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Objective: The study examined whether
paroxetine inhibits the human norepi-
nephrine transporter in addition to the
human serotonin (5-HT) transporter in pa-
tients with major depressive disorder.

Method: In an open-label, parallel-group,
forced-titration study, 52 outpatients with
DSM-IV major depressive disorder and a
baseline Montgomery Asberg Depression
Rating Scale score =20 were randomly as-
signed to treatment with paroxetine (to
60 mg/day) or desipramine (to 30 mg/
day) in a 3-to-1 ratio, respectively. Norepi-
nephrine and 5-HT transporter function
were assayed by using human transporter
transfected cells in the presence of serum
collected at baseline and the end of each
treatment week. Data from 36 patients
were analyzed.

Results: Paroxetine decreased norepi-
nephrine uptake to 73% of control (27%
inhibition) at an average serum concen-

tration of 100 ng/ml and 57% of control
(43% inhibition) at 200 ng/ml. Uptake of
5-HT was decreased to less than 15%
(greater than 85% inhibition) of control at
these paroxetine concentrations. De-
sipramine decreased norepinephrine up-
take to near maximal 15% of control (85%
inhibition) at 100 ng/ml. Uptake of 5-HT
was decreased to 82% of control (18% in-
hibition) at 100 ng/ml and 49% of control
(51% inhibition) at 500 ng/ml.

Conclusions: Paroxetine, currently clas-
sified as a selective 5-HT reuptake inhibi-
tor, can act as a 5-HT/norepinephrine
uptake inhibitor in vivo. The clinical sig-
nificance of this action on norepineph-
rine uptake is currently unknown, but this
action may contribute to the broad thera-
peutic efficacy of paroxetine in the treat-
ment of depression, panic disorder, social
anxiety disorder, posttraumatic stress dis-
order, and generalized anxiety disorder.

(Am J Psychiatry 2002; 159:1702-1710)

M any of the antidepressants used to treat major de-
pressive disorder are antagonists at the human norepi-
nephrine transporter and/or human serotonin (5-HT)
transporter (1-3). The percentage of patients responding
to either selective noradrenergic reuptake inhibitors (in-
cluding heterocyclic antidepressants such as maprotiline
or desipramine) or 5-HT reuptake inhibitors (SSRIs) (in-
cluding fluoxetine, citalopram, sertraline, paroxetine, or
fluvoxamine) is approximately 60% (4). A lower percentage
of patients treated with these agents return to their pre-
morbid level of functioning, i.e., experience true remission.

Continued study of the norepinephrine and 5-HT neu-
rotransmitter systems in relation to the actions of antide-
pressants has revealed that using either a combination of
medications that inhibit the norepinephrine transporter
and the 5-HT transporter or a single medication that in-
hibits both transporters may represent a more effective
antidepressant treatment than a single selective treat-
ment, particularly for severe or refractory depression (5,
6). In an open-label study, combination treatment with
desipramine, which is a potent noradrenergic reuptake in-
hibitor, and the SSRI fluoxetine led to a more rapid onset
of antidepressant efficacy than either treatment alone (7).
Similarly, a combination of nortriptyline and fluoxetine or
sertraline was more effective than the use of one of these

1702

agents alone in ameliorating treatment-resistant depres-
sion (8). However, combination treatment regimes are not
problem-free, as the potential for drug-drug interactions
may increase and the likelihood of treatment compliance
decrease.

Venlafaxine is the first newer-generation antidepressant
to be classified as a selective dual uptake or 5-HT/norepi-
nephrine reuptake inhibitor because it inhibited the nor-
epinephrine transporter in addition to the 5-HT trans-
porter at higher doses in preclinical animal studies (9). The
classic tricyclic antidepressants amitriptyline and imi-
pramine are known to modulate both noradrenergic and
serotonergic systems (10), but a drug with the 5-HT/nor-
epinephrine reuptake inhibitor classification does not pos-
sess the anticholinergic, antihistaminergic, and antiadren-
ergic properties of tricyclic antidepressants. Evidence from
a meta-analytic study indicated that at higher doses ven-
lafaxine is more effective than more selective agents such
as fluoxetine in bringing about remission in depressed
patients (6).

