxiety disorder (also known as social phobia) is a
disabling condition that afflicts a large part of the general
population. It tends to run a chronic and unremitting course
and often leads to the development of alcoholism and
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depression. The essential feature of social anxiety disorder is
the fear of being evaluated by others with the expectation that
such an assessment will be negative and embarrassing. Social
anxiety disorder has been subdivided into 2 subtypes. The
first subtype, referred to in the DSM-IV (/) as generalized
social phobia, involves fear of a broad array of social situ-
ations. The second subtype, referred to as discrete or specific
social anxiety disorder, is usually confined to 1 or 2 perfor-
mance situations, of which public speaking is the most com-
mon (2). Given the clinical importance of social anxiety
disorder, the neurobiology of this condition has received little
attention to date.

Treatment studies demonstrating that selective serotonin
reuptake inhibitors (SSRIs) and monoamine oxidase inhib-
itors are effective in social anxiety disorder hint that seroto-
nergic and catecholaminergic pathways have a role, but
these findings can be only a rough guide in determining the
neurobiology. Challenge tests with fenfluramine and m-
chlorophenylpiperazine have provided other circumstantial
evidence for the role of serotonin (5-hydroxytryptamine, or
5-HT) in social anxiety disorder (3,4). An involvement of the
dopaminergic system in social anxiety was suggested by
findings that homovanillic acid levels in cerebrospinal fluid
tended to be lower in panic disorder patients with comorbid
social anxiety disorder than in those without (5). Moreover,
the prevalence of social anxiety disorder is increased in patients
in whom Parkinson’s disease develops (6). More recently,
2 neuroimaging studies have provided direct evidence that
dopamine systems may play a role in the neurobiology of social
anxiety disorder. Using '23I-labeled 2-B3-carbomethoxy-3-B-
(4-iodophenyl)-tropane (123I-B-CIT) as a tracer and SPECT,
Tiihonen et al. found that the density of the dopamine
transporter (DAT) in the striatum was reduced in patients
with generalized social anxiety disorder (7). Schneier et al.,
using '?*I-iodobenzamide SPECT, found a reduced dopa-
mine D, binding potential in this psychiatric condition (§).
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Although neuroimaging studies potentially could also pro-
vide direct evidence for a role of serotonergic systems in
social anxiety disorder, to our knowledge only 1 such study
has been published to date (9). In this study, by Lanzenberger
et al., 5-HT receptor 1A binding in several limbic and
paralimbic areas was found to be reduced in patients with
social anxiety disorder.

1231.3-CIT SPECT can be used to visualize both DAT
and 5-HT transporter (5-HTT) in the human brain after a
single administration of the ligand. Binding of '23[-B-CIT
in the striatal region has been shown to reflect mainly
binding to DAT; binding in the thalamus, midbrain, and
pons reflects predominantly binding to 5-HTT (/0,11). The
binding to DAT and 5-HTT can be further differentiated by
using the difference in time course of '23[-B-CIT uptake in
DAT- and 5-HTT-rich brain regions (/0). In the present
study, we used this approach to investigate DAT and 5-HTT
binding potentials in right-handed psychotropic medica-
tion—naive patients with generalized social anxiety disorder
(according to DSM-IV criteria) and no comorbidity and in
healthy controls matched pairwise by age, sex, and hand-
edness. We expected the binding pattern of '23I-B-CIT to
reflect abnormalities at the level of both 5-HTT and DAT.

MATERIALS AND METHODS

Subjects

The study was approved by the ethics committee of the Univer-
sity Medical Center, Utrecht, The Netherlands, and was performed
in accordance with the ethical standards of the declaration of
Helsinki. After a complete description of the study had been pro-
vided to the subjects, written informed consent was obtained. The
patients came from direct physician referrals to our specialized
anxiety clinic or reacted to advertisements. Healthy controls were
enrolled through advertisements in flyers and newspapers or ob-
tained from an existing database. Only subjects without a lifetime
history of psychosis, substance abuse, recurrent major depression,
bipolar disorder, eating disorders, other anxiety disorders, tics, and
stuttering were included. All participants had no lifetime history of
illnesses with possible central nervous system sequelae and were in
good physical health, as confirmed by physical and laboratory
examinations. Subjects consumed fewer than 6 cups of coffee and
3 units of alcohol a day and smoked fewer than 6 cigarettes a day.
Screening for current and prior adult psychopathology was done by
administering the Mini International Neuropsychiatric Interview
Plus, version 5.0.0 (/3). Diagnoses were confirmed by an experi-
enced clinician. In addition, the Liebowitz Social Anxiety Scale
(LSAS) was used to assess the severity of the social anxiety
symptoms at entry (/4). Handedness was determined by adminis-
tering the Edinburgh Handedness Scale (15).

