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Alterations of serotonin transporters (SERT) are implicated in a
large number of psychiatric conditions. 11C-(�)-6�-(4-Methyl-
thiophenyl)-1,2,3,5,6�,10�-hexahydropyrrolo[2,1-a]isoquinoline
(11C-McN 5652) was the first PET radiotracer successfully de-
veloped as a SERT imaging agent. Recently, 11C-3-amino-4-(2-
dimethylaminomethylphenylthio)benzonitrile (11C-DASB) was in-
troduced as an alternative to 11C-McN 5652. Comparative
evaluation of 11C-DASB and 11C-McN 5652 in baboons indi-
cates that 11C-DASB is associated with (a) lower nonspecific
binding in the brain, (b) higher plasma free fraction, and (c) faster
plasma clearance and brain uptake kinetics, enabling measure-
ment of SERT parameters in a shorter scanning time. The pur-
pose of this study was to compare these 2 agents in healthy
humans. Methods: Six healthy volunteers underwent 2 PET
scans on the same day, one with 11C-DASB and one with
11C-McN 5652, in counterbalanced order. Regional distribution
volumes (VT) were derived for 16 brain regions by kinetic anal-
ysis using the arterial input function. Results: Both 11C-DASB
and 11C-McN 5652 displayed similar patterns of accumulation:
highest levels in the midbrain, thalamus and striatum; interme-
diate in the limbic regions; low in the neocortex; and lowest in
the cerebellum. 11C-DASB cerebellar VT (10.1 � 2.0 mL g�1) was
lower than that of 11C-McN 5652 (20.8 � 3.6 mL g�1), indicating
lower nonspecific binding. As a result, regional specific-to-non-
specific equilibrium partition coefficients (V3�) of 11C-DASB were
higher compared with those of 11C-McN 5652 (for example,
midbrain V3� of 11C-DASB and 11C-McN 5652 were 2.04 � 0.44
and 1.20 � 0.34, respectively). The plasma free fraction was
8.9% � 1.6% for 11C-DASB and was not measurable for 11C-
McN 5652. In contrast to the situation observed in baboons,
plasma clearances of both compounds were similar in humans,
and the minimal scanning times required to derive time-invariant
distribution volumes in all regions were comparable for both
tracers (95 min). Conclusion: With the exception of the scanning
time, predictions from baboon studies were confirmed in humans.
The higher specific-to-nonspecific ratios of 11C-DASB are a critical
advantage. This property will be especially important for the mea-
surement of SERT in regions with moderate density, such as the

limbic regions, where alterations of serotonin transmission might
be associated with anxiety and depression.
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Alterations of serotonin (5-HT) transmission play a role
in a variety of psychiatric conditions including major de-
pression, obsessive compulsive, and other anxiety disorders
as well as schizophrenia. The importance of the 5-HT trans-
porter (SERT) in regulating 5-HT function, along with the
fact that this receptor is the site of action of most antide-
pressant medications, has led to significant interest in de-
veloping PET radiotracers for this target. In the human
brain, SERT is present in high density in the midbrain area,
the thalamus, and the striatum; moderate density in the
limbic regions such as amygdala, hippocampus, and cingu-
late cortex; and low density in the neocortical regions (1–3).

11C-(�)-6�-(4-Methylthiophenyl)-1,2,3,5,6�,10�-hexa-
hydropyrrolo[2,1-a]isoquinoline (11C-McN 5652) was the
first PET radiotracer successfully developed to image SERT
density in humans (4–8). This radiotracer has been used in
several clinical studies, including studies of patients with
mood disorders (9), obsessive compulsive disorder (10), and
ecstasy abuse (11,12). However, 11C-McN 5652 is not with-
out some limitations (7). First, its nonspecific binding is
relatively high, thus precluding the reliable quantification of
SERT in regions of moderate-to-low SERT density. Second,
the plasma free fraction is too low to be measured with
accuracy using traditional ultracentrifugation methods,
making it difficult to control for this variable in clinical
studies. Finally, the brain uptake of this radiotracer is pro-
tracted, so that long imaging sessions are required to derive
accurate SERT binding parameters.

More recently, Wilson and coworkers introduced 11C-3-
amino-4-(2-dimethylaminomethylphenylthio)benzonitrile
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(11C-DASB) as a new PET radiotracer suitable to image
SERT (13–17). Two studies compared the imaging qualities
of 11C-McN 5652 and 11C-DASB in baboons and concluded
that 11C-DASB provided significant improvement over 11C-
McN 5652, for it has higher specific-to-nonspecific binding
ratios, higher plasma free fraction, and faster uptake kinetics
(18,19).

The aim of this study was to compare 11C-DASB and
11C-McN 5652 as imaging agents for the SERT in healthy
humans. This characterization was performed in the same
subjects, under standardized conditions, to facilitate an un-
biased comparison. Six individuals were studied twice on
the same day, once with each radiotracer, administered in a
counterbalanced order. The main purpose of this study was
to evaluate if the improved properties of 11C-DASB relative
to 11C-McN 5652 observed in baboons were confirmed in
healthy human subjects.

MATERIALS AND METHODS

Human Subjects
The study was approved by the Institutional Review Boards of

the New York State Psychiatric Institute and Columbia Presbyte-
rian Medical Center. Six healthy volunteers participated in this
study (4 males, 2 females; age, 27 � 6 y; range, 18–34 y; these and
subsequent values are given as mean � SD). The absence of
pregnancy, medical, neurologic, and psychiatric history (including
alcohol and drug abuse) was assessed by history, review of sys-
tems, physical examination, and routine blood tests, including
pregnancy test, urine toxicology, and electrocardiogram. Subjects
provided written informed consent after receiving an explanation
of the study.

Radiochemistry
11C-DASB. The standard DASB and precursor desmethyl DASB

were a gift from the University of Toronto. Preparation of 11C-
DASB followed the literature procedure, with some modifications
(13).

Desmethyl DASB was dissolved in 0.3 mL of N,N-dimethylfor-
mamide (DMF) and the solution was cooled to �20°C to �10°C.
11C-Methyl iodide, produced according to the literature procedure
(20), was bubbled into the cooled precursor solution. When max-
imum radioactivity was collected in the reaction vial, the bubbling
line was removed from the vial. The reaction mixture was then
heated at 80°C for 5 min, mixed with 0.4 mL of H2O, and injected
onto a semipreparative high-pressure liquid chromatography
(HPLC) column (Prodigy ODS-prep, 10 �m, 250 � 10 mm;
Phenomenex; mobile phase, 40% MeCN/60% 0.1 mol/L
NH4CH3CO2; flow rate, 10 mL/min; retention time for 11C-DASB,
12 min).

The HPLC fraction containing 11C-DASB was diluted with 100
mL of H2O and passed through a C18 SepPak column (Waters
Corp.), preconditioned by washing with 5 mL of EtOH followed
by 5 mL of H2O. The SepPak column was rinsed with 10 mL of
H2O and the product was eluted off with 1 mL of EtOH. A small
sample of the EtOH solution (10–30 mL) was injected onto an
analytic HPLC column (Prodigy ODS-3, 5 �m, 250 � 4.6 mm;
Phenomenex; mobile phase, 35% MeCN/65% 0.1 mol/L
NH4HCO2 solution; flow rate, 2 mL/min; retention time for 11C-
DASB, 7.8 min) to determine the radiochemical purity, chemical

purity, and specific activity of the product. The remaining EtOH
solution was then diluted with 9 mL of saline, filtered through a
membrane filter (Millex GV, 0.22 �m, 25 mm; Millipore Corp.),
and collected in a sterile vial.

