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1 Selective 5-hydroxytryptamine (5-HT; serotonin) reuptake inhibitors (SSRIs) cause a greater increase
in extracellular 5-HT in the forebrain when the somatodendritic 5-HT1A autoreceptor is blocked. Here,
we investigated whether blockade of the terminal 5-HT1B autoreceptor in¯uences a selective 5-HT
reuptake inhibitor in the same way, and whether there is an additional e�ect of blocking both the 5-
HT1A and 5-HT1B autoreceptors.

2 Extracellular 5-HT was measured in frontal cortex of the anaesthetized rat by use of brain
microdialysis. In vivo extracellular recordings of 5-HT neuronal activity in the dorsal raphe nucleus
(DRN) were also carried out.

3 The selective 5-HT reuptake inhibitor, paroxetine (0.8 mg kg71, i.v.), increased extracellular 5-HT about
2 fold in rats pretreated with the 5-HT1A receptor antagonist,WAY100635.When administered alone neither
paroxetine (0.8 mg kg71, i.v.) nor WAY100635 (0.1 mg kg71, i.v.) altered extracellular 5-HT levels.

4 Paroxetine (0.8 mg kg71, i.v.) did not increase 5-HT in rats pretreated with the 5-HT1B/D receptor
antagonist, GR127935 (1 mg kg71, i.v.). GR127935 (1 and 5 mg kg71, i.v.) had no e�ect on extracellular
5-HT when administered alone.

5 Interestingly, paroxetine (0.8 mg kg71, i.v.) caused the greatest increase in 5-HT (up to 5 fold) when
GR127935 (1 or 5 mg kg71, i.v.) was administered in combination with WAY100635 (0.1 mg kg71, i.v.).
Administration of GR127935 (5 mg kg71, i.v.) plus WAY100635 (0.1 mg kg71, i.v.) without paroxetine,
had no e�ect on extracellular 5-HT in the frontal cortex.

6 Despite the lack of e�ect of GR127935 on 5-HT under basal conditions, when 5-HT output was
elevated about 3 fold (by adding 1 mM paroxetine to the perfusion medium), the drug caused a dose-
related (1 and 5 mg kg71, i.v.) increase in 5-HT.

7 By itself, GR127935 slightly but signi®cantly decreased 5-HT cell ®ring in the DRN at higher doses
(2.0 ± 5.0 mg kg71, i.v.), but did not prevent the inhibition of 5-HT cell ®ring induced by paroxetine.

8 In summary, our results suggest that selective 5-HT reuptake inhibitors may cause a large increase in 5-
HT in the frontal cortex when 5-HT autoreceptors on both the somatodendrites (5-HT1A) and nerve
terminals (5-HT1B) are blocked. This increase is greater than when either set of autoreceptors are blocked
separately. The failure of a 5-HT1B receptor antagonist alone to enhance the e�ect of the selective 5-HT
reuptake inhibitor in our experiments may be related to a lack of tone on the terminal 5-HT1B autoreceptor
due to a continued inhibition of 5-HT cell ®ring. These results are discussed in relation to the use of 5-HT
autoreceptor antagonists to augment the antidepressant e�ect of selective 5-HT reuptake inhibitors.
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Introduction

It is established that selective 5-hydroxytryptamine (5-HT;
serotonin) reuptake inhibitors (SSRIs) are e�ective in the
treatment of depression although, as with other antidepres-
sants, they take several weeks to produce their full therapeutic
e�ect (AÊ sberg et al., 1986; Schatzberg et al., 1987). Pharma-
cological strategies aimed at speeding up the antidepressant
e�ect of SSRIs have recently focused on the co-administration
of SSRIs and 5-HT autoreceptor antagonists (Artigas et al.,
1996).

