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1 The identity of the serotonin (5-HT) receptors modulating the transmission of segmental C-®bre
mediated signals was studied using an in vitro preparation of the hemisected spinal cord from rat
pups.

2 Responses to trains of stimuli delivered to a lumbar dorsal root were recorded from the
corresponding ventral root. The resulting cumulative depolarization (CD) mediated by unmyelinated
®bres was quanti®ed in terms of integrated area. The amplitude of the mono-synaptic re¯ex was also
measured. Serotonergic agents were superfused at known concentrations and their e�ects on the
re¯exes evaluated.

3 5-HT had depressant e�ects on the CD (EC50 34 mM). The rank order of potency of agonists for
the depression of the CD was 5-carboxamidotryptamine (5-CT)4a-methylserotonin (a-met-5-HT)
&5-HT442-methylserotonin (2-met-5-HT)&8-OH-DPAT.

4 All the agonists including 2-met-5-HT and 8-OH-DPAT had strong depressant e�ects on the
mono-synaptic re¯ex with the following order of potency: 5-CT448-OH-DPAT44a-met-5-HT
&5-HT&2-met-5-HT.

5 The inhibitory e�ects of 5-HT, a-met-5-HT and 5-CT were attenuated by the non-speci®c 5-HT
antagonist methiothepin (1 mM) and by the 5-HT1A/1B antagonist SDZ 21009 (100 nM) but not by
the selective 5-HT1A antagonist WAY 100135 (1 mM).

6 Other antagonists known to block 5-HT2, 5-HT6 and/or 5-HT7 receptors (ketanserin, RO 04-
6790, ritanserin and clozapine) did not change the e�ect of the agonists.

7 The data suggest an important contribution of 5-HT1B receptors to the inhibition of spinal C-
®bre mediated nociceptive re¯exes but no experimental support was found for the intervention of
5-HT2, 5-HT6 or 5-HT7 receptors in this in vitro model.
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Introduction

The direct administration of serotonin (5-HT) into the spinal
cord produces analgesic e�ects in a number of behavioural

tests (see Le Bars, 1988 for a critical review) and there is
extensive evidence suggesting a role for 5-HT in the
endogenous pain control system (Millan, 1997). At a cellular

level, 5-HT induces a range of responses including hyperpo-
larization, depolarization and changes in excitability of spinal
neurones, depolarization of primary a�erents and modulation

of glutamatergic and peptidergic transmission (Headley et al.,
1978; Davies & Roberts, 1981; Del Mar et al., 1994; Lopez-
Garcia & King, 1996; Larkman & Kelly, 1997; Lopez-Garcia,

1998). It is thought that several of these modulating e�ects at
the spinal level can contribute to the depression of synaptic
transmission caused by 5-HT (Lopez-Garcia & King, 1996)
and therefore to its analgesic e�ect.

The pharmacological pro®le of the 5-HT receptors
involved in modulating nociceptive transmission has been
investigated mostly by means of behavioural studies and to a

lesser extent using electrophysiological techniques (see Millan,
1997; Hamon & Bourgoin, 2000 for reviews). Often the

results obtained are con¯icting and di�cult to interpret
probably due to the multiplicity of 5-HT receptors with
overlapping pharmacological properties. 5-HT3 and several

subtypes of 5-HT1 receptors have been proposed to
contribute to the modulation of C-®bre mediated spinal
transmission (El Yashir et al., 1988; Ali et al., 1994; Peng et

al., 1996; Khasabov et al., 1999) but the possible intervention
of other receptors has also been suggested (see Hamon et al.,
1990 for a review).

Within the last decade four new receptor types for 5-HT
have been identi®ed and all of them appear to be present in
the spinal cord. Messenger RNAs for 5-HT4, 5-HT5 and 5-
HT6 receptors have been detected in cultured sensory

neurones or spinal neurones (Chen et al., 1998; Gerard et
al., 1996) and the presence of 5-HT7 receptors has been
suggested from autoradiographic and electrophysiological

studies (Gustafson et al., 1996; Clarke et al., 1997).
Interestingly several agonists of 5-HT1 receptors which have
been shown to have analgesic-like e�ects are now known to
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activate 5-HT6 or 5-HT7 receptors as well. Yet no
information is available on the role of these receptors at
the spinal level.