The chemical purity of 11C-DASB was 	99%. The radiochem-
ical purity was 	90%.

11C-McN 5652. The standard (�)-McN 5652 was a gift from
R.W. Johnson Pharmaceutical Research Institute. The precursor
for the production of 11C- (�)-McN 5652, (�)-McN butyryl thio-
ester tartrate, was prepared from (�)-McN 5652 by a modified
literature procedure (21).

Briefly, (�)-McN 5652 in anhydrous tetrahydrofuran was re-
acted with sodium and liquid ammonia at �78°C for 20 min to
provide the thiophenol, which was converted to the butyryl thio-
ester by reaction with butyryl chloride at room temperature for 5
min. The crude reaction product was purified by column chroma-
tography on silica gel. The resulting thioester was stabilized and
further purified by treatment with tartaric acid to provide the stable
(�)-McN butyryl thioester tartrate, which was 	96% chemically
and 	98% optically pure, as indicated by reverse-phase and chiral
HPLC analyses using the published analytic procedures (22).

To a reaction vial containing 0.5 mg of the precursor (�)-McN
butyryl thioester tartrate was added 0.3 mL of DMF and 10 �L of
tetrabutylammonium hydroxide (1.0 mol/L solution in MeOH).
11C-Methyl iodide was bubbled into the precursor solution at room
temperature. When maximum radioactivity was collected in the
reaction vial, the reaction mixture was heated at 60°C for 2 min.
Purification and processing procedures of 11C-(�)-McN 5652 were
the same as those for 11C-DASB (Semipreparative HPLC column:
Prodigy C18 ODS-prep, 10 �m, 250 � 10 mm; mobile phase, 30%
MeCN/70% 0.1 mol/L NH4HCO2 solution; flow rate, 15 mL/min;
retention time of 11C-(�)-McN 5652, 16 min. Analytic HPLC
column: Prodigy C18 ODS-3, 5 �m, 250 � 4.6 mm; mobile phase,
40% MeCN/60% 0.1 mol/L NH4HCO2 solution; flow rate, 2 mL/
min; retention time of 11C-(�)-McN 5652, 8.5 min).

The radiochemical and chemical purity of 11C-(�)-McN 5652 in
saline was 	95%.

PET Protocol
All subjects were studied with 11C-DASB and 11C-McN 5652

on the same day. The injection order was counterbalanced. Three
subjects were scanned with 11C-DASB first, and 3 subjects were
scanned with 11C-McN 5652 first. An arterial catheter was inserted
in the radial artery after completion of the Allen test and infiltra-
tion of the skin with 1% lidocaine. A venous catheter was inserted
in a forearm vein on the opposite side. Head movement minimi-
zation was achieved with a polyurethane head immobilization
system (Soule Medical, FA) (23). PET imaging was performed
with the ECAT EXACT HR� (Siemens/CTI) (63 slices covering
an axial field of view [FOV] of 15.5 cm, axial sampling of 3.46
mm, 3-dimensional [3D] mode in plane and axial resolution of 4.4
and 4.1 mm full width at half maximum at the center of the FOV,
respectively). A 10-min transmission scan was obtained before
radiotracer injection. Radiotracers were injected intravenously
over 30 s. Emission data were collected in the 3D mode for 120
min as 21 successive frames of increasing duration (3 � 20 s, 3 �
1 min, 3 � 2 min, 2 � 5 min, 10 � 10 min). Subjects were allowed
to rest outside of the camera for 30–45 min between the 2
injections.

11C-DASB AND 11C-MCN 5652 • Frankle et al. 683



Input Function Measurement
After radiotracer injection, arterial samples were collected every

10 s with an automated sampling system for the first 2 min and
collected manually thereafter at longer intervals. A total of 32
samples were obtained per scan. After centrifugation (10 min at
1,800g), plasma was collected in 200-�L aliquots and activities
were counted in a 
-counter (Wallac 1480 Wizard 3M Automatic

-Counter).

Seven samples (collected at 2, 16, 30, 50, 70, 90, and 120 min)
were further processed by HPLC to measure the fraction of plasma
activity representing unmetabolized parent compound. For 11C-
DASB, plasma samples (0.5 mL) were added to 1.0 mL of MeOH
in a centrifuge tube. After mixing, the samples were centrifuged at
15,000 rpm for 3.5 min. The liquid phase was separated from the
precipitate. Activity in 0.1 mL of the liquid phase was counted and
the remainder was injected onto the HPLC column. For 11C-McN
5652, 1-mL aliquots of plasma were loaded onto a C18 SepPak
column (Waters classic; Waters) preconditioned with 5 mL of
MeOH and 10 mL of water. The SepPak was flushed with air,
washed with 5 mL of water, and eluted with 1 mL of MeOH.

The HPLC system consisted of a Waters 510 isocratic pump, a
Rheodyne injector with a 2-mL sample loop, a Phenomenex C18

ODS column (10-�m particle size, 250 � 4.6 mm), and a 
-de-
tection system (Bioscan Flow Count Unit). The column was eluted
with a solvent mixture of acetonitrile/0.1 mol/L aqueous ammo-
nium formate (30:70) at a flow rate of 2.5 mL/min. The HPLC
eluate was collected in either 5 (for 11C-McN 5652) or 7 (for
11C-DASB) counting tubes (4.0 mL each). A standard was pro-
cessed with each sample to determine the retention time of the
unmetabolized compound. For each sample, the unmetabolized
fraction was estimated by the ratio of activity, decay corrected, in
the parent peak to the total activity. A biexponential function was
fitted to the 7 measured unmetabolized fractions that was then used
to interpolate values between the measurements. The smallest
exponential of the unmetabolized fraction curve, �par, was con-
strained to the difference between �cer, the terminal rate of washout
of cerebellar activity, and �tot, the smallest elimination rate con-
stant of the total plasma activity (24).

The input function was calculated as the product of total counts
and interpolated unmetabolized fraction at each time point. The
measured input function values (Ca(t), MBq/mL) were fitted to a
sum of 3 exponentials from the time of peak plasma activity, and
the fitted values were used as the input to the kinetic analysis. The
initial distribution volume (Vbol, L) was calculated as the ratio of
injected dose to peak plasma parent concentration. The clearance
of the parent compound (CL, l/h) was calculated as the ratio of the
injected dose to the area under the curve of the input function (25).

For the determination of the plasma free fraction (f1), triplicate
200-�L aliquots of plasma collected before injection were mixed
with the radiotracer, pipetted into ultrafiltration units (Amicon
Centrifree; Millipore), and centrifuged at room temperature (20
min at 4,000 rpm). At end of centrifugation, the plasma and
ultrafiltrate activities were counted, and f1 was calculated as the
ratio of activity in the ultrafiltrate to total activity (26). Triplicate
aliquots of saline solution mixed with the radiotracer were also
processed to determine the filter retention of the free tracer. Plasma
f1 was determined only for 11C-DASB, as the high retention
(	90%) of free 11C-McN 5652 on the filter impairs the free
fraction measurement of 11C-McN 5652 with this method (7).

