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ABSTRACT Hippocampal serotonin (5-hydroxytryptamine, 5-HT) synthesis, as deter-
mined by the accumulation of 5-hydroxytryptophan (5-HTP) following inhibition of
L-aromatic amino acid decarboxylase with NSD 1015, was inhibited by systemic
administration of the selective serotonin reuptake inhibitors fluoxetine (10 mg/kg i.p.)
and paroxetine (3 mg/kg i.p.). Pretreatment of rats with the selective 5-HT1A receptor
antagonist WAY 100635 for a period of 7 days using subcutaneously implanted osmotic
minipumps (1 mg/kg/day) was sufficient to block the inhibition of 5-HT synthesis
following the 5-HT 1A receptor agonist 8-OH-DPAT (0.3 mg/kg s.c.), but failed to inhibit
the decrease of hippocampal 5-HT synthesis by fluoxetine (10 mg/kg i.p.) or paroxetine (3
mg/kg i.p.). Similarly, pretreatment of rats with GR 127935 (5 mg/kg i.p.), an antagonist
with high affinity for 5-HT1B/D receptors, blocked the reduction of hippocampal 5-HT
synthesis following the 5-HT receptor agonist TFMPP (3 mg/kg s.c.) without affecting the
reduction of hippocampal 5-HT synthesis by either fluoxetine or paroxetine. In contrast,
pretreatment with WAY 100635 (1 mg/kg/day, for 7 days s.c. in osmotic minipumps) in
combination with GR 127935 (5 mg/kg i.p.) significantly attenuated the decrease of
hippocampal 5-HT synthesis by both fluoxetine and paroxetine. These results indicate
that both 5-HT1A and 5-HT1B/1D receptors, which function in the rat as inhibitory
somatodendritic and nerve terminal autoreceptors, independently regulate hippocampal
5-HT synthesis and must be simultaneously blocked to prevent the inhibition of 5-HT
synthesis by selective serotonin reuptake inhibitors which increase 5-HT availability at
both nerve terminals in hippocampus and 5-HT cell bodies in the raphe nuclei. Synapse
31:13–19, 1999. r 1999 Wiley-Liss, Inc.

INTRODUCTION

It is now generally accepted that selective serotonin
reuptake inhibitors (SSRIs) decrease brain serotonin
(5-hydroxytryptamine, 5-HT) neuronal firing (Chaput
et al., 1986; Arborelius et al., 1995; Gartside et al.,
1995), synthesis (Carlsson and Lindquist, 1978; Moret
and Briley, 1992), and increase the extracellular concen-
tration of 5-HT in brain regions, particularly in the
raphe nuclei (Perry and Fuller, 1992; Adell and Artigas,
1991; Bel and Artigas, 1992; Rutter and Auerbach,
1993; Malagie et al., 1995), which contain a high
density of 5-HT reuptake sites (Hrdina et al., 1990).

The use of selective 5-HT1A receptor agonists and
antagonists has clearly demonstrated the importance
of 5-HT1A receptors, located in the raphe nuclei (Weiss-
man-Nanopoulos et al., 1985), which function as autore-

ceptors in the regulation of 5-HT neuronal firing, 5-HT
synthesis, metabolism, and release (Hjorth et al., 1982;
Sprouse and Aghajanian, 1987; Hutson et al., 1987;
Sinton and Fallon, 1988; Fletcher et al., 1996). There-
fore, as there is a marked increase of extracellular 5-HT
in the raphe nuclei following the systemic administra-
tion of SSRIs it is not unreasonable to assume that the
inhibitory effects of SSRIs are mediated by an indirect
action at somatodendritic 5-HT1A autoreceptors. This
appears to be the case for the inhibition of 5-HT
neuronal firing by SSRIs, an effect which is blocked by
pretreatment with WAY 100635, a selective 5-HT1A
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receptor antagonist (Gartside et al., 1995). Further-
more, blockade of these inhibitory autoreceptors facili-
tates the increase of 5-HT in the extracellular space of
forebrain regions following SSRIs (Hjorth, 1993, 1996;
Hjorth and Auerbach, 1994; Gartside et al., 1995).
Therefore, as 5-HT synthesis is inhibited by 5-HT1A

receptor agonists and by SSRIs it might be anticipated
that this effect of SSRIs is also mediated via indirect
activation of 5-HT1A receptors. Surprisingly, pretreat-
ment with the selective 5-HT1A receptor antagonist
WAY 100635 failed to reverse the inhibition of 5-HT
synthesis by the SSRI citalopram (Moret and Briley,
1997), suggesting that the inhibition of brain 5-HT
synthesis by SSRIs is independent of 5-HT1A receptors.