The present study was designed to evaluate the relative
roles of several 5-HT receptors including 5-HT1,2,3 receptors
and some of the newly described 5-HT receptors (5-HT6,7) at
inhibiting spinal nociceptive pathways. We analysed the

e�ects of classical 5-HT receptor agonists and antagonists
on 5-HT-mediated inhibition of nociceptive dorso-ventral
re¯exes. Part of this work has been presented in abstract

form (Hedo & Lopez-Garcia, 1999a, b).

Methods

All experiments were performed on Wistar rat pups (8 ± 12

days old) of either sex weighing between 18 and 29 g. All
experimental procedures were performed according to
European Union and Spanish Government regulations and
were supervised and approved by the University Animal Care

Facility.

Preparation of the in vitro hemisected cord

Rats were anaesthetized with urethane (2 g kg71, i.p.) and
their spinal cords extracted following a standard procedure

(Lopez-Garcia & Laird, 1998). Brie¯y, a rostro-caudal
laminectomy was performed and the cord was rapidly excised
together with attached dorsal and ventral roots. The cord was

then hemisected and placed in a recording chamber
continuously superfused with oxygenated (95% O2- 5%
CO2) arti®cial cerebrospinal ¯uid (ACSF) at room tempera-
ture. The composition of the ACSF was (in mM): NaCl 128;

KCl 1.9; KH2PO4 1.2; MgSO4 1.3; CaCl2 2.4; NaHCO3 26;
glucose 10 (pH 7.4). A period of 90 min was allowed for the
preparation to stabilize before testing spinal re¯exes.

Stimulation and recording

The L5 dorsal root and the corresponding ventral root were
placed in tight ®tting glass suction electrodes pulled by hand
from borosilicate tubing (Clark Electromedical Instruments).
Responses to electrical stimulation of the dorsal root were

recorded from the ventral root via a DC coupled ampli®er
(AxoClamp 2B, Axon Instruments Inc.; CA, U.S.A.). The
signal was then further ampli®ed with a Neurolog AC-DC

ampli®er set to DC mode, digitized at 3.3 kHz and stored for
o�-line computer-aided analysis using a CED 1401 and Spike
2 version 3.14 software (Cambridge Electronic Design, Ltd;

Cambridge, U.K.).
Spinal re¯exes were elicited with high intensity electrical

stimulus (200 ms and 300 mA) previously shown to be about

2 ± 3 times threshold for C-®bre stimulation (Hedo et al.,
1999). The stimulation test consisted of three single stimulus
(at 40 min intervals) and a train of 20 stimulus at 1 Hz.

Drugs

The drugs used were 5-hydroxytryptamine creatinine sulphate

(5-HT), 5-carboxamidotryptamine maleate (5-CT), a-methyl-
5-hydroxytryptamine (a-met-5-HT), R(+)-8-hydroxy-2-(di-N-
propylamino) tetralin hydrobromide (8-OH-DPAT), 2-

methyl-5-hydroxytryptamine (2-met-5-HT), methiothepin
mesylate, ritanserin, RO 04-6790 (all from RBI-Sigma),
(+) WAY 100135 dihydrochloryde (kindly donated by

Wyeth Research, U.K.) and SDZ-21009 (kindly donated by
Sandoz Pharma, Switzerland).

Drugs were prepared in high concentration aliquots (10 ±
50 mM) dissolved in ultrapure water and stored at 7208C or

dissolved in DMSO and stored at room temperature in the
case of ritanserin and RO 04-6790. All drugs were diluted in
ACSF to their ®nal concentrations immediately prior to use.

Experimental protocols

5-HT and all the agonists were applied for a set period of
9 min. For time course experiments electrical stimulation was
delivered to the dorsal root at 10 min intervals. After a

baseline response was obtained the agonist was superfused so
as to deliver a test stimulus during the last minute of
superfusion and the stimulation tests were continued until a
full recovery was observed. No more than three concentra-

tions of the same agonist or three di�erent agonists were
applied to the same preparation.

