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Objective: Selective serotonin reuptake
inhibitors are commonly used to treat
major depression; however, the percent-
age of serotonin (5-HT) transporter (5-
HTT) sites occupied during clinical dosing
is unknown. This study measured the pro-
portion of 5-HTT sites blocked during par-
oxetine and citalopram treatment of de-
pression and assessed the relationship
between serum paroxetine levels and the
proportion of 5-HTT sites blocked.

Method: Twelve medication-free de-
pressed patients completed a 6-week trial
of either paroxetine (N=8) or citalopram
(N=4). Striatal 5-HTT binding potential
was measured with ['C]DASB and posi-
tron emission tomography, before and af-
ter 4 weeks of treatment. The binding po-
tential is proportional to receptor density.
Striatal 5-HTT binding potential was mea-
sured twice in six healthy subjects and
once in 11 healthy subjects.

Results: A significant decrease in striatal
5-HTT binding potential was found after
either treatment, compared to changes
found over a 4-week period in healthy
subjects. For patients treated with 20 mg/
day of paroxetine (N=7), the mean pro-
portion of 5-HTT sites occupied was 83%.
For patients treated with 20 mg/day of cit-
alopram (N=4), the mean 5-HTT occu-
pancy was 77%. 5-HTT occupancy in-
creased in a nonlinear relationship with
serum levels of paroxetine such that a
plateau of occupancy around 85% oc-
curred for serum paroxetine levels greater
than 28 pg/liter.

Conclusions: During treatment with
clinical doses of paroxetine or citalopram,
approximately 80% of 5-HTT receptors are
occupied. This change in 5-HTT binding
potential is greater than the known phys-
iological range of changes in 5-HTT bind-
ing potential but may be necessary for
some therapeutic effects.

(Am J Psychiatry 2001; 158:1843-1849)

Antidepressants have high affinity for a number of re-
ceptors, including subtypes of serotonin, norepinephrine,
acetylcholine, and dopamine receptors (1, 2). The major-
ity of antidepressants have high affinity for the serotonin
(5-HT) transporter (5-HTT) (1, 2), and antidepressants se-
lective for 5-HTT are the most common treatments for de-
pression. Binding to the 5-HTT site is a well-proven thera-
peutic property of antidepressants.

Even though selective serotonin reuptake inhibitors
(SSRIs) are often used to treat major depression, the per-
centage of 5-HTT sites blocked during a typical course of
SSRI treatment is unknown. One [!!C]McN5652 positron
emission tomography (PET) study found that a single in-
travenous dose of citalopram (6 mg/kg) or a single oral
dose of paroxetine (60-80 mg) reduced the 5-HTT binding
potential in baboons and healthy humans, respectively
(3). The binding potential is proportional to receptor den-
sity and affinity. One single photon emission computed
tomography study using ['2%1]2-beta-carbomethoxy-3-
beta-(4-iodophenyl)-tropane (B-CIT) reported that, com-
pared to healthy subjects, depressed patients treated with
20-60 mg/day of citalopram had a 50% reduction in the
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binding potential in the combined thalamus and brain-
stem regions (4). This study had two potentially important
confounds: 1) a within-subject design was not used and 2)
between-group differences unrelated to the effect of cit-
alopram, such as the presence of major depression, could
have biased the measure of drug effect. The B-CIT binding
potential in the brainstem is lower during major depres-
sion (5), and the B-CIT binding potential in the thalamus is
lower during seasonal affective disorder (6). Because (3-
CIT has equal affinity for 5-HTT and dopamine transport-
ers (7), unblocked dopamine transporters in the ventral
tegmentum and the substantia nigra within the brainstem
(8) could lead to an underestimate of the drug effect.
['1C](N,N-Dimethyl-2-(2-amino-4-cyanophenylthio)
benzylamine (DASB) is a new PET radiotracer that is
highly selective, showing nanomolar affinity for 5-HTT
and negligible affinity for other monoamine transporters
(9). Available data suggest that [!!C]DASB is superior to
other PET radioligands for 5-HTT. In humans, binding po-
tential values found with [!!C]DASB PET are approxi-
mately two- to threefold greater than those found with
[1C](+)McN5652 PET (9-12). With ['!C](+)McN5652 PET,
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5-HTT binding potential values are not detectable in the
frontal cortex and are modestly detectable in only the
basal ganglia and the thalamus (3). With ['!C]DASB PET, 5-
HTT binding potential values are detectable in the frontal
cortex and are reasonably high in the basal ganglia and the
thalamus (11, 12).

