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Opposing roles for 5-HTlB and 5-HT3 receptors in the control
of 5-HT release in rat hippocampus in vivo

'Keith F. Martin, Serina Hannon, Ian Phillips & David J. Heal

Boots Pharmaceuticals Research Department, Nottingham NG2 3AA

1 Intracerebral microdialysis was used to determine whether 5-hydroxytryptamine (5-HT) release in the
ventral hippocampus of rats anaesthetized with chloral hydrate was modulated by 5-HT3 receptors.

2 It was confirmed that 5-methoxy-3-(1,2,3,6-tetrahydro-4-pyridinyl)-lH-indole (RU 24969), a selective
5-HTB receptor agonist, decreased 5-HT release in a dose- and concentration-related manner when
administered i.p. (1 and 5 mg kg-') or via the dialysis probe (0.1 and 1 ftM) respectively. The effect of
RU 24969 infusion (1I JM) was attenuated by concurrent infusion of metitepine (10 JiM) into the
hippocampus.
3 When infused into the hippocampus for 15 min, the selective 5-HT3 receptor agonist, 2-methyl-5-
hydroxytryptamine (2-methyl-5-HT; 0.1- 10O tM) increased dialysate 5-HT levels in a concentration-
related manner; an effect which was abolished by concurrent infusion of 3-tropanyl-3,5-dichlorobenzoate
(1 ELM, MDL 72222), a selective 5-HT3 antagonist.
4 MDL 72222 had no effects on hippocampal 5-HT release when administered via the dialysis probe (1
or 10 tiM).
5 The data show that 5-HT3 and 5-HTIB receptors have opposing roles in the control of 5-HT release
in the hippocampus, with 5-HT3 receptors facilitating and 5-HTlB receptors inhibiting 5-HT efflux,
respectively. They also indicate that the facilitatory 5-HT3 receptors are not tonically activated.
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Introduction

Radioligand binding and pharmacological studies have
revealed several subtypes of 5-hydroxytryptamine (5-HT)
receptor in the mammalian CNS. These receptors have been
classified as 5-HTI-like, 5-HT2 and 5-HT3 (Bradley et al.,
1986). Recently, 5-HT4 receptors have also been identified
(Bockaert et al., 1990). The 5-HTI-like receptor has been
further subdivided into at least four subtypes: 5-HTIA,
5-HTlB, 5-HTc and 5-HTD (Pazos et al., 1985; Pazos &
Palacios, 1985). It is now widely accepted that in the rat,
5-HT1B receptors subserve the role of nerve terminal
autoreceptors (Middlemiss, 1984; Engel et al., 1986; Martin
& Marsden, 1988). Furthermore, the 5-HTlA receptor has
also been shown to be located on 5-HT neurone cell bodies
where it exerts an inhibitory action on 5-HT neurone firing
(De Montigny et al., 1984; Verge et al., 1985; Sprouse &
Aghajanian, 1987).
Although 5-HT3 receptors are present in the CNS in fairly

low concentrations, their relative distribution is high in the
frontal cortex and the hippocampus (Kilpatrick et al., 1987).
Furthermore, the physiological role of 5-HT3 receptors in the
CNS is not clearly defined. It is known, however, that these
receptors are linked to a monovalent cation channel (Der-
kach et al., 1989) and that stimulation leads to depolarization
of the membrane. It has also been suggested that 5-HT3
receptors are involved in the control of cortical acetylcholine
release (Barnes et al., 1989) and, more recently, Galzin et al.
(1990) have shown that the release of [3H]-5-HT from guinea-
pig frontal cortex slices is enhanced by 5-HT3 receptor
agonists. These findings suggest that 5-HT3 receptors may
play an important role in controlling the release of neuro-
transmitters, and in particular, may act as facilitatory auto-
receptors in the 5-hydroxytryptaminergic system.
The purpose of the experiments described here, therefore,

was to determine whether 5-HT3 receptors are involved in the
control of 5-HT release in rat hippocampus in vivo.
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Methods

Animals

Male Wistar rats (Charles River) weighing 280-300 g were
used. They were housed in pairs on a 12:12 h light:dark cycle
(lights on: 07 h 00 min) in an ambient temperature of 21°C
and had free access to food and water.