In a typical experiment with antagonists, electrical

stimulation tests were applied before and after 90 min of
antagonist superfusion. Thereafter antagonist superfusion
was continued until the end of the experiment. The

antagonists were tested against 5-HT and the agonists that
showed the largest inhibitory e�ects on the CD. In a single
antagonist study 5-HT was ®rst applied and recovery was

tested after 20 min of wash, then a-met-5-HT was applied
and recovery tested after 45 min of wash followed by a ®nal
application of 5-CT and a recovery test after 60 min of wash.
The experiments were discarded if the recovery of any of the

agonists did not reach 80% of control.

Measurements and data treatment

The responses to trains of stimulus were incremental (Figure
1A) producing a cumulative depolarization (CD). The CD

was quanti®ed as the integrated area with a cut-o� time of
24 s from ®rst stimulus artefact as in previous reports (see
Hedo et al., 1999). The rise rate of the cumulative
depolarization was calculated as the ®nal amplitude minus

the initial amplitude divided by 18 s. The amplitude of the
mono-synaptic re¯ex to single electrical stimulation and the
amplitude of the depolarization induced by superfusion of

agonists were also measured.
All data are expressed as mean per cent of control values

(+s.e.mean). For statistical analysis paired or unpaired

Student t-test were performed on the raw data. EC50 values
were obtained from pooled data by four parameter curve
®tting using an iterative procedure with commercial software

(GraphPad Software Inc., CA, U.S.A.)

Control experiments

Several control experiments were run at various points
throughout the main experiments described above. In order
to test the stability of the signal during prolonged

recordings, trains of stimulus were delivered to the dorsal
root at the scheduled times but in the absence of agonists or
antagonists (n=3). In order to discard an e�ect of the
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solvent DMSO this was superfused in isolation (0.1% in
ACSF) over prolonged periods of time (up to 2 h) and
trains of stimuli delivered every 10 or 20 min (n=4). Since

the e�ects of all serotonergic agonists used were inhibitory
we superfused acetylcholine (acetylcholine chloride from
RBI) at a range of concentrations (1 ± 100 mM) for 9 min

previous to delivery of electrical stimuli (n=5). None of
these treatments produced changes in the area of the CD
exceeding 9% of initial values.

Results

A total of 84 rat pups were used for the present study. The
ventral root recordings showed spontaneous activity in the
form of fast de¯exions of the recording trace. Under stable

conditions and prior to drug application the cumulative
depolarization (CD) evoked by trains of electrical stimulus
had a mean integrated area of 11.7+0.8 mV.s (range 5 ±

18 mV.s) and rise rate was 11+1 mV/s (range 4 ± 20 mV/s).
Under these conditions the mean amplitude of the mono-
synaptic re¯ex was 3.4+1.1 mV (range 0.6 ± 7.5 mV).

Effects of 5-HT receptor agonists

All the agonists used in the present experiments including 5-

HT depressed the integrated area of the CD. These e�ects
were concentration-dependent and reversible. Figure 1A
shows an example of the inhibitory e�ect of 5-HT at two

di�erent concentrations and Figure 1B shows the concentra-
tion-response curves for the agonists tested. Table 1
summarizes the EC50 values for the inhibition of the CD.

The most potent agonist was 5-CT followed by a-met-5-HT
and 5-HT itself. These agonists produced an immediate
depression of the CD which outlasted the drug application

time (see Table 1). In contrast 8-OH-DPAT and 2-met-5-HT
were weak agonists reducing the area of the CD to 79+18%
and to 80+8% of control values respectively at 10 mM. At
this high concentration 8-OH-DPAT depressed the responses

to the ®rst 2 ± 3 stimuli of the train to a greater extent than
the responses to the following stimuli (see Figure 2). As a
consequence the rise rate of the CD increased to 132% of

control during superfusion with 8-OH-DPAT 10 mM
(P40.05). None of the other agonists including 5-HT
modi®ed the rise rate at concentrations close to their EC50.

Figure 1 E�ects of 5-HT. (A) Shows original recordings obtained from the same experiment. Responses to trains of stimuli
produced a cumulative depolarization (CD) which was reduced by 5-HT although a certain slope is still visible during superfusion of
5-HT 50 mM. The large vertical lines correspond to stimulus artefacts in this and subsequent ®gures. The graphs in (B) show the
concentration-response curves for 5-HT and 8-OH-DPAT (upper graph) and for 5-CT, a-met-5-HT and 2-met-5-HT (lower trace)
on the integrated area of the CD. The numbers over the data points indicate number of observations.

