
Quantitative Analyses of Carbonyl-Carbon-11 -
WAY-10063 5 Binding to Central
5-Hydroxytryptamine-lA Receptors in Man
Lars Farde, Hiroshi Ito, Carl-Gunnar Swahn, Victor W. Pike and Christer Halldin

Psychiatiy Section, Department of Clinical Neuroscience, Karolinska Institute!, Stockholm, Sweden; and Chemistry and
Engineering Group, Medical Research Council Cyclotron Unit, Imperial College School of Medicine, Hammersmith
Hospital, London, United Kingdom

The serotonin 5-hydroxytryptamine-1 A (5-HT1A)receptor subtype is
of central interest in research on the pathophysiology and treatment
of psychiatric disorders. Carbonyl-11C-WAY-100635 is a new radio-
ligand that, in PET experiments, provides high-contrast delineation
of brain regions that are rich in 5-HT1A receptors. The aim of this PET
study was to examine the prospects for quantitation of carbonyl-
11C-WAY-100635 binding to 5-HT1A receptors in the human brain.

Methods: A PET examinationwas performed in each of six healthy
male subjects after intravenous injection of carbonyl-11C-WAY-

100635. Radioactive metabolites in plasma were determined with
high-performance liquid chromatography. The metabolite-cor
rected arterial input function was used in a kinetic three-compart
ment analysis, and the cerebellum was used as reference region in
linear graphical and transient equilibrium analyses. Results: The
highest radioactivity concentration was observed in the neocortex
and the raphe nuclei, whereas radioactivity was low in the cerebel
lum. The time-activity curves were well-described by a three-
compartment model for all regions. Uptake in the cerebellum could
not be described by a two-compartment model. The transient
equilibrium and linear graphical analyses, which are both dependent
on the cerebellum as the reference region, gave lower binding
potential values than did the kinetic analysis. The metabolism was
rapid, and the fraction of unchanged carbonyl-11 C-WAY-100635

was <10% 10 min after injection in all human subjects. The major
radioactive metabolites were unidentified polar components. One
metabolite comigrated with reference cyclohexanecarboxylic acid,
and another comigrated with reference desmethyl-WAY-100635.
Conclusion: The suitability of carbonyl-11C-WAY-100635 for re
search on central 5-HT1A receptors in neuropsychiatrie disorders
was supported by the observation that the high signals in the
neocortex and raphe nuclei can be described using a kinetic
analysis with a metabolite-corrected arterial input function. It cannot
be excluded that kinetically distinguishable nonspecific binding or
the formation of a metabolite that passes the blood-brain barrier
may represent measurable components of the low radioactivity in
the cerebellum. Simplified quantitative methods, using the relatively
low radioactivity in the cerebellum as reference, should accordingly
be applied with some caution until the biochemical nature of the
radioactivity is better understood and the reliability of these ap
proaches has been confirmed in larger samples.
Key Words: brain; human; 5-HT1A receptors; serotonin; WAY-
100635
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Ahe 5-hydroxytryptamine-lA (5-HT1A) receptor is a serotonin
(5-HT) receptor subtype of central interest in research on the
pathophysiology and treatment of psychiatric disorders. Presyn-
aptic 5-HT| A receptors mediate inhibition of 5-HT release and
are highly concentrated on cell bodies in the raphe nuclei. This

Received Oct. 8, 1997; revision accepted Jan. 28, 1998.
For correspondence or reprints contact: Lars Farde, MD, PhD, Psychiatry Section,

Karolinska Hospital, S-171 76 Stockholm, Sweden.

autoreceptor has been given a key role in current hypotheses on
the drug treatment of anxiety and depression (1-3). The high
density of postsynaptic 5-HT1A receptors in the neocortex is of
particular interest in schizophrenia research because several
laboratories have demonstrated elevated receptor binding in the
neocortex of schizophrenic brains postmortem (4,5). Research
on the functional role of 5HT, A receptors in pharmacology and
neuropsychiatrie disorders has, however, been hampered by the
lack of suitable radioligands for brain imaging of 5-HT,A
receptors in vivo.