Implantation of dialysis probes

Rats were anaesthetized with chloral hydrate (600mgkg-',
i.p.) and then held in a stereotaxic frame (David Kopf). A
concentric microdialysis probe (500 ptm o.d., CMA/Micro-
dialysis) with a membrane 3 mm long was then implanted
into the ventral hippocampus (co-ordinates for probe tip:
anterior-posterior (AP) -4.4 mm, medio-lateral (ML)
- 4.2 mm, from bregma and dorso-ventral (DV) - 8.6 mm
from skull surface according to Paxinos & Watson, 1982).
The probe was continuously perfused at a flow rate of
1 fil min-' with an artificial CSF solution containing NaCl
147 mM, KCl 4 mM, CaCl2 4 mM and the selective 5-HT
reuptake inhibitor, citalopram 1 I1M. Anaesthesia was main-
tained throughout the experiment with supplementary doses
of chloral hydrate (30 mg i.p.) when required. At the end of
each experiment, the brain was removed and dialysis probe
placement visually confirmed.

Perfusate analysis

Perfusates were collected every 30 min for the first 2 h after
probe implantation and then every 15 min throughout the
experiment. They were analysed for their 5-HT content by
high performance liquid chromatography (h.p.l.c.) with elect-
rochemical detection. Separation was achieved by reversed-
phase liquid chromatography using a 10 cm x 2 mm column
with Hypersil ODS2 3 pm packing (Technicol) and a mobile
phase of 0.1M phosphate, 0.93M sodium octane sulphonic
acid, 0.07% v/v dibutylamine and 12% v/v methanol
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(pH 3.0). A Coulochem electrochemical detector with a
Coulochem 5011 dual electrode analytical cell (ESA) was
used. Electrode 1 was set at + 0.1 V and electrode 2 at
+ 0.28 V. The signal from electrode 2 was used to quantify
the amount of 5-HT present. The detection limit for 5-HT
was approximately 2 fmol on column.

Experimental protocol

Following a 2 h stabilization period, two 15 min baseline
samples were obtained before any intervention. Drugs were
then administered peripherally by the i.p. route. Alterna-
tively, they were infused directly into the ventral hippocam-
pus via the dialysis probe for one 15 min collection period.

Statistical analysis

Data were analysed by Dunnett's test or Student's t test.
Where more than one experimental group was compared
with a single control group the null hypothesis was rejected
where P<0.01.

Drugs

All chemicals used were analytical or h.p.l.c. grade. The
following drugs were used: 2-methyl-5-hydroxytryptamine
(2-methyl-5-HT), 3-tropanyl-3,5-dichlorobenzoate (MDL
72222) (Research Biochemicals Inc.), 5-methoxy-3(1,2,3,6-
tetrahydro4-pyridinyl)-lH-indole (RU 24969) (Roussel Uclaf),
citalopram (Lundbeck), metitepine and chloral hydrate
(Sigma).

Results

Basal levels of 5-HT in the dialysate before any intervention
were 21.94 ± 0.72 fmol per 15 min sample (n = 58).

Effects ofRU 24969 on dialysate 5-hydroxytryptamine

Peripheral administration of the 5-HTI-like receptor agonist,
RU24969, decreased the concentration of 5-HT in hippo-
campal dialysates in a dose-related manner (Figure la). The
decrease was maximal 75 min after administration.
When RU 24969 was infused directly into the hippocam-

pus via the dialysis probe for 15min, there was a rapid,
concentration-related decrease in 5-HT output (Figure lb).
For example, following infusion of RU 24969 at a concentra-
tion of 1 liM, 5-HT concentrations decreased by 47% in the
15 min period following the infusion. Extracellular 5-HT
returned to basal values 60 min after cessation of the
infusion. Concurrent infusion of the 5-HT receptor anta-
gonist, metetipine (1O pM), with RU 24969 (1 g.M) abolished
the decrease in 5-HT release induced by RU 24969 alone
(Figure lc).