British Journal of Pharmacology vol 135 (4)

Serotonergic modulation of nociceptive reflexesG. Hedo & J.A. Lopez-Garcia 937



All the 5-HT receptor agonists tested showed a concentra-
tion-dependent inhibitory e�ect on the mono-synaptic re¯ex.

The order of potency of the agonists was 5-CT448-OH-
DPAT44a-met-5-HT&5-HT (see Table 1). 2-met-5-HT
applied at 10 and 30 mM reduced the MSR to 82 and 44%

of control values respectively, and therefore its EC50 value is
likely to be close to that for 5-HT. The strong e�ect of 8-OH-
DPAT on the MSR contrasted with its modest e�ect on the

CD (see Figure 2).
Recovery of the MSR after drug application was very slow

for 5-CT, 8-OH-DPAT and a-met-5-HT and outlasted the

e�ects of these compounds on the CD (see Table 1). For this
reason, the e�ects of the antagonists on the agonist-induced
depression of the MSR were not assessed.
Both 5-HT and a-met-5-HT produced a similar depolariza-

tion of motoneurones which was visualized as a slow baseline
de¯ection (0.2 ± 0.7 mV at 10 mM) but none of the other
agonists did. 5-HT, 5-CT and a-met-5-HT produced a clear

inhibition of the ongoing activity. These e�ects appeared to
be faster and of greater magnitude the higher the concentra-
tion used but were not quanti®ed or analysed further.

Effects of 5-HT receptor antagonists

Several of the antagonists used had a direct e�ect on the
CD. Methiothepin (1 ± 5 mM), ritanserin (5 mM) and RO 04-

6790 (5 mM) produced a signi®cant increment of the
integrated area of the CD (between 115% and 130% of
control) and clozapine (5 mM) produced a very marked

increase (to 180% of control). In contrast SDZ-21009
(40.5 mM) and WAY 100135 (41 mM) showed a tendency
to decrease the CD.

The antagonists were tested against the agonists that
showed larger inhibitory e�ects on the CD at concentra-
tions close to their respective EC50 values ± i.e. 5-HT

(10 mM), a-met-5-HT (10 mM) and 5-CT (0.1 mM) ± in a
®xed temporal sequence (see Methods section). The results
obtained were compared to the e�ects of the agonists
applied in the same manner but in the absence of

antagonists (n=4). The inhibitory e�ect of each agonist
when applied in sequence was equal to that found when the
agonist was applied to a fresh cord (i.e. 5-CT 0.1 mM
reduced the area of the CD to 45+4% of control when
applied at the end of a sequence and to 41+4% when
applied to a fresh cord; di�erence not signi®cant). The

e�ects of the antagonists on the agonist-induced depression
of the CD are summarized in Figure 3.

Methiothepin This non-speci®c 5-HT receptor antagonist,

applied at 1 mM (n=3), clearly attenuated the depressant
e�ects of 5-HT, a-met-5-HT and 5-CT on the integrated area
of the CD (see Figure 3A ±C). During superfusion with

methiothepin 5 mM (n=2) none of the agonists caused
reductions of the integrated area of the CD larger than 9%
(not shown). Furthermore this antagonist blocked the

depolarization caused by 5-HT and a-met-5-HT.

SDZ-21009 This 5-HT1A/1B receptor antagonist applied at

100 nM (n=4) reduced the inhibitory e�ects of 5-HT, a-met-
5-HT and 5-CT (see Figure 3A ±C). In order to test further
the e�ects of SDZ-21009, more detailed time course
experiments were run for each agonist in the presence

(n=6±8) and absence (n=6± 8) of this compound. These
experiments are summarized in Figure 4A. In the presence of
SDZ-21009 all three agonists had a signi®cantly smaller peak

e�ect and a faster recovery than in control ACSF. An
example of the e�ects of SDZ-21009 on 5-CT-induced
depression of the CD is shown in Figure 4B. Higher

concentrations of this antagonist (1 ± 5 mM; n=3) produced
mixed agonist-antagonist actions on the CD compromising
the interpretation of the data.