Subjects were excluded when they had a score of more than 13 on
the 17-item Hamilton Depression Rating Scale (/6). Subjects under-
went imaging within 2 wk after inclusion. Any cognitive behavioral
therapy had been terminated at least 3 mo before the study.

Twelve patients and 12 healthy controls were enrolled. All sub-
jects completed the study. The patients and controls were perfectly
matched for sex and did not differ significantly in age and handed-
ness. Demographic and clinical characteristics are shown in Table 1.
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TABLE 1
Demographic and Clinical Characteristics of
Study Population

Patients Controls

Characteristic (n=12) n=12)
Mean age = SD (y) 39.4 + 12.6 33.0 £ 9.5
Total Edinburgh 0.95 + 0.04 0.96 + 0.03

Handedness Scale

Men (n) 7 7
Women (n) 5 5
Nonsmokers (n) 9 8
Length of illness (y) 23.9 £ 147
Total LSAS score 73.6 £ 13.7
Total Hamilton Depression 8.3 £ 21

Rating Scale

Image Acquisition and Analysis

Images were acquired and analyzed using the same methods as in
our previously reported study on patients with obsessive—compul-
sive disorder (/7). On the first day of scanning, the subjects received
an intravenous injection of approximately 150 MBq of 23I-3-CIT
(MAP Medical Technologies; radionuclidic purity ['>31/'23]] of at
least 9.5 X 1073 at calibration time and a radiochemical purity of at
least 95%). We used a Prism 3000 triple-head y-camera (Picker)
with ultra-high-resolution fanbeam collimators and a full width at
half maximum of approximately 12 mm. Four hours after the
injection, the first scan was made to assess binding to 5-HTT.
Between 22 and 24 h after the injection, the second scan was
obtained to measure binding to DAT (/8-20). The subjects refrained
from coffee and nicotine in the 610 h preceding each SPECT scan.
Immediately after the first scan, the subjects received 20 mg of
paroxetine to displace the '23[-B-CIT from 5-HTT so that binding to
DAT could be determined more precisely (/8). Several studies have
demonstrated that at modest dosages (e.g., 10 mg) of paroxetine and
other potent 5-HT reuptake blockers, occupation of 5-HTT is
already virtually maximal (/0,21,22). To control for possible
differences in metabolism between subjects, we chose a higher oral
dose of 20 mg. The 20-mg dose of paroxetine was well tolerated by
all subjects. During scanning, subjects were supine, with eyes and
ears open and head fixed in a head holder. We ensured that the
patients stayed awake and did not move. For an accurate determi-
nation of each subject’s volumes of interest (VOIs), all subjects also
underwent structural MRI (3-dimensional fast field echo; echo time/
repetition time, 4.6/30 ms; flip angle, 30°; field of view, 256 X 256
mm; matrix, 128 X 128 X 130 mm; slice thickness, 2 mm) 2 h before
the injection of '23[-B-CIT. The MRI scans were reoriented to the
standardized coordinate system of the Montreal standard brain (23).
VOIs were delineated manually on the reoriented MRI scans by a
researcher who was unaware of the subject’s identity and diagnosis,
by means of the display software from the Brain Imaging Center of
the Montreal Neuroimaging Institute (24). Because the focus of our
study was putative abnormalities at the level of 5-HTT in social
anxiety disorder, the VOIs for 5-HTT included the left and right
thalamus and the midbrain/pons region, whereas we limited the VOI
for DAT to the left and right striatum taken together. Furthermore,
this choice allowed a direct comparison of DAT findings with a
previous study of Tiihonen et al. (7). We planned an exploratory post
hoc analysis in which left and right striatal subregions would be
delineated in cases in which the ROI striatum showed a significant
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difference between patients and controls. The cerebellum was used
asareference region, representing nonspecific binding for 123I-3-CIT.