The main purpose of this study was to measure the oc-
cupancy of 5-HTT sites the treatment of depressed pa-
tients with paroxetine and citalopram by using ['!C]DASB
PET and a within-subject design. Occupancy is the per-
cent reduction in binding potential after drug administra-
tion. A secondary aim was to assess the relationship be-
tween serum paroxetine levels and 5-HTT occupancy.

Method

Subjects

This study was approved by the University of Toronto Human
Subjects Review Committee. Thirteen depressed subjects aged
21-50 years (five women and eight men; mean age=37 years, SD=
8) and 17 healthy subjects aged 22-51 years (nine women and
eight men; mean age 32 years, SD=9) were recruited. Twelve de-
pressed subjects completed the full protocol. For each subject,
written consent was obtained after the procedures had been fully
explained.

Healthy subjects were screened with the Structured Clinical In-
terview for DSM-1V Axis I Disorders—Non-Patient Edition (13).
For patients, a diagnosis of a major depressive episode secondary
to major depressive disorder was confirmed by the Structured
Clinical Interview for DSM-IV Axis I Disorders, Patient Edition
(SCID-P) (14), which was administered by a trained research as-
sistant. Each patient also received a psychiatric consultation
(J.H.M.) to verify the SCID-P diagnosis. A score of 16 or greater on
the 17-item Hamilton Depression Rating Scale (15) was required
for entry into the study (mean=19, SD=4). Patients with psychotic
symptoms, bipolar disorder (type I or II), borderline personality
disorder, long-term self-harm behavior outside of major depres-
sive episodes, or comorbid axis I diagnoses were excluded, as
were subjects with a history of alcohol or drug abuse or depen-
dence. In addition, history of all drug use was recorded. No sub-
ject had a history of exposure to 3,4-methylenedioxymetham-
phetamine or other drugs suspected to have neurotoxic effects on
neurons expressing 5-HTT (16). Subjects with a history of sub-
stance use that did not meet criteria for the SCID-P diagnosis of
substance abuse received a urine drug screening and were in-
cluded in the study only if the result was negative. Two subjects
had previously completed an antidepressant trial (with paroxe-
tine or imipramine) of greater than 6 weeks’ duration, but neither
had received any antidepressant treatment within 2 months.
Each depressed subject had routine tests to rule out common
medical causes of depression (tests of thyroid function and elec-
trolytes, CBC).

Imaging and Treatment Protocol

Subjects with major depression were scanned with ['!C]DASB
PET before and after 4 weeks of treatment. Seven subjects re-
ceived 20 mg/day of paroxetine, one subject received 10 mg/day
of paroxetine, and four subjects received 20 mg/day of citalo-
pram. One person discontinued participation in the study after
the baseline scan. The one subject who received 10 mg/day of
paroxetine initially started with 20 mg/day, but after several days
this dose was reduced because of severe insomnia. For this pa-
tient, the follow-up [''C]DASB PET scan took place 4 weeks after
the dose was reduced to 10 mg/day. Before treatment, patients
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were informed that their serum SSRI levels would be sampled on
the day of the second [''C]DASB PET scan. The serum sampling
and second ['!C]DASB PET scan took place 6-13 hours after the
last dose. Samples were frozen at-20°C and subsequently assayed
by using high-performance liquid chromatography with fluores-
cence detection (Medical Toxicology Unit, Guy’s & St. Thomas’
Hospital Trust, London) (17).

More subjects were assigned to receive paroxetine treatment
because we wanted to investigate the relationship between serum
levels and occupancy for this antidepressant. We chose to investi-
gate this relationship for the 20 mg/day dose of paroxetine be-
cause long-term dosing of paroxetine at 20 mg/day produces a
wide range of drug serum levels (18).

Treatment response was determined by the Hamilton depres-
sion scale score at the end of 6 weeks of treatment. A final Hamil-
ton depression scale score of 216 indicated nonresponse, 9-15 in-
dicated a partial response, and <8 was considered a full response
(19).

Seventeen healthy subjects were scanned with ['1C]DASB PET.
Six of these subjects were scanned again with ['1C]DASB PET after
a4-week interval. To rule out baseline influences of major depres-
sion on the striatal 5-HTT binding potential, 13 of the healthy
subjects were age-matched within 2 years to each depressed pa-
tient. Age matching was done because it has been reported that
the 5-HTT binding potential declines in some brain regions with
age (20).