Figure 2 E�ects of 8-OH-DPAT. (A) Shows responses to repetitive
dorsal root stimulation in control ACSF (left) and during superfusion
with 8-OH-DPAT 10 mM. Note the greater e�ect of 8-OH-DPAT on
the ®rst second of the response (horizontal arrow) than on the
development of the response upon further stimulation. (B) Shows
responses to single stimuli in control ACSF and during superfusion
of 8-OH-DPAT 1 mM obtained from a di�erent experiment. Note the
strong reduction of the mono-synaptic re¯ex (vertical arrow).

Table 1 EC50 values for the inhibition of the cumulative depolarization (CD) and the mono-synaptic re¯ex (MSR).

Inhibition Confidence Duration Inhibition Confidence Duration
of CD limits effects of MSR limits effect

EC50 (mM) (mM) (min) EC50 (mM) (mM) (min)

5-HT 34.5 14 ± 84 20 ± 30 27 9.2 ± 82 530
5-CT 0.08 0.040 ± 0.15 50 ± 70 *0.002a ± 560
a-met 5-HT 12.4 4.8 ± 30 30 ± 50 16 3.8 ± 70 460
8OH-DPAT ± ± ± 0.29 0.03 ± 3.1 460

The main agonists used EC50 values were calculated on the data used for Figure 1B. The duration if the e�ect refers to concentrations
close to the EC50.

aThis value is only tentative since the smaller concentrations of 5-CT used produced reductions of MSR close to
50%.
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WAY 100135 Superfusion of this speci®c 5-HT1A receptor
antagonist at 1 mM (n=2) or at 5 mM (n=1) did not produce
any signs of antagonism on any of the three agonists (see

Figure 3A±C).

Ketanserin and ritanserin Neither of the classical 5-HT2

receptor antagonists ketanserin and ritanserin (5 mM, n=3

both drugs) blocked the depression of the CD induced by the
agonists. An attenuation of the e�ect of 5-HT and a-met-5-
HT but not of 5-CT was observed (see Figure 3A±C). Both

antagonists blocked the motoneuronal depolarizations to 5-
HT and a-met-5-HT.

Combined superfusion of ketanserin and SDZ-21009 In order
to check whether the e�ects of 5-HT2 and 5-HT1B receptor
antagonists were additive SDZ-21009 (100 nM) and ketanser-

in (5 mM) were superfused together (n=3) and their combined
e�ect on a-met-5-HT analysed. During superfusion of both
antagonists, a-met-5-HT reduced the CD to only 83+4% of
control whereas during separate superfusion of SDZ-21009

and ketanserin, a-met-5-HT reduced the CD to 68+4% and
to 66+10% of control respectively. This is consistent with an
additive e�ect of the combined antagonists.

RO 04-6790 and Clozapine Superfusion of the 5-HT6

receptor antagonist RO 04-6790 (5 mM; n=3) produced only

a small attenuation of the e�ects of the agonists. In order to
further test the e�ects of this antagonist a new series of six
experiments were run with an identical structure to those

described for SDZ-21009. These experiments con®rmed a
small attenuation of the agonist-induced e�ect which was not
statistically signi®cant. Superfusion of clozapine (5 mM; n=2)
active at 5-HT6/7 receptors did not show antagonism of 5-HT

or the other agonists. In fact, larger depressant e�ects of the
agonists were observed in the presence of clozapine. However
these e�ects may be due to the large increase of the signal

produced by clozapine applied in isolation.

Discussion

As a starting point for the discussion of the present results it
is important to note that the inhibitory actions of 5-HT on

nociceptive re¯exes were blocked by the generic 5-HT
antagonist methiothepin indicating that the e�ects studied
were due to the activation of 5-HT receptors. Other factors

that might have explained a decrease of the signals recorded
such as fatigue of the preparation due to prolonged
recordings or the use of solvents or non-speci®c drug actions

were ruled out by control experiments. We therefore believe
that the inhibitory e�ects of 5-HT on the cumulative
depolarization represent an electrophysiological correlate of

the analgesic actions reported for 5-HT and related
compounds.
The order of potency of agonists that mimicked the

inhibition of the CD does not coincide with any subtype

of 5-HT receptor de®ned so far. The most potent agonist
at inhibiting the CD, 5-CT, has a�nity for 5-HT1 and for
5-HT5,6&7 receptors and a-met-5HT, the second most

potent agonist, is regarded as a selective 5-HT2 receptor
agonist (Hoyer et al., 1994). Yet, our results suggest that
5-HT1B receptors mediate, at least in part, the inhibition