Paroxetine has been classified as an SSRI on the basis of
its very high affinity for the 5-HT transporter (Ki=0.065
nmol/liter), although evidence from several laboratories
has indicated that paroxetine also shows moderate affinity
for the norepinephrine transporter (Ki 40-85 nmol/liter)
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(11-14). Animal studies have confirmed that after sys-
temic administration, paroxetine partly inhibits the nor-
epinephrine transporter in rat brain homogenates (15). It
is important to note that both the in vitro and the in vivo
data demonstrate that paroxetine binds to and inhibits the
norepinephrine transporter in a concentration-depen-
dent manner. In the rat, serum paroxetine concentrations
ranging from 100 to 500 ng/ml (mean=210 ng/ml) inhib-
ited the norepinephrine transporter an average of 21%,
while serum concentrations of more than 500 ng/ml re-
sulted in an inhibition of 34%. Therefore, paroxetine, like
venlafaxine, may act as a 5-HT/norepinephrine reuptake
inhibitor at higher doses or serum concentrations.

On the basis of these preliminary data, we hypothesized
that paroxetine would inhibit the norepinephrine trans-
porter, in addition to the 5-HT transporter, at higher se-
rum concentrations in patients with a diagnosis of major
depression. This hypothesis was tested in a modified
monoamine uptake assay by measuring uptake inhibition
of norepinephrine and 5-HT in serum samples taken from
patients treated with escalating doses of paroxetine or de-
sipramine. This method maintains the important equilib-
rium between free and serum-protein-bound drug, hence
modeling in vivo conditions where only free drug is acces-
sible to the brain and clinically relevant sites of action. The
results from these experiments clearly demonstrate that
paroxetine inhibits the norepinephrine transporter at se-
rum concentrations over 100 ng/ml, which are commonly
achieved by means of clinically relevant dosing in patients
with major depression.

Method

Study Design

This was a multicenter, open-label, parallel-group, forced-titra-
tion study of paroxetine or desipramine in patients with a diagno-
sis of major depressive disorder. Patients were recruited by physi-
cians at six outpatient centers. Medication assignment was
determined by means of a treatment assignment sheet provided to
each center such that for every four patients assigned to study
treatment, three were assigned to receive paroxetine and one was
assigned to receive desipramine. The 7-week dosing schedule for
paroxetine was 10 mg/day for 1 week, 20 mg/day for 2 weeks, 40
mg/day for 2 weeks, and 60 mg/day for 2 weeks. The 7-week dosing
schedule for desipramine was 50 mg/day for 1 week, 100 mg/day
for 2 weeks, 200 mg/day for 2 weeks, and 300 mg/day for 2 weeks.

Safety assessments were performed at each visit, and efficacy
assessments were performed at weeks 2, 3, 5, and 7 or at dropout,
if applicable. For patients assigned to receive desipramine, an
ECG was performed at week 5, before increasing the dose to 300
mg/day, and at week 7 for patients continuing to receive this dose
after study completion.

Efficacy assessments were made with the Montgomery-Asberg
Depression Rating Scale (16) and the Clinical Global Impression
Scale (CGI) (17). The Montgomery-Asberg Depression Rating
Scale was administered at screening or baseline and weeks 3, 5,
and 7 or at early withdrawal, and the CGI was administered at
weeks 2,3,5,and 7.