However, 5-HT autoreceptors also exist on serotonin
nerve terminals in many brain regions, including the
dorsal raphe nucleus. These receptors belong to the
5-HT1B/1D subtypes and have been shown to regulate
5-HT release within the dorsal raphe nucleus, where
their location, i.e., on dendrites or recurrent collaterals,
is unclear, (Starkey and Skingle, 1993; Davidson and
Stamford, 1995) and brain 5-HT synthesis (Hjorth et
al., 1995). The potential role of 5-HT1B/1D autoreceptors
in the regulation of 5-HT neuronal function by SSRIs
has been suggested (Hjorth, 1993). Consistent with this
idea, recent studies have demonstrated that the sub-
stantial increase of extracellular 5-HT concentration
induced by SSRIs in combination with a 5-HT1A recep-
tor antagonist is also observed following the co-
administration of an SSRI and a 5-HT1D receptor
antagonist (Rollema et al., 1996) and further enhanced
by co-administration of SSRIs with selective 5-HT1A

and 5-HT1B/1D receptor antagonists (Gobert et al., 1997;
Sharp et al., 1997). As both somatodendritic and termi-
nal autoreceptors can independently regulate brain
5-HT synthesis, and as SSRIs increase the extracellu-
lar 5-HT concentration in the raphe nuclei and in
forebrain regions such as the hippocampus, it is conceiv-
able that both receptor subtypes are involved in the
inhibition of brain 5-HT synthesis by SSRIs. Therefore,
in the present study we determined if blockade of either
or both 5-HT1A and 5-HT1B/1D autoreceptors is required
to attenuate the inhibition of hippocampal 5-HT synthe-
sis by the selective SRIs fluoxetine and paroxetine. A
preliminary report of this study, in abstract form, was
made to the British Pharmacological Society (Barton
and Hutson, 1997).

MATERIALS AND METHODS
Animals

Male Sprague Dawley rats (Bantin and Kingman,
U.K., Ltd), weight range 250–300 g were housed on a
12-h light/dark cycle (lights on 07:00, off 19:00) with
food and water available ad libitum. All procedures
were carried out in accordance with the U.K. Home
Office Animals (Scientific Procedures) Act, 1986.

Implantation of osmotic minipumps

Animals were anaesthetised with isofluorane and
under aseptic conditions a small incision was made in
the skin between the shoulder blades. An osmotic
minipump (2ML4, Charles River, Alzet) prefilled with
distilled water or water containing WAY 100635 (1
mg/kg/day) was then inserted under the skin and the
incision sutured. Following recovery from anaesthesia,
rats were transferred to single cages until termination
of the experiment.

Drug treatment and determination of
hippocampal 5-HT synthesis

Hippocampal 5-HT synthesis was determined by
measuring the accumulation of 5-hydroxytryptophan
(5-HTP) following inhibition of L-aromatic amino acid
decarboxylase, essentially as described by Carlsson et
al. (1972). Animals were pretreated acutely with either
saline (1 ml/kg i.p. or s.c.), WAY 100635 (1 mg/kg s.c.), or
GR 127935 (5 mg/kg i.p.) followed 30 min later by saline
(1 ml/kg i.p. or s.c.), fluoxetine (10 mg/kg i.p.), parox-
etine (3 mg/kg i.p.), 8-OH-DPAT (0.3 mg/kg s.c.), or
TFMPP (3 mg/kg s.c.). In a second study, animals
implanted 7 days previously with osmotic minipumps
containing either vehicle (1 ml/kg/day) or WAY 100635
(1 mg/kg/day) were treated with saline (1 ml/kg s.c. or
i.p.), 8-OH-DPAT (0.3 mg/kg s.c.), fluoxetine (10 mg/kg
i.p.), or paroxetine (3 mg/kg i.p.). In a third study, rats
were implanted with osmotic minipumps containing
either vehicle or WAY 100635 (1 mg/kg/day), and 7 days
later groups of rats were given either saline (1 ml/kg
i.p.) or GR 127935 (5 mg/kg i.p) followed 30 min later by
saline (1 ml/kg i.p.), fluoxetine (10 mg/kg i.p), or parox-
etine (3 mg/kg i.p). All animals received NSD 1015 (100
mg/kg i.p.) 60 min after the last drug treatment and
were humanely killed 30 min later. The hippocampi
were removed, frozen on dry ice, and stored at -70°C
until required for analysis of 5-HTP concentration.