WAY-100635 [N-(2-(4-(2-methoxyphenyl)-1 -piperazinyl)
ethyl)-iV-(2-pyridyl)cyclohexanecarboxamide] is the first antag
onist that binds with high affinity and selectivity to the 5-HTIA
receptor (6,7). Initially, WAY-100635 was labeled with "C
(t, 2 = 20.4 min) in the O-methyl position and explored as

radioligand for PET studies in monkey (8,9) and man (10).
More recently, WAY-100635 was labeled with "C in the

carbonyl position (Fig. 1), a position that avoids formation of
radioactive W AY-100634 and provides improved contrast in

the human brain (//).
The anatomical distribution of [3H-WAY-100635 binding

has been described in detail using large-scale autoradiography
on human hemispheric brain cryosections (12). High densities
of 5-HT,A receptors were found in the hippocampus, layers of

the neocortex and the raphe nuclei, whereas the cerebellar
cortex was virtually devoid of 5-HTIA receptors. In a recent
PET study on cynomolgus monkeys, the binding of carbonyl-
"C-WAY-100635 was markedly inhibited by pretreatment

with unlabeled WAY-100635 and the reference ligands 8-
hydroxy-N,N-dipropylaminotetralin (8-OH-DPAT), buspirone

and pindolol (13). This inhibition confirms the specificity of
carbonyl-"C-WAY-l00635 binding to 5-HT1A receptors in

vivo and indicates that the method has potential for determina
tion of 5-HT]A receptor occupancy during treatment with

psychoactive drugs.
The aim of this PET study was to examine the prospects for

quantitation of central carbonyl-"C-WAY-100635 binding to

5-HT| A receptors in the human brain. Six healthy men were
recruited, and a metabolite-corrected arterial input function was
used in kinetic compartment and linear graphical analyses.

MATERIALS AND METHODS

Subjects
The study was approved by the ethics committee of the Karo

linska Hospital. Six men (age range 20-42 yr) participated after

giving informed consent. They were healthy according to history,
physical examination, psychiatric interview, blood and urine anal
yses and MRI of the brain. They did not use any medication.
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FIGURE 1. Chemical structure of car-
bonyl-11C-WAY-100635 and two me

tabolites.

Radiochemistry
Carbonyl-"C-WAY-100635 was prepared by "C-acylation of

WAY-100634 with carbonyl-"C-cyclohexanecarbonyl chloride as
described previously (11,12). The decay-corrected radiochemical
yield of carbonyl-"C-WAY-100635 from "C-cyclohexanecar-
bonyl chloride was 30%-50%. The purification by reverse-phase
high-performance liquid chromatography (HPLC) using methanol,
0.1 M ammonium formate and triethylamine (60:40:0.3, v/v) as
mobile phase was performed with good separation between the
product and the precursor, WAY-100634. The radiochemical
purity of the final product was >99%.

MRI
The MRI system used was GE Signa (1.5 T). T2-weighted and

proton density magnetic resonance images of the brain were
obtained for all subjects. The positioning of the head and the series
of sections were the same as those in the PET studies. A head
fixation system with an individual plaster helmet was used both in
the PET and MRI measurements to allow the same head position
ing in the two imaging modalities (14).

PET Experimental Procedure
The PET system used was Siemens ECAT Exact HR, which was

run in the three-dimensional mode. Acquisitions were done with
the interplane septa retracted and a wide axial acceptance angle.
The reconstructed volume was displayed as 47 sections with a
center to center distance of 3.125 mm.

In each PET measurement, the subject was placed recumbent
with his head in the PET system. A cannula was inserted into the
left brachial artery and another cannula into the right antebrachial
vein. A sterile physiological phosphate buffer (pH = 7.4) solution
containing carbonyl-"C-WAY-100635 (219-357 MBq) was in

jected intravenously as a bolus for 2 sec. The specific radioactivity
was 700-2700 Ci/mmol (26-100 GBq/^.mol) at time of injection.

Brain radioactivity was measured in a series of consecutive time
frames for up to 63 min. The frame sequence consisted of three
1-min frames followed by four 3-min frames and eight 6-min

frames.

Arterial Blood Sampling
To obtain the arterial input function, an automated blood

sampling system was used during the first 5 min of each PET
experiment, whereupon arterial blood samples were taken manu-

FIGURE 2. Four-compartment model.

ally at the midpoint of each frame until the end of the measurement
(75).