A serum sample for human norepinephrine transporter and
human 5-HT transporter uptake assays was collected at the pre-
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TABLE 1. Characteristics of Subjects in a 7-Week Study
Examining Norepinephrine and 5-HT Transporter Function
in Patients With Major Depressive Disorder Treated With
Paroxetine or Desipramine

Patients Who Received
Desipramine

SD N Mean

Patients Who Received
Paroxetine

Characteristic

Enrolled in the

study 38 14
Completed the

study 29 10
Had analyzable

data 27 9
Age (years) 38.5 19-57
Male 13 2
Female 14 7
Montgomery-

Asberg

Depression

Rating Scale

total score 29.2 4.9 28.8 3.1

N Mean Range Range SD

347 20-52

dose or baseline visit and then at weeks 2, 3, 4, 5, 6, and 7. The
samples were coded, and individuals performing the uptake as-
says were blinded to all treatment variables, although all samples
from a given individual were identified as such. An additional
blood sample was obtained to determine paroxetine or de-
sipramine serum concentrations by means of high-performance
liquid chromatography. The limit of detection was 10 ng/ml for
paroxetine and 25 ng/ml for desipramine. All samples were frozen
at—20°C until assayed.

Selection of Subjects

Fifty-two patients (aged 18-57 years) were enrolled in this
study. Entrance criteria included a primary diagnosis of major de-
pressive disorder (DSM-IV 296.2 or 296.3) and a score 220 on the
Montgomery-Asberg Depression Rating Scale at screening and
baseline. Exclusion criteria included a diagnosis of any axis I dis-
order other than major depressive disorder as the primary or pre-
dominant psychiatric diagnosis within 6 months before the
screening visit; previous unresponsiveness to treatment with, hy-
persensitivity to, or intolerance of paroxetine or desipramine;
current use of other antidepressants (tricyclic antidepressants,
SSRIs, 5-HT /norepinephrine reuptake inhibitors), lithium, herbal
preparations or supplements that affect the central nervous sys-
tem, or oral antipsychotic medications 14 days before screening;
use of MAOIs or fluoxetine within 4 weeks before screening; use of
depot antipsychotic medications within 12 weeks before screen-
ing; requirement for concomitant psychotherapy; significant ab-
normal laboratory test or ECG findings at screening; fulfillment of
DSM-1V criteria for substance abuse or dependence within 6
months or having tested positive for illicit drug use at screening;
pregnancy, lactation, or lack of use of a clinically accepted
method of contraception; posing a current suicidal or homicidal
risk; having a history of cardiovascular disease, urinary retention,
glaucoma, thyroid disease, or seizure disorder; and being judged
by the investigator to have any other clinically significant condi-
tion that would preclude the administration of paroxetine or
desipramine.

The principles of informed consent in the current Declaration
of Helsinki (Protocol Appendix A) were implemented before initi-
ation of the protocol. After a complete description of the study to
subjects, written informed consent was obtained by using a form
approved by the institutional review board at each location. This
protocol was also approved by the Emory University Human In-
vestigation Committee.
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PAROXETINE AND NOREPINEPHRINE UPTAKE

FIGURE 1. Relationship Between Norepinephrine and 5-HT Uptake and Concentrations of Paroxetine and Desipramine in

Normal Human Serum?
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2 Each point represents the mean of three separate assays of each concentration of either paroxetine or desipramine in normal human serum.
A one-site competition curve used to describe drug-transporter interactions resulted in a goodness-of-fit value of R2=0.99 for every condition.
Drug concentrations corresponding to the log units are shown above each curve. The limit of detection for serum paroxetine and desipramine

concentrations is 10 ng/ml and 25 ng/ml, respectively.

Demographic characteristics of the study participants are
shown in Table 1. Overall, 52 patients were enrolled in the study.
Of the 38 patients assigned to the paroxetine group, 29 completed
the study and 27 had data that were analyzed. Reasons for not be-
ing included in the final analysis were lack of completion of the
study due to adverse effects (N=5), lack of efficacy (N=1), or other
reasons (N=5) (e.g., not drug free at baseline). Of the 14 patients
assigned to the desipramine group, 10 completed the study and 9
had data that were analyzed. Reasons for not being included in
the final analysis for the desipramine group were similar to those
for the paroxetine group.

