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Abstract

The effect of fluoxetine (Prozac) on 5-hydroxytryptamines (5-HT3)-mediated currents in NCB-20 neuroblastoma cells was examined
using the whole-cell patch-clamp technique. Fluoxetine produced a significant reduction of peak amplitude without altering the activation
time course of 5-HT;-mediated currents. These effects were concentration-dependent, with an 1csy value of 4.15 pM. No voltage
dependence was evident in fluoxetine’s block of 5-HT3-mediated currents over the entire voltage range tested. The extent of block by pre-
application of fluoxetine was significantly greater than that by co-application. Fluoxetine also increased the apparent rate of current
desensitization to 5-HT application. Using a first-order kinetics analysis, the open-channel blocking rate constants were 0.06 pM~' s~
(k.1, association rate constant) and 0.05 s~ ! (k_,, dissociation rate constant), with an apparent K; (=k_1/k_ 1) of 0.83 uM. This value is
close to an icsg of 1.11 uM obtained from the reduction in 7, the time constant of desensitization. Intracellular application of fluoxetine for
long durations had no effect on the amplitude or kinetics of 5-HT5-mediated currents. Similarly, norfluoxetine, the major metabolite of
fluoxetine, reduced the peak current, and enhanced the rate of current desensitization in a concentration-dependent manner with an 1csy of
2.66 uM, indicating that norfluoxetine is more potent than fluoxetine in blocking 5-HT3-mediated currents. These results indicate that, at
clinically relevant concentrations, fluoxetine and its metabolite, norfluoxetine, block 5-HT3-mediated currents in NCB-20 neuroblastoma

cells.
© 2003 Elsevier Inc. All rights reserved.
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1. Introduction

5-HT is one of the major neuromodulators that regulate
synaptic transmission in the central and peripheral nervous
systems, and it is implicated in complex neuronal functions
[1,2]. Among the subfamilies of 5-HT receptors, 5-HT;
receptors are the only ionotropic ligand-gated channels that
mediate transient inward currents [3]. Indeed, this receptor is
remarkably sensitive to a number of pharmacological agents
and is probably an important therapeutic target of drugs used
to treat anxiety, emesis, and inflammatory pain [2,4-6].
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Fluoxetine, a widely used antidepressant, is reported to
selectively inhibit the reuptake of 5-HT and enhance its
neurotransmission by increasing its concentration at the
central and peripheral synapses without affecting other
catecholaminergic transmission [7]. However, several stu-
dies showed that fluoxetine, in addition to its selective
serotonin reuptake inhibitor action, blocks a wide variety
of ligand- and voltage-gated ion channels in different
preparations. For example, fluoxetine has been shown to
cause open-channel block of nicotinic acetylcholine recep-
tors, which belong to the same superfamily of 5-HTj;
receptors [8]. In addition, at clinically relevant concentra-
tions, fluoxetine also blocks native 5-HTs-mediated cur-
rents in rat nodose ganglion neurons [9,10]. However,
previous electrophysiological studies on the effects of
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fluoxetine on the 5-HT3-mediated currents have focused
only on the concentration—response effects, leaving the
mechanism of action underlying the specific effects of
fluoxetine on 5-HT3-mediated currents largely undefined.
Thus, the effects of fluoxetine and its metabolite, norfluox-
etine, on 5-HTs-mediated currents in NCB-20 neuroblas-
toma cells were investigated to further establish the
pharmacological properties of 5-HT3 receptors.

2. Materials and methods
2.1. Cell preparation

NCB-20 neuroblastoma cells (kindly provided by Dr.
Lovinger, NIH, USA) used for electrophysiological experi-
ments were grown under the conditions described pre-
viously [11]. At present, two different subunit 5-HT3, and
5-HT;g have been cloned [1]. In NCB-20 cells, the 5-HT5 4
receptor is expressed at high density [11].

Cells were seeded onto 35 mm dishes containing poly-D-
lysine (Sigma) coated coverslips 1 day prior to electro-
physiological recordings. The cells were then incubated at
37° in a humidified atmosphere of 95% O, and 5% CO,.

2.2. Electrophysiological recordings

The whole-cell configuration of the patch-clamp tech-
nique was used for voltage-clamp recordings at room
temperature (22-23°) with an Axopatch 200B amplifier
(Axon Instruments). Micropipettes, fabricated from
PG10165-4 glass capillary tubing (World Precision Instru-
ments) using a vertical puller (Model PP-83, Narishige),
had a tip resistance of 2-3 MQ when filled with the internal
pipette solution. Capacitive currents were compensated
with analog compensation, but leak subtraction was not
used in this study. Currents were low-pass filtered at
2.5 kHz (four-pole Bessel filter) and sampled at 5 kHz.
Data acquisition and data analysis were performed with an
IBM Pentium computer, using pClamp 8.1 software (Axon
Instruments).