Determination of Radioactive Metabolites in Plasma
The fractions of plasma radioactivity corresponding to un

changed carbonyl-"C-WAY-100635 and metabolites were deter

mined as described recently (9,16). Arterial plasma samples (2 ml)
were deproteinized with acetonitrile and analyzed by gradient
HPLC on a reverse-phase column (Waters ju,-Bondapak CIS; 7.8 X
300 mm, 10 /urn) eluted at 6 ml/min over 7.5 min with acetonitrile-
0.01 M phosphoric acid, using a gradient of 25%-60% acetonitrile
from 0 to 5.5 min and 60%-25% acetonitrile from 5.5 to 6.5 min.
Two reference compounds, cyclohexanecarboxylic acid and des-
methyl-WAY-100635, were used to provide retention times for
possible labeled metabolites in plasma.

Regions of Interest
Regions of interest (ROIs) were drawn on the magnetic reso

nance images and transferred to the reconstructed PET images.
ROIs were anatomically delineated for the cerebellar cortex, the
raphe, the medial temporal lobe including the hippocampus, the
lateral temporal cortex and the frontal cortex. The ROIs for the
cerebellum and the cortical regions were drawn in three adjacent
sections, and data were pooled, so that the average radioactivity
concentration for the whole volume of interest was obtained. The
ROI for the raphe was drawn in three sections. The frontal cortex
was drawn at the level of the basal ganglia, whereas the temporal
cortex and the raphe nuclei were drawn at the level of the
hippocampus. To obtain regional time-activity curves, regional
radioactivity was calculated for each frame, corrected for decay
and plotted versus time.

Kinetic Analyses
The data were analyzed using compartment models. The general

configuration is a conventional four-compartment model (Fig. 2).
The four compartments correspond to the radioactivity concentra
tions of unchanged radioligand in plasma (Cp), free (unbound)
radioligand in brain (Cf), nonspecifically bound radioligand in
brain (Cns) and radioligand specifically bound to receptors (Cb). All
concentrations are in units of nCi/ml.

A common assumption is that the two compartments Cf and Cns
equilibrate rapidly to form one effective compartment (17), corre
sponding to nondisplaceable radioligand in brain (Cn). The model
simplified in this manner, with three compartments and four
first-order rate constants, K,, k2, k3 and k4 (17-19), was used to
describe the time-activity curves for carbonyl-"C-WAY-100635

binding in the neocortex and the raphe nuclei. The rate constants
K, and k2 correspond to the influx and efflux rates for radioligand
diffusion through the blood-brain barrier, respectively. The rate
constants k3 and k4 correspond to the rates for radioligand transfer
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FIGURE 3. PET images of Subject B in
three projections, obtained by summa
tion of frames acquired from 33 to 63 min
after intravenous injection of carbonyl-
"C-WAY-100635. Subject's right is on

left in transaxial and coronal projection.
Anterior is on right in sagittal projection.

between the compartments for nondisplaceable and specific radio-
ligand binding to receptors, respectively. It was assumed that all
compartments are homogeneous in concentration. The concentra
tion in plasma (Cp) was not corrected for plasma protein binding.
On the basis of this model, the following differential equations can
be expressed:

dCn(t)/dt = K, â€¢Cp(t) - (k, + k3) â€¢Cn(t) + k4 â€¢Cb(t), Eq. 1

dCb(t)/dt = k3â€¢Câ€ž(t)- k4 â€¢Cb(t) Eq. 2

and

C,(t) = Cn(t) + Cb(t), Eq.3

where C,(t) is the radioactivity concentration in brain, as measured
by PET.

The four rate constants were determined by curve fitting in a
least squares sense to a nonlinear solution (20). The time curve for
the radioactivity of unchanged carbonyl-"C-WAY-100635 in ar

terial plasma was used as input function.
Cerebellum as Reference Region. The cerebellum has been

suggested as a reference region because this region is almost
devoid of 5-HT,A receptors in vitro (12). A two-compartment
model with two rate constants should be sufficient to describe the
time-activity curves in a region devoid of specific binding sites,
which do not have the specific binding compartment (Cb). This
common assumption of rapid equilibration between the two com
partments Cf and Cns was examined by using both a two-
compartment and a three-compartment model with the rate con
stants K,, k2, ks and k6 to describe the time-activity curves for
carbonyl-"C-WAY-100635 binding (13). To compare the two

models, three statistical methods were used: the Akaike informa
tion criterion (21 ), the Schwarz criterion (22) and F statistics (23).