MRI Acquisition and Segmentation Procedures
MR images were acquired on a General Electric 1.5-T Signa

Advantage system. After a sagittal scout (localizer) image, per-
formed to identify the anterior commissure–posterior commissure
(AC–PC) plane (1 min), a transaxial T1-weighted sequence with
1.5-mm slice thickness was acquired in a coronal plane orthogonal
to the AC–PC plane over the whole brain with the following
parameters: 3D spoiled gradient recalled acquisition in the steady
state; repetition time, 34 ms; echo time, 5 ms; flip angle, 45°; slice
thickness, 1.5 mm and zero gap; 124 slices; FOV, 22 � 16 cm;
with 256 � 192 matrix, reformatted to 256 � 256, yielding a voxel
size of 1.5 � 0.9 � 0.9 mm; and time of acquisition, 11 min.

MRI segmentation was performed within MEDx (Sensor Sys-
tems, Inc.), with original subroutines implemented in MATLAB
(The Math Works, Inc.). Steps for MRI segmentation included
correction for field inhomogeneities, fitting of the intensity distri-
bution to a sum of 3 gaussian functions, voxel classification, and
postfiltering (27).

Image Analysis
Images were reconstructed to a 128 � 128 matrix (pixel size of

2.5 � 2.5 mm2). Reconstruction was performed with attenuation
correction using the transmission data and a Shepp 0.5 filter
(cutoff, 0.5 cycle per projection ray). Reconstructed image files
were then processed with the image analysis software MEDx. If
indicated by visual inspection, frames were realigned to a frame of
reference, using a least-squares algorithm for within-modality
coregistration (automated image registration [AIR]) (28). The re-
sults of the frame-to-frame realignment were checked again visu-
ally. After frame-to-frame registration, the 21 frames were
summed to one dataset, which was coregistered to the MRI dataset
using AIR (28). The spatial transformation derived from the
summed PET registration procedure was then applied to each
individual frame. Thus, each PET frame was resampled in the
coronal plane to a voxel volume of 1.5 � 0.9 � 0.9 mm3.

Regions of interest ([ROIs], n � 16) and region of reference
(cerebellum) boundaries were drawn on the MR image according
to criteria derived from brain atlases (29,30) and published reports
(31–34). A segmentation-based method was used for the neocor-
tical regions, and a direct identification method was used for the
subcortical regions.

For the neocortical regions, large regions were first drawn to
delineate the boundaries of the ROIs. Within these regions, only
the voxels classified as gray matter were used to measure the
activity distribution. Sampled volumes of the neocortical regions
(n � 7) were as follows: dorsolateral prefrontal cortex (DLPFC,
26,027 � 3,244 mL3), medial prefrontal cortex (MPFC, 6,417 �
1,206 mL3), orbitofrontal cortex (OFC, 14,472 � 2,341 mL3),
anterior cingulate cortex (ACC, 3,455 � 1,160 mL3), parietal
cortex (PC, 56,728 � 3,408 mL3), temporal cortex (TC, 50,013 �
3,785 mL3), and occipital cortex (OC, 36,056 � 6,386 mL3).

Because of the mixture of gray and white matter in the central
gray structures (especially in the thalamus), the segmentation-
based approach was not used to define the subcortical ROIs, and
the boundaries of these regions were identified by anatomic crite-
ria. The subcortical regions (n � 10) included caudate (CAU,
7,412 � 1,423 mL3), putamen (PUT, 9,910 � 1,858 mL3), ventral
striatum (VST, 2,653 � 823 mL3), thalamus (THA, 9,228 � 1,896
mL3), midbrain (MID, 7,513 � 1,582 mL3), amygdala (AMY,
4,936 � 718 mL3), entorhinal cortex (ENT, 2,421 � 564 mL3),
parahippocampal gyrus (PAR, 8,660 � 1,026 mL3), hippocampus
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(HIP, 8,514 � 632 mL3), and cerebellum (CER, 35,062 � 12,450
mL3).

For bilateral regions, right and left values were averaged. The
contribution of plasma total activity to the regional activity was
calculated assuming a 5% blood volume in the ROIs (35), and
tissue activities were calculated as the total regional activities
minus the plasma contribution.

Derivation of Distribution Volumes
Derivation of 11C-DASB and 11C-McN 5652 regional tissue

distribution volumes (VT, mL g�1) was performed with kinetic
modeling using the arterial input function and a 2-compartment
model (i.e., 1-tissue-compartment model [1TC model]). This
model has been demonstrated to provide reliable estimates of VT

for both 11C-DASB (17) and 11C-McN 5652 (7). VT, which is equal
to the ratio of tissue to plasma parent activity at equilibrium, was
derived as the K1/k2 ratio, where K1 (mL g�1 min�1) and k2

(min�1) are the unidirectional fractional rate constants for the
transfer of the tracer in and out of the brain, respectively (36,37).
Kinetic parameters were derived by nonlinear regression using a
Levenberg–Marquart least-squares minimization procedure (38)
implemented in MATLAB (The Math Works, Inc.), as previously
described (36). Given the unequal sampling over time (increasing
frame acquisition time from the beginning to the end of the study),
the least-squares minimization procedure was weighted by the
frame acquisition time.

The minimal scanning time required to achieve time-indepen-
dent derivation of regional VT was evaluated by fitting the time–
activity curves to shorter datasets, representing a total scanning
time of 110, 100, 90, 80, 70, 60, 50, 40, and 30 min, respectively.
The resulting estimates of VT were normalized to the VT derived
with the 120-min dataset. The average and SD of the normalized
VT were calculated for each scan duration. Time independence was
considered achieved at time t if, for the frame ending at time t and
all subsequent frames, the following 2 criteria were fulfilled: (a)
the average normalized VT was between 95% and 105% of the
reference VT (small bias); and (b) the SD of the normalized VT was
10% (small error). These criteria were similar to the ones pre-
viously used in baboons (18).

Derivation of SERT Parameters
Derivation of SERT parameters was based on the following

assumptions: (a) because of the negligible density of SERT in the
cerebellum (1–3), cerebellum VT was assumed to be representative
of equilibrium nonspecific binding; and (b) the nonspecific binding
did not vary significantly between regions.

The binding potential ([BP], mL g�1) was derived as the dif-
ference between VT in the ROI (VT ROI) and VT in the cerebellum
(VT CER), the reference region. The relationship between BP and
SERT receptor parameters was given by (39):

BP �
f1Bmax

Kd
,

where Bmax is the regional concentration of SERT (nmol/L), and
Kd is the in vivo affinity of the tracer for SERT (nmol/L).

The specific-to-nonspecific equilibrium partition coefficient
(V3�) was derived as the ratio of BP to VT CER. The relationship
between V3� and SERT receptor parameters is given by (39):

V3� �
f2Bmax

Kd
,

where f2 is the free fraction of the nonspecific distribution volume
in the brain (f2 � f1/VT CER). V3� provides a measure of the
signal-to-noise contrast associated with the detection of specific
binding. In contrast to simple tissue activity ratios, V3� is indepen-
dent of the time of measurement.

Statistical Analysis
Dependent variables were analyzed using repeated-measures

ANOVA (RM ANOVA), with tracer as repeated condition and,
when appropriate, regions as cofactors. A 2-tailed probability
value of 0.05 was selected as the significance level. This design
gives differences due to the radiotracer, after taking into account
individual differences. Thus, using this analysis, we determined
the significance level of between-tracer differences.