Biochemical analysis

Hippocampal 5-HTP was determined essentially as
described by Hutson et al. (1991). Briefly, brain samples
were homogenised in 10 volumes of 0.4 M perchloric
acid containing 0.02% L-cysteine, 0.02% ascorbic acid,
and 0.0035% sodium EDTA. Following centrifugation
at 10,000g for 10 min, aliquots were analysed for 5-HTP
concentration by HPLC with electrochemical detection.
The system comprised an HPLC Technology Tech-
sphere 3 µm ODS column (4.6 mm 3 7.5 cm). The
mobile phase consisted of 0.07 M KH2PO4, 0.0035%
EDTA Na, 0.023% sodium octyl sulphate, and 12.5%
methanol, pH 2.75, pumped at a flow rate of 1 ml/min.
5-HTP was determined with an amperometric electro-
chemical detector (Antec Ltd., Netherlands) using a
glassy carbon working electrode set at a potential of
10.7 V with respect to a silver / silver chloride reference
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electrode. Under these conditions, retention times for
5-HTP, 5-HT, and 5-HIAA were 25, 19.8, and 5.4 min,
respectively.

Statistical analysis

Data were analysed by two-way ANOVA followed
where appropriate by Tukey’s t-test. A value of P , 0.05
was considered significant.

Drugs used

8-OH-DPAT, 8-hydroxy-di-propylaminotetralin hy-
drobromide; TFMPP, N-(3-trifluoromethylphenyl)
piperazine hydrochloride; NSD 1015, 3-hydroxy benzyl-
hydrazine hydrochloride, (RBI, U.K.), WAY 100635,
(N-[2-[4-(2-methoxyphenyl)-1-piperazinyl]-N-(2-pyri-
dinyl) cyclo-hexanecarboxamide hydrochloride), GR
127935, 2-methyl-4-(5-methyl-[1,2,4]oxadiazol-3-yl)-
biphenyl-(4-carboxylic acid [4-methoxy-3-(4-methyl-
piperazine-1-yl)-phenyl]-amide were synthesised by the
medicinal chemistry department, Merck Sharp and Dohme,
Terlings Park, U.K. Drugs were dissolved in water when
given by osmotic minipump or in 0.9% NaCl and injected in
a volume of 1 ml/kg by the specified route.

RESULTS
Effects of acute administration of WAY 100635 on
the inhibition of hippocampal 5-HT synthesis by

fluoxetine and paroxetine

Hippocampal 5-HTP accumulation was significantly
(P , 0.05) decreased to approximately 30% and 40% of
control by fluoxetine (10 mg/kg i.p.) and paroxetine (3
mg/kg i.p.), respectively. Pretreatment with WAY 100635
given acutely (1 mg/kg s.c.) did not affect hippocampal
5-HTP accumulation per se, and also did not affect the
reduction of hippocampal 5-HTP accumulation caused
by fluoxetine or paroxetine (Fig. 1a,b).

Effects of WAY 100635 (7 days) or GR 127935
(acute) on the inhibition of hippocampal 5-HT

synthesis by 8-OH-DPAT and TFMPP

Acute administration of the 5-HT 1B/1D receptor an-
tagonist GR 127935 (5 mg/kg i.p.) blocked the decrease
of hippocampal 5-HTP accumulation induced by TFMPP
(10 mg/kg i.p.) without affecting hippocampal 5-HTP
accumulation per se (Fig. 2a). Administration of WAY
100635 (1 mg/kg/day) for 7 days in s.c.-implanted
osmotic minipumps did not affect hippocampal 5-HTP
accumulation per se, but significantly (P , 0.05) blocked
the decrease of hippocampal 5-HTP accumulation follow-
ing 8-OH-DPAT (0.3 mg/kg s.c.) (Fig. 2b).