Distribution Volume. Carbonyl-"C-WAY-100635 binding was
also expressed using the concept of the "total distribution volume,"

V,, which is defined by the following equation (24):

V,= Eq. 4

To calculate Vt, the rate constants obtained from the three-
compartment model analysis were entered into Equation 4.

Binding Potential. The three-compartment model analysis is
based on the use of a radioligand with high specific radioactivity.
Under such conditions, the receptor density (Bmax) and affinity
(Kd) cannot be differentiated (18). The Bmax-to-Kd ratio corre

sponds to the krto-k4 ratio in the kinetic analysis or the Cb(t)-to-
Cn(t) ratio in the transient equilibrium analysis (described below)
(13) and is often referred to as the binding potential (BP) (18).

Linear Graphical Analysis. Carbonyl-"C-WAY-100635 bind

ing was also analyzed using a linear graphical analysis for
reversible ligand binding to receptors (25). The regional distribu
tion volumes (DVL"gan) were determined from the slope of the

linear plots obtained using the radioactivity of unchanged carbon-
yl-"C-WAY-100635 in arterial plasma as an input function. The

BP is given by the equation:

DVROI/DV,cerebellum
- 1 = BP. Eq.5

Transient Equilibrium. The condition of transient equilibrium is
theoretically defined as occurring when the derivative for Cb(t) is
zero (13). Because the cerebellum is a brain structure virtually
devoid of 5-HT,A receptors, the radioactivity concentration in the
cerebellum was used as an estimate for Cn(t). The fitted curves
obtained in the kinetic analysis for C,(t) and the cerebellum,
CcerebeiiumW,were used to calculate Cb(t).

Cerebral Blood Volume. Two approaches were applied to correct
for the effect of cerebral blood volume (CBV). The first was to
exclude the first four frames (0-60 sec) of the regional time-

activity curves (26). The second was to use reference values for
regional CBV (27) and the curve for measured radioactivity in
arterial whole blood. The radioactivity was calculated in this
manner for CBV for cross-validation purposes and then subtracted
from the regional time-activity curves before the kinetic analyses.
The rate constants obtained by the two approaches were compared.

RESULTS
After intravenous injection of carbonyl-"C-WAY-100635,

the radioactivity appeared rapidly in brain (Fig. 3). Radioactiv
ity in the neocortex and the raphe was high, whereas that in the
cerebellum was at a low level. The time courses for regional
brain radioactivity are shown in Figure 4A. Among the neocor-
tical regions, radioactivity was highest in the medial temporal
cortex, a region that includes the hippocampus.

The time-activity curves for the neocortical regions, the raphe
nuclei and the cerebellum were well described by the three-
compartment model (Fig. 5). The rate constants are given in
Table 1. The two approaches that were applied to correct for the
effect of CBV gave almost identical results in the kinetic
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FIGURE 4. (A) Time curves for regional brain radioactivity after intravenous
injection of 357 MBq of carbonyl-11C-WAY-100635 in Subject B. (B) Time
curves for specific carbonyl-11C-WAY-100635 binding.

analysis (data not shown). The BPs (k3/k4) for the neocortical
regions and the raphe were 7.8-14.3 (Table 2).

The uptake curve for the cerebellum was, in contrast, not
adequately described by the two-compartment model (Fig. 5).
In the statistical analyses, the Akaike information criterion and
Schwarz criterion scores were lower for the three-compartment
than for the two-compartment model (Table 3). Moreover,
F-statistics rejected the null hypothesis, i.e., that the two-
compartment model more adequately describes radioligand
uptake.

250
Medial temporal cortex
Raphe nucleus
Cerebellum
Fitted curve (3CM)

Fitted curve (2CM)

30 40

Time (min)

FIGURE 5. Experimental values for regional radioactivityand corresponding
fitted curves obtained by three-compartment model in Subject B. Dashed
line indicates the fit of two-compartment model to cerebellum.