['ICIDASB was synthesized as described previously (9, 21).
Briefly, [!!C]-CH3l was trapped in a high-performance liquid
chromatography sample loop coated with a solution of the N-
normethyl precursor (1 mg) in dimethylformamide (80 pl). After 5
minutes at ambient temperature, the contents of the sample loop
were injected onto a reverse-phase high-performance liquid
chromatography column, and the fraction containing the prod-
uct was collected, evaporated to dryness, formulated in saline,
and filtered through a 0.2-p filter.

Imaging was based on the approach described by Houle et al.
(11). An intravenous bolus of 370 MBq of ['!C]DASB was injected.
The ['!C]DASB was of high radiochemical purity (>95%) and high
specific activity (40 GBq/mol, SD=17, at the time of injection).
PET images were obtained by using a GEMS 2048-15B camera
(Scanditronix Medical, Uppsala, Sweden) (voxel dimensions=2, 2,
and 6.5 mm in X, y, and z axes). Images were obtained in 15 1-
minute frames, followed by 15 5-minute frames. The images were
corrected for attenuation by using a %Ge transmission scan and
reconstructed by filtered back projection (Hanning filter, 5 mm
full width at half maximum).

Data Analysis

To obtain a measure of the 5-HTT binding potential with re-
gion-of-interest data, we used multilinear regression analysis as
described by Ichise et al. (23, 24), implemented within a standard
software package (24). This model assumes that there is a region
of interest that contains specifically bound radioligand and that
there is a reference region that does not contain specifically
bound radioligand. For ['!C]DASB, the cerebellum is suitable as a
reference region since either undetectable (25) or extremely low
5-HTT density in that region has been reported (26, 27). The bilat-
eral striatum was chosen as the region with specific binding for
primary analyses. Several other regions were also studied. The bi-
lateral striatum was chosen as the primary region for occupancy
estimates because [''C]DASB uptake is high in the striatum (11),
absolute test-retest differences in 5-HTT binding potential for
this region in preliminary analyses were low (10%), and we know
of no reports that depression itself influences 5-HTT receptor
density or affinity in this region. The binding potential is propor-
tional to Bmax/Kq Mintun et al. [28] were among the first to dis-
cuss this relationship. For further explanation, see the review by
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TABLE 1. Occupancy? of the Serotonin Transporter (5-HTT) in Brain Regions of Interest in Depressed Subjects After 4 Weeks
of Treatment With 20 mg/day of Paroxetine or Citalopram and in Healthy Subjects After Test-Retest Conditions

Occupancy in Occupancy in
Depressed Subjects After Depressed Subjects After Occupancy After Test-
Paroxetine Treatment Citalopram Treatment Retest in Healthy

(N=7) (N=4) Subjects (N=6)

Region Side Mean SD Mean SD Mean SD
Caudate LeftP< 84 10 83 12 9 9
Rightb< 87 7 79 7 8 5

Putamen Leftb< 80 6 76 10 7 18
Rightb 82 9 70 10 3 19

Thalamus Leftb< 78 8 70 7 2 10
Rightbd 75 8 65 15 0 14

Prefrontal cortex (Brodmann’s areas 9, 10, 45-47)  Bilateral®® 79 39 78 40 -3 14
Insula Leftbd 80 9 76 14 7 13
RightPe 77 15 77 28 0 14

Anterior cingulate (Brodmann’s areas 24, 32) BilateralPd 76 15 79 29 3 11

a Determined by the 5-HTT binding potential measured two times: before and after 4 weeks of treatment in depressed subjects and 4 weeks
apart in healthy subjects. Occupancy=(5-HTT binding potential at scan 1 — 5-HTT binding potential at scan 2)/5-HTT binding potential at scan
1.

b Significant change after 4 weeks of treatment with paroxetine in all regions, compared to change over a 4-week period in healthy subjects
(repeated measures analysis of variance [ANOVA], F=23-70, df=1, 12, p<0.001).

¢ Significant change after 4 weeks of treatment with citalopram, compared to change over a 4-week period in healthy subjects (repeated mea-
sures ANOVA, F=23-46, df=1, 8, p<0.001).

dSignificant change after 4 weeks of treatment with citalopram, compared to change over a 4-week period in healthy subjects (repeated mea-
sures ANOVA, F=15-18, df=1, 8, p<0.005).