2.3. Solutions and drugs

For whole-cell recordings, the electrodes were filled
with a solution containing 140 mM CsCl, 10 mM EGTA,
and 10 mM HEPES (pH 7.3 with CsOH, osmolality
adjusted to 295 mOsm/kg with sucrose). The bath solution
for whole-cell recordings contained 140 mM NaCl, 5 mM
KCl, 1.3 mM CaCl,, 1 mM MgCl,, 20 mM HEPES, and
10 mM glucose (pH 7.3 with NaOH, osmolality adjusted to
300 mOsm/kg with sucrose). During the recording, the
chamber (RC-13, Warner Instrument Corporation) was
continuously perfused with bath solution. All drugs were
rapidly applied with a superfusion system using 0-tubing.
After establishing a whole-cell recording, cells were placed

in front of one side of the O-tubing pipette. The bath
solution, which contained the agonist, flowed through
different sides of the 0-tubing which was pulled to an
inner diameter of about 300 pm. Solutions were rapidly
switched around the cell using a piezoelectric-driven
micromanipulator (P-287.70, Physik Instrumente), which
displaced the 8-tubing laterally so that the cell could be
exposed for a defined period of time in drug-containing
solution, and then rapidly returned to drug-free solution.
The rate of solution change was measured according to the
following protocol. The change of current was recorded
using an open patch pipette, which was voltage clamped at
0 mV during a switch from bath solution to a diluted (1:10
with water) bath solution. The relaxation due to a change in
junction potential was well fitted by a single exponential
function with a time constant of 24.77 + 3.31 ms (N = 6).
This solution exchange time did not impede the ability to
estimate the activation time course of the 5-HTz-mediated
current. Solution flow was driven by gravity from wells
placed above the preparation and application of solution
was controlled by a valve placed upstream of the drug-
containing tubing. Drugs were diluted in bath solution
from stock solutions. Fluoxetine (Tocris Cookson Ltd)
and norfluoxetine (Research Biochemicals Inc.) were dis-
solved in DMSO to yield stock solutions of 10 mM. The
concentration of DMSO in the final dilution was less than
0.1% and this concentration of DMSO had no effect on 5-
HT;-mediated currents. All other chemicals were pur-
chased from Sigma Chemical Co.

2.4. Data analysis

Concentration—response data were best fitted with the
Hill equation using Origin 7.0 software (OriginLab Corp.):

1

" G/ .
where 1Csq is the concentration of drug resulting in 50%
block (or Ecsg), D is the drug concentration, and » is the
Hill coefficient. Interaction kinetics between drug and
channel are described on the basis of a first-order blocking
scheme [12]. The apparent rate constants for association
(ki 1) and dissociation (k_;) were calculated from the
following equations:
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in which 1p is the drug-induced time constant, calculated
from single exponential fits to the desensitizing current
traces.

The 20-80% rise time (the time to rise from 20% of the
peak to 80%) was measured using pClamp 8.1 software
(Axon Instruments) and is commonly used to determine
current activation.
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Results are expressed as means == SEM. Statistical sig-
nificance was determined at the level 0.05 using Student’s ¢
test or ANOVA.

3. Results

Initially the concentration—response relationship for 5-
HT activation of 5-HTs-mediated currents in NCB-20 cells
under whole-cell recording conditions was determined. All
experiments were carried out at a holding potential of
—50 mV unless otherwise stated. Applications of 5-HT
for 5s at 1 min intervals to NCB-20 cells caused a con-
centration-dependent inward current at —50 mV; 30 uM 5-
HT induced a nearly maximal response. A previous inves-
tigation revealed that 5-HT-induced inward current in
NCB-20 cells are mediated by 5-HT3 channels [11,13].
These currents were completely blocked by 1 puM Y-
25130, the selective 5-HT5 antagonist (data not shown).
These properties of 5-HT3-mediated currents agreed well
with those previously reported [11,13]. The Ecso value for
the 5-HT response was 2.09 £ 0.13 pM (N = 8), so 3 uM
5-HT was used as the standard concentration in the present
study. Maximum 5-HT3-mediated currents at —50 mV

averaged 1213.37 4 188.39 pA and whole-cell capaci-
tance was 42.41 4+ 3.78 pF (N = 26).

