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4,2�-(Methoxyphenyl)-1-[2�-(N-2�-pyridinyl)-p-fluorobenz-
amido]ethylpiperazine (18F-MPPF) is a radiotracer used in clini-
cal PET studies for the visualization of serotonin-1A (5-HT1A)
receptors. In a previous study, we demonstrated that a rapid
enhancement of extracellular serotonin concentrations influ-
ences 18F-MPPF–specific binding. Because endogenous sero-
tonin is significantly decreased in some pathologies, the aim of
this study was to determine whether 18F-MPPF is sensitive to
depletion of this neurotransmitter. Methods: Using the �-micro-
probe, an original ��-sensitive intracerebral probe, and micro-
dialysis, the effect of decreased serotonin on the specific bind-
ing of 18F-MPPF to 5-HT1A receptors was investigated in the
hippocampus of the anesthetized rat. Extracellular serotonin
was pharmacologically decreased in the hippocampus after a
single injection of p-ethynylphenylalanine ([p-EPA] 5 mg/kg), a
new tryptophan hydroxylase inhibitor. Results: Our results
showed that the 18F-MPPF–specific binding was significantly
enhanced after the decrease of extracellular serotonin. These
results were confirmed by the 18F-MPPF distribution in cerebral
tissues (hippocampus-to-cerebellum ratio) and by the decrease
of the extracellular 18F-MPPF collected in hippocampal dialy-
sates. Conclusion: This study further supports the view that
18F-MPPF binding potential is increased in the hippocampus if
the endogenous serotonin is pharmacologically decreased after
a p-EPA injection. This phenomenon will be an additional factor
in the interpretation of the results from 18F-MPPF clinical PET
studies.
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The serotonin-1A (5-HT1A) receptor has been implicated
in various affective disorders such as anxiety and depression
(1–4). Thus, the functional imaging of these receptors by
PET may have important implications for our understanding
of the role of this receptor in those pathologies and their
therapeutics.

Several radioligands have been developed for the imag-
ing and quantification of 5-HT1A receptors using PET and
have been tested in humans (5). Recently, the selective
5-HT1A antagonist, 4,2�-(methoxyphenyl)-1-[2�-(N-2�-pyr-
idinyl)-p-fluorobenzamido]ethylpiperazine (MPPF), has
successfully been labeled with 18F-fluorine, resulting in the
18F-fluoro analog, 18F-MPPF (6). Animal experiments have
shown a regional distribution of this radioligand that con-
curs well with known 5-HT1A receptor densities (6–10). In
a recent study, we demonstrated that the 18F-MPPF–specific
binding was decreased after a fenfluramine-induced seroto-
nin increase (11).

Because recent theories of the pathophysiology of depres-
sion have put much emphasis on deficiency of serotoniner-
gic function (12,13), it was of great interest to know the
vulnerability of 18F-MPPF to this neurotransmitter reduction
but little information is currently available concerning this
parameter. A recent study of 6 healthy volunteers showed
that 18F-MPPF binding was not affected after a dietary
depletion of tryptophan, supposed to reduce the serotonin
synthesis (14). However, the methodologic limit inherent in
this clinical study was the lack of effective control of the
brain serotonin depletion.

Therefore, this preclinical study was aimed at determin-
ing whether 18F-MPPF–specific binding in the rat hip-
pocampus is influenced after a controlled depletion of se-
rotonin. For this purpose, we used a new tryptophan
hydroxylase inhibitor, the p-ethynylphenylalanine (p-EPA),
that we previously characterized (15). Accordingly, we de-
termined in the rat hippocampus (a) the ability of p-EPA to
decrease the extracellular serotonin, (b) the 18F-MPPF tissue
distribution after p-EPA–induced serotonin depletion, (c)
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the dynamic 18F-MPPF binding using a new intracerebral
�-sensitive detector (the �-microprobe) in control rats in
comparison with p-EPA–treated rats, and (d) the extracel-
lular free 18F-MPPF using microdialysis during this phar-
macologic challenge. Finally, we discussed several mecha-
nisms underlying the sensitivity of 18F-MPPF to serotonin
depletion.

MATERIALS AND METHODS

Drugs
Free p-EPA was synthesized as described (16), and the chemical

purity of the final compound was �99%. Briefly, p-EPA was
produced by the Heck reaction of trimethylsilylacetylene with
N-tert-butyloxy-carbonyl-4-iodo-L-phenylalanine methyl ester fol-
lowed by removal of the protecting groups. The p-EPA was
dissolved in saline before animal injections.