To allow exact coregistration of MRI and SPECT scans, we used
fiducial markers. Fiducial markers were cone-shaped, with cross-
shaped feet, and were placed on the nose bridge and preauricularly
above the mandibular joints. The position of each marker was
indicated with 4 dots on the subject’s skin to allow for repositioning
of markers immediately before the SPECT scans. Vitamin A and
37Co were used as contrast agents for the MRI and SPECT scans,
respectively. The energy was set at a peak of 160 keV with a window
of 20% for 1231-B-CIT and at a peak of 120 keV with a window of
15% for >’Co. After standard processing, brain SPECT images were
resliced to isotropic voxels with dimensions of 2 mm and further
treated as 3-dimensional volumes to coregister within the 3-dimen-
sional orientation of the MRI scans. Coregistration was performed
semiautomatically and was based on the position of the fiducial
markers, using the Register multimodality software package and
additional software developed at the Brain Imaging Center of the
Montreal Neurologic Institute (25). The researcher performing the
coregistration was unaware of subject identity and diagnosis.

For each separate VOI, the ratio of specific binding of '>3[-3-CIT
to 5-HTT or DAT was calculated according to methodology used in
previously published '23[-B-CIT studies: the average radioactivity
count per voxel per VOI minus the average radioactivity count per
voxel in the cerebellum, divided by the average radioactivity count
per voxel in the cerebellum.

Statistical Analysis

Age was compared using the Student ¢ test. The interrater and
intrarater reliability for VOI registration was assessed by calculating
the intraclass correlation coefficients according to the method
published by Bartko and Carpenter (26). The specific binding ratios
for 1231-B-CIT were compared using the Mann—Whitney U test. For
5-HTT binding, ratios in the midbrain/pons region and in the left and
right thalamus were assessed; for DAT binding, the ratio in the
striatum was assessed. Spearman rank correlation coefficients were
calculated to assess correlations between specific binding ratios and
LSAS scores. Two-tailed significance is reported throughout. Bon-
ferroni correction for multiple comparisons (4 regions of interest)
yielded an adjusted P value of less than 0.0125.

RESULTS

The intraclass correlation coefficients for the interrater and
the intrarater reliability procedure for determining VOIs
were between 0.86 and 0.99 (mean = SD, 0.95 = 0.05)
and 0.61 and 0.98 (mean, 0.81 = 0.14), respectively. In
1 patient, only the 5-HTT uptake could be calculated; the last
SPECT scan could not be reliably coregistered to the MRI
scan because of motion artifacts.

The VOISs for the cerebellum were 104,208 = 16,211 mm?3
for patients and 93,943 * 11,445 mm? for controls. The VOIs
for the midbrain/pons regions were 6,441 = 1,370 mm? for
patients and 6,127 = 1,455 mm? for controls. The VOIs for
the right thalamus were 3,962 = 855 mm? for patients and
4,544 = 1,678 mm? for controls, and the VOISs for the left
thalamus were 4,051 = 914 for patients and 4,610 = 686
mm? for controls. The VOIs for the right caudate were
3,142 = 519 mm? for patients and 2,933 = 608 mm? for
controls, and the VOIs for the right putamen were 2,064 *
407 mm? for patients and 1,990 = 497 mm? for controls.
The VOIs for the left caudate were 2,899 = 598 mm? for
patients and 3,181 = 573 mm? for controls, and the VOIs
for the left putamen were 2,022 * 478 mm? for patients and
2,064 = 407 mm? for controls. There were no significant
differences in the sizes of the delineated VOIs between
patients and controls.

There were no significant differences in normalized bind-
ing in the reference region between patients and controls;
normalized cerebellar counts at 4 h were 20.38 = 3.70 in con-
trols and 20.90 = 4.12 in patients, and at 22—-24 h the counts
were 3.75 * 1.15 in controls and 3.37 £ 1.02 in patients.