Effects of WAY 100635 (7 days) on the decrease of
hippocampal 5-HTP accumulation by fluoxetine

and paroxetine

Fluoxetine (10 mg/kg i.p.) and paroxetine (3 mg/kg
i.p.) significantly (P , 0.05) decreased hippocampal
5-HTP accumulation by approximately 40% of control

values. Administration of WAY 100635 (1 mg/kg/day for
7 days) by s.c.-implanted osmotic minipump did not
significantly affect basal 5-HTP accumulation and also
did not affect the reduction of 5-HTP accumulation by
either fluoxetine (10 mg/kg i.p.) or paroxetine (3 mg/kg
i.p.) (Fig. 3a,b).

Effects of GR 127935 on the inhibition of
hippocampal 5-HT synthesis by fluoxetine and

paroxetine

Pretreatment with GR 127935 (5 mg/kg i.p.), a dose
which had no effect on hippocampal 5-HTP accumula-
tion per se, did not significantly affect the inhibition of
hippocampal 5-HTP accumulation induced by either
fluoxetine (10 mg/kg i.p.) or paroxetine (3 mg/kg i.p.)
(Fig. 4a,b).

Effects of WAY 100635 (7 days) in combination
with GR 127935 (acute) on the inhibition of

hippocampal 5-HT synthesis by fluoxetine and
paroxetine

Hippocampal 5-HTP accumulation in rats pretreated
with WAY 100635 (1 mg/kg/day s.c.) for 7 days in

Fig. 1. Effects of pretreating animals with either vehicle (V; 1
ml/kg s.c.) or WAY 100635 (WAY; 0.3 mg/kg s.c.) on the decrease of
hippocampal 5-HTP accumulation by (a) fluoxetine (F; cross-hatched
columns) (10 mg/kg i.p.) and (b) paroxetine (P; cross-hatched columns)
(3 mg/kg i.p.). Values are means 6 SEM, n 5 5/6 animals per group. *
P , 0.05 compared with appropiate vehicle treated animals by Tukey’s
t-test.
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combination with an acute dose of GR 127935 (5 mg/kg
i.p.) was not significantly different from vehicle-treated
control rats (Fig. 5a,b). However, in contrast to the lack
of effect when given separately, the combination of WAY
100635 (1 mg/kg/day s.c.) for 7 days and an acute dose of
GR 127935 (5 mg/kg i.p.) completely blocked the reduc-
tion of hippocampal 5-HTP accumulation induced by
fluoxetine (10 mg/kg i.p.) or paroxetine (3 mg/kg i.p.)
(Fig. 5a,b).

DISCUSSION

Results in the present study confirm established
findings that SSRIs, including fluoxetine and parox-
etine, inhibit brain 5-HT synthesis as estimated by the
accumulation of 5-HTP following inhibition of L-
aromatic amino acid decarboxylase with NSD 1015
(Carlsson and Lindqvist, 1978; Moret and Briley, 1992).
However, the mechanism by which this occurs has not
been fully characterised.

The inhibition of 5-HT neuronal firing and 5-HT
release from cortex or hippocampus by SSRIs appear to

be mediated by inhibition of somatodendritic 5-HT1A

autoreceptors located on 5-HT cell bodies in the raphe
nuclei. Thus, the highly selective and silent 5-HT1A

receptor antagonist WAY 100635 blocked the inhibition
of 5-HT cell firing by 8-OH-DPAT and the SSRI parox-
etine (Gartside et al., 1995; Fletcher et al., 1996).
Similarly, the inhibition of 5-HT release by citalopram
and paroxetine was blocked by pretreatment with
5-HT1A receptor antagonists pindolol and WAY 100135
(Hjorth and Auerbach, 1994). In the present study,
acute administration of WAY 100635 at a dose previ-
ously shown to block the effects of 5-HT1A receptor
agonists or SSRIs did not affect the reduction of 5-HT
synthesis by either fluoxetine or paroxetine, confirming
recent findings that the reduction of 5-HT synthesis by
citalopram was unaffected by an acute dose of WAY
100635 (Moret and Briley, 1997). It could be argued
that after the acute administration of WAY 100635,
insufficient drug was available at 5-HT1A receptors over
the time required for fluoxetine and paroxetine to
decrease 5-HT synthesis. Therefore, in a separate study
WAY 100635 was administered continuously in s.c.-
implanted osmotic minipumps for a period of 7 days,