18F-MPPF was synthesized with a radiochemical yield of 25%
(decay corrected) in an automated synthesizer (17), using the
chemical pathway previously described (8). Chemical and radio-
chemical purity were �98% as determined by high-performance
liquid chromatography (HPLC). Specific activity from the injected
radiotracer ranged from 74 � 103 MBq/�mol to 148 � 103

MBq/�mol (2–4 Ci/�mol).

Animal Procedures
A total of 44 male Sprague–Dawley rats (Elevage Dépré)

weighing 300–400 g were used in this study. All experimental
procedures were in compliance with European Economic Com-
mission guidelines and directives (86/09/EEC). During all exper-
iments, the rats were anesthetized by a single intraperitoneal in-
jection of urethane (Sigma-Aldrich) at a dose of 1.7 g/kg body
weight and remained anesthetized throughout all procedures. A
catheter was inserted in the tail vein, allowing the injection of the
radioactive tracer (18F-MPPF). After all experiments, the rats were
sacrificed by a KCl intravenous injection.

18F-MPPF Tissue Distribution
Nine anesthetized rats were injected intraperitoneally with p-

EPA (5 mg/kg) and 9 were injected with saline (control rats). Four
hours after p-EPA (or saline) injection, each rat received a 37-MBq
18F-MPPF intravenous injection. The rats were killed by decapi-
tation at 30, 45, and 60 min after 18F-MPPF injection (n � 3 per
time for p-EPA–treated and control rats). The brains were carefully
removed and immediately dissected on an ice-cooled glass plate.
The hippocampus and the cerebellum were dissected free-hand.
The dissected tissues were blotted and rinsed with water to re-
moved adhering blood and placed in preweighed counting vials.
The radioactivity of each sample was measured (Cobra II auto-	-
counter; Packard), the sample was weighed, and the activity was
expressed per gram of tissue.

Determination of Extracellular Serotonin
After urethane anesthesia, each rat was positioned on a stereo-

tactic apparatus (LPC). The skull was exposed and the bregma
point was visualized. A microdialysis probe (polycarbonate, 15-
kDa cutoff, 3-mm length; CMA/Microdialysis) was implanted into
the hippocampus (anteroposterior [A/P] 
5.0, lateromedial [L/M]

5.0, and ventrodorsal [V/D] 
8.0) according to the atlas of
Paxinos and Watson (18). The probe was immediately and con-
tinuously perfused with perfusion buffer (Dulbecco’s modified

medium � 2.2 mmol/L CaCl2) at 1.0 �L/min using a microsyringe
pump. Body temperature was maintained at 37°C � 1°C through-
out the test period using a thermostatically controlled heating
blanket (CMA/Microdialysis). After a 2-h equilibrium period, 10-
min dialysate samples were collected and were defined as basal
level before drug (p-EPA, 5 mg/kg intraperitoneally) or saline
injection (control rats). The serotonin content in dialysates was
assayed using HPLC with an electrochemical detector (Antec
Leyden). We used a C18 reverse-phase column (Uptisphere ODB,
3 �m, 100 � 2 mm; Interchim); the mobile phase, delivered at a
rate of 0.3 mL/min, was composed of 75 mmol/L NaH2PO4, 0.1
mmol/L ethylenediaminetetraacetic acid, 0.3 mmol/L octanesulfo-
nic acid, and 18% methanol (pH 4.3). In these conditions, the
retention time for serotonin was 5.0 min, and its detection limit
was 0.5 pg per sample (10 �L).

Determination of 18F-MPPF Binding
The �-microprobe apparatus, previously named “SIC” (19), is

the prototype of a �-sensitive microprobe stereotactically im-
planted in the rat brain, designed and manufactured by the Institut
of Physique Nucléaire (Orsay, France). The sensitive end of the
probe consists of a 1-mm-length and 1-mm-diameter plastic scin-
tillating fiber, allowing definition of the detection volume sur-
rounding the probe. The detection tip is coupled to a single-photon
counting photomultiplier (R7400P; Hamamatsu). An interface
module ensures the readout of the photomultiplier signal through
an amplifier integrator and the radiotracer kinetics are visualized in
real time.

After rat anesthesia and catheterization of the tail vein, 1 �-mi-
croprobe was implanted in the hippocampus, and the second was
implanted in the cerebellum. The coordinates of implantation were
as follows: A/P 
5.0, L/M 5.0, and V/D 
8.0 (hippocampus); A/P

12.0, L/M 3.0, and V/D 
4.0 (cerebellum), from the bregma
point and the dura, respectively. Body temperature was maintained
at 37°C � 1°C throughout the test period using a thermostatically
controlled heating blanket (CMA/Microdialysis).