Figure 3 Graphs show the e�ects of (A) 5-HT, (B) a-met-5-HT and
(C) 5-CT on the integrated area of the cumulative depolarization
applied in the absence (black bars) and the presence of a series of
antagonists (as speci®ed). Agonists and antagonists were applied at
the following concentrations: 5-HT and a-met-5-HT, 10 mM; 5-CT,
100 nM; methiothepin, 1 mM; SDZ-21009, 100 nM; WAY 100135,
1 mM; Ketanserin, ritanserin, clozapine and RO 04-6790, 5 mM.
Numbers of observations 2 ± 4 (see Results for details).
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of nociceptive re¯exes caused by all these agents. SDZ-
21009 is a well established 5-HT1A/1B antagonist which
has, in addition, a well documented b-blocker action

(Schoe�ter & Hoyer, 1989; Hoyer et al., 1990). We have
recently showed that b-adrenoceptor agonists fail to mimic
noradrenaline e�ects on nociceptive re¯exes under identical

experimental conditions (Hedo & Lopez-Garcia, 2001) and
these results are consistent with the low expression of b-
adrenoceptors in the spinal cord (Nicholas et al., 1998).
Therefore the blocking action of SDZ-21009 observed in

the present study may be attributed to the blockade of 5-
HT1A or 5-HT1B receptors. In addition, a speci®c 5-HT1A

receptor antagonist (WAY 100135) failed to modify the

response to 5-HT. Surprisingly SDZ-21009 attenuated not
only the inhibitory e�ects of 5-HT and 5-CT but also
those of a-met 5-HT.

The e�ects of a-met-5-HT are interesting for several
reasons. This compound, like 5-HT itself, depolarized
motoneurones therefore reducing the drive for further

depolarization upon arrival of synaptic input. The present
results show that ketanserin and ritanserin blocked the
agonist-induced depolarization producing only a small

attenuation of 5-HT- and a-met-5-HT-induced inhibition of
nociceptive re¯exes. This observation is consistent with
previous data indicating that depolarization of motoneurones
is mediated by 5-HT2 receptors (Wallis & Elliot, 1991) and

shows that motoneurone depolarization has only a marginal
impact on the integrated area of the CD that we have studied.
Under the present experimental conditions, 5-HT and a-met-5-

HT may activate 5-HT2 and 5-HT1B receptors although the
truly inhibitory e�ect of these compounds are mediated by 5-
HT1B receptors. This view is supported by the additive e�ects

Figure 4 E�ects of SDZ 21009. Each graph in (A) shows a comparison between control responses to 5-HT (10 mM), a-met-5-HT
(10 mM) and 5-CT (0.1 mM) (hollow squares, n=6±8) and responses in the presence of SDZ-21009 100 nM (®lled triangles; n=6±8).
Test stimulus were given at 10 min intervals. The peak e�ect of the agonist was signi®cantly smaller (* for P40.5; ** for P40.01).
(B) shows original recordings obtained from two di�erent preparations (upper and lower traces). The upper traces show the e�ect of
5-CT during application of the drug and after 30 min of wash in control ACSF. The lower traces show the same sequence in SDZ-
21009 containing ACSF.
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of 5-HT1B and 5-HT2 antagonists when applied together. It is
also interesting to note that neither ketanserin nor ritanserin
modi®ed the e�ects of 5-CT which in turn did not produce

motoneuronal depolarization at the low concentrations used.
This interpretation is consistent with results presented by

other authors showing that activation of 5-HT1B receptors
has antinociceptive actions in behavioural tests, reduces the

receptive ®elds of nociceptive neurones and depresses
responses to nociceptive stimulation in spinal neurones (El
Yashir et al., 1988; Eide et al., 1990; Murphy & Zemlan,

1990; Ali et al., 1994). Since the 5-HT1B receptor is located
on terminals of a�erent ®bres and descending serotonergic
®bres, a presynaptic mechanism has been proposed (see