RESULTS

Injected Dose
The injected dose did not differ between 11C-DASB and

11C-McN 5652 (547.6 � 122.1 MBq vs. 410.7 � 140.6
MBq, respectively; RM ANOVA, P � 0.09). The injected
mass also did not differ between 11C-DASB and 11C-McN
5652 (4.5 � 1.3 �g vs. 5.2 � 0.3 �g, respectively; RM
ANOVA, P � 0.25). The specific activity of 11C-DASB
(3,544 � 873 GBq/mmol) was significantly higher than that
of 11C-McN 5652 (2,298 � 696 GBq/mmol; RM ANOVA,
P � 0.02).

Plasma Analysis
After an initial, rapid distribution phase, plasma activity

stabilized at relatively constant levels for both tracers. Dur-
ing this plateau phase, total plasma activity was higher after
11C-DASB injection (Fig. 1). Both radiotracers underwent
significant metabolism over the duration of the study (Fig.
2). A significant difference in the rate of metabolism was
seen between tracers, with 11C-DASB showing faster me-
tabolism than 11C-McN 5652 (RM ANOVA, P � 0.0008).
The initial peak of parent compound was higher for 11C-
McN 5652 than for 11C-DASB (Fig. 3, inset). Thus, the
initial distribution volume (Vbol) of 11C-DASB (46 � 9 L)
was significantly higher than that of 11C-McN 5652 (16 � 4
L; RM ANOVA, P � 0.008). After the initial distribution
phase, 11C-McN 5652 parent concentration became lower
than that of 11C-DASB parent concentration. No significant
difference in the parent plasma clearance rate was observed
between 11C-DASB (159 � 34 L h�1) and 11C-McN 5652
(170 � 53 L h�1; RM ANOVA, P � 0.64) nor was a
significant difference observed in the terminal half-life (11C-
DASB, 69 � 42 min; 11C-McN 5652, 88 � 55 min; RM
ANOVA, P � 0.49). The free fraction of 11C-DASB dis-
solved in saline was 95% � 4%, indicating negligible
retention on the ultracentrifugation filter. The free fraction
of 11C-DASB in the plasma was 8.9% � 1.6%.

Brain Analysis
Regional Uptake. The activity of both tracers displayed

similar patterns of accumulation (Fig. 4). Activity concen-
trated in regions with high SERT densities (midbrain, thal-
amus, and striatum). Intermediate levels of activity were
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seen in the amygdala, hippocampus, cingulate, and parahip-
pocampal gyrus. Lower levels were observed in the neocor-
tex and cerebellum. Radiotracer accumulation in the central
SERT- rich regions was readily noticeable with both tracers.

The 11C-DASB image provided improved contrast and finer
details. For example, the higher accumulation in the dorsal
raphe compared with the other regions of the midbrain is
visually appreciable on the 11C-DASB scan but not on the
11C-McN 5652 scan (Fig. 4, bottom row). The amygdalae
are also visible on the 11C-DASB image but not on the
11C-McN 5652 image.

Differences in brain uptake of 11C-DASB and 11C-McN
5652 are illustrated in Figure 5, which presents the time–
activity curves for 11C-DASB and 11C-McN 5652 in repre-
sentative brain regions recorded in the same subject on the
same day for 120 min. The 11C-DASB uptake displayed a
well-defined peak, followed by rapid washout in all regions,
whereas the 11C-McN 5652 uptake was more protracted.
Corresponding specific-to-nonspecific ratios are shown in
Figure 6 and are notably higher for 11C-DASB than for
11C-McN 5652. Visual inspection of Figure 5 reveals that
the fit is not perfect for either 11C-DASB or 11C-McN 5652,
with nonrandom distribution of the residuals. For 11C-
DASB, the 1TC model-fitted curve tends to fall below the
early data points, above the intermediate time points, and
below the late time points. A similar pattern is seen with
11C-McN 5652. However, using a higher-order model (e.g.,
a 2-tissue-compartment model [2TC model]) does not offer
significant improvement in the fit over the 1TC for either
11C-DASB (data not shown (17)) or for 11C-McN 5652 (7).

Table 1 lists the regional peak uptake times, the rate of
tracer washout, and the time of peak specific binding for the
different regions. Peak uptake time was calculated as the

FIGURE 1. Mean � SD of total plasma activity normalized to
injected dose (ID) after injection of 11C-DASB (F) and 11C-McN
5652 (E). Each point is mean of 6 experiments. After rapid
distribution, plasma activity stabilized to relatively constant level
for both tracers. During plateau phase, higher activity was ob-
served for 11C-DASB than for 11C-McN 5652.

FIGURE 2. Mean � SD of fraction of plasma activity corre-
sponding to parent compound after injection of 11C-DASB (F)
and 11C-McN 5652 (E). Values are mean of 6 experiments.
Fraction parent of 11C-DASB exhibited significantly faster re-
duction than that of 11C-McN 5652 (P � 0.001).

FIGURE 3. Mean plasma activity corresponding to parent
compound after injection of 11C-DASB (F) and 11C-McN 5652
(E). Each point is mean of 6 experiments. Initial peak concen-
tration of 11C-McN 5652 was higher than that of 11C-DASB
(inset), which may represent greater binding to peripheral re-
ceptors for 11C-DASB. After 3 min, concentration of 11C-McN
5652 became lower than that of 11C-DASB. ID � injected dose.
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maximum value of the curve fit to the time–activity data for
each region using a 1TC kinetic model. The mean regional
peak uptake times for 11C-DASB and 11C-McN 5652 were
42 � 15 and 61 � 23 min, respectively. RM ANOVA
revealed significant differences in peak uptake between
tracers (P  0.0001) and between regions (P  0.0001)
with no significant tracer-by-region interaction (P � 0.48).

The fraction of tracer washout during the scan was esti-
mated by calculating the relative decrease in regional activ-
ity over the time course of the scan relative to peak uptake
(percentage decrease from peak to end of scan). The mean

fractional regional washout rates for 11C-DASB and 11C-
McN 5652 were 46% � 21% and 16% � 14%, respectively.
RM ANOVA revealed significant differences in fractional
activity washout between tracers (P  0.0001) and between
regions (P  0.0001) with no significant tracer-by-region
interaction (P � 0.87).

The time of peak specific binding was determined using
a 2TC model to derive the component of specific binding for
each region in the dataset. In this model, the nonspecific
distribution volume was fixed to the value of cerebellum VT,
by constraining the K1/k2 ratio. The mean times of peak

FIGURE 4. MR images (left) and coreg-
istered PET images acquired from 40 to 90
min after injection of 659 MBq 11C-DASB
(center) and 599 MBq 11C-McN 5652 (right)
in 33-y-old healthy male volunteer. Activity
was normalized to injected dose and color
coded using identical scale. (Top row)
Coronal plane illustrates ventrodorsal gra-
dient of SERT in striatum. (Middle row)
Sagittal plane close to midline shows ac-
cumulation of activity in thalamus and cau-
date. Image also illustrates low level of ac-
tivity in cerebellum and small difference in
uptake between cerebellum and neocorti-
cal regions. (Bottom row) Transaxial plane
at level of midbrain. Note very high activity
concentration in dorsal raphe on 11C-DASB
scan, just ventral to fourth ventricle. Con-
centration of activity in amygdala is also
noticeable on 11C-DASB image.