�-Microprobe acquisition was performed 2 h after implantation
of the probes according to our previous studies (11,19). This time
period corresponds with the neurotransmission stabilization period
(20). For each acquisition, 37 MBq 18F-MPPF (in a volume of 0.4
mL saline) were injected via the tail vein over a 45-s period. This
activity corresponded to a stable content of 250–500 pmol. The
time course of radioactivity was studied for 90 min using 10-s time
integration acquisition.

In a first group of rats, each anesthetized rat received a p-EPA
injection (5 mg/kg intraperitoneally in 0.3 mL of saline) followed
at 4 h by a 37-MBq 18F-MPPF injection. The 18F-MPPF binding
was measured with the �-microprobe in the hippocampus and the
cerebellum. In a second group (control rats), each anesthetized rat
received a saline injection followed at 4 h by a 37-MBq 18F-MPPF
injection. After completion of experiments, animals were sacri-
ficed and probe placements were verified using the atlas of Paxinos
and Watson (18).

Determination of Extracellular 18F-MPPF
Eight anesthetized rats were implanted with 2 microdialysis

probes (1 in the hippocampus and 1 in the cerebellum, according
to the above coordinates). Four rats were injected intraperitoneally
with p-EPA (5 mg/kg) and 4 rats were injected with saline (control
rats). The probes were continuously perfused with perfusion buffer
at 1.0 �L/min. Body temperature was maintained at 37°C � 1°C
throughout the test period using a thermostatically controlled heat-
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ing blanket. Four hours after p-EPA (or saline) injection, each rat
received a 37-MBq 18F-MPPF intravenous injection. Dialysates
were collected every 5 min (5 �L) in both areas, and the radioac-
tivity of the dialysates was measured using an automated 	-counter
(Cobra II, Packard) calibrated in the 18F energy range. After
completion of experiments, animals were sacrificed and probe
placements were verified using the atlas of Paxinos and Watson
(18).

Data Analysis
The �-microprobe data (expressed as mean of disintegration per

10 s) were averaged every minute. These data were corrected for
radioactive decay and normalized with respect to the activity
injected. Statistical analysis was conducted by comparing the mean
values obtained from both the control and the treated animals for
each time point (every min) using 1-way ANOVA on repeated
measurements, followed by a post hoc Student t test. P � 0.05 was
considered to be statistically significant.

RESULTS

Effect of p-EPA on Extracellular Serotonin
The electrochemical measurement of serotonin in dialy-

sates showed that during the control experiment, the level of
the neurotransmitter in the hippocampus did not signifi-
cantly change (1.6 � 0.1 fmol/�L without probe correc-
tion). The p-EPA injection induced a significant and gradual
decrease in extracellular serotonin in the hippocampus (Fig.
1). Four hours after the p-EPA injection, the extracellular
serotonin level was significantly lower, amounting to a 60%
reduction in comparison with the control rats (Fig. 1, inset).

18F-MPPF Tissue Distribution
In the dissected tissues of control rats (n � 3 rats at each

time), the hippocampal 18F-MPPF concentrations were 3.5-,
2.5-, and 2.4-fold higher than those found in the cerebellum
at 30, 45, and 60 min, respectively (Fig. 2). In p-EPA–
injected rats (n � 3 rats at each time), the hippocampal
18F-MPPF concentrations were 8.5-, 5-, and 4.6-fold higher
than those determined in the cerebellum at 30, 45, and 60
min, respectively. Our results showed that, in the hippocam-
pus of p-EPA–treated rats, the 18F-MPPF concentrations
were significantly increased in comparison with the control

rats injected with saline (P � 0.05), whereas the 18F-MPPF
concentrations in the cerebellum remained unchanged be-
tween the p-EPA–treated and the control rats.

Radioactivity Kinetic Curves of 18F-MPPF
Figure 3A shows the radioactivity kinetic curves of 18F-

MPPF in the hippocampus and the cerebellum of control
rats. A maximal amount of radioactivity had already accu-
mulated in the hippocampus 20 min after administration of
18F-MPPF, resulting in a hippocampus-to-cerebellum ra-
tio 
 1.55 (n � 5 rats). Twenty minutes after injection, the
hippocampal radioactivity decreased slowly and became
similar to cerebellar radioactivity by 70 min after injection.