Hamon et al., 1990 for a review). Despite all these
considerations, in our hands, the blocking action of SDZ-
21009 was only partial. This leaves the possibility of the

involvement of other 5-HT receptors opened to discussion.
The role of 5-HT1A receptors in the modulation of

nociceptive re¯exes has been intensively discussed in the
literature and con¯icting pro-and anti-nociceptive e�ects have

been reported. (El Yashir et al., 1988; Gjerstad & Hole, 1996;
Eide et al., 1990; Ali et al., 1994; Murphy & Zemlan, 1989;
Hololean et al., 1992). In our model, 8-OH-DPAT had a

depressant e�ect on nociceptive re¯exes which was observed
in the ®rst seconds of the response to repetitive stimulation.
In contrast, 8-OH-DPAT was unable to prevent a fast

development of the CD. It is important to note that this
e�ect on nociceptive re¯exes appeared at high concentrations
(10 mM) whereas profound and long-lasting e�ects of 8-OH-

DPAT were observed on the non-nociceptive mono-synaptic
re¯ex at much lower concentrations (0.1 ± 1 mM). Clarke et al.
(1997) reported an excitatory action of 8-OH-DPAT on
spinal re¯exes which was more consistent with a non-speci®c

activation of 5-HT7 receptors than with the activation of 5-
HT1A receptors. It is possible that in the present experiments
excitatory and inhibitory actions of this compound may have

cancelled each other out whereas in other studies, a more
spatially restricted application of the drug led to net
inhibitory or excitatory e�ects. Nevertheless, the failure of

WAY 100135 to prevent the e�ects of 5-HT suggests that 5-
HT1A receptors do not play a mayor role in the overall
modulation of nociceptive re¯exes in this isolated prepara-
tion. The role of 5-HT1D receptors in the modulation of

nociceptive re¯exes has only recently been addressed and few
observations exists in this regard. It has been shown that
blockade of 5-HT1D receptors depress responses of trigeminal

dorsal horn neurones to noxious mechanical stimulation but
does not a�ect responses of spinal dorsal horn neurones
(Cumberbatch et al., 1998). In the present study the

superfusion of ketanserin and ritanserin which have antago-
nist activity at 5-HT1D receptors (see Boess & Martin, 1994)
fail to block the e�ects of 5-CT.

The possible intervention of 5-HT6 and 5-HT7 receptors
was assessed by superfusion of antagonists reported to block
selectively (RO 04-6790; Sleight et al., 1998) or non-
selectively these receptors (ritanserin and clozapine; see

Monsma et al., 1993; Roth et al., 1994). At the high
concentrations used, RO 04-6790 produced only a small and
non-signi®cant attenuation of the agonist-induced depression

which was not con®rmed by clozapine. Therefore the main
conclusion that can be drawn is that neither 5-HT6 nor 5-
HT7 receptors play a major role in the inhibition of

nociceptive re¯exes induced by exogenous 5-HT. It is
noteworthy that all the antagonists with an action on 5-
HT6 receptors produced an increase in baseline responses

including RO 04-6790, methiothepin, ritanserin and cloza-
pine. It is therefore possible that blockade of this receptor
reveals a tonic inhibitory role for endogenous 5-HT which
has been previously reported in the isolated spinal cord

(Wallis & Elliot, 1991). This may also explain the increased
responses to noxious stimuli after administration of
methiothepin found in behaving animals (Eide et al., 1987).

The very few reports in which the role of spinal 5-HT7

receptors has been addressed are more consistent with
potentiation than with inhibition of a�erent input (Cardenas

et al., 1999; Clarke et al., 1997).
Finally we observed that 2-met-5-HT, a 5-HT3 receptor

agonist, produced signi®cant but small depression of

nociceptive re¯exes. The role of 5-HT3 receptors has been
investigated in the context of spinal nociceptive processing in
several studies and the general view is that they play a role in
the inhibition of nociceptive input probably via a presynaptic

mechanism (see Glaum et al., 1988; Peng et al., 1996;
Khasabov et al., 1999; but see also Xu et al., 1994). The
present results support this view.

In summary, our results lend strong experimental support
to the hypothesis of the involvement of 5-HT1B receptors in
the inhibition of spinal nociceptive re¯exes. A coadjuvant role

for 5-HT3 receptors is also suggested by the present results.
In contrast, no evidence has been found to infer the
intervention of 5-HT2, 5-HT6 or 5-HT7 receptors.
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the results and revision of the English version of this manuscript.
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