The Mann—Whitney U test revealed that the average
binding ratio for 5-HTT in the left and right thalamus was
significantly higher in patients than in matched healthy
controls (P = 0.001) (Fig. 1). No significant differences
were found in the midbrain/pons region. The average binding
ratio for DAT in the striatum was significantly higher in
patients than in matched controls (P = 0.011) (Fig. 2). The

FIGURE 1. Binding ratios for 5-HTT in
left and right thalamus of psychotropic
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FIGURE 2. Binding ratios for DAT in striatum of psychotropic
medication-naive patients with generalized social anxiety dis-
order (n = 12) and age- and sex-matched controls (n = 12)
measured with 123]-3-CIT SPECT. *P = 0.011; 2-tailed Mann-
Whitney U test.

binding ratios for 5-HTT and DAT in the regions of interest in
patients and controls are summarized in Table 2. No signif-
icant correlations were found between LSAS score and DAT
or 5-HTT binding potential in patients.

We performed an exploratory post hoc delineation and
analysis for right and left striatum and for left and right puta-
men and caudate. This analysis revealed that DAT binding in
the right putamen was significant higher in patients than in
matched healthy controls, at a significance level uncorrected
for multiple comparisons (P = 0.012).

TABLE 2
Average Binding Potentials for DAT and
5-HTT in Study Population

P (Mann-
Patients Controls Whitney
VOI (n=12) (n=12) U test)
5-HTT
Left thalamus 1.79 £ 0.12 1.52 * 0.65 0.001*
Right thalamus  1.85 = 0.19 1.53 = 0.19 0.001*
Midbrain/pons  0.94 = 0.10 0.90 = 0.19 0.713
DAT
Striatum 7.30 £ 0.98 5.47 = 1.37 0.011*

*Value survived Bonferroni correction for multiple comparisons
implying 4 regions of interest.
Data are mean * SD.
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DISCUSSION

We found significantly higher 123I-B-CIT binding ratios
in the left and right thalamus (specific for 5-HTT) and in
the striatum (specific for DAT) of psychotropic medication—
naive patients with generalized social anxiety disorder with
no comorbid diagnosis, relative to the findings in healthy
controls pairwise matched for age, sex, and handedness. No
abnormalities in binding ratios in the 5S-HTT-rich midbrain/
pons region were found. No significant correlations were
found between 5-HTT and DAT binding ratios and scores
on the symptom rating scale (LSAS).

To our knowledge, this was the first study examining
1231-B-CIT binding ratios both to 5-HTT-rich regions and
to DAT-rich regions in patients with generalized social
anxiety disorder. Our finding of an altered 5-HTT binding
potential in the thalamus provides a direct indication that 5-
HT has a role in the pathophysiology of generalized social
anxiety disorder. Converging data have implicated a net-
work of brain regions, including the prefrontal cortex,
striatum, thalamus, and amygdala, in the pathophysiology
of generalized social anxiety disorder (27,28). Most regions
of this putatively involved network in social anxiety disor-
der are densely innervated by serotonergic or dopaminergic
neurons. Impaired striatal-thalamic filtering of information
relevant for social evaluation and an excessive condition-
ability of striatal-amygdalal circuits may play a central role
in the pathophysiology of social anxiety disorder (29).

Our finding of higher binding potentials of '23[-B-CIT
for 5-HTT in the thalamus of patients with social anxiety
disorder can be interpreted as resulting from a decreased
extracellular 5-HT concentration near the transporter (al-
lowing '2I-B-CIT to bind with higher density), from an
elevated density of 5-HTT, or from a combination of both.