FIGURE 5. Time–activity curves of 11C-
DASB (A) and 11C-McN 5652 (B) measured
on same day in same human subject. Re-
gions displayed include midbrain (F), thal-
amus (f), striatum (‚), medial temporal
lobe (E), anterior cingulate cortex (�), and
cerebellum (Œ). Points are measured activ-
ities in ROIs; lines are fitted values to 1TC
model. y-Axis scale has been kept con-
stant. Compared with 11C-McN 5652, 11C-
DASB displays faster kinetics of uptake,
with better-defined peak uptake and rapid
washout. ID � injected dose.
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specific binding for 11C-DASB and 11C-McN 5652 were
40 � 15 and 56 � 24 min, respectively. RM ANOVA
revealed significant differences in peak uptake between
tracers (P  0.0001), a significant difference between re-
gions (P  0.0001), and no tracer-by-region interaction
(P � 0.86).

Kinetic Rate Constants. Overall, 11C-DASB had a higher
K1 and k2 (0.391 � 0.06 mL g�1 min�1 and 0.028 � 0.010
min�1, respectively, average of all regions and all subjects)
than 11C-McN 5652 (0.304 � 0.05 mL g�1 min�1 and
0.011 � 0.004 min�1, respectively, average of all regions
and all subjects). Regional values of K1 and k2 are presented

in Table 2. For K1, RM ANOVA revealed significant be-
tween-tracer (P  0.0001) and between-region (P  0.003)
differences, with no tracer-by-region interaction (P � 0.99).
A significant tracer-by-subject interaction was also noted
(P  0.0001). A significant between-tracer and between-
region difference was observed in the regional values of k2

(P  0.0001) with a significant region-by-tracer interaction
(P  0.001).

Distribution Volumes. Regional values of VT are shown
in Table 2. Using RM ANOVA, significant differences in
VT were observed between tracers (P  0.0001) and be-
tween regions (P  0.0001), with no tracer-by-region in-

FIGURE 6. Ratios of ROIs to cerebellum
of 11C-DASB (A) and 11C-McN 5652 (B)
measured on same day in same human
subject (same experiment as presented in
Fig. 5). Regions displayed include midbrain
(F), thalamus (f), striatum (‚), medial
temporal lobe (E), and anterior cingulate
cortex (�). y-Axis scale has been kept
constant. 11C-DASB displays enhanced
tissue-to-cerebellum ratios compared with
11C-McN 5652.

TABLE 1
Regional Peak Uptake Times and Regional Activity Washout Rate

Region Subregion

11C-DASB 11C-McN 5652

Peak
uptake
(min)

Washout*
(%)

Peak
specific

(min)
Peak uptake

(min)
Washout*

(%)

Peak
specific

(min)

Cerebellum 29.3 � 8.5 60.7 � 17.0 — 41.6 � 15.1 28.4 � 16.0 —
Midbrain 71.3 � 18.6 16.7 � 15.2 70.1 � 16.5 105.6 � 20.7 1.8 � 3.8 99.8 � 21.6
Thalamus 46.3 � 10.7 38.7 � 19.5 48.5 � 11.7 66.5 � 18.2 10.9 � 11.8 75.0 � 28.8
Striatal region Caudate 43.8 � 9.8 42.0 � 18.1 69.0 � 17.7 67.7 � 17.8 10.7 � 12.3 69.0 � 17.7

Putamen 46.0 � 10.7 38.9 � 18.6 68.5 � 17.3 69.0 � 19.3 9.9 � 11.0 68.5 � 17.3
Ventral striatum 51.7 � 14.5 33.1 � 19.7 51.0 � 14.3 77.3 � 17.1 6.1 � 8.0 75.8 � 13.0

Limbic region Amygdala 59.2 � 16.1 24.5 � 16.3 64.6 � 17.5 88.3 � 22.6 3.9 � 5.9 86.9 � 22.2
Entorhinal Ctx 46.0 � 11.6 39.4 � 19.0 45.6 � 11.3 69.6 � 16.9 8.7 � 8.4 70.8 � 18.4
Parahippocampal gyrus 39.6 � 8.7 47.6 � 17.7 39.6 � 9.0 59.6 � 14.9 14.2 � 11.2 62.9 � 17.6
Hippocampus 42.5 � 8.8 43.8 � 18.3 41.9 � 9.2 63.1 � 16.5 12.4 � 10.7 62.7 � 15.7
Anterior cingulate 35.2 � 8.6 53.3 � 19.1 35.2 � 8.4 51.9 � 15.7 20.1 � 13.5 52.7 � 17.1

Neocortical region DLPFC 29.4 � 6.9 63.1 � 16.8 25.0 � 14.1 41.0 � 12.3 29.2 � 14.1 44.3 � 17.2
MPFC 30.2 � 7.4 61.9 � 17.4 30.0 � 7.3 43.3 � 12.2 27.1 � 13.5 26.0 � 22.6
OFC 29.8 � 9.1 62.5 � 20.0 19.6 � 16.8 41.0 � 13.1 28.7 � 13.4 17.1 � 20.0
Temporal Ctx 34.8 � 8.2 53.8 � 18.9 30.0 � 16.6 51.3 � 13.9 19.7 � 12.2 31.5 � 26.4
Parietal Ctx 30.8 � 6.3 61.6 � 15.8 30.2 � 6.3 43.1 � 13.4 27.4 � 14.9 30.8 � 28.6
Occipital Ctx 31.7 � 7.0 58.2 � 16.7 21.3 � 17.8 45.0 � 12.5 25.0 � 12.7 27.1 � 22.8

*Regional activity washout rate (percentage decrease from peak to last frame, 120 min).
Ctx � cortex.
Values are mean � SD of 6 experiments per tracer.
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teraction (P � 0.40). 11C-DASB had a lower VT than
11C-McN 5652 (16.3 mL g�1 compared with 28.9 mL g�1,
average of all regions, all subjects).

Minimal Scan Time. Table 2 lists the minimal scanning
times required to reach time-independent measures of VT

for 11C-DASB and 11C-McN 5652 in different regions. The
mean regional minimal scan time for 11C-DASB (79 � 9
min) was significantly longer than that of 11C-McN 5652
(61 � 16 min; P  0.001). Figure 7 displays the biases and
errors associated with shorter scan durations for each radio-
tracer in the region of highest SERT density (midbrain).

Stable measurements of VT in the midbrain required 95 min
of data for both 11C-DASB and 11C-McN 5652.

Nonspecific Distribution Volumes. Values of cerebellar
VT are presented in Table 2. 11C-DASB had a significantly
lower cerebellar VT than 11C-McN 5652 (P  0.0001). No
difference was seen between subjects in the nonspecific
distribution volume (P � 0.98). Since f1 could not be
reliably determined for 11C-McN 5652, f2 could only be
determined for 11C-DASB (0.92% � 0.24%).