€ Significant change after 4 weeks of treatment with citalopram, compared to change over a 4-week period in healthy subjects (repeated mea-
sures ANOVA, F=9-10, df=1, 8, p<0.02).

Meyer and Ichise [29]), where Bpyax represents receptor density pancy measure is based on the variability of the 5-HTT binding
and Kq is the dissociation constant and is inversely proportional potential at scan 1 as well as the variability of 5-HTT binding po-
to affinity. This application of multilinear regression analysis uses tential at scan 2.

a reference region as a substitute for arterial sampling (22, 23). It
does not require arterial sampling.
Previous work at our center demonstrated that the 5-HTT

binding potential found by using methods based on reference tis- . . . 3
sue is highly correlated with the ratio of the kinetically deter- Effect of Major Depression on Striatal 5-HTT

mined distribution volumes between the regions with specific Binding Potential
binding and the reference region (12, 30). In our data, we found If major depression were to have a considerable effect
distribution volumes in the thalamus, striatum, frontal cortex, on striatal 5-HTT binding potential and if such an effect

and cerebellum in five healthy subjects by using an arterial input dind dentlv of h in th
function and a single tissue compartment model. Ratios of distri- were reversed independently of occupancy, then, in the-

bution volume in regions with specific binding to the distribution ory, a bias in occupancy determination could occur. To as-
volume of the cerebellum were found for each brain region. This sess this possibility, we compared the striatal 5-HTT bind-
ratio was highly correlated (r=0.98, p<0.001) with the binding po-  jng potential between healthy and depressed subjects. No
tential found by using multilinear regression analysis (30). significant differences in striatal 5-HTT binding potential

Each subject had a magnetic resonance imaging (MRI) scan
(Signa 1.5-T scanner [General Electric, Milwaukee], spin-echo se- were found between the healthy and depressed groups at

Results

quence proton density weighted image; x, y, and z voxel dimen- the first [''CIDASB PET scan, although there was a signifi-
sions=0.78, 0.78, and 3 mm, respectively). MRI scans were coreg- cant decline with age (analysis of covariance [ANCOVA]
istered to each PET image by using an entropy-based measure, with age as covariate, effect of age alone, F=4.90, df=1, 18,

N.ormaliz.ed Mutual Information (?.)1), wh.ich is insensit.ive to p<0.04; ANCOVA with age as covariate, effect of diagnosis,
biases of image overlap. For the region-of-interest analysis, the

. . F<0.06, df=1, 27, p=0.82). We examined the effect of de-
caudate, putamen, thalamus, prefrontal cortex, insula, anterior ) . - : ”
cingulate, and cerebellum regions of interest were drawn on sum- pression in the striatum because it was chosen as the pri-
mated ['!C]DASB PET scans with reference to a coregistered MRI mary region for analyses of occupancy (see Method).
by a rater who was blind to the identity of the subjects associated
with the scans. The method of drawing regions of interest in the Effects of Treatment

striatum and the cerebellum to measure occupancy has been de- .
scribed previously (32). Regions of interest were drawn in contig- All patients scanned before and after treatment had de

uous transverse planes: two for the thalamus and anterior cingu-  tectable serum paroxetine or citalopram levels and were
late, four for the insula, and seven for the prefrontal cortex. included in the analysis (paroxetine: mean=26 pg/liter,

Brodmann’s areas within the regions of the prefrontal cortex and SD=17; citalopram: mean=65 pg/liter, SD=14).

the anterior cingulate are described in Table 1. o The test-retest data were obtained from healthy sub-
Occupancy in the striatum was defined as ([5-HTT binding po-

tential in scan 1 - 5-HTT binding potential in scan 2]/5-HTT jects. In the test-retest data, among regions, the mean dif-

binding potential in scan 1). Occupancy expressed as a percent- ference, expressed as a percent of the initial binding po-
age was calculated for each subject. The variability of the occu- tential was -3.7% (SD=3.7%) and ranged from —8% to 2%.
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FIGURE 1. Effect of Citalopram? on [''C|DASB PET Scan of
the Serotonin Transporter in a Depressed Subject

After Treatment

Before Treatment

2 Treatment was with 20 mg/day of citalopram for 4 weeks. Images
represent summated frames normalized to mean summated cere-
bellum values.