The concentration dependence of the block of 5-HT3-
mediated currents by fluoxetine is presented in Fig. 1A.
Under control conditions, 5-HT (3 uM) elicited a rapidly
rising inward current (20-80% rise time = 205.78 £
16.88 ms, N = 6) that desensitized slowly during pro-
longed (5s) applications. Pre-application of fluoxetine
(3 uM) for 5 s before and 5 s during 5-HT (3 pM) applica-
tion did not modify the activation time course of the current
(20-80% rise time = 194.55+19.12ms, N =6, Stu-
dent’s t test, P > 0.05), but reduced the peak current in
a concentration-dependent manner. Fluoxetine alone (up to
100 uM) did not induce any inward currents in NCB-20
cells (N =15). A plot of the normalized current as a
function of the fluoxetine concentration yields an 1cso value
for peak current of 4.15 + 0.24 pM and a Hill coefficient of
0.99 (N = 6) (Fig. 1B). In addition to reducing the peak
current, fluoxetine also altered the time course of the
current desensitization (Fig. 1C). Under control conditions,
5-HTj3-mediated current desensitization was well fitted to a
single exponential function with a time constant of
3245.26 +383.91 ms (N = 6). In the presence of fluox-
etine, there was an acceleration in the apparent rate of the
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Fig. 1. Concentration dependence of fluoxetine block of 5-HT3-mediated currents. (A) Superimposed whole-cell 5-HT3-mediated current traces obtained by
5-s application (indicated by the closed horizontal bar) of 5-HT (3 uM) in the absence (control) and presence of 1 and 10 uM fluoxetine (indicated by the
open horizontal bar) in NCB-20 neuroblastoma cells. Currents were well fitted to a single exponential decay. The holding potential was —50 mV. (B)
Concentration—response curve for block of 5-HT3-mediated currents. Currents were measured at the peak to generate the concentration—response curve.
Nonlinear least-squares fit of the data yielded an 1cs5y value of 4.15 uM and a Hill coefficient of 0.99 (N = 6). (C) Plot of the time constant () of current
desensitization as a function of the fluoxetine concentration. The time constant was obtained from single exponential fits of the decay phase of the current

traces (N = 6). Data are expressed as means = SEM.
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Fig. 2. Concentration dependence of norfluoxetine block of 5-HT;-
mediated currents. (A) Superimposed whole-cell 5-HT3-mediated current
traces obtained by 5-s application (indicated by the closed horizontal bar)
of 5-HT (3 uM) in the absence (control) and presence of 1 and 10 uM
norfluoxetine (indicated by the open horizontal bar) in NCB-20
neuroblastoma cells. Currents were well fitted to a single exponential
decay. The holding potential was —50 mV. (B) Concentration-response
curve for block of 5-HT3-mediated currents. Currents were measured at the
peak to generate the concentration—response curve. Nonlinear least-squares
fit of the data yielded an ics5o value of 2.66 pM and a Hill coefficient of
0.97 (N = 5). (C) Plot of the time constant (7) of current desensitization as
a function of the fluoxetine concentration. The time constant was obtained
from single exponential fits of the decay phase of the current traces
(N =5). Data are expressed as means = SEM.

current desensitization in a concentration-dependent man-
ner. The time constants of desensitization in the presence of
3 and 10 pM fluoxetine were 617.48 +52.08 ms and
366.56 £ 29.64 ms (N = 6), respectively. Figure 1C sum-
marizes the concentration dependence of these time con-
stants. Because fluoxetine modified the time course of the
current desensitization, it was also useful to quantify the
effect of fluoxetine on the rate of desensitization of 5-HT5-
mediated currents. Time constants () at each concentra-
tion of fluoxetine were obtained from single exponential
fits of the desensitization component of 5-HT;-mediated
currents. A nonlinear least-squares fit of the Hill equation
to the normalized values of 7 yielded an 1cs5y of
1.11 £ 0.35 uM (N = 6) which reduced 1 to 50% of the
control value.