In the graphical analysis, a linear phase was observed for all
regions, including the cerebellum (Fig. 6). The slope of the
fitted line is given in Table 1. Theoretically, this slope corre
sponds to the total volume of distribution, V,. The linear
graphical analysis gave BP values that ranged between 3.3 and
7.9 among the neocortical regions (Table 2).

Assuming that the cerebellum is a valid reference region for
free and nonspecifically bound carbonyl-"C-WAY-100635,

this region was used as an estimate for Cn(t) to calculate
specific binding Cb(t) in ROIs. The time curves for specific
binding reached a peak level during time of measurement. As
can be seen from Figure 4B, the specific binding was maximal
after 20-30 min, thus satisfying a condition for transient
equilibrium (13). The time of transient equilibrium was calcu
lated from the fitted curves that were obtained in the kinetic
analysis. The average time (n = 6) varied between 20 and 25
min for the cortical regions and was 31 min for the raphe (Table
2). The BP, i.e., the Cb(t)-to-Cn(t) ratio, varied between 2.6 and

4.7.
The metabolism of carbonyl-"C-WAY-100635 was mea

sured in plasma by HPLC (Fig. 7). The HPLC chromatogram
revealed several labeled metabolites. Early peaks (I) represent
polar metabolites. One peak (II) comigrated with reference
cyclohexanecarboxylic acid and another (IV) with reference
desmethyl-WAY-100635. The metabolism was rapid, and the
fraction of unchanged carbonyl-HC-WAY-100635 was <10%

10 min after injection in all human subjects (Fig. 8).

DISCUSSION
After intravenous injection of carbonyl-"C-WAY-100635,

radioactivity was high in all neocortical regions and the raphe
nuclei (Figs. 3 and 4). Radioactivity was highest in the medial
temporal lobe, a region that includes the hippocampus. This
distribution of radioactivity is in good agreement with autora-
diographic studies on the distribution of 5-HT, Areceptors in the
human brain in vitro using 3H-8-OH-DPAT (28-30) or 3H-

labeled WAY-100635 (12).
The time-activity curves for the neocortex and the raphe

nuclei were well described by the three-compartment model
(Fig. 5 and Table 1). The forward rate constant k3 includes the
receptor density Bmax and was highest in the medial temporal
cortex, which is in agreement with the known high density of
5-HT,A receptors in this region (12). The raphe nuclei is a
region of particular interest because the presynaptic 5-HT1A
receptor has been given a central role in relation to the treatment
of anxiety and depression. The PET system provided a good
signal-to-noise ratio for the raphe nuclei. Worth noting, how
ever, is that the coefficient of variance for the rate constants was
highest for the raphe nuclei, a variability that probably reflects
partial volume effects in relation to the small size of this
structure. The raphe nuclei have transaxial extensions of 1-2
mm and extend ~ 10 mm along the longitudinal axis of the brain

stem.
The binding of WAY-100635 is reversible, which is sup

ported by k4 values above zero. Reversibility of binding was
also supported by the linear graphical analysis. The later part of
the curves could be described by a linear function, and the slope
did not approach infinity (Fig. 6).

The three-compartment model was statistically better than the
two-compartment model to describe carbonyl-"C-WAY-

100635 binding in the cerebellum (Fig. 5 and Table 3). Two
possible explanations are that the second tissue compartment in
the cerebellum represents a small amount of specific binding
(Cb) or a small amount of kinetically distinguishable nonspe
cific binding (Cns). The first explanation is not supported by
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TABLE 1
Parameters Obtained by Kinetic and Linear Graphical Analysis of Carbonyl-Carbon-11-WAY-100635 Binding