Figure 3B shows the radioactivity kinetic curves of 18F-
MPPF in the hippocampus and the cerebellum of p-EPA–
treated rats. The maximal amount of radioactivity had al-
ready accumulated in the hippocampus 17 min after
administration of 18F-MPPF, resulting in a hippocampus-to-

FIGURE 2. Hippocampus (Hip) vs. cerebellum (Cereb) ratios
of total tissue radioactivity from 30 to 60 min after intravenous
injection of 18F-MPPF. Experiments were performed in control
rats (n � 9) and in rats that were injected with p-EPA 4 h earlier
(n � 9). Data are mean values � SEM (3 rats per time group).
*Significant increase of ratio was obtained for p-EPA–treated
rats (P � 0.05).

FIGURE 1. Effect of single p-EPA injec-
tion (5 mg/kg intraperitoneally) on dialysate
level of serotonin in hippocampus of anes-
thetized rats. Same number of rats (n � 4)
was used for both p-EPA injection and sa-
line injection (control rats). Data are mean
values � SEM expressed as percentage
of basal levels. Arrow (2) denotes p-EPA
injection. Arrow (1) denotes 18F-MPPF
injection, 4 h after p-EPA injection, when
serotonin (5-HT) level is 60% lower in
p-EPA–treated rats than in control rats (in-
set, *P � 0.05).
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cerebellum ratio 
 2 (n � 5 rats). Twenty minutes after
injection, hippocampal radioactivity decreased slowly and
became similar to cerebellar radioactivity by 90 min after
injection.

In control rats, the 18F-MPPF–specific binding, calculated
by subtracting cerebellar activity from hippocampal activ-
ity, averaged 20 counts/second (cps) 30 min after injection
and became nil 90 min after 18F-MPPF injection (Fig. 3C).
In p-EPA–treated rats, the 18F-MPPF–specific binding av-
eraged 40 cps 20 min after injection and was significantly
increased in comparison with the control rats (P � 0.05).
These specific binding values were significantly higher than
those in control rats during all �-microprobe acquisition
(P � 0.05) and reached 10 cps 90 min after the 18F-MPPF
injection. It should be noted that the level of radioactivity in
the cerebellum was not affected by p-EPA treatment.

Extracellular 18F-MPPF
Figure 4 represents the variation of the extracellular ra-

dioactivity of 18F-MPPF in the hippocampus (Fig. 4A) and
the cerebellum (Fig. 4B) in rats having undergone implan-
tation of 2 microdialysis probes: 1 in the cerebellum and 1
in the hippocampus. In p-EPA–treated rats, significantly

FIGURE 3. (A) Radioactivity kinetic curve measured by
�-microprobe in hippocampus (Hip) and cerebellum (Cereb)
of control rats after 37-MBq 18F-MPPF injection (10-s acqui-
sition averaged every min; mean of 5 rats � SEM). Arrow (2)
indicates 18F-MPPF injection. (B) 18F-MPPF radioactivity ki-
netic curve measured by �-microprobe in hippocampus and
cerebellum of p-EPA–treated rats (mean of 5 rats � SEM).
Arrow (2) indicates 18F-MPPF injection. (C) Specific binding
of 18F-MPPF calculated by cerebellar activity deducted from
hippocampus activity (n � 5 rats for each group � SEM).
Arrow (2) indicates 18F-MPPF injection. Values of p-EPA–
treated rat curve are significantly higher than those of control
rat curve (P � 0.05).

FIGURE 4. (A) Extracellular radioactivity, measured by auto-
	-counter, of dialysates collected every 5 min from hippocam-
pus of anesthetized rats after 37-MBq 18F-MPPF intravenous
injection into p-EPA–treated rats (n � 4 rats � SEM) and control
rats (n � 4 rats � SEM). Arrow (2) indicates 18F-MPPF injection.
(B) Extracellular radioactivity, measured by auto-	-counter, of
dialysates collected every 5 min from cerebellum of same rats
as in A after 37-MBq 18F-MPPF intravenous injection into p-
EPA–treated rats (n � 4 rats � SEM) and control rats (n � 4
rats � SEM). Arrow (2) indicates 18F-MPPF injection.
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less extracellular 18F-MPPF was collected in the hippocam-
pal dialysates in comparison with the control rats (P � 0.05;
n � 4 for each group). At the same time, the extracellular
radioactivity in the cerebellum was unchanged after p-EPA
injection in comparison with control rats.

