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1 In decerebrated rabbits, the selective 5-HT1B/1D receptor antagonist GR 127,935 had no
signi®cant e�ects on re¯exes evoked in medial gastrocnemius motoneurones by electrical stimulation
of the sural nerve, or on arterial blood pressure or heart rate when given by the intrathecal (up to
543 nmol cumulative) or intravenous (up to 1.8 mmol cumulative) routes.

2 In decerebrated, spinalized rabbits, intrathecal GR 127,935 in doses of up to 543 nmol, had no
e�ect on the sural-gastrocnemius re¯ex. Furthermore, this drug failed to alter enhancement of the
sural-gastrocnemius re¯ex induced by 8-hydroxy-2-(di-n-propyl)aminotetralin (8-OH-DPAT), given
at 300 nmol kg71 i.v.

3 In decerebrated, spinalized rabbits, the selective 5-HT1B/1D receptor agonists L-694,247
(cumulative doses of 2 ± 243 nmol kg71 i.v.) and L-741,604 (cumulative doses of 3 ± 307 nmol
kg71 i.v.), each caused the sural-gastrocnemius re¯ex to increase to 140% of pre-drug levels, and
arterial blood pressure to rise by about 10 mmHg. Subsequent administration of GR 127,935 at
0.9 ± 1.8 mmol kg71 reversed the pressor e�ect of the agonists but not the increase in re¯exes. The 5-
HT1A receptor antagonist WAY-100,635 (185 nmol kg71 i.v.) also failed to reverse the increase in
re¯exes, but the 5-HT1B/1D/5-HT2/5-HT7 ligand ritanserin (1.6 mmol kg71 i.v.) restored re¯exes to
pre-drug control values after L-741,604 (it was not tested against L-694,247).

4 These data indicate that 5-HT1B/1D receptors do not signi®cantly modulate transmission in the
sural-gastrocnemius re¯ex pathway, and that the enhancement of re¯exes by 8-OH-DPAT and L-
741,604 is probably mediated by 5-HT7 receptors.
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Abbreviations: GR 127,935, 2'-methyl-4'-(5-methyl-(1,2,4) oxadiazol-3-yl)-biphenyl-4-carboxylic acid (4-methoxy-3-(4-methyl-
piperazin-1-yl-phenyl)-amide.HCl; IQR, inter-quartile range; L-694,247, 2-(5-(3-(4-methylsulphonylamino)ben-
zyl-1,2,4-oxadiazol-5-yl)-1H-indole-3-yl)ethylamine; L-741,604, N,N-dimethyl-2-[5-(1,2,4-triazol-4-yl)-1H-indol-3-
yl]ethylamine; MG, medial gastrocnemius; 8-OH-DPAT, 8-hydroxy-2-(di-n-propylamino)tetralin; WAY-100,635,
N-2,N-(2-pyridinyl)cyclohexanecarboxamide.3HCl

Introduction

The agonist 8-hydroxy-2-(di-n-propylamino)tetralin (8-OH-

DPAT) has long been considered to be selective for the 5-HT1A

receptor (Hjorth et al., 1987), but some recent studies have
suggested that it has signi®cant activity at other 5-HT

receptors. For instance, in the decerebrated, spinalized rabbit,
8-OH-DPAT enhanced re¯exes evoked in medial gastrocne-
mius (MG) motoneurones evoked by electrical stimulation of

the cutaneous sural nerve (Clarke et al., 1997). The e�ects of
low doses of 8-OH-DPAT were completely reversed by the
selective 5-HT1A receptor antagonist WAY-100,635 (Ogilvie &
Clarke, 1998), but responses to higher doses of the agonist (up

to 300 nmol kg71 i.v.) were blocked only by coadministration
of WAY-100,635 with the 5-HT1B/1D/5-HT2/5-HT7 receptor
ligand ritanserin (Clarke et al., 1997). These ®ndings suggest

that 5-HT1A- and non-5-HT1A-receptors were involved in the
enhancement of re¯exes. As 8-OH-DPAT has little or no
a�nity for 5-HT2 receptors (Van Wijngaarden et al., 1990), it