KÂ« V, pyLogan

Mean Â±s.d. (n =6)Cerebellar

cortexRaphe
nucleusMedial

temporalcortexLateral
temporalcortexFrontal

cortexCoefficient
of variance(%)Cerebellar

cortexRaphe
nucleusMedial

temporalcortexLateral
temporalcortexFrontal
cortex0.1

7Â±0.040.14
Â±0.060.14
Â±0.040.15
Â±0.030.16
Â±0.0422392719270.39

Â±0.050.41
Â±0.240.30

Â±0.100.31
Â±0.060.36
Â±0.0514603419130.05

Â±0.02a0.16

Â±0.070.27
Â±0.060.22
Â±0.030.19
Â±0.0335*422114140.05

Â±0.005"0.02

Â±0.0040.02
Â±0.0030.02
Â±0.0040.02
Â±0.00211f25151680.9

Â±0.24.2
Â±1.67.6
Â±2.15.8
Â±2.33.9

Â±1.223382840310.9

Â±0.22.6
Â±0.88.9
Â±2.06.5
Â±2.44.3
Â±1.32131223630

*ks values.

tk6 values.

postmortem data, indicating that the cerebellum is almost
devoid of 5-HT1A receptors (12,28) and 5-HT)A receptor
mRNA (31), Moreover, a recent PET study in cynomolgus
monkeys has shown that pretreatment with high doses of
unlabeled WAY-100635 or 8-OH-DPAT could not inhibit
carbonyl-"C-WAY-100635 binding in the cerebellum (14).

Accordingly, it is not likely that the second compartment
represents specific binding of 5-HT,A receptors.

The alternative explanation that there is a small amount of
kinetically distinguishable nonspecific binding in the cerebel
lum receives some support from the observation that the k6

value for the cerebellum was different from the dissociation rate
constant (k4) for the other regions (Table 1). Of interest in this
regard is that these observations are consistent with those for
1'C-raclopride, another ligand that does not bind specifically in

the cerebellum (13.32). The existence of kinetically distin
guishable nonspecific binding questions the common assump
tion that the two compartments C,and Cns equilibrate rapidly to
form one effective compartment (17).

Radioactive metabolites that pass the blood-brain barrier may
also explain the problem to describe radioactivity in the
cerebellum using a two-compartment model. Carbonyl-"C-

TABLE 2
Binding Potentials for Carbonyl-Carbon-11-WAY-100635 Binding Calculated by Three Quantitative Approaches

Kinetic analysis Linear graphical analysis
(DVRO/DvcerBbellum) - 1

Transient equilibrium analysis

cb(tycn(t) Time (min)

CerebellarcortexRaphe
nucleusMedial

temporalcortexLateral
temporalcortexFrontal
cortex1.0

Â±0.39.6
Â±2.614.3

Â±3.110.4
Â±2.67.8
Â±0.7NA1.6

Â±0.87.9
Â±1.15.4
Â±1.53.3
Â±0.7NA3.1

Â±1.04.7
Â±1.13.6
Â±1.12.6

Â±0.6NA31

Â±425
Â±221
Â±320

Â±1

Values are mean Â±s.d. (n = 6).
NA = not applicable.

TABLE 3
Comparison of the Two- and Three-Component Models for Description of Carbonyl-Carbon-11-WAY-100635 Binding Â¡nthe Cerebellum

of Six Healthy Subjects

SubjectA

2CM3CMB

2CM3CMC

2CM3CMD

2CM3CME

2CM3CMF

2CM3CMK,(ml/ml/min)0.220.240.140.170.140.170.130.160.100.130.130.15k2

(min1)0.250.340.200.350.260.420.250.470.210.430.260.35k3(mirr1)â€”0.03â€”0.05â€”0.04â€”0.06â€”0.07â€”0.03K,(mirr1)â€”0.04â€”0.04â€”0.04â€”0.05â€”0.05â€”0.05RSS685672455642321272AIC63316320573262155325015SC64336422593463185445118Fstatisticsp

<0.0005p

<0.0005p

<0.0005p

<0.0005p

<0.0005p

< 0.0005

2CM = two-component model; 3CM = three-component model; RSS = residual square sum; AIC = Akaike information criteria; SC = Schwartz criteria.
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FIGURE 6. Linear graphical analyses of carbonyl-1lC-WAY-100635 binding

in frontal cortex and raphe (A) and in cerebellum (B) of Subject B.