Fig. 2. Effects of (a) pretreating animals with either vehicle (V; 1
ml/kg i.p.) or GR 127935 (GR; 5 mg/kg i.p.) on the reduction of
hippocampal 5-HTP accumulation by TFMPP (T; 10 mg/kg i.p.)
(cross-hatched columns) and (b) pretreating rats with either vehicle
(V; 1 ml/kg/day s.c.) or WAY 100635 (WAY; 1 mg/kg/day s.c.) for 7 days
s.c. in osmotic minipumps on the decrease of hippocampal 5-HTP
accumulation by 8-OH-DPAT (DPAT; 0.3 mg/kg s.c.) (cross-hatched
columns). Values are means 6 SEM, n 5 5/6 animals per group, * P ,
0.05 compared with appropriate vehicle-treated animals by Tukey’s
t-test.

Fig. 3. Effects of pretreating animals with either vehicle (V; 1
ml/kg/day) or WAY 100635 (WAY; 1 mg/kg/day) for 7 days s.c. in
osmotic minipumps on the decrease of hippocampal 5-HTP accumula-
tion by (a) fluoxetine (cross-hatched columns) (F; 10 mg/kg i.p.) and (b)
paroxetine (cross-hatched columns) (P; 3 mg/kg i.p.). Values are
means 6 SEM, n 5 5/6 animals per group, * P , 0.05 compared with
appropriate control groups using Tukey’s t-test.
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thereby ensuring the long-term presence of the antago-
nist. As the reduction of hippocampal 5-HT synthesis
following the 5-HT1A receptor agonist 8-OH-DPAT was
blocked at 7 days, it was assumed that this dose of WAY
100635 was sufficient to block 5-HT1A receptors. How-
ever, 7-day administration of WAY 100635 (1 mg/kg/
day) was also ineffective in blocking the inhibitory
effects of fluoxetine or paroxetine on hippocampal 5-HT
synthesis suggesting, in agreement with Moret and
Briley (1997), that 5-HT1A receptors are not involved in
this response.

5-HT synthesis (Hjorth et al., 1995) and release
(Davidson and Stamford, 1995) may also be regulated
by 5-HT1B and/or 5-HT1D receptor subtypes. GR 127935
has high affinity for both 5-HT 1B and 5-HT1D receptors
(Pauwels, 1996) and functionally it attenuated the
inhibition of 5-HT release induced by 5-HT in vitro
(Starkey and Skingle, 1993) and either decreased (Skin-
gle et al., 1995) or was without effect (Hutson et al.,
1995) on 5-HT efflux in guinea pig cortex at doses up to
5 mg/kg in vivo. In the present study, consistent with an
antagonist action at 5-HT1B/1D receptors and with the
suggestion by Hjorth et al. (1995) that 5-HT1B autorecep-
tors regulate brain 5-HT synthesis, GR 127935 (5
mg/kg) blocked the reduction of hippocampal 5-HT
synthesis by the 5-HT receptor agonist TFMPP without

affecting hippocampal 5-HT synthesis per se. However,
the same dose of GR 127935 did not affect the reduction
of 5-HT synthesis by either fluoxetine or paroxetine,
suggesting that 5-HT1B/1D autoreceptors are also not
exclusively involved in the inhibition of hippocampal
5-HT synthesis by SSRIs.