may be concluded that high doses of 8-OH-DPAT activated

5-HT1B/1D and/or 5-HT7 receptors in addition to 5-HT1A-

receptors to produce this e�ect.
To di�erentiate between these possibilities, we have now

investigated the possible functions of 5-HT1B/1D receptors in

rabbit spinal cord. As 8-OH-DPAT has been shown to exert
some e�ects through 5-HT1B/1D receptors in the rabbit (Dando
et al., 1998), we started from the position that these receptors

were likely to be important modulators of spinal function in
this species. We ®rst probed for tonic activation of spinal 5-
HT1B/1D receptors with the selective antagonist GR 127,935
(Skingle et al., 1996). The same antagonist was then used to

test for the involvement of 5-HT1B/1D receptors in mediating
the e�ects of 8-OH-DPAT. Finally, the potent 5-HT1B/1D

receptor agonists L-694,247 (Beer et al., 1993) and L-741,604

(Sternfeld et al., 1996) were used to investigate directly the
e�ects of activation of these receptors. Some of the present
data have been reported in abstracts (Wigglesworth et al.,

1997; Clarke et al., 1999).

Methods

Experiments were performed on 36 rabbits, of either sex and
weighing between 1.7 and 3.0 kg. Anaesthesia was induced by

an initial intravenous injection of methohexitone sodium
(Brietal, Eli Lilly) at a dose of 5 ± 10 mg kg71 that was
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supplemented to e�ect. The mean total dose given was
13 mg kg71. The trachea was then cannulated and anaesthesia
maintained using halothane (2 ± 4%) in a mixture of oxygen

and nitrous oxide in a ratio of 30 : 70. The left carotid artery
was then cannulated to allow measurement of arterial blood
pressure. Two cannulae were inserted into the left jugular vein
for administration of drugs. A laminectomy was then

performed at L1 ±L2. A ®ne polythene cannula (Portex, o.d.
0.61 mm) was inserted under the dura at this point and
threaded down so that its tip lay close to segments L7 and S1.

Where spinalization was required, a complete transection of
the spinal cord was performed at segment L1 by suction after
the cord had been anaesthetized with 100 ml 2% lignocaine

solution (Lignavet, C-Vet). The rabbits were then decerebrated
by suction to the pre-collicular level. Anaesthesia was
discontinued and the animals paralysed with pancuronium

bromide (David Bull laboratories, 0.4 mg kg71 initially and
then infused at 1 mg h71). Ventilation was continued
arti®cially with room air supplemented with oxygen. The left
leg was clamped by the femur and tibia so that the hip and

knee joints were placed at angles of 100 and 908 respectively.
the biceps femoris muscle was exposed and bisected, revealing
the popliteal fossa. The pool so formed was ®lled with warmed

(388C) para�n oil to prevent dessication of tissues.
The sural nerve was dissected free of any connective tissue,

cut and placed over two pairs of stimulating electrodes. A

centrally-positioned electrode was used to record a�erent
volleys from the sural nerve. The nerve to MG was cut,
desheathed and placed over a pair of platinum recording

electrodes, between which the nerve was crushed to obtain a
monophasic signal. At least 1 h was allowed to pass between
the withdrawal of anaesthesia and recording of re¯exes. Re¯ex
responses were evoked by stimulating the sural nerve with

0.1 ms pulses at a strength su�cient to excite all myelinated
axons (15 ± 306threshold). Stimuli were applied as a series of
eight shocks, given at a frequency of 1 Hz. Responses were

recorded from the MG muscle nerve, averaged, and integrated
by computer.

The ECG was recorded from subcutaneous electrodes

placed either side of the chest and was used to trigger an
instantaneous rate meter (Neurolog NL 253) for a record of
heart rate. The blood pressure signal was passed through a
Hewlett Packard 8856 blood pressure analyzer to obtain mean

arterial pressure. Heart rate and blood pressure were sampled
simultaneously with nerve recordings.

Drug administration protocols

Three sets of experiments were performed.

Are 5-HT1B/1D receptors tonically active in decerebrated
rabbits?