Preclinical studies show that selective 5-HT1A receptor an-
tagonists potentiate the e�ect of SSRIs on extracellular 5-HT in
the forebrain (Hjorth et al., 1993; Gartside et al., 1995; Inver-
nizzi et al., 1996). This e�ect is probably associated with the
blockade of somatodendritic 5-HT1A autoreceptors (Invernizzi
et al., 1992). Thus, normally SSRIs (indirectly) activate these
receptors leading to an inhibition of the ®ring of raphe 5-HT
neurones (eg. Chaput et al., 1986; HajoÂ s et al., 1995a) and a fall
in 5-HT release in the terminal regions (Auerbach et al., 1995).
However, when the 5-HT1A autoreceptors are blocked, the in-

hibition of 5-HT neuronal activity is prevented (HajoÂ s et al.,
1995a; Gartside et al., 1995; Arborelius et al., 1995) and the
e�ect of SSRIs on extracellular 5-HT in the speci®c regions of
forebrain is facilitated.

In addition to the somatodendritic 5-HT1A autoreceptor,
the 5-HT1B autoreceptor located on the 5-HT nerve terminal
also regulates 5-HT release (for review see Middlemiss &
Hutson, 1990). It seems likely that this autoreceptor would
also o�set the ability of SSRIs to increase extracellular 5-HT at
the nerve terminal and, hence, a 5-HT1B receptor antagonist
might potentiate the e�ect of the SSRI. However, a potentia-
tion may not occur if the SSRI-induced inhibition of 5-HT cell
®ring persists. Indeed, since 5-HT1B/1D autoreceptor antago-
nists alone have been shown to increase extracellular 5-HT in
the dorsal raphe nucleus (DRN) (Starkey & Skingle, 1994;
Davidson & Stamford, 1995), such drugs may inhibit 5-HT cell
®ring through indirect activation of the somatodendritic 5-
HT1A autoreceptor (Skingle et al., 1995). Nonetheless, com-
bined blockade of the somatodendritic 5-HT1A autoreceptor
and nerve terminal 5-HT1B autoreceptor may be a more
powerful way to potentiate the e�ects of an SSRI than
blockade of the two autoreceptors separately.1Author for correspondence:
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In the present study we have tested the e�ect on extracel-
lular 5-HT in the rat frontal cortex of an SSRI (paroxetine)
administered with a selective 5-HT1B/D receptor antagonist
(GR127935; Skingle et al., 1996). Measurements of 5-HT cell
®ring in the DRN were also made in parallel experiments. The
e�ect on extracellular 5-HT of paroxetine in combination with
GR127935 and a selective 5-HT1A receptor antagonist
(WAY100635; Fletcher et al., 1996) was also tested. A preli-
minary account of these ®ndings was presented to the Eur-
opean Society for Neurochemistry (Sharp et al., 1996). The
5-HT receptor nomenclature used in this paper follows recent
revisions made by the Serotonin Club Nomenclature Com-
mittee (Hartig et al., 1996).

Methods

Animals

Male Sprague-Dawley rats (270 ± 310 g, Harlan-Olac, Bicester,
U.K.) were housed in groups of up to 6 under controlled
conditions of temperature (218C) and humidity (50%), in a
12 h light/dark cycle (lights on 8 h 00 min). Animals were al-
lowed food and water ad libitum.

General stereotaxic surgical procedures

Rats were anaesthetized with chloral hydrate (initially 400 ±
500 mg kg71, i.p.) and placed in a stereotaxic frame (Kopf)
with the incisor bar set at 73.3 mm. The skull was exposed
and a burr hole drilled for the implantation of a recording
electrode or microdialysis probe. A lateral tail vein was can-
nulated for i.v. administration of drugs. Supplementary doses
of chloral hydrate were administered (i.v.) as required to
maintain full general anaesthesia. Core temperature was
maintained at 35 ± 368C throughout the experiment by a
thermoregulated blanket connected to a rectal thermometer.