Uptake Assays

[*H]Norepinephrine uptake and [3H]5-HT uptake were deter-
mined as previously described (11) with modifications for serum
as the assay medium. To determine standard uptake values, nor-
mal human serum (Atlanta Biologicals, Atlanta) was spiked with
increasing concentrations of paroxetine or desipramine and in-
cubated at 37°C for at least 1 hour before assay to allow free and
protein-bound drug to equilibrate. In each experiment, all con-
centrations of a given drug were assayed in triplicate in a single
24-well plate for each cell line. The patients’ serum samples were
warmed to 37°C, and samples from a single individual were as-
sayed in triplicate in a single 24-well plate for each cell line. A trip-
licate sample of normal human serum was also assayed in each
plate to serve as an interindividual control.

Transporter uptake was assayed by aspirating the cell culture
media and washing the plated cells with 0.5 ml of phosphate-buff-
ered saline (pH=7.2) (Sigma, St. Louis, Mo.). Three hundred micro-
liters of each serum sample was loaded into triplicate wells and
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preincubated for exactly 5 minutes at 37°C, after which 10 pl of
[*H]norepinephrine or [3H]5-HT (40 nM final concentration; Am-
ersham, Piscataway, N.J.) were added and the sample was incu-
bated at 37°C for an additional 5 minutes. The assay was termi-
nated by aspirating the serum and washing the cells with 1.0 ml of
phosphate-buffered saline. The cells were lysed with 500 pl of 0.1 M
sodium hydroxide, and 450 pl was transferred to liquid scintillation
vials. The [*H]norepinephrine or [*H]5-HT uptake content of the
cells was quantified on a scintillation counter at 50% efficiency.

Paroxetine hydrogen chloride hemihydrate was donated by
SmithKline Beecham (Worthington, West Sussex, U.K.). Desipra-
mine, norepinephrine, and 5-HT were purchased from Sigma (St.
Louis).

Data Analysis

Data points for the standard uptake curve were the mean of
three separate assays of each concentration of either paroxetine
or desipramine for each cell line. Individual points from patient
data were obtained by expressing the average of counted tripli-
cate values from a given sample as the percent control of the trip-
licate average of the predrug/baseline sample for that individual.
Standard and patient curves were generated with the nonlinear,
curve-fitting program PRISM (GraphPad, San Diego, Calif.) by us-
ing a one-site competition curve to describe drug-receptor inter-
actions (18). Because drug serum levels vary widely among pa-
tients, competition curves were generated by treating the data
points from all analyzed individuals in each treatment group as
individual data points rather than generating a curve for each pa-
tient and then averaging all of these curves. Means are presented
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with standard deviations. Statistical analysis of uptake at different
doses was conducted with SAS (SAS Institute, Cary, N.C.).

Results

Standard Curves

Standard curves were generated to determine the rela-
tionship between transporter inhibition and serum drug
levels in the modified uptake assay (Figure 1). In normal
human serum spiked and equilibrated with increasing
amounts of paroxetine, increasing amounts of paroxetine
were associated with a concentration-dependent decrease
in norepinephrine and 5-HT uptake. At a serum paroxetine
concentration of 100 ng/ml, which is often attained in ther-
apeutic dosing, there was a 15% decrease from baseline in
norepinephrine uptake and a 90% decrease in 5-HT uptake.

Normal human serum spiked and equilibrated with in-
creasing amounts of desipramine maximally decreased
norepinephrine uptake at a serum desipramine concen-
tration of 25 ng/ml. Higher desipramine concentrations
resulted in a concentration-dependent decrease in 5-HT
uptake.