DISCUSSION
18F-MPPF demonstrates cerebral binding that is consis-

tent with the distribution of 5-HT1A receptors, evidenced by
a high uptake in the hippocampus and no uptake in the
receptor-poor cerebellum (7,11). This property enables its
use in clinical PET studies for the visualization of 5-HT1A

receptors (21–23) and their quantification (24).
We demonstrated recently that 18F-MPPF binding in the

rat hippocampus is directly influenced by the increase of the
extracellular serotonin after fenfluramine injection (11).
However, for an optimal use of 18F-MPPF in clinical stud-
ies, it is important to investigate whether the binding of the
radiotracer is sensitive to partial serotonin depletion. Par-
ticularly, it is hypothesized that psychiatric disorders such
as depression are probably associated with a serotonin de-
crease (12,13). Therefore, our aim was to study the vulner-
ability of 18F-MPPF to a provoked decrease of extracellular
serotonin.

To achieve a controlled depletion in serotonin, we used a
new molecule, called p-EPA, which is a specific inhibitor of
tryptophan hydroxylase (25). In a recent study, we demon-
strated that p-EPA is a useful pharmacologic tool, which
powerfully and rapidly reduces the level of extracellular
serotonin (15). Our current microdialysis results confirmed
that, at a short time after p-EPA administration, extracellu-
lar serotonin was depleted to a significant extent in the
hippocampus (
60%, 4 h after injection). This 4-h delay
after p-EPA injection was chosen to allow a partial seroto-
nin depletion that may be of greater theoretic interest with
respect to both the physiologic regulation of serotonin func-
tion and its implication in depression, for example (26,27).

In the first experiments exploring the tissue distribution
of radioactivity, the increased accumulation of 18F-MPPF in
the hippocampus after p-EPA injection highlighted the sen-
sitivity of 18F-MPPF to serotonin decrease. Therefore, it was
of great interest to monitor 18F-MPPF binding kinetics using
the �-microprobe device previously validated (11,19,28). In
addition to the hippocampal �-microprobe, we implanted
another �-microprobe in the cerebellum. The specific bind-
ing was estimated as the difference between the concentra-
tion of radioligand in the region of interest—the hippocam-
pus—and the region of reference—the cerebellum, which is
practically devoid of 5-HT1A receptors (21,22). After intra-
venous administration into control rats, the 18F-MPPF time–
radioactivity curves obtained with the �-microprobe were
reproducible between rats (coefficient of variation 
10%),
showing a clear separation between the hippocampus and
the cerebellum. In control rats, the hippocampal curve be-
came similar to the cerebellar curve 70 min after 18F-MPPF

injection. In p-EPA–treated rats, the �-microprobe measure-
ments revealed that the magnitude of the 18F-MPPF–specific
binding was significantly increased. The difference between
the hippocampus-to-cerebellum ratio obtained with the
�-microprobe (�2) and the same ratio measured by tissue
counting (�4) could be attributed to the fact that tissue
values reflect mainly the tracer concentration, whereas the
�-microprobe signal most likely integrates the tracer con-
centration (bound and free) and the blood radioactivity (28).
It is known that blood radioactivity, 30 min after 18F-MPPF
injection, remains high in comparison with radioactivity
levels in tissue (9). Moreover, the venous sinuses are near
the cerebellum when the hippocampus has only a 4%–5%
blood volume (29). This probably leads to an overestima-
tion of the cerebellar radioactivity by the �-microprobe.

In complementary experiments, after 18F-MPPF injection,
the measurement of the radioactivity collected by the mi-
crodialysis probes revealed a lower extracellular radioactiv-
ity in the hippocampus of p-EPA–treated rats in comparison
with control rats, whereas the cerebellar radioactivity was
identical in both rat groups. The collected radioactivity in
dialysates can be attributed to the 18F-MPPF itself because
�90% of the radioactivity in the hippocampus and the
cerebellum is due to the unmetabolized compound (9). This
result could be interpreted as a lower quantity of free
18F-MPPF in the extracellular space of the hippocampus of
depleted rats, resulting from a higher fraction of 18F-MPPF
bound to 5-HT1A receptors. In other words, after p-EPA
serotonin depletion, fewer serotonin molecules occupy the
5-HT1A receptors, which, in turn, become more accessible to
18F-MPPF molecules. According to these results, in the
hippocampus of p-EPA–treated rats, the injected 18F-MPPF
was bound more to 5-HT1A receptors, resulting in a higher
radioactivity level measured by the �-microprobe.