BP. Table 3 lists the regional values of BP for each tracer.
Significant differences in BP were observed between tracers

TABLE 2
Kinetic Analysis: Rate Constants, Total Distribution Volumes, and Minimal Scanning Time

Region Subregion

11C-DASB 11C-McN 5652

K1

(mL g�1 min�1)
k2

(min�1)
VT

(mL g�1)

Minimal
scan
time
(min)

K1

(mL g�1 min�1)
k2

(min�1)
VT

(mL g�1)

Minimal
scan
time
(min)

Cerebellum 0.40 � 0.07 0.040 � 0.010 10.1 � 2.0 65 0.33 � 0.03 0.016 � 0.005 20.8 � 3.6 35
Midbrain 0.34 � 0.05 0.010 � 0.002 33.2 � 5.9 95 0.25 � 0.01 0.005 � 0.001 48.2 � 9.7 95
Thalamus 0.46 � 0.08 0.021 � 0.005 23.0 � 3.4 85 0.34 � 0.02 0.010 � 0.003 36.9 � 7.6 55
Striatal region Caudate 0.43 � 0.06 0.022 � 0.004 19.5 � 2.6 85 0.32 � 0.04 0.010 � 0.003 35.5 � 8.3 65

Putamen 0.48 � 0.08 0.021 � 0.004 23.3 � 3.8 85 0.37 � 0.03 0.009 � 0.002 41.3 � 7.9 65
Ventral striatum 0.44 � 0.08 0.018 � 0.004 25.7 � 5.7 95 0.32 � 0.02 0.008 � 0.002 42.8 � 8.7 75

Limbic region Amygdala 0.30 � 0.06 0.014 � 0.003 22.0 � 4.9 95 0.23 � 0.01 0.007 � 0.001 36.7 � 7.2 65
Entorhinal Ctx 0.31 � 0.06 0.021 � 0.005 15.0 � 3.3 85 0.23 � 0.02 0.009 � 0.002 26.8 � 4.1 85
Parahippocampal

gyrus 0.31 � 0.05 0.026 � 0.005 12.3 � 1.9 85 0.25 � 0.02 0.011 � 0.002 23.5 � 4.3 65
Hippocampus 0.31 � 0.05 0.024 � 0.005 13.4 � 2.0 75 0.25 � 0.01 0.010 � 0.002 24.9 � 4.5 65
Anterior cingulate 0.41 � 0.06 0.031 � 0.007 13.5 � 2.2 75 0.31 � 0.02 0.013 � 0.003 24.5 � 3.7 55

Neocortical
region

DLPFC 0.44 � 0.07 0.041 � 0.009 11.0 � 2.1 65 0.35 � 0.03 0.017 � 0.004 21.5 � 3.0 45
MPFC 0.45 � 0.07 0.040 � 0.009 11.5 � 2.1 65 0.34 � 0.03 0.016 � 0.003 22.0 � 2.9 55
OFC 0.43 � 0.08 0.043 � 0.014 10.7 � 2.6 75 0.33 � 0.01 0.016 � 0.003 20.6 � 3.0 35
Temporal Ctx 0.35 � 0.06 0.032 � 0.007 11.5 � 2.1 75 0.28 � 0.02 0.013 � 0.003 22.5 � 3.2 55
Parietal Ctx 0.40 � 0.06 0.039 � 0.006 10.7 � 1.7 65 0.33 � 0.03 0.016 � 0.004 21.5 � 3.3 45
Occipital Ctx 0.38 � 0.07 0.036 � 0.007 10.7 � 1.9 75 0.32 � 0.01 0.015 � 0.003 21.7 � 3.1 55

K1 and k2 � rate constants; VT � total distribution volume; Ctx � cortex.
Values are mean � SD of 6 experiments per tracer.

FIGURE 7. Time–stability of 11C-DASB
(A) and 11C-McN 5652 (B) VT in midbrain.
Times refer to midtimes of each 10-min
acquisition. Data of shorter duration were
analyzed, and estimated midbrain VT

(mean � SD) is expressed as percentage
of value derived with complete dataset
(120 min). Each point is average of 6 data-
sets. Deviation from 100% of mean value
indicates bias associated with shorter
scanning times, whereas SD indicates er-
ror associated with shorter scanning times.
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(P  0.0001) and between regions (P  0.0001) with a
significant tracer-by-region interaction (P  0.001).

Specific-to-Nonspecific Partition Coefficient. Table 3 lists
the regional values of V3� for each tracer. A significant
difference was observed between tracers (P  0.0001) and
between regions (P  0.0001) with a significant tracer-by-
region interaction (P  0.0001).

Regional Distribution of Binding Sites. As expected,
since both radiotracers bind to the SERT, across all regions
for all subjects, a significant correlation between 11C-DASB
V3� and 11C-McN 5652 V3� was observed (R2 � 0.88; P 
0.0001). Regional variations in V3� should reflect the vari-
ability in regional Bmax since V3� corresponds to f2Bmax/Kd,
and f2 and Kd are not expected to vary between regions. As
both radiotracers bind to the same population of binding
sites, the relative regional distribution of V3� should be
similar. To compare the relative V3� of 11C-DASB with that
of 11C-McN 5652, regional V3� values were expressed as a
percentage of the midbrain V3� (Fig. 8). A significant dif-
ference was seen in the regional percentage of midbrain V3�
between tracers (P  0.0001) and between regions (P 
0.0001) as well as a region-by-tracer interaction (P 
0.0001).

DISCUSSION

In this study, the imaging qualities of the new PET
radioligand for the SERT, 11C-DASB, was compared with
the reference tracer, 11C-McN 5652. The introduction of
11C-McN 5652 as a PET radioligand suitable for use

in humans (6) represented an important advance. Before
the introduction of 11C-McN 5652, only the SPECT li-
gand 123I-2�-carbomethoxy-3�-(4-iodophenyl)tropane (123I-
�-CIT) was available for SERT imaging in humans. Due to
its lack of selectivity, the use of 123I-�-CIT for SERT
measurement was restricted to the midbrain (40). 11C-McN
5652 enabled SERT imaging not only in the midbrain but
also in other regions of high SERT density, such as the

TABLE 3
BP and Specific-to-Nonspecific Partition Coefficients

Region Subregion

11C-DASB 11C-McN 5652

BP
(mL g�1) V3�

V3�
normalized
to midbrain

(%)
BP

(mL g�1) V3�

V3�
normalized
to midbrain

(%)

Midbrain 19.95 � 2.82 2.04 � 0.44 100.0 � 0.0 24.60 � 7.33 1.20 � 0.34 100.0 � 0.0
Thalamus 12.42 � 1.60 1.27 � 0.29 56.2 � 5.3 15.73 � 4.88 0.76 � 0.17 60.1 � 17.2
Striatal region Caudate 8.89 � 0.79 0.91 � 0.19 43.3 � 6.3 13.66 � 4.47 0.65 � 0.16 53.3 � 14.9

Putamen 12.36 � 1.89 1.26 � 0.27 60.2 � 6.8 19.13 � 5.38 0.93 � 0.21 76.0 � 15.3
Ventral striatum 14.28 � 2.62 1.45 � 0.31 69.1 � 8.9 20.51 � 5.31 1.00 � 0.23 81.1 � 17.7

Limbic region Amygdala 10.76 � 2.57 1.08 � 0.23 50.8 � 5.9 14.14 � 3.23 0.69 � 0.16 57.8 � 7.6
Entorhinal Ctx 4.20 � 1.05 0.42 � 0.10 20.6 � 3.8 4.51 � 2.77 0.23 � 0.17 22.0 � 7.3
Parahippocampal gyrus 2.01 � 1.06 0.22 � 0.13 9.8 � 4.1 2.14 � 2.15 0.11 � 0.11 9.2 � 6.4
Hippocampus 3.17 � 0.73 0.33 � 0.12 14.3 � 2.9 3.66 � 1.85 0.18 � 0.08 14.5 � 3.0
Anterior cingulate 3.30 � 1.00 0.34 � 0.14 14.6 � 2.9 3.59 � 1.28 0.18 � 0.07 13.3 � 2.8

Neocortical region DLPFC 1.10 � 0.72 0.12 � 0.09 3.9 � 3.2 0.83 � 1.29 0.05 � 0.07 2.5 � 5.3
MPFC 1.60 � 0.81 0.17 � 0.11 6.1 � 3.1 1.26 � 1.53 0.07 � 0.08 4.1 � 5.8
OFC 0.59 � 1.04 0.06 � 0.12 1.9 � 5.5 �0.24 � 2.55 0.00 � 0.12 0.0 � 9.6
Temporal Ctx 1.20 � 0.96 0.13 � 0.12 5.8 � 4.0 1.43 � 2.07 0.08 � 0.11 6.2 � 7.1
Parietal Ctx 0.61 � 0.66 0.07 � 0.08 2.6 � 2.5 0.96 � 1.09 0.05 � 0.06 2.2 � 3.3
Occipital Ctx 0.53 � 0.89 0.06 � 0.10 2.8 � 3.9 0.96 � 1.64 0.05 � 0.09 2.9 � 5.1

V3� � specific-to-nonspecific partition coefficient; Ctx � cortex.
Values are mean � SD of 6 experiments per tracer.