Microdialysis studies

Single cannula microdialysis probes (Cordis Dow GFE9
membrane, 250 mm in diameter, 3 mm tip) were stereotaxicaly
implanted into the frontal cortex (AP+3.2 mm; ML+3.0 mm;
DV74.5 mm; from bregma and dura surface, Paxinos &
Watson, 1986). The probe was constantly perfused at
2 ml min71 with arti®cial cerebrospinal ¯uid (composition
(mM): NaCl 140, KCl 3, CaCl2 2.4, MgCl2 1.0, Na2HPO4 1.2,
NaH2PO4 0.27, glucose 7.2, at pH 7.4). In some experiments,
paroxetine (1 mM) was present in the perfusion medium
throughout the experiment. Dialysates were collected every
20 min and assayed immediately for 5-HT by high performance
liquid chromatography (h.p.l.c.) with electrochemical detection
as described previously (Gartside et al., 1995). Basal levels of 5-
HT in dialysates from the frontal cortex were typically 0.01 ±
0.02 pmol (see Figure legends for individual group means).

Drugs were administered (i.v.) after baseline levels of 5-HT
had stabilized (typically 2 ± 3 h post probe implantation), and
the response was followed for a further 2 h. At the end of each
experiment, the brain was removed, post-®xed in 4% paraf-
ormaldehyde, and the location of the microdialysis probe was
subsequently veri®ed in brain sections.

Electrophysiological studies

Spontaneously active 5-HT neurones in the DRN were recor-
ded extracellularly by use of methods described previously
(HajoÂ s et al., 1995a,b). In brief, single barrelled glass micro-
electrodes ®lled with 2 M NaCl containing 2% Pontamine Sky
Blue (3 ± 8 MO in vitro impedance), were implanted above the
DRN (AP77.8 mm; ML 0 mm; DV 74.5 mm) and then
lowered under the control of a microdriver. Signals were am-
pli®ed (6 1000) and ®ltered (300 ± 3000 Hz band-pass), and
fed to an audio speaker, an oscilloscope and a chart recorder.

The signal was also recorded on digital audio tape for o�-line
analysis.

5-HT neurones were identi®ed on the basis of their elec-
trophysiological characteristics (broad action potentials with
positive-negative or positive-negative-positive de¯ections, reg-
ular ®ring pattern, 0.5 ± 3 Hz ®ring rate). Burst-®ring, pre-
sumed 5-HT neurones (HajoÂ s et al., 1995b) were not recorded
in this study.

Extracellular recordings were made from one 5-HT cell per
animal. Baseline ®ring activity was recorded for at least 3 min,
after which time vehicle or drugs were administered. Drugs
were injected intravenously in doubling doses at 2 min inter-
vals.

In one group of rats (n=7), GR127935 was administered in
doses of 0.5, 0.5, 1, 2 and then 1 mg kg71 to give a ®nal total
dose of 5 mg kg71, i.v. Paroxetine was then administered to 4
of these animals in accumulating doses (0.1, 0.1, 0.2, 0.4 and
0.8 mg kg71, i.v.) until cells were inhibited completely. In a
second group of rats (n=4), vehicle (5% glucose, pH 4 ± 5) was
®rst injected in accumulating volume (0.1, 0.1, 0.2, 0.4, 0.2 ml
i.e same volume as solution of GR127935), and then paroxe-
tine was administered. All rats injected with paroxetine re-
ceived a subsequent injection of WAY100635.

At the end of each experiment a small amount of Pontamine
Sky Blue was iontophoretically ejected from the tip of the
electrode. The brain was removed, post-®xed in 4% parafor-
maldehyde, and the position of the electrode tip subsequently
determined by microscopic inspection of slide-mounted sec-
tions.

Data presentation and statistical analysis

For the microdialysis experiments, data in ®gures are expres-
sed as mean+s.e.mean % of the amount of 5-HT in the 20 min
sample collected immediately before the last drug injected.

For the electrophysiological studies, a percentage inhibition
induced by each total dose of drug was calculated as the ®ring
rate (in a 30 s period) after drug, relative to the ®ring rate
(100%) in a 60 s baseline period immediately before adminis-
tration of the ®rst dose of the drug.

Data (% of control) were analysed statistically by 1- or 2-
way ANOVA with repeated measures as appropriate. Statis-
tical signi®cance at the 95% level is presented.