The mean absolute difference, expressed as a percent of
the initial binding potential was 10.9 (§D=2.9) and ranged
from 7% to 15%.

There was an obvious effect of the SSRIs on the sum-
mated [11C]DASB PET images (Figure 1). The absolute de-
cline in striatal 5-HTT binding potential was significantly
greater during paroxetine and citalopram treatment than
in the test-retest data for the healthy subjects (repeated
measures analysis of variance [ANOVA], effect of paroxe-
tine treatment, F=58.96, df=1, 12, p<0.001; effect of citalo-
pram treatment, F=32.16, df=1, 8, p<0.001). For this re-
peated measures ANOVA, the 5-HTT binding potential
was the repeated measure and effect of the test-retest con-
dition versus drug treatment was compared.

For patients treated with 20 mg/day of paroxetine (N=7),
the mean occupancy in the bilateral striatum ([5-HTT
binding potential pretreatment — 5-HTT binding potential
post treatment]/5-HTT binding potential pretreatment)
was 83% (SD=5%). For patients treated with 20 mg/day of
citalopram (N=4), the mean occupancy was 77% (SD=
10%). See Table 1 for a comparison of occupancies among
test-retest and drug treatments.

There was no association between the final Hamilton
depression scale score after 6 weeks and occupancy in the
striatum (r=0.07, df=10, p=0.84, N=11). In addition, there
was no association between the final Hamilton depression
scale score after 6 weeks and occupancy in any other brain
region, after correcting for multiple comparisons (r=-0.31
to 0.61, df=10, p=0.047 to 0.88 [before correcting for multi-
ple comparisons], N=11, 10 correlations, regions listed in
Table 1).

Relationship Between Serum Paroxetine
and Occupancy

Occupancy increased as serum levels of paroxetine in-
creased. Previous studies of serum level and occupancy
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FIGURE 2. Relationship Between Striatal Serotonin Trans-
porter (5-HTT) Occupancy and Serum Paroxetine Levels in
Eight Depressed Patients?

100

A

» o)) ©
o o o

Striatal 5-HTT Occupancy (%)

N
o

20 30 40 50 60
Serum Paroxetine (ug/liter)

2 Occupancy is defined as the percent decrease in 5-HTT binding po-
tential after 4 weeks of treatment with paroxetine. Occupancy=(5-
HTT binding potential at scan 1 — 5-HTT binding potential at scan
2)/5-HTT binding potential at scan 1. One patient (serum level, 5 pug/
liter) received 10 mg/day of paroxetine, and the remaining patients
received 20 mg/day of paroxetine. In nonlinear regression analysis,
a hyperbolic curve of the form f(x)=a*x/(b+x) significantly fit the
data (F=41.00, df=1, 6, p=0.0007).

typically have described a hyperbolic relationship of the
form f(x)=a*x/(b+x) (32-34). Thus, we chose this model to
describe our data, and the fit was significant (F=41.00, df=
1, 6, p=0.0007). Visual examination of the curve revealed
that approximately 85% occupancy is reached at serum
paroxetine levels of 28 pg/liter and that a considerable in-
crease in serum levels is needed to obtain greater occu-
pancy. No significant change in occupancy occurred for
paroxetine levels greater than 28 pg/liter (linear regres-
sion, slope=-0.09% pg/liter, F=0.50, df=1, 3, p=0.53). Fig-
ure 2 shows a plot of the relationship between occupancy
and paroxetine serum levels.

Discussion

To our knowledge, this is the first study of 5-HTT oc-
cupancy during SSRI treatment of depression to use a
within-subject design and a PET radioligand that is highly
selective for 5-HTT. We found, on average, an 80% de-
crease in 5-HTT binding potential in the basal ganglia
after 4 weeks of treatment. We also found that occupancy
increased as the serum levels of paroxetine increased,
reaching a plateau for serum concentrations greater than
28 pg/liter.

The 80% decrease in 5-HTT binding potential during
treatment is best explained by the high affinity of paroxe-
tine and citalopram for 5-HTT (1, 2). As a result of drug
binding to 5-HTT, fewer 5-HTT sites are available for
[''C]DASB binding, decreasing the detected 5-HTT bind-
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ing potential. A second mechanism by which 5-HTT bind-
ing potential may decrease is by down-regulation of 5-
HTT. It is reported that 5-HTT down-regulates and that 5-
HTT mRNA is reduced in animals after long-term admin-
istration of SSRIs by minipump (35-37). Occupancy is a
useful measure because it can reflect both blockade and
down-regulation, and it is possible that both could reduce
5-HT clearance by means of 5-HTT and raise cortex 5-HT
levels (35). Raising cortex 5-HT levels is thought to be a key
step in the therapeutic mechanism of SSRIs (18, 38, 39).