FIGURE 8. Regional V3� measured with 11C-DASB (f) and
11C-McN 5652 (�) in midbrain (MID), thalamus (THA), striatum
(STR), amygdala (AMY), entorhinal cortex (ENT), hippocampus
(HIP), parahippocampal gyrus (PIP), cingulate cortex (CIN), dor-
solateral prefrontal cortex (DOR), medial prefrontal cortex
(MED), orbitofrontal cortex (OFC), temporal cortex (TEM), pari-
etal cortex (PAR), and occipital cortex (OCC). Values are
mean � SD (n � 6).
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thalamus and striatum. However, the relatively low specific-
to-nonspecific binding ratio of 11C-McN 5652 precluded the
reliable measurement of SERT in regions of moderate and
low SERT density, such as the limbic and cortical regions.

Recently, Wilson et al. (13,14) described the synthesis
and evaluation of a new class of SERT radiotracers, one of
which was 11C-DASB. Subsequently 11C-DASB has been
introduced in humans (16,17). Two studies compared the
imaging qualities of 11C-McN 5652 and 11C-DASB in ba-
boons and concluded that 11C-DASB provided significant
improvement over 11C-McN 5652, as it provides higher
specific-to-nonspecific binding ratios, higher plasma free
fraction, and a faster uptake kinetics (18,19). The aim of this
study was to determine whether the improved properties of
11C-DASB observed in baboon studies were preserved in
human subjects. To provide an unbiased comparison of the
tracers, both tracers were studied in the same human sub-
jects under identical experimental conditions.

Plasma Analysis
A desirable property of any brain PET radiotracer is

relatively fast brain kinetics of uptake and washout, which
allow for a short scanning time. This property is usually
promoted by a fast peripheral metabolism and plasma clear-
ance. The relatively slow metabolism and clearance of 11C-
McN 5652 contribute, among other factors, to its protracted
brain uptake. Regarding metabolism rate, predictions from
baboon studies were confirmed in this study. In baboons, the
rate of metabolism of 11C-DASB was faster than that of
11C-McN 5652. For example, the parent fractions of 11C-
DASB and 11C-McN 5652 at 30 min after injection were
20% � 6% and 28% � 13%, respectively. In humans, the
metabolism of both tracers was slower than in baboon, but
the rate of metabolism of 11C-DASB remained significantly
faster (32% � 6% at 30 min) than that of 11C-McN 5652
(59% � 13% at 30 min).

In contrast, examination of the plasma clearance revealed
an important difference between baboons and humans. In
baboons, the clearance rate of 11C-DASB (84 � 23 L h�1)
was faster than that of 11C-McN 5652 (58 � 13 L h�1) (n �
4 per tracer (18)). In humans, the clearance of 11C-DASB
(159 � 34 L h�1) was not significantly different from that of
11C-McN 5652 (170 � 53 L h�1). After normalizing for
body weight (baboon, 25 kg; human, 70 kg), the plasma
clearance of 11C-DASB was faster in baboons (3.36 L h�1

kg�1) compared with that of humans (2.27 L h�1 kg�1),
whereas the clearance of 11C-McN 5652 was similar in both
species (baboons, 2.32 L h�1 kg�1; humans 2.43 L h�1

kg�1).
This species difference in plasma clearance impacted on

the scanning time. In baboons, the faster plasma clearance
of 11C-DASB contributed to its faster brain uptake kinetics
and shorter minimal scan duration. In humans, the plasma
clearance of both ligands was similar, and the advantage of
11C-DASB over 11C-McN 5652 in terms of minimal scan
duration was not observed in humans.

As previously reported, the plasma free fraction of 11C-
McN 5652 is not measurable with our standard technique
(7). In contrast, the free fraction of 11C-DASB was measur-
able, allowing for the control of this parameter in clinical
studies. Without the measurement of f1, between conditions
differences in brain distribution volumes are difficult to
interpret. The plasma free fraction of 11C-DASB measured
in this study (8.9% � 1.6%) was similar to that reported
previously in humans (11.0% � 1.2%) (17) and baboons
(13.5% � 1.7%) (18).

Image Analysis
Inspection of the activity distribution (Fig. 4), time–

activity curves (Fig. 5), and ratios to cerebellum curves (Fig.
6) reveals one of the major differences between these 2
tracers—that is, the improved signal-to-noise ratio. On the
11C-DASB images, the cerebellum is darker, and the con-
trast between the regions rich in SERT and the cerebellum
is much sharper. Examination of the midbrain on the trans-
axial images in Figure 4 is instructive. With tracers such as
123I-�-CIT or 11C-McN 5652, the midbrain appeared as a
homogenous region of high binding. With 11C-DASB, the
higher concentration of SERT in the dorsal raphe compared
with the rest of the midbrain is noticeable as high activity
concentrated just above the fourth ventricule. The higher
concentration of SERT in the amygdala is also visually
detectable with 11C-DASB but not with 11C-McN 5652.

Uptake Kinetics and Scan Duration
The kinetic analysis was performed using a 1TC model

for both tracers, the model of choice for both 11C-McN 5652
(5,7,8) and 11C-DASB (17). The value of K1 for 11C-DASB
reported in this study (0.465 � 0.08 mL g�1 min�1) was in
the same range as that reported by Ginovart et al. (17) in
humans and about one third of that observed in baboons
(18). The value of 11C-McN 5652 K1 in the current study
(0.302 � 0.04 mL g�1 min�1) was in good agreement with
the value reported in a previous study from our group
(0.248 � 0.37 mL g�1 min�1) (7).

Compared with 11C-McN 5652, 11C-DASB displayed an
earlier regional peak uptake and peak specific binding, and,
by 90 min, more of the 11C-DASB activity was cleared from
the brain. Yet, the faster kinetics of 11C-DASB did not
translate into a shorter minimal scan duration required to
derive time-independent estimates of VT when compared
with 11C-McN 5652. This finding contrasts with that ob-
served in baboons (18). In baboons, the regional minimal
scan duration for 11C-DASB was 37 � 11 min, significantly
shorter than that for 11C-McN 5652 (65 � 5 min). In
humans, the regional minimal scan duration for 11C-DASB
was 79 � 11 min versus 59 � 16 min for 11C-McN 5652.
Thus, the regional minimal scan duration was identical in
baboons and humans for 11C-McN 5652, reflecting the fact
that the plasma clearance of 11C-McN 5652 is similar in
both species. In contrast, the slower plasma clearance of
11C-DASB in humans compared with baboons translated
into a sizeable increase in the regional minimal scan dura-
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tion. In the midbrain, the region with the highest SERT
density, the time of peak specific binding was not signifi-
cantly different between the 2 tracers, contributing to an
identical requirement in scanning time for 11C-DASB and
11C-McN 5652 in this region. For both 11C-DASB and
11C-McN 5652, 95 min of scanning was needed to derive a
time-invariant estimate of midbrain VT.