Clinical Data—Paroxetine

The dose of paroxetine, corresponding to weekly time
points, was compared to the mean amounts of monoam-
ine uptake and the mean total Montgomery-Asberg De-
pression Rating Scale score (Figure 2). After 2 weeks of
treatment with 20 mg/day of paroxetine (week 3), norepi-
nephrine uptake and 5-HT uptake were 93.3% (SD=18.8%)
and 35.7% (SD=16.4%) of control, respectively; the pa-
tients’ mean serum concentration of paroxetine was 34.9
ng/ml (SD=21.8); and their mean score on the Montgom-
ery-Asberg Depression Rating Scale score was 16.7 (SD=
8.2). After 2 subsequent weeks of treatment with 40 mg/day
of paroxetine (week 5), norepinephrine uptake and 5-HT
uptake were 67.8% (SD=17.7%) and 17.1% (SD=8.0%) of
control, respectively, indicating prominent inhibition of
the norepinephrine transporter; the patients’ mean serum
paroxetine level was 101 ng/ml (SD=52.7); and their mean
Montgomery-Asberg Depression Rating Scale score was
11.1 (SD=6.0). This dose-dependency continued after the
final 2 weeks of treatment with 60 mg/day of paroxetine
(week 7), when norepinephrine uptake and 5-HT uptake
decreased to 58.5% (SD=16.5%) and 10.9% (SD=4.8%) of
control, respectively; patients’ mean serum paroxetine
level was 183 ng/ml (SD=88.3); and their mean Montgom-
ery-Asberg Depression Rating Scale score was 8.0 (SD=7.9).

As a given dose of paroxetine results in a wide range of
serum paroxetine concentrations in the human popula-
tion, we also compared serum paroxetine concentrations
to monoamine uptake inhibition (Figure 3). These compe-
tition curves show that, at a serum concentration of parox-
etine of 100 ng/ml, norepinephrine and 5-HT uptake were
73% and 15% of control, respectively. At a serum concen-
tration of 200 ng/ml, norepinephrine and 5-HT uptake
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FIGURE 2. Norepinephrine and 5-HT Uptake, Serum Parox-
etine Levels, and Montgomery-Asberg Depression Rating
Scale Scores in Patients With Major Depressive Disorder
(N=27) During 7 Weeks of Treatment With Paroxetine?
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aSignificant inhibition of norepinephrine and 5-HT uptake at weeks
3, 5, and 7. For norepinephrine: F=64.94, df=2, 26, p<0.0001, sin-
gle-factor analysis with repeated measures by dose and week; sig-
nificant post hoc differences between weeks 3 and 5 (p<0.001,
Tukey), weeks 3 and 7 (p<0.001, Tukey), and weeks 5 and 7 (p=0.01,
Tukey). For 5-HT: F=50.9, df=2, 26, p<0.0001, single-factor analysis
with repeated measures by dose and week; significant post hoc dif-
ferences between weeks 3 and 5 (p<0.001, Tukey), weeks 3 and 7
(p<0.001, Tukey), and weeks 5 and 7 (p<0.001, Tukey).

were 43% and 10% of control, respectively. These data in-
dicate that the degree of norepinephrine transporter inhi-
bition increased as serum paroxetine concentration in-
creased, consistent with receptor binding theory.

Clinical Data—Desipramine

The serum concentration of desipramine corresponding
to weekly time points was compared to the mean amount
of monoamine uptake and the mean total Montgomery-
Asberg Depression Rating Scale score (Figure 4). After 2
weeks of treatment with 100 mg/day of desipramine (week
3), norepinephrine uptake and 5-HT uptake were 15.0%
(SD=9.4%) and 81.8% (SD=9.8%) of control, respectively;
the patients’ mean serum concentration of desipramine
was 66.4 ng/ml (SD=60.6); and their mean Montgomery-
Asberg Depression Rating Scale score was 15.4 (SD=7.2).
After 2 subsequent weeks of treatment with 200 mg/day of
desipramine (week 5), norepinephrine uptake was maxi-
mally inhibited to 7.0% (SD=4.6%) of control and 5-HT up-
take to 74.9% (SD=18.4%) of control; the patients’ mean se-
rum concentration of desipramine was 178.4 ng/ml (SD=
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FIGURE 3. Relationship Between Norepinephrine and 5-HT Uptake and Serum Concentrations of Paroxetine and

Desipramine in Patients With Major Depressive Disorder?
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@ Curves were generated from data for 27 patients who received paroxetine and nine patients who received desipraimine. Classic one-site com-
petition curves used to describe drug-transporter interactions resulted in goodness-of-fit values of R?=0.51 for norepinephrine uptake in pa-
tients taking paroxetine, R2=0.96 for 5-HT uptake in patients taking paroxetine, R=0.99 for norepinephrine uptake in patients taking de-
sipramine, R2=0.59 for 5-HT uptake in patients taking desipramine. Drug concentrations corresponding to the log units are shown above each
curve. In the panel depicting norepinephrine uptake for paroxetine, six data points ranging from 125% to 150% of control were not shown to
assist in visual comparison among the panels. These data points were used, however, to generate the competition curve.