Drugs and chemicals

GR127935 (2'-methyl-4'-(5-methyl-[1,2,4]oxadiazol-3-yl)-bi-
phenyl-4-carboxylic acid [4-methoxy-3-(4-methyl-piperazin-1-
yl)-phenyl]amide HCl.H2O), WAY100635 (N-[2-[4-(2-meth-
oxyphenyl)-1-piperazinyl]ethyl]-N-(2-pyridinyl) cyclo-hexane-
carboxamide 3HCl) and paroxetine HCl were generous gifts of
GlaxoWellcome plc (Greenford, U.K.), Wyeth Research
(Maidenhead, U.K.) and SmithKline Beecham (Harlow,
U.K.), respectively. Chloral hydrate (Sigma) was dissolved in
distilled/deionised water. WAY100635 and paroxetine were
dissolved in 5% glucose solution. GR127935 was dissolved in a
few drops of glacial acetic acid, then 5% glucose and adjusted
to pH 4 ± 5 with sodium hydroxide.

Drugs were administered i.v. either in a single dose at
1.0 ml kg71 (microdialysis experiments) or in increasing doses
with an initial volume of 0.1 ml (electrophysiological experi-
ments).

Results

E�ect of paroxetine in combination with the 5-HT1A

receptor antagonist, WAY100635

Paroxetine (0.8 mg kg71, i.v.) increased 5-HT levels in frontal
cortex dialysates about 2 fold above baseline in animals pre-
treated 10 min previously with 0.1 mg kg71, i.v., WAY100635
(Figure 1). When administered alone, neither paroxetine
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(0.8 mg kg71, i.v.) nor WAY 100635 (0.1 mg kg71, i.v.) in-
creased 5-HT levels in frontal cortex dialysates relative to ve-
hicle (5% glucose)-injected controls (Figure 1).

E�ect of paroxetine in combination with the 5-HT1B/D

receptor antagonist, GR127935

Paroxetine (0.8 mg kg71, i.v.) did not increase 5-HT in rats
treated 10 min previously with 1 mg kg71, i.v. GR127935
(Figure 2b). Administration of GR127935 alone (1 and
5 mg kg71, i.v.) did not alter frontal cortex 5-HT (Figure 2a).

E�ect of paroxetine in combination with both
WAY100635 and GR127935

A striking result was that paroxetine (0.8 mg kg71, i.v.) caused
a 5 fold increase in 5-HT in the frontal cortex in rats pretreated
10 min previously with GR127935 (5 mg kg71, i.v.) in combi-
nation with WAY100635 (0.1 mg kg71, i.v.) (Figure 3). This
increase was signi®cantly greater (F(8,72)=3.9; P50.005; 2-way
ANOVA) than the 2 fold increase in 5-HT obtained after ad-
ministration of paroxetine (0.8 mg kg71, i.v.) andWAY100635
(0.1 mg kg71, i.v.). Administration of a lower dose of
GR127935 (1 mg kg71, i.v.) plus WAY100635 (0.1 mg kg71,
i.v.) also signi®cantly (F(8,72)=2.2; P50.05; 2-way ANOVA)
potentiated the e�ect of paroxetine (0.8 mg kg71, i.v.), but to a
lesser extent than the higher dose of GR127935 (5 mg kg71,
i.v.; Figure 3).

Administration of GR127935 (5 mg kg71, i.v.) plus WAY-
100635 (0.1 mg kg71, i.v.) without paroxetine, did not increase
5-HT (Figure 3).

E�ect of locally applied paroxetine in combination with
GR127935

The ability of GR127935 to potentiate the e�ect of paroxetine
plus WAY100635 on frontal cortex 5-HT output (Figure 3)
might be explained by GR127935 blocking tone at the terminal
5-HT autoreceptor. Experiments were carried out to test the
e�ect of GR127935 when extracellular levels of 5-HT in the
frontal cortex were elevated.

Perfusate levels of 5-HT were increased 2 ± 3 fold by addi-
tion of paroxetine (1 mM) to the perfusion medium (compare
basal 5-HT data in Figure 4 with those in Figures 1 ± 3). In the
presence of locally applied paroxetine, GR127935 caused an
immediate and dose-related (1 and 5 mg kg71, i.v.) increase in
5-HT (Figure 4). Injection of vehicle (5% glucose, pH 4 ± 5)
had no e�ect on 5-HT (Figure 4).