Regarding 11C-McN 5652 minimal scan duration, the
findings from this study (n � 6) were in disagreement with
the results obtained in our initial human dataset (n � 6), in
which we observed a regional minimal scan duration of
117 � 13 min (7). In the previous study, the long scan
duration was due to the results from one outlier individual.
Because no valid reason for removing this individual from
the analysis could be identified, results were reported using
the whole dataset, including the outlier. Removal of this
subject would have resulted in a finding similar to that of the
current study. In addition, we examined this issue in a third
and larger dataset of 11C-McN 5652 human scans (n � 35).
Again, the results were identical to the present dataset. We
conclude that the minimal scan duration of 11C-McN 5652
was overestimated in our original study (7).

These considerations highlight an inherent problem when
determining the minimal scanning duration based on small
samples. It follows that caution must be used in the inter-
pretation of these results for 11C-DASB, which rely on data
from 6 individuals. However, the results observed here for
11C-DASB are relatively consistent with the time–stability
results reported by Ginovart et al. (n � 5 (17)). Based on a
dataset that did not include the midbrain, Ginovart et al.
proposed a minimal scan duration of 80 min for 11C-DASB.
Based on the present dataset that includes the midbrain, we
proposed a minimal scan duration of 95 min for 11C-DASB.

Nonspecific Binding
The cerebellum distribution reported here for 11C-McN

5652 (20.8 � 3.6 mL g�1) was similar to values reported
previously by our group (17.8 � 1.9 mL g�1) (7). The
cerebellum distribution volume of 11C-DASB (10.1 � 2.0
mL g�1) was significantly lower than that of 11C-McN 5652
and in good agreement with the value reported by Ginovart
et al. (11.8 � 1.5 mL g�1) (17). The lower nonspecific
distribution volume of 11C-DASB compared with that of
11C-McN 5652 observed here in the same human subjects
confirmed a similar observation made in baboons: In that
species, nonspecific distribution volumes for 11C-DASB and
11C-McN 5652 were 17.3 � 0.5 mL g�1 and 27.7 � 4.0 mL
g�1, respectively (18). The lower nonspecific distribution
volume of 11C-DASB confers on this tracer a critical ad-
vantage compared with 11C-McN 5652, as the high nonspe-
cific distribution volume of 11C-McN 5652 hampers the
ability to achieve high signal-to-noise ratios.

Receptor Parameters
The BP of 11C-DASB was lower than that of 11C-McN

5652 by 22% � 27%. As both tracers presumably bind to
the same population of sites (same Bmax), the relative mag-

nitude of BP will depend on the respective values of f1 and
Kd (BP � f1Bmax/Kd). In vitro, the Kd of 11C-DASB is
0.87 � 0.41 nmol/L and 1.77 � 0.25 nmol/L at 22°C and
37°C, respectively (18). 11C-McN 5652 Kd is 0.33 � 0.12
and 0.26 � 0.13 nmol/L at 22°C and 37°C, respectively
(18). Thus, the affinity of 11C-DASB for SERT is 3–7 times
lower than that of 11C-McN 5652. However, this large
difference in Kd did not translate into a large difference in
BP, because the plasma free fraction of 11C-DASB is higher
than that of 11C-McN 5652.

The imaging qualities of a tracer are not defined by BP
alone but rather by the ratio of BP to nonspecific distribu-
tion volume—that is, V3�. For a given region, a higher value
of V3� means an improved signal-to-noise ratio and better
reliability in the measurement. The values of V3� for 11C-
McN 5652 measured in this study were in good agreement
with our previously published study (7). However, values of
11C-DASB V3� measured here were lower than those re-
ported by Ginovart et al. (17). Note that the quantity de-
noted V3� here is denoted BP in the study of Ginovart et al.
(17). For example, 11C-DASB V3� in the thalamus was
1.27 � 0.29 in this study, compared with 2.00 � 0.34 in the
Ginovart study (17). 11C-DASB V3� in the occipital cortex
was 0.06 � 0.10 in this study, compared with 0.51 � 0.09
in the Ginovart study (17). The reasons for these differences
are not obvious, as the same analytic method was used to
derive VT and V3� (1TC model). This difference is presum-
ably due to the method used to define ROIs and cerebellum
boundaries and highlights the difficulties in comparing V3�
data across groups.

11C-DASB V3� values, though lower than previously re-
ported in Ginovart et al. (17), were significantly higher than
V3� values of 11C-McN 5652. Combining all regions, the V3�
values for 11C-DASB was increased by 74% � 33% com-
pared with those for 11C-McN 5652. This result is similar to
that observed in baboon. In that species, 11C-DASB V3�
values were found to be 42% � 29% higher than that of
11C-McN 5652 (18). This higher signal-to-noise ratio of
11C-DASB compared with that of 11C-McN 5652 is due to
lower nonspecific binding rather than higher BP and is the
most clinically significant difference between the tracers.
Due to this enhanced signal-to-noise ratio, 11C-DASB
should allow for a more reliable quantification of SERT
parameters in regions of moderate SERT densities, such as
the limbic regions. However, in our hands, values of V3�
with 11C-DASB are still very low in neocortical regions
(V3�  0.2), and it is unlikely that 11C-DASB would be able to
provide a reliable measurement of SERT in these brain areas.

When comparing the V3� values for each tracer across
regions, a significant tracer-by-region interaction was ob-
served. This interaction was unexpected and reminiscent of
a similar finding in baboons (18). To explore this issue
further, regional V3� values were normalized for each tracer
to the midbrain V3� value. Assuming that both tracers bind
to the same population of receptors, and that, for each tracer,
Kd and nonspecific distribution volumes are constant across
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regions, the normalized V3� values should be identical for
both tracers. In general, this prediction was confirmed (Ta-
ble 3). However, as seen in baboons, the normalized V3�
value for 11C-McN 5652 was greater in the striatal regions
than that of 11C-DASB. The reason for this discrepancy was
not clear and might be due to regional differences in non-
specific binding. Another possibility would be that, in the
striatum, 11C-McN 5652 exhibits significant binding to an as
yet unidentified receptor.

CONCLUSION

The newly developed SERT radiotracer 11C-DASB was
compared with the reference tracer 11C-McN 5652 in the
same human subjects, under identical experimental condi-
tions. In baboons, 3 critical advantages of 11C-DASB were
observed: (a) higher specific-to-nonspecific equilibrium ac-
tivity ratios—that is, higher V3�; (b) measurable plasma free
fraction; and (c) faster brain uptake kinetics and shorter
minimal scan duration. Two of 3 of these improvements
were confirmed in humans: (a) regional 11C-DASB V3�
values were significantly higher; and (b) 11C-DASB plasma
free fraction was measurable with the conventional ultra-
centrifugation method. However, the plasma clearance of
11C-DASB was significantly slower in humans than in ba-
boons, and, in humans, the minimal scan duration of 11C-
DASB was not shorter than that of 11C-McN 5652. From
this comparative evaluation, 11C-DASB emerged as the
tracer of choice for the quantification of SERT, an advan-
tage that should be mostly relevant to the study of SERT in
the limbic regions. Additional research is needed to develop
a radioligand that will enable the examination of SERT in
neocortical regions.
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