Recent studies have shown that the combination of
an SSRI with WAY 100635 and GR 127935 produced an
even greater increase of extracellular 5-HT concentra-
tion than when the SSRI was administered with each
antagonist separately (Gobert et al., 1997; Sharp et al.,
1997). This implies that not all the inhibitory influences
on serotonin neuronal function by SSRI administration
are reversed by treatment with a selective 5-HT1A or
5-HT1B/1D receptor antagonist. In the present study, the
combination of WAY 100635 and GR 127935 at doses
which blocked both 5-HT1A and 5-HT1B/1D receptor
agonist-mediated effects in vivo attenuated the inhibi-
tion of hippocampal 5-HT synthesis by both fluoxetine
and paroxetine. Interestingly, acute or 7-day treatment
with WAY 100635, acute treatment with GR 127935, or
the combination of both compounds failed to signifi-

Fig. 4. Effects of pretreating rats with either vehicle (V; 1 ml/kg
i.p.) or GR 127935 (GR; 5 mg/kg i.p.) on the reduction of hippocampal
5-HTP accumulation by (a) fluoxetine (cross-hatched columns) (F; 10
mg/kg i.p.) and (b) paroxetine (cross-hatched columns) (P; 3 mg/kg
i.p.). Values are means 6 SEM, n 5 5/6 animals per group. * P , 0.05
compared with appropriate control groups using Tukey’s t-test.

Fig. 5. Effects of pretreating rats with either vehicle (V; 1 ml/kg/
day) or WAY 100635 (WAY; 1 mg/kg/day) for 7 days s.c. in osmotic
minipumps in combination with either vehicle (V; 1 ml/kg i.p.) or GR
127935 (GR; 5 mg/kg i.p.) on the decrease of hippocampal 5-HTP
accumulation by (a) fluoxetine (cross-hatched columns) (F; 10 mg/kg
i.p.) or (b) paroxetine (cross-hatched columns) (P; 3 mg/kg i.p.). Values
are means 6 SEM, n 5 5/6 animals per group, * P , 0.05 compared
with vehicle/vehicle treated rats, † P , 0.05 compared with fluoxetine/
vehicle or paroxetine/vehicle-treated rats by Tukey’s t-test.
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cantly affect hippocampal 5-HT synthesis per se, sug-
gesting that both receptor subtypes are subjected to
very little endogenous tone under physiological condi-
tions. However, under conditions of increased 5-HT
tone, i.e., in the presence of serotonin reuptake block-
ade, it would appear that both somatodendritic and
nerve terminal 5-HT autoreceptors act independently
to regulate 5-HT synthesis and that both must be
simultaneously blocked to completely reverse the inhibi-
tory effects of SSRIs on hippocampal 5-HT synthesis.

This observation may be of interest in light of recent
findings that brain 5-HT efflux following SSRIs is
enhanced when combined with 5-HT1A receptor antago-
nists (Hjorth, 1993; Gartside et al., 1995; Sharp et al.,
1997). Clearly, this effect occurs while 5-HT synthesis is
still inhibited, even though the inhibition of 5-HT
neuronal firing is reversed, and suggests that if only
somatodendritic or terminal autoreceptors are blocked,
the increase of 5-HT by SSRIs can still activate autore-
ceptors which inhibit 5-HT synthesis. Enhanced 5-HT
release can presumably only be sustained if 5-HT
synthesis is also maintained, and from the present
study this would not be the case unless both types of
autoreceptor are blocked. Therefore, the advantage
gained from combining SSRIs with 5-HT1A receptor
antagonists may be short-lived, as synthesis inhibition
may limit the time for enhanced 5-HT release. How-
ever, it is also conceivable that enhanced 5-HT availabil-
ity from the combination of an SSRI and a 5-HT1A

receptor antagonist may be sustained if, under these
conditions, 5-HT1B/1D autoreceptors were sufficiently
desensitised by the continued presence of a high concen-
tration of extracellular 5-HT, thereby diminishing their
inhibitory effect on 5-HT synthesis.

REFERENCES

Adell A, Artigas F. 1991. Differential effects of clomipramine given
locally or systemically on extracellular 5-hydroxytryptamine in
raphe nuclei and frontal cortex. Naunyn Schmiedebergs Arch Phar-
macol 343:237–244.

Arborelius L, Nomikos GG, Grillner P, Hertel P, Hook BB, Hacksell U,
Svensson TH. 1995. 5-HT1A receptor antagonists increase the
activity of serotoninergic cells in the dorsal raphe nucleus in rats
treated acutely or chronically with citalopram. Naunyn Schmiede-
bergs Arch Pharmacol 352:157–165.