Decreased extracellular 5-HT levels in the brain of patients
with social anxiety disorder would seem to be compatible
with the fact that SSRIs are effective in social anxiety dis-
order (30). In line with this notion, it has been reported that
repeated administration of SSRIs to healthy volunteers may
increase social affiliation (37). More recently, Argyropoulos
et al. showed that reducing 5-HT availability in the brain
through tryptophan depletion resulted in a significant in-
crease in challenge-related anxiety in successfully treated
patients with social anxiety disorder (32). The hypothesis of a
decreased serotonergic transmission remains in contrast to
other reports suggesting that increased 5-HT neurotransmis-
sion is anxiogenic. Harmer et al. recently reported an
impaired recognition of fearful facial expression in female
volunteers after tryptophan depletion, whereas acute admin-
istration of the SSRI citalopram to healthy volunteers in-
creased the recognition of fearful faces (33,34). Remarkably,
SSRIs often display an acute anxiogenic effect that converts
into anxiolysis on repeated administration. The mechanism
responsible for this reversal is unknown but might be
explained by adaptive changes (dampening) in the seroto-
nergic system or in other more distal neuronal networks.
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The heightened 5-HTT binding potential may also be the
result of increased densities of 5-HTT in patients with social
anxiety disorder, reflecting a higher homeostatic tone of the
serotonergic system (with concomitant lower densities of
5-HT receptors). This possibility would be in line with results
from Lanzenberger et al., who found reduced 5-HT receptor
1A levels in social anxiety disorder (9). Finally, the height-
ened 5-HTT binding potential may also be genetically
determined. Arbelle et al. recently reported an association
between the 5-HTT promoter region 44-base-pair insertion/
deletion and shyness in a nonclinical sample of second-grade
children (35). The investigators reported a significant asso-
ciation between the long 5-HTT promoter region 44-base-
pair insertion/deletion polymorphism and shyness in their
sample. Children who were homozygote for the long allele,
which has been shown to produce higher gene transcription
and presumably a higher density of 5-HTT, had significantly
higher scores on the shyness scales (36). Insofar as shyness is
an endophenotype for social anxiety disorder, the higher
5-HTT density may be interpreted as a risk factor for develop-
ing the disorder, which in turn may also explain our finding of
a heightened 5-HTT binding potential. Unfortunately, the
genetics of social anxiety disorder have not been adequately
studied yet. Interestingly, a study by van Dyck et al. did not
point at a direct association of higher central 5-HTT levels
with the 5-HTT polymorphism but suggested a more com-
plex relationship (37).

The higher DAT binding potential in the striatum observed
in this study is at variance with data reported previously by
Tiihonen et al., who found a decreased striatal dopamine
binding potential in social anxiety disorder by using the same
tracer (7). The difference in outcome between the 2 studies
cannot be readily explained. The most obvious differences
between the 2 studies are our more accurate assessment of the
VOIs by using MRI scan coregistration and the inclusion of
psychotropic medication—naive patients without comorbid-
ity in the present study. Both studies, however, had a small
number of subjects—a limitation that always bears a risk of
false-positive outcomes. As discussed above, when interpret-
ing the data of our study, one must consider that the interac-
tion between radiotracer and transporter is determined by the
amount of radiotracer, the amount of transporter and its
affinity, and the amount of competing ligands, that is, endog-
enous dopamine. Thus, the present finding can be interpreted
as either a lower level of extracellular dopamine or an ele-
vated density of DAT in patients with social anxiety disorder
or a combination of both.

By and large, previous studies examining the dopaminer-
gic system in social anxiety disorder seem to point to a
decreased dopaminergic activity. Schneier et al. reported a
lower '23-iodobenzamide binding potential for dopamine D,
receptors in patients with social anxiety disorder. The authors
attributed this finding to a lower dopamine activity (8). The
lower binding potential, however, would also be reconcilable
with either an enhanced dopaminergic activity or (transitory)
high levels of dopamine near the receptors or an altered

B-CIT SPECT 1N SociaL ANXIETY DIsORDER ¢ van der Wee et al.

affinity of the receptor, as was discussed by Mathew et al.
(28). Heightened dopaminergic activity may decrease the
density or affinity of D, receptors and simultaneously
upregulate the density of DAT, whereas high levels of dopa-
mine may compete with '23I-iodobenzamide for receptor
binding. Data from animal models have shown that a height-
ened dopaminergic activity in the striatum during stress can
decrease D, receptor density (38). In line with the notion of
an enhanced dopaminergic activity, Barnett et al. recently
reported beneficial effects for the atypical antipsychotic
olanzapine in patients with social anxiety disorder (39).
Taken together, these findings suggest that our observation of
a heightened density of DAT in the striatum is probably best
explained by an elevated dopaminergic transmission. Inter-
estingly, a recent functional MRI study using an implicit
learning task as a probe of striatal functioning showed a
reduced task-related activation of the striatum in patients
with social anxiety disorder (40). Although several studies
have implicated the striatum in seasonal affective disorder,
the involvement of specific striatal subregions has been less
thoroughly examined. With our exploratory post hoc analy-
sis, we found increased DAT binding in the right putamen in
seasonal affective disorder. However, this increase was sig-
nificant at a level uncorrected for multiple comparisons, and
the involvement of the putamen in seasonal affective disorder
should be corroborated in other studies using other method-
ologies.