In order to establish whether or not 5-HT1B/1D receptors are
tonically occupied in decerebrated rabbits, 12 non-spinalized
animals were given a range of doses of GR 127,935 by the

intrathecal (i.th.) or i.v. routes. This protocol was used to
determine if an e�ect obtained from i.th. administration was
likely to be due to a spinal site of action or leakage of the

drug into the circulation. The antagonist was given
intrathecally to six animals in incrementing doses of 2, 4,
13, 36, 130 and 360 nmol to give a ®nal cumulative dose of

543 nmol. Injections, none of which exceeded 100 ml in
volume, were ¯ushed in with 30 ml Ringer's solution and
were separated by intervals of 24 min. Six further animals
received GR 127,935 intravenously, in doses of 6, 13, 36,

130, 360, and 1300 nmol per rabbit, giving a cumulative
total of 1.8 mmol.

Are 5-HT1B/1D receptors involved in the facilitation of
re¯exes by 8-OH-DPAT?

These and all subsequent experiments were performed on

decerebrated rabbits spinalized at the thoracolumbar junction.
Two separate protocols were used in this part of the study.

The e�ects of GR 127,935 given before 8-OH-DPAT GR
127,935 was given to six rabbits intrathecally to maximize
access to the spinal cord, in doses of 180 and then 360 nmol,

providing a total cumulative dose of 540 nmol. 8-OH-DPAT
was then given at 300 nmol kg71 i.v., followed by WAY-
100,635 at 185 nmol kg71 i.v. and, in one animal, ritanserin at

1.6 mmol kg71 i.v. All drug doses were separated by intervals
of 12 min.

The e�ects of GR 127,935 given after 8-OH-DPAT Six rabbits

received 8-OH-DPAT at 300 nmol kg71 i.v., followed by GR
127,935 at 540 nmol kg71 i.th., WAY-100,635 at 185 nmol
kg71 i.v. and then ritanserin at 1.6 mmol kg71 i.v. All drug

doses were separated by intervals of 12 min.

The results of activation of 5-HT1B/1D receptors

Twelve decerebrated and spinalized rabbits received increasing
i.v. doses of either L-694,247 of 2, 5, 17, 49 and

170 nmol kg71, giving a total cumulative dose of
243 nmol kg71 (100 mg kg71), followed by GR 127,935 in a
dose of 1.8 mmol kg71 i.v. (n=6), or L-741,604 in doses of 3, 6,
22, 59 and 220 nmol kg71 giving a total cumulative dose of

307 nmol kg71, followed by GR 127,935 at 0.9 mmol kg71 i.v.
(n=6). The doses of GR 127,935 were calculated on the
published a�nities of the drugs at 5-HT1B/1D receptors (Beer et

al., 1993; Skingle et al., 1996; Sternfeld et al., 1996). After GR
127,935, all animals were given WAY-100,635 (185 nmol
kg71 i.v.), and the animals receiving L-741,604 were also given

a ®nal injection of ritanserin at 1.6 mmol kg71 i.v. Doses of
5-HT1B/1D agonists were separated by intervals of 24 min, all
subsequent injections were given 12 min apart.

Drugs

GR 127,935 (2'-methyl-4'-(5-methyl-(1,2,4) oxadiazol-3-yl)-

biphenyl-4-carboxylic acid (4-methoxy-3-(4-methyl-piperazin-
1-yl-phenyl)-amide.HCl), a gift of Glaxo Wellcome research,
was dissolved in dimethyl sulphoxide (DMSO) and subse-

quently diluted to a strength of 3.6 mM in Ringer's solution
(®nal DMSO concentration 0.5%). Further 10 fold dilutions
were made up in Ringer's solution. L-694,247 (2-(5-(3-(4-

methylsulphonylamino) benzyl - 1,2,4 - oxadiazol -5 -yl) - 1H-in-
dole-3-yl)ethylamine) and L-741,604 (N,N-dimethyl-2-[5-
(1,2,4-triazol-4-yl)-1H-indol-3-yl]ethylamine) were gifts of Dr
R. Hargreaves, Merck, Sharp and Dohme Neuroscience