Barton CL, Hutson PH. 1997. Effects of WAY 100635 on the increase of
hippocampal extracellular 5-HT and inhibition of 5-HT synthesis by
fluoxetine. Br J Pharmacol 122:309 p.

Bel N, Artigas F. 1992. Fluvoxamine preferentially increases extracel-
lular 5-hydroxytryptamine in the raphe nuclei:An in vivo microdialy-
sis study. Eur J Pharmacol 229:101–103.

Carlsson A, Lindqvist M. 1978. Effects of antidepressant agents on the
synthesis of brain monoamines. J Neural Transm 43:73–91.

Carlsson A, Davis JN, Kehr W, Lindqvist M, Atack CV. 1972. Simulta-
neous measurement of tyrosine and tryptophan hydroxylase activi-
ties in brain in vivo using an inhibitor of the aromatic amino acid
decarboxylase. Naunyn Schmiedbergs Arch Pharmacol 275:153–
168.

Chaput Y, De Montigny C, Blier P. 1986. Effects of a selective 5-HT
reuptake blocker, citalopram, on the sensitivity of 5-HT autorecep-

tors: Electrophysiological studies in the rat brain. Naunyn Schmiede-
bergs Arch Pharmacol 333:342–348.

Davidson C, Stamford JA. 1995. Evidence that 5-hydroxytryptamine
release in rat dorsal raphe nucleus is controlled by 5-HT1A, 5-HT1B
and 5-HT1D autoreceptors. Br J Pharmacol 114:1107–1109.

Fletcher A, Forster EA, Bill DJ, Brown G, Cliffe IA, Hartley JE, Jones
DE, McLenachan A, Stanhope KJ, Critchley DJP, Childs KJ,
Middlefell VC, Lanfumey L, Corradetti R, Laporte A-M, Gozlan H,
Hamon M, Dourish CT. 1996. Electrophysiological, biochemical,
neurohormonal and behavioural studies with WAY-100635, a potent,
selective and silent 5-HT1A receptor antagonist. Behav Brain Res
73:337–353.

Gartside SE, Umbers V, Hajos M, Sharp T. 1995. Interaction between a
selective 5-HT1A receptor antagonist and an SSRI in vivo: Effects on
5-HT cell firing and extracellular 5-HT. Br J Pharmacol 115:1064–
1070.

Gobert A, Rivet J-M, Cistarelli L, Millan MJ. 1997. Potentiation of the
fluoxetine-induced increase in dialysate levels of serotonin (5-HT) in
the frontal cortex of freely moving rats by combined blockade of
5-HT1A and 5-HT1B receptors with WAY 100635 and GR 127935. J
Neurochem 68:1159–1163.

Hjorth S. 1993. Serotonin 5-HT1A autoreceptor blockade potentiates
the ability of the 5-HT reuptake inhibitor citalopram to increase
nerve terminal output of 5-HT in vivo: A microdialysis study. J
Neurochem 60:776–779.

Hjorth S. 1996. (-)-Pindolol but not buspirone potentiates the citalo-
pram-induced rise in extracellular 5-hydroxytryptamine. Eur J
Pharmacol 303:183–186.

Hjorth S, Auerbach SB. 1994. Further evidence for the importance of
5-HT1A autoreceptors in the action of selective serotonin reuptake
inhibitors. Eur J Pharmacol 260:251–255.

Hjorth S, Carlsson A, Lindberg P, Sanchez D, Wikstrom H, Arvidsson
L-E, Hacksell U, Nilsson JLG. 1982. 8-hydroxy-2-(Di-n-propyl-
amino) tetralin, 8-OH-DPAT a potent and selective simplified ergot
congener with central 5-HT receptor stimulating activity. J Neural
Transm 55:169–188.

Hjorth S, Suchowski CS, Galloway MP. 1995. Evidence for 5-HT
autoreceptor mediated nerve impulse independent control of 5-HT
synthesis in the rat brain. Synapse 19:170–176.

Hrdina PD, Foy B, Hepner A, Summers RJ. 1990. Antidepressant
binding sites in brain: Autoradiographic comparison of [3H]parox-
etine and [3H]imipramine localisation and relationship to serotonin
transporter. J Pharmacol Exp Ther 252:410–418.