141.1); and their mean Montgomery-Asberg Depression
Rating Scale score was 13.6 (SD=5.6). Uptake of 5-HT con-
tinued to decrease at a dose of 300 mg/day (week 7) to
63.4% (SD=9.5%) of control. At week 7, the patients’ mean
serum desipraime concentration was 279.8 ng/ml (SD=
215.3), and their mean Montgomery-Asberg Depression
Rating Scale score was 10.8 (SD=9.5).

Serum desipramine concentrations were correlated
with transporter inhibition (Figure 3). Norepinephrine up-
take was near maximal inhibition of 15% of control at a se-
rum desipramine concentration of 100 ng/ml, whereas 5-
HT uptake was 82% of control. At a serum concentration
of 500 ng/ml, 5-HT uptake decreased further to 49% of
control.

Discussion

Previous in vitro binding studies indicated that paroxe-
tine possesses moderate affinity for the human norepi-
nephrine transporter in addition to a very high affinity for
the human 5-HT transporter (11-14); however, this mod-
erate affinity did not necessarily imply that norepineph-
rine transporter inhibition would occur in vivo. When rats
were treated with paroxetine to a steady-state serum con-
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centration, the norepinephrine transporter was inhibited
20% at serum concentrations of more than 100 ng/ml and
34% at serum concentrations of more than 500 ng/ml (15).
These data suggested that at the doses higher than 100 ng/
ml generally required to achieve serum concentrations,
paroxetine would in fact act as a dual uptake inhibitor, ora
5-HT/norepinephrine reuptake inhibitor, in depressed
patients. In the current study, which used a novel ex vivo
assay in which patients’ serum samples were directly ap-
plied to norepinephrine transporter or 5-HT transporter
transfected cells, the results clearly reveal that paroxetine
inhibits the norepinephrine transporter at a level of 27% of
control at a serum concentration of 100 ng/ml and more
than 50% at the highest serum concentrations obtained
during clinically relevant dosing (Figure 3). These results
suggest that selectivity data from in vitro receptor binding
assays may not always predict in vivo actions. Therefore,
drugs such as paroxetine and desipramine, which have
been thought to be selective in vivo, i.e., an SSRI or a nor-
adrenergic reuptake inhibitor, respectively, clearly are not.

The recommended dose of paroxetine for treatment of
depression ranges from 20 to 50 mg/day (Physicians’ Desk
Reference, 1996), though doses of up to 80 mg/day have
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been well tolerated (19). It is well documented that a given
dose of paroxetine results in a wide range of steady-state
serum paroxetine concentrations among individuals (20).
However, generalizations can be made, particularly in re-
gard to the 100 ng/ml serum concentration, for which the
current data indicate a 27% inhibition of the norepineph-
rine transporter. Doses of 20 mg/day consistently result in
serum concentrations of less than 100 ng/ml, often close
to the 35 ng/ml average observed in the current study (21—
23). At 30 mg/day, average serum concentrations range
from 55 to 90 ng/ml (21-25), with one study reporting a
mean of 127 ng/ml (26). Certainly at this dose, some pa-
tients have serum paroxetine concentrations that are
greater than 100 ng/ml. For these patients, paroxetine
would antagonize both the norepinephrine transporter
and the 5-HT transporter. At doses of 40 mg/day and
higher, however, serum paroxetine concentrations are fre-
quently higher than 100 ng/ml (21-23, 26); at those doses,
paroxetine may be functioning as a 5-HT/norepinephrine
reuptake inhibitor in many if not most patients.