E�ect of GR127935 and paroxetine on 5-HT cell ®ring

Acute administration of GR127935 (0.5 ± 5 mg kg71, i.v.)
caused a slight (10 ± 20%) but statistically signi®cant decrease
in the ®ring rate of 5-hydroxytryptaminergic neurones (Figure
5a) when compared to pre-drug ®ring rate (F(4,36)=3.9;
P50.01; 1-way ANOVA). In comparison, acute injection of
vehicle (5% glucose, pH 4 ± 5) had not consistent e�ect (Figure
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Figure 1 E�ect of paroxetine alone or in combination with
WAY100635 on levels of 5-HT in microdialysates from the frontal
cortex of the anaesthetized rats. (*) E�ect of vehicle; (*)
WAY100635 (0.1 mg kg71); (&) paroxetine (0.8 mg kg71); (&)
paroxetine (0.8 mg kg71) + WAY100635 (0.1 mg kg71).
WAY100635 was injected 10 min before paroxetine. Mean+s.e.mean
(n=number of rats) amounts of 5-HT in the perfusates at t=0 were
27+5 (n=6) (vehicle), 18+2 (n=6) (paroxetine), 10+2 (n=4)
(WAY100635) and 16+3 (n=5) (paroxetine plus WAY100635)
fmol/sample, respectively. Each point represents a mean and vertical
lines show s.e.mean.
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Figure 2 E�ect of GR127935 injected either (a) alone or (b) in
combination with paroxetine on levels of 5-HT in microdialysates
from the rat frontal cortex. In (a), (*) e�ect of vehicle; e�ect of
GR127935 1 mg kg71 (&) and 5 mg kg71 (&). In (b), e�ect of
paroxetine (0.8 mg kg71) in the absence (*) and presence (*) of
GR127935 (1 mg kg71). In (b) GR127935 was injected 10 min before
paroxetine. Mean+s.e.mean (n=number of rats) amounts of 5-HT in
the perfusates at t=0 were 27+5 (n=6) (vehicle), 13+4 (n=4)
(1 mg kg71 GR127935), 25+11 (n=6) (5 mg kg71 GR127935),
18+2 (n=6) (paroxetine) and 22+4 (n=5) (paroxetine and
GR127935) fmol/sample, respectively. Data for vehicle and parox-
etine alone are the same as in Figure 1. Each point represents a mean
and vertical lines show s.e.mean.
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5a). Subsequent injection of paroxetine (0.1 ± 0.4 mg kg71, i.v.)
caused a dose-related and complete inhibition of 5-HT cell
®ring in the DRN in all cases (Figure 5b). The potency with
which paroxetine inhibited 5-HT cell ®ring was not di�erent
between rats treated with vehicle (n=4) and those treated with
GR127935 (n=4; total dose of 5 mg kg71, i.v.) (Figure 5b). Of

the 8 cells inhibited by paroxetine, 7 were reversed by
WAY100635 (0.1 mg kg71, i.v.).

Discussion

When an SSRI is administered acutely, any increase in sy-
naptic 5-HT caused by inhibition of 5-HT reuptake is likely to
be o�set by the e�ects of activation of 5-HT autoreceptors on
the somatodendrites and nerve terminals (i.e. decreased 5-HT
cell ®ring and release). These is now much evidence from mi-
crodialysis studies that SSRIs cause a greater increase in ex-
tracellular 5-HT in the speci®c forebrain regions when
combined with 5-HT1A receptor antagonists (Invernizzi et al.,
1992; 1996; Hjorth, 1993; Gartside et al., 1995). This e�ect is

600

500

400

300

200

100

0
–80          –40             0             40             80           120

time (min)

5-
H

T
 (

%
 o

f 
co

n
tr

o
l)

Parox

Figure 3 E�ect of paroxetine (0.8 mg kg71) alone (*), in
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probably due to the blockade of somatodendritic 5-HT1A au-
toreceptors preventing the SSRI from inhibiting 5-HT neuro-
nal activity (Gartside et al., 1995).