Hutson PH, Sarna GS, O’Connell MT, Curzon G. 1987. Hippocamal
5-HT synthesis and release in vivo is decreased by infusion of
8-OH-DPAT into the nucleus raphe dorsalis. Neurosci Lett 100:276–
280.

Hutson PH, Bristow LJ, Thorn L, Tricklebank MD. 1991. R-(1)-HA-
966, a glycine/NMDA receptor antagonist, selectively blocks the
activation of the mesolimbic dopamine system by amphetamine. Br
J Pharmacol 103:2037–2044.

Hutson PH, Bristow LJ, Cunningham JR, Hogg JE, Longmore J,
Murray F, Pearce D, Razzaque Z, Saywell K, Tricklebank MD, Young
L. 1995. The effects of GR 127935, a putative 5-HT1D receptor
antagonist, on brain 5-HT metabolism, extracellular 5-HT concentra-
tion and behaviour in the guinea pig. Neuropharmacology 34:383–
392.

Malagie I, Trillat A-C, Jacquot C, Gardier AM. 1995. Effects of acute
fluoxetine on extracellular serotonin levels in the raphe: An in vivo
microdialysis study. Eur J Pharmacol 286:213–217.

Moret C, Briley M. 1992. Effect of antidepressant drugs on monoamine
synthesis in brain in vivo. Neuropharmacology 27:43–49.

Moret C, Briley M. 1997. Ex vivo inhibitory effect of the 5-HT uptake
blocker citalopram on 5-HT synthesis. J Neural Transm 104:147–
160.

Pauwels PJ. 1996. Pharmacological properties of a putative 5-HT1B/D
receptor antagonist GR 127,935. CNS Drug Rev 2:415–428.

Perry KW, Fuller RW. 1992. Effect of fluoxetine on serotonin and
dopamine concentration in microdialysis fluid from rat striatum.
Life Sci 50:1683–1690.

Rollema H, Clarke T, Sprouse JS, Schulz DW. 1996. Combined
administration of a 5-hydroxytryptamine (5-HT)1D antagonist and a
5-HT reuptake inhibitor synergistically increases 5-HT release in
guinea pig hypothalamus in vivo. J Neurochem 67:2204–2207.

Rutter JJ, Auerbach SB. 1993. Acute uptake inhibition increases
extracellular serotonin in the rat forebrain. J Pharm Exp Ther
265:1319–1324.

18 C.L. BARTON AND P.H. HUTSON



Sinton CM, Fallon SL. 1988. Electrophysiological evidence for a
functional differentiation between subtypes of the 5-HT1 receptor.
Eur J Pharmacol 157:173–181.

Sharp T, Umbers V, Gartside SE. 1997. Effect of a selective 5-HT
reuptake inhibitor in combination with 5-HT1A and 5-HT1B receptor
antagonists on extracellular 5-HT in rat frontal cortex in vivo. Br J
Pharmacol 121:941–946.

Skingle M, Sleight AJ, Feniuk W. 1995. Effects of the 5-HT1D receptor
antagonist GR 127935 on extracellular levels of 5-HT in the
guinea-pig frontal cortex as measured by microdialysis. Neurophar-
macology 34:377–382.

Sprouse JS, Aghajanian GK. 1987. Electrophysiological responses of
serotoninergic dorsal raphe neurons to 5-HT1A and 5-HT1B agonists.
Synapse 1:3–9.

Starkey SJ, Skingle M. 1993. 5-HT1D as well as 5-HT1A autoreceptors
modulate 5-HT release in the guinea-pig dorsal raphe nucleus.
Neuropharmacology 33:393–402.

Weissman-Nanopoulos D, Mach E, Magre J, Demassey Y, Pujol
J-F. 1985. Evidence for the localisation of 5-HT1A binding sites
on serotonin containing neurons in the raphe dorsalis and
raphe centralis nuclei of the rat brain. Neurochem Int 6:1061–
1072.

195-HT SYNTHESIS AND SSRI’S


	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	Fig. 1.
	Fig. 2.
	Fig. 3.
	Fig. 4.
	Fig. 5.

	DISCUSSION
	REFERENCES