WAY-100635 was rapidly metabolized (Fig. 8). A very small
peak (IV; Fig. 7) had the same Chromatographie mobility as
desmcthyl-WAY-100635. This metabolite has affinity for
5-HT|A receptors in vitro (IC5() = 1.4 nM; Wyeth Research,
patent data) and has also been labeled with "C and shown to

bind specifically to 5-HT1A receptors in the monkey brain (33).
However, the fraction of plasma radioactivity that represents

o,

5
T
o
ues
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T
2

T
6

Time (min)

FIGURE 7. Radiochromatogram from gradient HPLC analysis of human
plasma at 20 min after intravenous injection of carbonyl-1'C-WAY-100635
(Peak III). Peak I, polar-labeled metabolites; Peak II, carbonyl-"C] cyclohex-
anecarboxylic acid; Peak IV, putative desmethyl-carbonyl-11C-WAY-100635.

100

[Carbonyl-"C)WAY-100635 (III)

Polar metabolites (I)
[Carbonyl-1'C]cyclohexanecarboxyllc acid (II)

30 40

Time (min)

FIGURE 8. Time-activity curves for fraction (%) of radioactivityin plasma that
represents unchanged carbonyl-1'C-WAY-100635 and two metabolites.

desmethyl-WAY-100635 was, in all cases, <2%. It is, thus,
questionable whether this labeled metabolite is of quantitative
importance in this analysis of carbonyl-"C-WAY-100635

binding.
The fraction that represents the cyclohexanecarboxylic acid

was larger, â€”15%. Also this metabolite has recently been
labeled with "C and shown to pass the blood-brain barrier in

cynomolgus monkeys (16). There was no conspicuous uptake
in regions known to contain 5-HT,A receptors, which is
consistent with the view that this small molecule has no affinity
for 5-HT,A receptors. Importantly, total radioactivity in brain at
2.5 min after injection was 5% for carbonyl-' :C-WAY-100635,

whereas the corresponding uptake was only 1.2% for carbonyl-
"C-cyclohexanecarboxylic acid. This low uptake is consistent
with another PET study in monkeys showing that carbonyl-1 'C-

cyclohexanecarboxylic acid contributes to only 8% of the
radioactivity at 60 min after injection of carbonyl-"C-WAY-

100635 (34). Despite this low uptake, it cannot be excluded that
carbonyl-"C-cyclohexanecarboxylic acid could contribute to

the failure of the two-compartment model to describe the
time-activity curves for the cerebellum.

The observation that the three quantitative methods gave
different BP values can be related to the failure of the
two-compartment model to describe the time-activity curves for
the cerebellum (Table 3). The transient equilibrium and the
Logan analysis are dependent on the cerebellum as reference
region and gave lower BP values than the kinetic analysis. Of
the three methods compared, the kinetic analysis should, thus,
provide the most valid estimates for the BP.

The transient equilibrium analysis does not require a metab
olite-corrected arterial input function and is accordingly simple
to use for determination of 5-HT,A receptor occupancy during
drug treatment or to obtain BP values in patients with psychi
atric disorders. The use of this method for applied studies
requires that the identified third compartment in the cerebellum
represents unbound radioligand and rapidly equilibrating non
specific binding. The calculation of receptor occupancy in
individual drug-treated patients has often been based on the use
of reference values for the BP obtained in control subjects at
untreated conditions (35). A low interindividual variability of
the ratio between radioactivity in the cerebellum and unbound
in plasma should, accordingly, be advantageous for reliable
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calculations of 5-HTIA receptor occupancy. Studies on larger
groups of subjects are required to provide more reliable infor
mation on the interindividual variability. Of interest in this
regard is that the coefficient of variance for the total distribution
volume, Vt, was lower for the cerebellum than for any of the
other regions examined (Table 1).

CONCLUSION
Carbonyl-"C-WAY-100635 binding in the human brain can

be interpreted using a kinetic analysis with a metabolite-
corrected arterial input function. It cannot be excluded that
kinetically distinguishable nonspecific binding or the formation
of a metabolite that passes the blood-brain barrier may represent
components of the radioactivity in the cerebellum. Simplified
quantitative methods that are dependent on the cerebellum as
reference region are advantageous for clinical studies on central
5HT1A receptors. However, before clinical use, the reliability of
any simplified method must be confirmed.
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