Clearly, the possible role of abnormalities in the dopa-
minergic and serotonergic systems needs to be further elu-
cidated. Both dopamine (through D; and D, receptors) and
5-HT (through 5-HT receptor 2) are known to modulate the
activity of excitatory (i.e., glutamate) and inhibitory (i.e.,
vy-aminobutyric acid) neurotransmitters in the striatum and
related corticothalamolimbic circuitry. Data on the exact
nature of these interactions are still inconclusive. Finally,
based on the results of the present study, it is not possible
to dissect out whether the found dopaminergic and seroto-
nergic abnormalities are causal or epiphenomenonal to social
anxiety disorder. In our study, we found no significant corre-
lations between scores on the clinical rating scale and abnor-
malities in the serotonergic and dopaminergic systems. In
general, neuroimaging studies in psychiatry tend to find no or
only weak correlations between the often heterogeneous
symptomatology and neuroimaging measures. The previous
1231_B-CIT study on social anxiety disorder also did not find
correlations between binding ratios and symptomatology (7).
The absence of any correlation in our and the previous study
may be due to the psychometric properties of the used clinical
scale and the heterogeneity of social anxiety disorder as
defined by DSM-IV but can also be interpreted as pointing to
the fact that the phenomena of social anxiety disorder are
not directly related to the found abnormalities. It is also
important to note the overlap between the binding patterns
in patients and controls, suggesting that the found abnormal-
ities may perhaps be more related to vulnerability or person-
ality traits. Another explanation may be that the found
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abnormalities are a consequence of having social anxiety
disorder (i.e., a “scar” hypothesis).

Our study had several strong points. The patients and
controls were pairwise-matched. The patients were psycho-
tropic medication—naive and had no comorbid diagnosis on
axis I, and most had not received prior psychotherapy.
Furthermore, the SPECT data were analyzed using coregis-
tered MRI scans, allowing for more precise determination of
VOIs. There were some potential limitations to the present
study. The sample size was relatively small and we used a
limited number of VOIs.

We visualized binding to 5-HTT only at 4 h after admin-
istration of the ligand. This time point for visualization,
however, could have limited the possibility of finding further
abnormalities at the level of 5-HTT, as was illustrated by the
study of Willeit et al. on seasonal affective disorder (20). In
that study, 5-HTT was visualized at 4 h after injection of '23I-
B-CIT and also at 24 h, when a pseudoequilibrium state is
reached. Differences were found only in the SPECT acqui-
sitions at 24 h after the injection. We followed the method
described by Kuikka et al. and used paroxetine, 20 mg, to
completely displace the '231-B-CIT from 5-HTT (/8). Ad-
ministration of paroxetine could potentially lead to an
increase in symptoms of (social) anxiety, but such an increase
(mild) was reported by only 1 patient.

Finally, although SPECT is easier to use, is less expensive,
and has a higher safety index than PET, it also uses semi-
quantitative techniques and has a poorer anatomic resolution.

CONCLUSION

Our data provide direct evidence for the involvement of
both the dopaminergic and the serotonergic systems in the
pathophysiology of social anxiety disorders. These findings
need to be replicated and further explored in studies exam-
ining the effect of pharmacotherapy and psychotherapy on
both the serotonergic and the dopaminergic transporter and
receptor-binding capacities in generalized social anxiety
disorder.

ACKNOWLEDGMENT

We thank Alice van Dongen, clinical research assistant at
the Department of Nuclear Medicine, for her assistance and
ideas on the study.

REFERENCES

1. American Psychiatric Association. Diagnostic and Statistical Manual of Mental
Disorders: DSM-1V. 4th ed. Washington, DC: American Psychiatric Association;
1994.

2. Westenberg HG. The nature of social anxiety disorder. J Clin Psychiatry.
1998;59 (suppl 17):20-26.

3. Tancer ME, Mailman RB, Stein MB, Mason GA, Carson SW, Golden RN.
Neuroendocrine responsivity to monoaminergic system probes in generalized
social phobia. Anxiety. 1994;1:216-223.