Research. L-694,247 was dissolved in DMSO and diluted to
a strength of 4.9 mM in Ringer's solution (®nal concentration
of DMSO 1%): subsequent 10 fold dilutions were made up in

Ringer's. L-741,604 was dissolved in Ringer's solution to a
concentration of 3 mM and serial 10 fold dilutions were made
in the same solvent. WAY-100,635 (N-2,N-(2-pyridinyl)cyclo-

hexanecarboxamide.3HCl), a gift of Wyeth Research, and 8-
OH-DPAT (Tocris Cookson) were each dissolved in Ringer's
solution to concentrations of 3.7 and 3 mM respectively.
Ritanserin (Research Biochemicals Inc.) was dissolved in 20 ml
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DMSO and suspended at 1.6 mM in 5% d-glucose solution.
The composition of the Ringer's solution used in this
laboratory is (mM): NaCl 150; NaHCO3 5; KCl 4; CaCl2 2

and MgCl2 50 mM.

Statistical analysis

Re¯exes are expressed as a percentage of the mean of the
twelve values recorded immediately before the ®rst drug was
given. Data points are described as medians and inter-quartile

ranges (IQRs) derived from pooled data from each group of
experiments. Re¯ex data did not ®t a normal distribution and
were therefore analysed using non parametric tests, namely the

Friedman's ANOVA on ranks, the Wilcoxon signed ranks and
matched pair tests for paired data and Mann-Whitney U-test
for unpaired data. Cardiovascular data were suitable for

parametric analysis and are therefore expressed as means
+s.e.mean; one-way ANOVA and paired and unpaired t-tests
were used for statistical analysis of these variables. All P values
are two-tailed. Tests were performed using the Instat3 program

from GraphPad Software.

Results

Studies on tonic activity at 5-HT1B/1D receptors in
non-spinalized preparations

In non-spinalized rabbits, administration of the 5-HT1D

antagonist GR 127,935, given by either the intravenous or
intrathecal routes (n=6 for both) had no consistent or
signi®cant e�ects on re¯ex responses (Friedman's ANOVA,
P=0.127 and 0.0906 respectively, Figure 1), although there

was a tendency for responses to increase when the drug was
given intrathecally. GR 127,935 had no consistent or
signi®cant e�ects on mean arterial blood pressure (control

values 91+5 and 81+6 mmHg for the i.th. and i.v. treated
groups respectively) or heart rate (control values 286+3 and
293+28 beats min71 for the i.th. and i.v. treated groups

respectively) when given by either route.

E�ects of 5-HT1B/1D receptor blockade on enhancement
of re¯exes by 8-OH-DPAT

GR 127,935 given ®rst In spinalized rabbits, administration
of GR 127,935 at 180 and then 360 nmol kg71 i.th. produced

no signi®cant changes in the sural-MG re¯ex. In the presence
of this antagonist, 8-OH-DPAT (300 nmol kg71 i.v.) caused
signi®cant facilitation of the MG responses to a median of

313% (IQR 176 ± 404%) of pre-drug controls (Wilcoxon test,
P=0.03, n=6, Figure 2). This increase was not signi®cantly
di�erent from that observed following the same dose of 8-OH-

DPAT given alone (see next section, Mann-Whitney test,
P=0.4). Subsequent administration of WAY-100,635
(185 nmol kg71 i.v.) resulted in a signi®cant decrease in re¯ex
responses compared to post-8-OH-DPAT levels (Wilcoxon

test, P=0.03, Figure 2), but re¯exes remained signi®cantly
greater than pre-8-OH-DPAT values (Wilcoxon test, P=0.03).
In one experiment, ritanserin (1.6 mmol kg71 i.v.) was given

after WAY-100,635. This resulted in a decrease of the response
to a level that was not di�erent from the pre-drug control.