Pre-application of norfluoxetine blocked 5-HTj3-
mediated currents in a qualitatively similar fashion to
fluoxetine (Fig. 2A); however, norfluoxetine displayed a
higher potency to block 5-HT;-mediated currents. For
example, 10 uM fluoxetine and norfluoxetine reduced 5-
HT;-mediated currents by 69.7 and 78.3%, respectively.
The concentration—response curve derived for the block of
5-HT;-mediated currents by norfluoxetine is shown in
Fig. 2B. Norfluoxetine was a more potent blocker of
5-HT3-mediated currents than was fluoxetine with an

iIcsg of 2.66£0.36 uM (N =5). Norfluoxetine also
induced a concentration-dependent increase in the rate
of desensitization of the currents (Fig. 2C). Similarly,
the concentration of norfluoxetine which reduced t to
50% of the control value was 0.16 £+ 0.02 uM (N = 5).

In order to judge the possible voltage dependence of the
blocking effects of fluoxetine, 5-HT;-mediated currents
were recorded at different holding potentials from —50 to
450 mV. Representative current traces from a single cell
are presented in Fig 3A. Fluoxetine reduced peak 5-HTs-
mediated currents over the entire voltage range tested. 5-
HTs-mediated currents (normalized to control at —50 mV)
in the absence and presence of fluoxetine are plotted
against holding potential (Fig. 3B). Current—voltage rela-
tionships for peak currents were almost linear with a
reversal potential at about 0 mV. The reversal potentials
of 5-HTs-mediated currents were similar both in the
absence and presence of fluoxetine. The mean fractional
block was calculated at the different holding potentials
tested. Fluoxetine blocked 5-HTs-mediated currents both at
—50mV (49.64 £ 5.59%) and +50 mV (45.86 % 3.54%,
N =4) to a similar extent (Fig. 3C). Thus, the actions of
fluoxetine on 5-HT3-mediated currents were independent
of voltage.

To understand the mechanism of fluoxetine action, we
compared the extent of channel block by co-application of
5 uM fluoxetine with pre-application of fluoxetine (Fig. 4A
and B). Pre-application of fluoxetine blocked 52.36+
3.36% of the peak current (N = 4), while co-application
of fluoxetine was much less effective, only blocking
23.69 + 3.59% of 5-HTs-mediated currents (N = 4).

The most notable feature of fluoxetine block of 5-HT5-
mediated currents was a concentration-dependent increase
in the rate of channel desensitization. This action to
accelerate the decay of 5-HT;-mediated currents could
be due to an open-channel blocking mechanism [14]. To
clarify this hypothesis, 5-HT3-mediated currents were
recorded in the presence of 5-hydroxyindole (5-OHi,
10 mM), which is known to slow the desensitization of
the 5-HT; channel to 5-HT [15] (Fig. 5A). Under control
conditions, 5-HT3-mediated currents induced by 3 pM
5-HT with 10 mM 5-OHi rapidly activated and reached their
maximal peak and then declined slowly, with a time constant
of 10.21 £ 2.40 s (N = 4). Fluoxetine induced a concentra-
tion-dependent increase in the rate of desensitization of
5-HT; channels during the application of 5-OHi and
5-HT. Although the current does not relax to the control
amplitude in the absence of fluoxetine and remains
depressed as shown in Fig. 5A, full recovery of current
after washout period of 1 min was observed between suc-
cessive current sweeps. In addition, the rate of current decay
was fitted by a single exponential function, and thus, these
time constants can be taken as an approximation of the drug—
open-channel interaction kinetics. Because 5-HT3-mediated
currents undergo residual slow desensitization during the
application of 5-OHi and 5-HT, we disregarded the time
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Fig. 3. Voltage-independent block of 5-HTs-mediated currents by fluoxetine. (A) 5-HT3-mediated currents evoked at various holding potentials in the
absence and presence of 5 uM fluoxetine. (B) Current—voltage curves for 5-HT3-mediated currents in the absence and presence of fluoxetine (5 uM). Currents
were normalized to the control current at —50 mV. (C) Mean fractional block as a function of membrane potential (N = 5). Data are expressed as

means + SEM.

constant values at low concentrations (300 nM and 1 pM) of
fluoxetine in calculating a good approximation of the time
constant from the development of drug-induced block. The
relationship between t and drug concentration was well
described by Eq. (2) (see Section 2; Fig. 5B). The slope of
this function yielded an apparent association rate constant
ki =0.06uM 's™! and the intercept at the ordinate
gave a dissociation rate constant k_; = 0.05 sTT(N=4).
The apparent K; (=k_1/k1) was 0.83 uM. This value is in
good agreement with the 1cso value of 1.11 pM for fluoxetine
that was obtained from the reduction in 7, the time constant
of desensitization.