In the present study we con®rm our recent observations that
the selective 5-HT1A receptor antagonist, WAY100635, po-
tentiates the e�ect of the SSRI, paroxetine, on extracellular 5-
HT in the frontal cortex (Gartside et al., 1995). Previously we
found that the dose of WAY100635 which has this e�ect
(0.1 mg kg71, i.v.), completely blocks the paroxetine-induced
inhibition of 5-HT cell ®ring.

In contrast to the e�ect of the 5-HT1A receptor antagonist,
here we ®nd that the selective 5-HT1B/D receptor antagonist,
GR127935 (Skingle et al., 1996), did not potentiate the e�ect of
systemically administered paroxetine on 5-HT in the frontal
cortex. Furthermore, GR127935 by itself did not alter basal
extracellular 5-HT in frontal cortex and caused only a minor
(10 ± 20%) decrease in 5-HT cell ®ring in the DRN. The latter
results suggest that under our experimental conditions there is
a lack of tone on the 5-HT1B/D autoreceptors (see later dis-
cussion). A likely reason for the lack of e�ect of GR127935 in
combination with systemically administered paroxetine is that
GR127935 (unlike WAY100635, cf Gartside et al., 1995)
clearly did not prevent the inhibition of 5-HT cell ®ring in-
duced by paroxetine. One would expect that under conditions
of reduced 5-HT cell ®ring, terminal 5-HT release would be
even lower than that under baseline conditions, and any e�ect
of blocking 5-HT1B autoreceptors located at the nerve terminal
would be minimal.

A striking result in the present study is that paroxetine
caused a much greater increase in 5-HT in the frontal cortex of
rats pretreated with both GR127935 and WAY100635 than in
those pretreated with WAY100635 alone (or indeed GR127935
alone). Thus, the SSRI would appear to have a greater e�ect
on extracellular 5-HT when both the somatodendritic 5-HT1A

autoreceptors and the nerve terminal 5-HT1B autoreceptors are
blocked compared to when either receptor population is
blocked separately.

The present data obtained in frontal cortex appear to con-
cur with those of Hjorth (1993) who found that in rat ventral
hippocampus, the increase in extracellular 5-HT induced by
the SSRI, citalopram, could be increased by the 5-HT1A/1B

antagonist (7)-penbutolol and that this e�ect was greater than
that of the selective 5-HT1A receptor antagonist (S)-UH-301
(albeit only marginally so). However, attribution of the greater
e�ect of (7)-penbutolol to the combined blockade of 5-HT1A

and 5-HT1B autoreceptors could be complicated by the non-
selective pharmacology of this drug. In addition, the relative
in¯uence of 5-HT1A and 5-HT1B autoreceptors on 5-HT release
in frontal cortex may not be the same as in ventral hippo-
campus. However, at least in the case of selective 5-HT1A re-
ceptor antagonists, these drugs facilitate the e�ect of SSRIs on
extracellular 5-HT in both frontal cortex and ventral hippo-
campus, although probably not dorsal hippocampus (Hjorth,
1993; Gartside et al., 1995; Gundlah et al., 1997; Invernizzi et
al., 1997). The possibility that 5-HT1A and 5-HT1B autorecep-
tor function may vary from region to region is in need of
further investigation.

It seems likely that GR127935 becomes `active' when in-
teracted with paroxetine and WAY100635 because paroxetine
no longer inhibits 5-HT cell ®ring due to the blockade of the 5-
HT1A autoreceptor by the 5-HT1A receptor antagonist (see
above). Because of this interaction between paroxetine and
WAY100635, extracellular 5-HT becomes elevated in the
terminal region, thus increasing the tone on the inhibitory 5-
HT1B autoreceptor (which is removed by GR127935). Indeed,
we found that when 5-HT tone was increased in the terminal
region by applying paroxetine locally to the frontal cortex (and
thereby avoiding an action of the drug at the level of the
DRN), GR127935 now caused a clear cut increase in 5-HT
levels.