To our knowledge, this study constitutes the first demon-
stration that the binding of 18F-MPPF in the hippocampus is
increased by a reduction in extracellular serotonin. Few
experimental data exist that document the displacement of a
PET radioligand after serotonin depletion. In recent studies
of the widely used 5-HT1A radiotracer, WAY 100635, this
radioligand’s specific binding was unchanged after a deple-
tion of serotonin tissue levels produced by treatment with
p-chlorophenylalanine (30) or with reserpine (31). We ex-
plain this discrepancy in sensitivity to serotonin depletion
between radiolabeled WAY 100635 and MPPF by differ-
ences in the characteristics of both radioligands. Two main
factors could be evoked: the affinity of the radioligand for
the 5-HT1A receptors and the lipophilicity of the radiotracer.

Seeman et al. (32) proposed initially that low-affinity
radiotracers bind more “loosely” to receptors, and, there-
fore, are more vulnerable to neurotransmitter modifications.
This classic occupancy model is regularly evoked to explain
the vulnerability of PET radiotracers to endogenous com-
petition. Because 18F-MPPF affinity is similar to serotonin
affinity for 5-HT1A receptors—the inhibitory constant
(Ki) � 3.3 nmol/L versus 4.17 nmol/L (33,34)—the classic
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occupancy model could explain, intuitively, the increase of
18F-MPPF binding after depletion of serotonin in the vicin-
ity of 5-HT1A receptors. The comparison between 18F-MPPF
and 11C-WAY 100635 provides arguments for this theory.
The limited sensitivity of radiolabeled WAY 100635 to
endogenous serotonin (35–37), particularly after serotonin
depletion (30–31), could be explained by its higher affinity
for the 5-HT1A receptors (33). However, we agree with
Laruelle (38) that the simple binding competition theory,
which implies the relative affinity of the radiotracer, is
probably limited.

Another factor that might contribute to these neurotrans-
mitter–radiotracer interactions might be the lipophilicity of
18F-MPPF. Over the years, several observations suggest that
receptor trafficking differentially affects radioligand bind-
ing (38). This model is based on the fact that receptors are
distributed between a pool of receptors externalized on the
plasma membrane and a pool of receptors internalized in the
endosomal compartment. The density of membrane-bound
5-HT1A receptors could rise when extracellular serotonin
levels become lower. Thus, it cannot be excluded that,
during our pharmacologic serotonin depletion, the 5-HT1A

receptors are translocated from the intracellular to the mem-
brane compartment. This process would result in increased
availability for 18F-MPPF. This phenomenon implies that
18F-MPPF binds preferentially to the externalized receptors
because its relatively low lipophilicity (log P � 3.12, ac-
cording to analysis online at http://www.logp.com/) could
reduce its diffusion within the cell at tracer doses. On the
other hand, the higher lipophilicity of 11C-WAY 100635
(log P � 4.37) should enable this ligand to diffuse within
the cell and to bind equally to externalized and internalized
5-HT1A receptors, preventing it from detection of serotonin
manipulations.

However, factors other than lipophilicity might be in-
volved in determining the accessibility of radioligand to the
internalized receptors (38). Because the receptor trafficking
implies endocytosis via clathrin-coated vesicles, the acidi-
fication of the receptor environment is also likely to differ-
entially affect 18F-MPPF and 11C-WAY 100635 binding to
the intracellular 5-HT1A receptors. Substantive preclinical
work is needed to confirm the potential importance of the
occupancy model versus the internalization model for the
phenomena described in this study. Particularly, it would be
of great interest to model the plasma membrane’s diffusion
of both 18F-MPPF and 11C-WAY 100635 and their binding
after the modification of the 5-HT1A receptor protonization.

CONCLUSION

The main conclusion of this study is that 18F-MPPF–
specific binding is significantly increased after a decrease in
extracellular serotonin. This work provides valuable new
data that complete our previous study showing the 18F-
MPPF vulnerability to serotonin increase (11). Currently,
18F-MPPF is the unique in vivo 5-HT1A radiotracer that

could reflect modulation of serotonin levels. This radio-
tracer may prove useful in many studies in which it may be
possible to monitor decreases and increases in serotonin
levels occurring as a result of psychiatric diseases (i.e.,
depression) or drug treatments, respectively. Conversely, in
studies in which the intention is only to quantify the 5-HT1A

receptor density, binding competition between 18F-MPPF
and serotonin can be an additional factor in interpreting the
results of PET studies.
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