Effect of 2-methyl-5-hydroxytryptamine and
MDL 72222

The dialysate level of 5-HT was significantly increased, in a
concentration-related manner, by local infusion of the 5-HT3
receptor agonist, 2-methyl-5-HT (Richardson et al., 1985;
Figure 2a). Levels of 5-HT were increased 40% and 50%
during the infusion of 1 1tM and 1O iLM, respectively (Figure
2a). Following the infusion of the higher concentration, the
levels of 5-HT continued to rise to a maximum increase of
100% in the next 15 min period. Following infusion of
2-methyl-5-HT at 1 SAM, levels remained elevated for the
45 min post-infusion. By contrast, the levels of 5-HT rapidly
returned to baseline following infusion of 2-methyl-5-HT at
10 LM. Infusion of 2-methyl-5-HT at a concentration of
0.1 JLM was without effect (Figure 2a).
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Figure I The effects of RU 24969 on rat hippocampal dialysate
5-hydroxytryptamine (5-HT) content. Concentric microdialysis pro-
bes were perfused with a solution containing NaCl 147 mM, KCl
4 mM, CaCl2 4 mm and citalopram 1 JLM. Data are expressed as a
percentage of the amount of 5-HT in the dialysate collected in the
15 min period immediately before the intervention. Each point
represents the mean value with s.e. mean shown by vertical bars.
*P<0.0l compared to control (Student's t test). (a) Saline (0,
n=6) or RU 24969 at dose 1(0, n=5) and Smgkg-' (U, n=5)
were injected i.p. at time zero. (b) RU 24969 at concentrations of
0.1 LM (0, n = 5) or 1 ILM (, n = 5) was infused into the hippocam-
pus via the dialysis probe for the 15 min period indicated by the
horizontal bar. (c) RU 24969 1 gLM (0, n = 5) or metitepine, 10 ILM,
plus, RU 24969, 1 pM (0, n =4) was infused directly into the
hippocampus via the dialysis probe for the period indicated by the
horizontal bar.

Local infusion of the 5-HT3 receptor antagonist, MDL
72222 (0.1 and 1 ItM), via the dialysis probe was without
effect on the level of 5-HT measured in the dialysate (Figure
2b).

Infusion of MDL 72222 (1 gLM) with 2-methyl-5-HT (1 ,UM)
into the hippocampus via the probe completely prevented the
increase in dialysate 5-HT concentrations observed following
an infusion of 2-methyl-5-HT alone (Figure 2c).

Discussion

This study has used the technique of intracerebral mic-
rodialysis to determine whether 5-HT3 receptors modulate
the release of 5-HT in the hippocampus. The major finding
of the experiments is that 5-HT3 receptors facilitate 5-HT
release in the ventral hippocampus of the anaesthetized rat.
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Figure 2 Effects of the 5-HT3 receptor agonist, 2-methyl-5-HT, and
antagonist, MDL 72222, on rat hippocampal dialysate
5-hydroxytryptamine (5-HT) content. (a) 2-Methyl-5-HT, 0.1 gM (0,
n = 5), 1 JM (0, n = 4) or 10 jM (U, n = 4) was infused directly into
the hippocampus as described in (b); control values (0, n = 5).
*P<O.01 compared to control (Student's t test). (b) MDL 72222,
1 JM (0, n = 4) or 1O jIM (0, n = 4), was infused directly into the
hippocampus via the dialysis probe for the 15 min period indicated
by the horizontal bar. (c) Either 2-methyl-5-HT, 1 JM (0, n = 4) or
MDL 72222, 1 gIM, plus 2-methyl-5-HT, 1 IM (U, n = 4) was infused
into the hippocampus via the dialysis probe for 15 min as indicated
by the horizontal bar; control values (0, n = 6). *P<0.05 compared
to control (Dunnett's test). Each point represents the mean with s.e.
mean indicated by vertical bars. See legend to Figure 1 for further
details.