Throughout this study, paroxetine was used at a dose
(0.8 mg kg71, i.v.) which by itself did not increase extracellular
5-HT in the frontal cortex. Our previous data show that at this

dose, paroxetine causes a signi®cant blockade of 5-HT reup-
take, in that it increases extracellular 5-HT in the DRN and
causes a complete cessation of 5-HT neuronal activity in this
region (Gartside et al., 1995). However, a higher dose of par-
oxetine (2.4 mg kg71, i.v.) will increase extracellular 5-HT in
the frontal cortex (although the mechanism underlying this
e�ect is rather unclear, see Gartside et al., 1995). Our data
predict that GR127935 would increase the e�ect of paroxetine
on extracellular 5-HT, if the latter were injected systemically at
a dose which by itself increased 5-HT.

During the preparation of this manuscript we became aware
of a study showing that in the awake guinea-pig, GR127935
(0.3 and 5 mg kg71, s.c.) facilitates the increase in hypothala-
mic extracellular 5-HT induced by the SSRI, sertraline, when
the latter is administered at a dose which by itself increases 5-
HT (Rollema et al., 1996). Thus, notwithstanding the metho-
dological di�erences between the present study and that of
Rollema et al. (species, anaesthesia and particularly, brain
region ± see above), the e�ect of SSRIs on extracellular 5-HT
may be potentiated by a 5-HT1B/1D receptor antagonist (or at
least GR127935) but this may only occur at high doses of the
SSRI. This appears to contrast with the e�ects 5-HT1A recep-
tor antagonists, which are able to potentiate the e�ects of low
doses of SSRIs that by themselves do not increase extracellular
5-HT in the forebrain (Invernizzi et al., 1992; Gartside et al.,
1995; see Figure 1).

A role for the 5-HT1B autoreceptor in the e�ects of
GR127935 described here seems likely, on the basis of evidence
that it is pharmacologically selective for 5-HT1B/D receptors
versus other 5-HT receptor subtypes and other neurotrans-
mitter receptors (Skingle et al., 1996). Furthermore, in the rat
5-HT1D receptors are few in number compared to 5-HT1B re-
ceptors (Bruinvels et al., 1993), and are not likely to play a
signi®cant role in the regulation of 5-HT release from the nerve
terminals. GR127935 has been shown to have partial 5-HT1B/D

receptor agonist activity in transfected cells (Pauwels & Col-
paert, 1995). However, to our knowledge this action has not
been detected in brain tissue and even so, a 5-HT1B/D receptor
agonist e�ect is not likely to account for the increase in 5-HT
that we observed. A pharmacokinetic e�ect of GR127935 (ie.
increased plasma levels of WAY100635) cannot be ruled out,
although these two drugs have quite di�erent chemical struc-
tures and we are not aware of any evidence that they share
common metabolic routes.

It should be possible to resolve without doubt whether the
e�ects of GR127935 are mediated by 5-HT1B autoreceptors
once selective and silent 5-HT1B receptor antagonists become
available. Data on one such candidate compound have re-
cently been described (Price et al., 1996). These drugs would
also be very useful to determine whether the slight decrease in
5-HT cell ®ring induced by GR127935 is mediated via block-
ade of 5-HT1B autoreceptors (possibly in the DRN) or some
other pharmacological e�ect of the drug (eg. 5-HT1A receptor
agonism; Pauwels & Palmier, 1995).

Recent clinical studies indicate that the delay in onset of
antidepressant action of an SSRI can be reduced by co-ad-
ministration of low doses of the 5-HT1A/b-adrenoceptor an-
tagonist, pindolol (Artigas et al., 1994; Blier & Bergeron,
1995). This ®nding is currently thought to be associated with
the ability of pindolol to block the somatodendritic 5-HT1A

autoreceptor and thereby potentiate the e�ect of the SSRI on
extracellular 5-HT in the forebrain (Artigas et al., 1996). On
this basis, the present data suggest that an SSRI may have an
even better therapeutic e�ect under conditions when both the
somatodendritic (5-HT1A) and nerve terminal (5-HT1B) 5-HT
autoreceptors are blocked.
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