GR 127,935 had no signi®cant e�ect on heart rate (Figure

2). 8-OH-DPAT caused a powerful bradycardia, with a mean
decrease in heart rate of 50+11 beats min71 from a control
level of 269+18 beats min71 (paired t-test, P=0.003), that was
fully reversed by WAY-100,635 (Figure 2). In keeping with

previous studies (Clarke et al., 1997), none of the drugs caused
any signi®cant or consistent changes in blood pressure (control
value 63+4 mmHg).

Figure 1 The e�ects on the sural-MG re¯ex of GR 127,935 given by
the intrathecal and intravenous routes to decerebrated, non-spinalized
rabbits. None of the changes observed was statistically signi®cant (see
text). Each point is the median from six experiments and the vertical
lines indicate the third or ®rst quartiles.

Figure 2 Upper panel. Changes in the sural-MG re¯ex of spinalized
rabbits induced by GR 127,935 (GR180 and GR 540, 180 and then
540 nmol kg71 i.th. cumulative), followed by 8-OH-DPAT (DPAT,
300 nmol kg71 i.v.) and then WAY-100,635 (WAY, 185 nmol
kg71 i.v.). The height of each column is the median value from six
experiments and the vertical lines indicate inter-quartile ranges.
Lower panel: Changes in heart rate induced by the drug regimen
described above. The height of each column represents the mean
value from six experiments and the vertical lines indicate s.e.mean.
Both panels: * indicates a signi®cant di�erence from pre-drug
controls; { indicates signi®cantly less than 8-OH-DPAT level but
signi®cantly greater than pre-drug levels; { indicates signi®cantly less
than 8-OH-DPAT level and not signi®cantly di�erent from control.
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8-OH-DPAT given ®rst 8-OH-DPAT at 300 nmol kg71 i.v.
produced signi®cant enhancement of the re¯ex to a median of
168% (IQR 150 ± 234%) of pre-drug levels (Wilcoxon,

P=0.03, n=6, Figure 3). Subsequent administration of GR
127,935 at 540 nmol kg71 i.th. had no further signi®cant e�ect
on the response (median 253% of pre-drug values, IQR 179 ±
414%) leaving the re¯ex signi®cantly greater than the pre-8-

OH-DPAT level (Wilcoxon test, P=0.03, Figure 3). After
WAY-100,635 (185 nmol kg71 i.v.) the re¯ex was a median of
157% (IQR 147 ± 165%) of pre-drug values, still signi®cantly

greater than controls (Wilcoxon test, P=0.03), although there
was a tendency for the re¯ex to decrease following the 5-HT1A

receptor antagonist (Figure 3). Ritanserin, at 1.6 mmol kg71,

produced a signi®cant decrease in the re¯ex compared to post-
WAY-100,635 levels (Wilcoxon test, P=0.03) to a median of
126% (IQR 115 ± 150%) of pre-8-OH-DPAT levels. This was

not signi®cantly di�erent from pre-drug re¯exes (Wilcoxon
test, P=0.08).

Once again, none of the drugs, alone or in combination,
caused any signi®cant changes in arterial blood pressure

(control value 63+4 mmHg). 8-OH-DPAT induced a large fall
in heart rate by a mean of 56+6 beats min71 from a pre-drug
level of 304+5 beats min71 (P=0.001, paired t-test), that was

una�ected by subsequent administration of GR 127,935 but

was completely reversed by WAY-100,635 (P=0.003 com-
pared to post-8-OH-DPAT heart rate, paired t-test, Figure 3).

E�ects of the 5-HT1B/1D agonists L-694,247 and
L-741,604 in spinalized preparations

When given i.v. to spinalized rabbits, the 5-HT1B/1D agonists L-

694,247 and L-741,604 each caused dose-dependent, signi®cant
facilitation of the sural-MG re¯ex response (Friedman's
ANOVA, P=0.0002 and n=6 for both, Figure 4). This

increase became signi®cant at the third dose (23 and
31 nmol kg71 cumulative for L-694,247 and L-741,604,
respectively) of each agonist (Wilcoxon, P=0.03). After the

®nal dose of L-694,247, re¯exes were a median of 146% (IQR
125 ± 166%) of pre-drug control values. The corresponding
value after L-741,604 was 143% (IQR 124 ± 153%) of controls.