4. Hollander E, Kwon J, Weiller F, et al. Serotonergic function in social phobia:
comparison to normal control and obsessive-compulsive disorder subjects.
Psychiatry Res. 1998;79:213-217.

762

=)

20.

21.

22.

23.

24.
25.
26.

27.

28.
29.

30.

31.

THE JOURNAL OF NUCLEAR MEDICINE ¢ Vol. 49 ¢ No.

. Johnson MR, Lydiard RB, Zealberg JJ, Fossey MD, Ballenger JC. Plasma and

CSF HVA levels in panic patients with comorbid social phobia. Biol Psychiatry.
1994;36:425-427.

. Stein MB, Heuser 1J, Juncos JL, Uhde TW. Anxiety disorders in patients with

Parkinson’s disease. Am J Psychiatry. 1990;147:217-220.

. Tiithonen J, Kuikka J, Bergstrom K, Lepola U, Koponen H, Leinonen E.

Dopamine reuptake site densities in patients with social phobia. Am J Psychiatry.
1997;154:239-242.

. Schneier FR, Liebowitz MR, Abi-Dargham A, Zea-Ponce Y, Lin SH, Laruelle

M. Low dopamine D, receptor binding potential in social phobia. Am J
Psychiatry. 2000;157:457-459.

. Lanzenberger RR, Mitterhauser M, Spindelegger C, et al. Reduced serotonin-1A

receptor binding in social anxiety disorder. Biol Psychiatry. 2007;61:1081-1089.

. Pirker W, Asenbaum S, Kasper S, et al. beta-CIT SPECT demonstrates blockade

of SHT-uptake sites by citalopram in the human brain in vivo. J Neural Transm
Gen Sect. 1995;100:247-256.

. De Win MM, Habraken JB, Reneman L. van den BW, den Heeten GJ, Booij J.

Validation of ['?*I]beta-CIT SPECT to assess serotonin transporters in vivo in
humans: a double-blind, placebo-controlled, crossover study with the selective
serotonin reuptake inhibitor citalopram. Neuropsychopharmacology. 2005;30:
996-1005.

. Pirker W, Asenbaum S, Hauk M, et al. Imaging serotonin and dopamine

transporters with '23[-beta-CIT SPECT: binding kinetics and effects of normal
aging. J Nucl Med. 2000;41:36—44.

. Sheehan DV, Lecrubier Y, Sheehan KH, et al. The Mini-International Neuro-

psychiatric Interview (M.I.N.L): the development and validation of a structured
diagnostic psychiatric interview for DSM-IV and ICD-10. J Clin Psychiatry.
1998;59(suppl 20):22-33.

. Heimberg RG, Horner KJ, Juster HR, et al. Psychometric properties of the

Liebowitz Social Anxiety Scale. Psychol Med. 1999;29:199-212.

. Oldfield RC. The assessment and analysis of handedness: the Edinburgh

inventory. Neuropsychologia. 1971;9:97-113.

. Hamilton M. Development of a rating scale for primary depressive illness. Br J

Soc Clin Psychol. 1967,6:278-296.

. van der Wee NJ, Stevens H, Hardeman JA, et al. Enhanced dopamine transporter

density in psychotropic-naive patients with obsessive-compulsive disorder shown
by ['21]{beta}-CIT SPECT. Am J Psychiatry. 2004;161:2201-2206.

. Kuikka JT, Tiihonen J, Bergstrom KA, et al. Imaging of serotonin and dopamine

transporters in the living human brain. Eur J Nucl Med. 1995;22:346-350.

. Laruelle M, Wallace E, Seibyl JP, et al. Graphical, kinetic, and equilibrium

analyses of in vivo ['2[] beta-CIT binding to dopamine transporters in healthy
human subjects. J Cereb Blood Flow Metab. 1994;14:982-994.

Willeit M, Praschak-Rieder N, Neumeister A, et al. ['2*[]-beta-CIT SPECT
imaging shows reduced brain serotonin transporter availability in drug-free
depressed patients with seasonal affective disorder. Biol Psychiatry. 2000;47:
482-489.