Furthermore, we have shown that these receptors do not
appear to be tonically activated.

In the experiments described here, we have used rats anaes-
thetized with chloral hydrate and have included the specific
5-HT re-uptake inhibitor, citalopram, in the dialysate.
Previous studies have clearly shown that under these experi-

mental conditions, a significant proportion of the 5-HT
measured results from depolarization-evoked, calcium-de-
pendent release from 5-HT-containing neurones (Sharp et al.,
1991).
The observations that peripheral and local administration

of RU 24969 inhibited 5-HT release are in close agreement
with previous findings (Sharp et al., 1989a; Auerbach et al.,
1991). We have also shown that the effects of locally applied
RU 24969 were attenuated by metitepine, a 5-HT receptor
antagonist which has some selectivity for 5-HTI-like sites
(Hibert & Middlemiss, 1986). Similar findings have also been
reported using in vivo voltammetry; Martin & Marsden
(1986) found that the effects of RU 24969 on 5-HT release
and metabolism in the rat suprachiasmatic nucleus were
specifically mediated by 5-HT1-like receptors. These authors
also showed that this effect involved 5-HTIB, but not 5-HTlA,
receptors located in the nerve terminal region (Martin &
Marsden, 1988). Furthermore, using in vitro techniques, Mid-
dlemiss (1984) has demonstrated that the nerve terminal
autoreceptor in the rat is of the 5-HTlB subtype. In view of
the above, and because RU 24969 has marginally more
affinity for 5-HTlB receptors than 5-HTIA receptors (Hoyer et
al., 1985), it is probable that the inhibition described here, is
also due to its agonist effect at terminal 5-HTlB receptors.
The physiological role of 5-HT3 receptors is still not fully

understood. However, it has been claimed that these sites are
involved in the control of cortical acetylcholine release
(Barnes et al., 1989; Bianchi et al., 1990), where they exert an
inhibitory effect. In addition, it has also been reported that
the in vitro release of cortical [3H]-5-HT is increased by
5-HT3 receptor activation (Galzin et al., 1990). The present
data are in agreement with these latter findings. The 5-HT3
receptor agonist, 2-methyl-5-HT (Richardson et al., 1985),
concentration-dependently increased dialysate 5-HT levels.
This effect was abolished by an equimolar concentration of
MDL 72222, a highly selective 5-HT3 receptor antagonist
(Fozard, 1984). Although these data clearly indicate that
5-HT3 receptors located in a 5-HT neurone terminal field
facilitate 5-HT release, they do not allow firm conclusions to
be drawn concerning the anatomical location of these sites.
However, we postulate that they may be located on 5-HT
nerve terminals, but further experimentation is required to
confirm this hypothesis. The 5-HT3 receptor antagonist,
MDL 72222, failed to alter 5-HT release when given directly
into the hippocampus. This finding indicates that the 5-HT3
receptors responsible for mediating the effects of 2-methyl-5-
HT are not tonically activated by endogenous 5-HT, under
which circumstance, MDL 72222 would have been predicted
to decrease 5-HT release.
The facilitation of 5-HT release by 2-methyl-5-HT is not

unexpected because several authors have previously shown
that 5-HT3 receptors have stimulatory effects on target
neurones where they facilitate the release of neurotransmit-
ters (Gaddum & Piccarelli, 1957; Fozard & Mobarak Ali,
1978; Hagen et al., 1987; Carboni et al., 1989). However, this
is the first demonstration that endogenous 5-HT release is
facilitated by 5-HT3 receptor stimulation. In conclusion, the
data presented in this paper, demonstrate that in vivo, 5-HTIB
and 5-HT3 receptors have opposing roles in the control of rat
hippocampal 5-HT release.
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