To determine on what side of the membrane 5-HT;
channels are blocked by fluoxetine, 100 uM of fluoxetine
was included in the pipette solution (Fig. 6). Intracellular
application of fluoxetine for long durations (up to 20 min)
had no effect on the amplitudes or the kinetics of 5-HT3-
mediated currents. When 5 uM of fluoxetine was subse-
quently added extracellularly, 5-HT;-mediated currents
were reduced to 45.80 & 1.73% (N = 3) of control. The
fact that fluoxetine was effective only when applied from
the extracellular side of the cell membrane indicates that

the binding site for fluoxetine is more accessible from the
extracellular side.

4. Discussion

These results show that in NCB-20 cells, fluoxetine
blocks 5-HT3-mediated currents in a concentration-depen-
dent and voltage-independent manner. One of the impor-
tant observations of this study is that fluoxetine not only
reduced the peak current but also enhanced the rate of
current desensitization of 5-HT5 channels, a result that is
similar to the findings of previous studies of noncompe-
titive, voltage-independent block of 5-HT;-mediated cur-
rents by ifenprodil in NG108 neuroblastoma cells [5]. In
our study, however, these observations can be explained in
one of three ways. First, fluoxetine blocks channels prior to
the activation phase via an interaction with the closed
channels (closed-channel block). Thus, “blocked” chan-
nels cannot contribute to the peak current, resulting in an
apparent reduction in the peak current (see below). This
conclusion is further supported by the observation that
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Fig. 4. Effects of fluoxetine (5 uM) on 5-HT3-mediated currents following various modes of fluoxetine application. (A) Fluoxetine was applied 5 s before
(pre-application) and during (co-application) 5-HT (3 pM) application. (B) Summary of normalized current. Greater block was observed for application (5 s)
prior to 5-HT (3 pM) delivery than for co-application. Data are expressed as means + SEM (N = 4). *Significantly different from co-application (P < 0.05).

fluoxetine is a noncompetitive inhibitor which interacts
preferentially with the closed state of 5-HT3 receptor in
NIE-115 cells [16]. Second, the decrease in peak ampli-
tudes of 5-HT;-mediated currents may be due to a fast
open-channel block by fluoxetine. If fluoxetine can reach
its binding site when the 5-HT; receptor is activated (open
state), and the drug association rate is rapid compared to
the rate for channel opening, then the block of the currents
develops when the channels begin to open. Thus, open-
channel block can result in a reduction of the peak currents.
However, if the association rate of fluoxetine is slow
compared to the rate of channel opening, then channel
desensitization to 5-HT will appear to be accelerated.
Alternatively, fluoxetine may modulate the kinetics of
the intrinsic desensitization mechanism to achieve this
end. Thus, if a significant fraction of channels are rapidly
desensitized by fluoxetine during the activation phase of
the current, the desensitized channel would not carry
current and diminished peak amplitude would be recorded.
This hypothesis is consistent with the previous report that
the time course of blocking effect of propofol is similar to
the kinetics of 5-HT-induced desensitization [17]. Clearly,
this phenomenon requires additional study with desensi-
tization-deficient channels. These findings suggest that a
reduction in peak current reflects the sum of the degree of
block that occurs before the activation phase (closed-
channel block) and that which occurs during the activation
phase (fast open-channel block or desensitization). Simi-
larly, the discrepancy in the icsy values obtained for peak
current (4.15 uM) and for desensitization 7 (1.11 pM)
suggest that the peak current measurement might reflect

the sum of the degree of closed- and open-channel block,
and measuring t might reflect only the degree of open-
channel block.