One might argue that the transfected cells in our assay
were not exposed to concentrations that mirror those ac-
tually seen in the synapses of noradrenergic and seroton-
ergic axon terminals in the brain. Admittedly, we did not
determine if free serum paroxetine concentrations were
equivalent to those in the CNS. To determine CNS drug
concentrations, one would have to measure CSF concen-
trations after lumbar puncture, an invasive procedure that
was not part of the current protocol. However, several
studies have shown a strong correlation between CSF and
serum concentrations of several classes of psychophar-
macological agents. For example, a nearly perfect correla-
tion between CSF concentrations and predicted free-
serum concentrations exists for imipramine and desipra-
mine (27). There is also a significant correlation for the
typical antipsychotic haloperidol (28, 29), other tricyclic
antidepressants (30, 31), and SSRI antidepressants such as
fluoxetine (32) and paroxetine (33). Paroxetine has been
reported to be 95% protein bound at therapeutic serum
concentrations (Physicians’ Desk Reference, 1996; 21), leav-
ing 5% free and able to cross the blood-brain barrier (Fig-
ure 5). Lundmark et al. (33) obtained an average CSF and
serum paroxetine concentration of 2.5% that approxi-
mated the estimated free concentration, which was not di-
rectly measured in the corresponding serum samples.
Nonetheless, because human serum was the vehicle in our
assay, the free paroxetine in the serum samples would be
expected to reflect the paroxetine concentration in the pa-
tients’ CSE It would follow, therefore, that paroxetine con-
centrations in the brain would be sufficient to inhibit
norepinephrine transporter at the same free concentra-
tions used in this study.

If paroxetine acts as a 5-HT/norepinephrine reuptake
inhibitor at higher concentrations, one would expect it to
have properties similar to those of the 5-HT/norepineph-
rine reuptake inhibitor venlafaxine. In vitro data have in-
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FIGURE 4. Norepinephrine and 5-HT Uptake, Serum De-
sipramine Levels, and Montgomery-Asberg Depression
Rating Scale Scores in Patients With Major Depressive
Disorder (N=9) During 7 Weeks of Treatment With De-
sipramine?
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aSignificant inhibition of norepinephrine and 5-HT uptake at weeks
3,5,and 7. For norepinephrine: F=5.71, df=2, 8, p<0.05, single-fac-
tor analysis with repeated measures by dose and week; significant
post hoc differences between weeks 3 and 5 (p<0.05, Tukey), weeks
3 and 7 (p<0.05, Tukey), and weeks 5 and 7 (p=0.77, Tukey). For 5-
HT: F=19.49, df=2, 8, p<0.001, single-factor analysis with repeated
measures by dose and week; significant post hoc differences be-
tween weeks 3 and 5 (p=0.26, Tukey), weeks 3 and 7 (p<0.05,
Tukey), and weeks 5 and 7 (p<0.01, Tukey).

dicated that venlafaxine inhibits 5-HT uptake at low doses
and both norepinephrine and 5-HT uptake at higher doses
(9, 34). Similarly, the standard-curve data presented in Fig-
ure 1 and previous animal data (15) indicated that paroxe-
tine inhibits 5-HT at serum levels that result from a low
dose (i.e., 20 mg/day) and both norepinephrine and 5-HT
at serum levels that result from a higher dose (i.e., 40 mg/
day).

Recent indirect evidence in healthy normal human vol-
unteers has supported the view that venlafaxine has dual
uptake blocking properties in vivo (35), although the mag-
nitude of norepinephrine transporter inhibition remains
obscure, and this phenomenon has not been studied in
depressed subjects. In fact, several groups have claimed
that venlafaxine is superior to the SSRIs, including paroxe-
tine, in treatment of severe and refractory depression (36,
37). The current data presented in Figure 2 and Figure 3
support the view that paroxetine also possesses dual up-
take blocking properties in vivo in depressed patients.
Moreover, these results may provide a rationale for the
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FIGURE 5. Relationship Between Free Serum Drug Concentration and CNS Extracellular Water Drug Concentration?
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the central nervous system (CNS). An equilibrium also exists in the physiological pH of the extracellular fluid within the CNS, allowing the drug
to remain in the charged state, in which it is able to exert clinical effects. Theoretically, free drug concentration in serum should be similar to

that in CSF. Illustration by Jennifer Gentry.