The 80% decrease in 5-HTT binding potential appears
to be lower than what would be predicted by the in vitro
affinities of these SSRIs for 5-HTT (1, 2). If SSRI serum lev-
els and brain levels (near the 5-HTT site) were identical,
one would expect greater than 99% occupancy (for a Kq for
the 5-HTT of approximately 1 nM and 0.1 nM for citalo-
pram and paroxetine, respectively [1, 2]). The most plausi-
ble explanation for the discrepancy is that serum paroxe-
tine and citalopram concentrations are different from the
concentrations of these SSRIs near 5-HTT in the brain.
This in not unexpected because other factors such as lipo-
philicity and degree of nonspecific binding may influence
brain drug concentrations. These factors would affect se-
rum concentrations differently.

Eighty percent occupancy of 5-HTT sites reduces the
proportion of functioning 5-HTT sites to a lower level than
would occur under physiological conditions. In animal
studies of long-term serotonin depletion, the largest
reductions in 5-HTT binding potential (estimated by
changes in receptor density x affinity) are about 30% (40,
41). It may be that an 80% occupancy is required to in-
crease cortex serotonin levels to the degree that most ther-
apeutic effects can occur. Virtually no investigations have
been done to show that doses of citalopram and paroxe-
tine below 20 mg/day effectively treat depression (42). In
fact, only a few clinical trials of low-dose SSRI treatment of
depression have been done (42-44). Further studies with
low-dose SSRIs would be needed to understand how occu-
pancy levels specifically relate to therapeutic effects.

The relationship of increased occupancy with increased
serum levels for very low drug serum levels and an occu-
pancy plateau for higher serum levels has also been re-
ported for neuroleptic medications (32-34). To our knowl-
edge, the relationship between occupancy and serum
levels has not been previously reported for any SSRI.

It has become common clinical practice to raise paroxe-
tine dosing higher than 20 mg/day in the event of nonre-
sponse or partial response. The data of the current study
suggest that for the majority of patients, increasing parox-
etine beyond 20 mg/day has minimal effects on 5-HTT
blockade. However, it is still possible that higher dosing of
paroxetine has therapeutic benefit either by inducing
minimal increases in 5-HTT blockade or by increasing
binding to sites other than 5-HTT.

What level of occupancy is optimal for clinical response
is an interesting question. In the treatment of depression,
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multiple mechanisms of SSRI effect are possible, and it is
known that placebo has a significant therapeutic influ-
ence. Therefore, it would be unrealistic to expect an asso-
ciation between occupancy and clinical response in our
sample. However, findings of strong relationships between
drug serum level and occupancy will eventually contrib-
ute to answering this question. By using large samples of
data from clinical trials in which serum levels of anti-
depressants and clinical response were measured, occu-
pancy estimates could be derived from serum antidepres-
sant levels. This approach should provide good power to
determine the relationship between occupancy and clini-
cal response.

This study had several methodological limitations. The
binding potential reflects Biyax/Kqg, and we were unable to
discern between these two parameters. However, the com-
bined measure may be more relevant to 5-HTT function.
With respect to the SSRI treatment, we took many precau-
tions to enhance compliance, such as informing patients
that their serum levels were to be assayed at the time of the
second PET scan as part of the study. We also took serum
measurements and detected paroxetine and citalopram
levels in every patient. Even so, it is possible that some pa-
tients may have temporarily interrupted their treatment at
an earlier point, and this interruption would not be de-
tected in our protocol.

In conclusion, by using a new, more selective PET radio-
ligand for 5-HTT, we found that 80% of 5-HTT receptors
were occupied during treatment with clinical doses of par-
oxetine or citalopram. Although this change in 5-HTT
binding potential was greater than what has been ob-
served under physiological conditions, this level of change
might be necessary for some therapeutic effects. The pla-
teau found in the relationship between occupancy and se-
rum paroxetine level indicates that raising paroxetine
doses beyond 20 mg/day is unlikely to have much effect
on 5-HTT.
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