In the present study, fluoxetine induced a reduction in
peak current in a voltage-independent manner. Fluoxetine
predominates in its positively charged form at physiolo-
gical pH, and charged forms of drugs have usually been
associated with voltage dependence. In addition, the evi-
dence for a mechanism of open-channel block includes
voltage dependence. Because most of the blocking proper-
ties of fluoxetine on voltage-gated ion channels are linked
to voltage dependence and open-channel block [18-21],
the mechanism by which fluoxetine blocks 5-HTs;-
mediated currents may differ from the way in which it
interacts with voltage-gated ion channels. Thus, it is
possible that the voltage-independence reflects the fact
that fluoxetine interacted with the channels both in the
closed and open state (see above). Additionally, it should
be considered that if the major mechanism of action of
fluoxetine on 5-HT3-mediated currents is thought to
involve the uncharged form of the drug, fluoxetine should
block the current in a voltage-independent manner. This is
consistent with results previously reported for fluoxetine
block of volume-regulated anion channels, in which the
blockade is mediated by the uncharged form of fluoxetine
[22]. Furthermore, the open-channel blocker, diltiazem,
reduces 5-HT;-mediated currents more effectively as the
membrane is depolarized, inhibiting 5-HT;-mediated
currents equally both on pre-application and on co-appli-
cation [14]. This result suggests that there is no block
of 5-HT;-mediated currents before channel activation
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Fig. 5. Kinetics of fluoxetine-induced block. 5-HT;-mediated currents
were recorded in the presence of 5-OHi (10 mM), which is known to
reduce the rate of desensitization of the 5-HT;-mediated currents. (A)
Fluoxetine (indicated by the open horizontal bar) induced a concentration-
dependent increase in the rate of desensitization of the channels during the
application of 5-OHi (indicated by the hatched horizontal bar) and 5-HT
(indicated by the closed horizontal bar). Onset of block and recovery from
block was fitted by a single exponential function. (B) The relationship
between 7 and drug concentration was well described by Eq. (2). 1/t for
onset of block varied linearly with fluoxetine concentration. The slope of this
function yielded an apparent association rate constant k,; = 0.06 uM "' s~
and the intercept at the ordinate gave a dissociation rate constant
k_y =0.05s"" (N=4). The apparent K, (=k_,/k,,) was 0.83 uM.
This value is in good agreement with the 1cso value of 1.11 pM for
fluoxetine that was obtained from the reduction in the time constant of
desensitization, t.
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Fig. 6. Effects of intracellular fluoxetine on 5-HTs-mediated currents.
Internal application of 100 uM fluoxetine in the whole-cell configuration
had no effect on the amplitude or the kinetics of 5-HT3-mediated currents
up to 20 min after application. Subsequent extracellular application of
5 uM fluoxetine (indicated by the open horizontal bar) blocked 5-HTs-
mediated currents effectively.

(i.e. open-channel block). In contrast to diltiazem, we
found a greater depression of the 5-HT;-mediated current
with pre-application as opposed to co-application experi-
ments. Whereas co-applied fluoxetine may act only after
the channels are activated, pre-applied fluoxetine can block
5-HT3-mediated currents by binding to both closed and
open states of channels. Thus, the fact that greater block
occurs with application prior to channel activation suggests
that fluoxetine can bind to and inhibit the opening of the
closed state of 5-HT5 channels.

The present study shows that fluoxetine is a potent
blocker of 5-HT5-mediated currents in NCB-20 cells with
an ICcsy of 4.15 uM. Moreover, the active metabolite of
fluoxetine, norfluoxetine, is more potent as a blocker of
5-HT3-mediated currents than the parent compound
(1cso = 0.97 uM). These results agree with previous find-
ings in native 5-HTj; receptors of rat nodose ganglion
neurons which were inhibited by fluoxetine with a similar
potency (ICsop = 1.3 uM) [9,10]. This effect is also similar
to the previously reported block by fluoxetine of nicotinic
acetylcholine receptors, which belong to the same super-
family of 5-HT; receptors [8]. In addition, the 1c5o value of
fluoxetine for blocking 5-HT3-mediated currents is similar
to that obtained for the inhibition of voltage-gated ion
channels in different preparations. For example, the 1cs
values of fluoxetine block of cloned shaker potassium
channel, Kv1.3, and voltage-activated calcium channels
are reported to be 3.0 uM [19] and 1.1 pM [23], respec-
tively. Because the mean therapeutic plasma concentra-
tions of fluoxetine ranges from 1 to 2 M and fluoxetine
accumulates in brain at concentrations 20-fold higher than
those observed in plasma [24,25], the fluoxetine-induced
block of 5-HTs-mediated currents is of clinical relevance.

Clinically, the 5-HT; receptor appears to play an impor-
tant role in depression, emesis, and modulation of pain
perception [4,26]. Despite the fact that fluoxetine is widely
used as an antidepressant drug and its pharmacological
action is primarily derived from inhibition of the reuptake
of serotonin at the synaptic cleft in the central nervous
system, fluoxetine has been reported to be effective for the
relief of pain [26-28]. Although clinical relevance of 5-
HTj3 block by fluoxetine is currently unknown, the inhibi-
tion of 5-HT3 by fluoxetine may contribute to the ther-
apeutic efficacy of fluoxetine in depression and also have
pharmacological relevance to its analgesic effect.

In summary, at clinically relevant concentrations, fluox-
etine blocks 5-HTs-mediated currents in a concentration-
dependent and voltage-independent manner and interacts
with more than one state of 5-HT5 channels.
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