finding that a 40-mg/day dose of paroxetine to be more ef-
ficacious in preventing depressive recurrences than a 20
mg/day dose in patients previously treated effectively with
a 40 mg/day dose (38). In addition, there is evidence that
paroxetine is an effective treatment for refractory depres-
sion at the higher doses of 30-40 mg/day at which nor-
epinephrine transporter inhibition is most likely to be
occurring (39).

On the surface, direct comparisons of venlafaxine and
paroxetine appear to indicate that venlafaxine is more ef-
ficacious than paroxetine (6, 36, 37). However, in these
studies low doses of paroxetine were often compared to
high doses of venlafaxine, and serum paroxetine concen-
trations were not reported when doses of 30-40 mg/day
were used. In effect, therefore, these studies have com-
pared only the SSRI properties of low doses or probable
low serum paroxetine levels to the 5-HT/norepinephrine
reuptake inhibitor properties of venlafaxine at high doses.
A true comparison of the 5-HT/norepinephrine reuptake
inhibitor properties of these drugs would require com-
paring the drugs at doses that resulted in dual uptake
inhibition.

Within the range of doses utilized in this study, de-
sipramine was also found to be a dual uptake inhibitor.
Desipramine has a nearly 100-fold greater selectivity for
the norepinephrine transporter than for the 5-HT trans-
porter in vitro (11), and the potency of desipramine as an
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inhibitor of norepinephrine transporter often leads to de-
sipramine’s being classified as a “pure” noradrenergic re-
uptake inhibitor. However, desipramine also possesses
moderate potency for the 5-HT transporter in vitro. In-
deed, analogous to the current findings, desipramine, like
other 5-HT transporter inhibitors, has been found to de-
crease whole blood 5-HT concentrations in humans by in-
hibition of the platelet 5-HT transporter (40).

There is growing evidence that using either a combina-
tion of medications that inhibit the norepinephrine trans-
porter and the 5-HT transporter or a single medication
that inhibits both transporters may be more effective in
addressing severe and treatment-resistant depression and
may shorten the onset of therapeutic action. Although
venlafaxine has been singularly promoted as a 5-HT/nor-
epinephrine reuptake inhibitor, several antidepressants
are in fact dual uptake inhibitors and perhaps 5-HT/nore-
pinephrine reuptake inhibitors. The results of the current
study demonstrate that paroxetine can act as a 5-HT/
norepinephrine reuptake inhibitor at higher therapeutic
serum concentrations. The physiological and clinical sig-
nificance of the partial norepinephrine transporter inhibi-
tion in the presence of nearly complete 5-HT transporter
inhibition is unclear. However, a large amount of norepi-
nephrine transporter inhibition may not be needed when
combined with nearly complete 5-HT transporter inhibi-
tion. For example, the only estimation of norepinephrine
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transporter occupancy during high-dose venlafaxine
treatment showed only partial inhibition of the norepi-
nephrine transporter, as assessed with measures of blood
pressure in response to challenge with the false transmit-
ter tyramine (35).

In the absence of direct measures of norepinephrine
transporter occupancy in vivo in depressed patients (e.g.,
use of ligands in positron emission tomography or single
photon emission computed tomography), this novel ex
vivo uptake assay may accurately predict CNS transporter
occupancy. Our results suggest that paroxetine, a potent
SSRI, inhibits the norepinephrine transporter and is a 5-
HT/norepinephrine reuptake inhibitor at high thera-
peutic serum levels. Thus, classifications of drugs based
exclusively on their binding profile in vitro may need to be
reconsidered. Finally, whether added norepinephrine
transporter inhibition results in increased efficacy or de-
creased latency to efficacy remains to be conclusively
determined.
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