Tauscher J, Pirker W, Willeit M, et al. ['23] beta-CIT and single photon emission
computed tomography reveal reduced brain serotonin transporter availability in
bulimia nervosa. Biol Psychiatry. 2001;49:326-332.

Meyer JH, Wilson AA, Ginovart N, et al. Occupancy of serotonin transporters by
paroxetine and citalopram during treatment of depression: a ['!C]DASB PET
imaging study. Am J Psychiatry. 2001;158:1843-1849.

Collins DL, Neelin P, Peters TM, Evans AC. Automatic 3D intersubject
registration of MR volumetric data in standardized Talairach space. J Comput
Assist Tomogr. 1994;18:192-205.

MacDonald DJ. Display: A Users Manual. Montreal, Canada: McGill University;
1996.

MacDonald DJ. Register: A Users Manual—Technical Report. Montreal,
Canada: McGill University; 1993.

Bartko JJ, Carpenter WT Jr. On the methods and theory of reliability. J Nerv
Ment Dis. 1976;163:307-317.

Stein DJ, Westenberg HG, Liebowitz MR. Social anxiety disorder and
generalized anxiety disorder: serotonergic and dopaminergic neurocircuitry.
J Clin Psychiatry. 2002;63(suppl 6):12-19.

Mathew SJ, Coplan JD, Gorman JM. Neurobiological mechanisms of social
anxiety disorder. Am J Psychiatry. 2001;158:1558-1567.

Li D, Chokka P, Tibbo P. Toward an integrative understanding of social phobia.
J Psychiatry Neurosci. 2001;26:190-202.

Ballenger JC, Davidson JR, Lecrubier Y, et al. Consensus statement on social
anxiety disorder from the International Consensus Group on Depression and
Anxiety. J Clin Psychiatry. 1998;59(suppl 17):54-60.

Knutson B, Wolkowitz OM, Cole SW, et al. Selective alteration of personality
and social behavior by serotonergic intervention. Am J Psychiatry. 1998;155:
373-379.

5 * May 2008



32.

33.

34.

35.

Argyropoulos SV, Hood SD, Adrover M, et al. Tryptophan depletion reverses the
therapeutic effect of selective serotonin reuptake inhibitors in social anxiety
disorder. Biol Psychiatry. 2004;56:503-509.

Harmer CJ, Rogers RD, Tunbridge E, Cowen PJ, Goodwin GM. Tryptophan
depletion decreases the recognition of fear in female volunteers. Psychophar-
macology (Berl). 2003;167:411-417.

Harmer CJ, Bhagwagar Z, Perrett DI, Vollm BA, Cowen PJ, Goodwin GM.
Acute SSRI administration affects the processing of social cues in healthy
volunteers. Neuropsychopharmacology. 2003;28:148-152.

Arbelle S, Benjamin J, Golin M, Kremer I, Belmaker RH, Ebstein RP. Relation
of shyness in grade school children to the genotype for the long form of the
serotonin transporter promoter region polymorphism. Am J Psychiatry. 2003;
160:671-676.

B-CIT SPECT 1N SociaL ANXIETY DisorRDER ¢ van der Wee et al.

36.

37.

38.

39.

Murphy DL, Li Q, Engel S, et al. Genetic perspectives on the serotonin
transporter. Brain Res Bull. 2001;56:487-494.

van Dyck CH, Malison RT, Staley JK, et al. Central serotonin transporter
availability measured with ['?*I]beta-CIT SPECT in relation to serotonin
transporter genotype. Am J Psychiatry. 2004;161:525-531.

Grant KA, Shively CA, Nader MA, et al. Effect of social status on striatal
dopamine D-2 receptor binding characteristics in cynomolgus monkeys assessed
with positron emission tomography. Synapse. 1998;29:80-83.

Barnett SD, Kramer ML, Casat CD, Connor KM, Davidson JR. Efficacy of olanzapine
in social anxiety disorder: a pilot study. J Psychopharmacol. 2002;16:365-368.

. Sareen J, Campbell DW, Leslie WD, et al. Striatal function in generalized social

phobia: a functional magnetic resonance imaging study. Biol Psychiatry. 2007,
61:396-404.

763