Subsequent administration of GR 127,935 (0.9 ±
1.8 mmol kg71) and then WAY-100,635 (185 nmol kg71) had
no e�ect after either agonist (Figure 4), but when ritanserin
(1.6 mmol kg71 i.v.) was given after L-741,604, re¯exes

returned to pre-agonist control levels (Figure 4).
Both 5-HT1B/1D agonists also induced signi®cant increases in

blood pressure (Figure 4). The mean increase in arterial

pressure after L-694,247 was 10+1 mmHg over a pre-drug

Figure 3 Upper panel. Changes in the sural-MG re¯ex of spinalized
rabbits induced by 8-OH-DPAT (DPAT, 300 nmol kg71 i.v.)
followed by GR 127,935 (GR, 540 nmol kg71 i.th.); WAY-100,635
(WAY, 185 nmol kg71 i.v.) and then ritanserin (RIT, 1.6 mmol kg71

i.v.). The height of each column is the median value from six
experiments and the vertical lines indicate inter quartile ranges.
Lower panel: Changes in heart rate induced by the drug regimen
described above. The height of each column represents the mean
value from six experiments and the vertical lines indicate s.e.mean.
Both panels: * indicates a signi®cant di�erence from pre-drug
controls; { indicates signi®cantly less than 8-OH-DPAT level but
signi®cantly greater than pre-drug levels; { indicates signi®cantly less
than 8-OH-DPAT level and not signi®cantly di�erent from control.

Figure 4 Dose-e�ect curves for L-694,247 and L-741,604 given i.v.
to spinalized rabbits, showing changes induced by subsequent doses
of GR 127,935 (GR, 1.8 mmol kg71 i.v. for L-694,247, 0.9 mmol
kg71 for L-741,604); WAY-100,635 (WAY 185 nmol kg71 i.v.) and
ritanserin (RIT, 1.6 mmol kg71 i.v.). Upper panel: e�ects on the
sural-MG re¯ex, each point is the median from six experiments and
the vertical lines indicate inter-quartile ranges. Lower panel: as above
for arterial blood pressure, each point is the mean from six
experiments and the vertical lines indicate s.e.mean. *Indicates lowest
dose of L-694,247/L-741,604 inducing a signi®cant change from pre-
drug control; { indicates signi®cantly di�erent from pre-GR 127,935
values and not signi®cantly di�erent from control.

5-HT1B/1D receptors and spinal reflex transmission784 J. Ogilvie et al



average of 65+5 mmHg (ANOVA, P=0.02) and this e�ect
became signi®cant with the highest dose of the drug (paired t-
test, P=0.03). After L-741,604, blood pressure rose by a mean

of 13+3 mmHg from a pre-drug level of 71+5 mmHg
(ANOVA, P=0.002), and the lowest e�ective dose was
31 nmol kg71. In both cases these e�ects were reversed by
GR 127,935 (Figure 4, paired t-tests against the ®nal dose of

agonist, P=0.03 and 0.003 for L-694,247 and L-741,604
respectively). Neither WAY-100,635, nor ritanserin induced
any further signi®cant changes in blood pressure (Figure 4,

paired t-tests, P40.05). None of the drugs caused any
signi®cant changes in heart rate compared with control.

Discussion

5-HT1B/1D receptors: involvement in modulating spinal
re¯exes and in cardiovascular control

The original purpose of the present study was to investigate the

extent to which the non-5-HT1A-receptor-mediated e�ects of 8-
OH-DPAT could be attributed to an action at 5-HT1B/1D

receptors. Rabbits are known to possess 5-HT1B and 5-HT1D

receptors with a similar pharmacology to those found in
human tissues (Limberger et al., 1991; Hoyer et al., 1992;
Harwood et al., 1995; Wurch et al., 1997), and others have

shown that 8-OH-DPAT can induce e�ects at 5-HT1B/1D

receptors in this species (Dando et al., 1998). However, the
present results indicate that these receptors have little or no

role to play in modulating transmission between sural nerve
a�erents and MG motoneurones, and are certainly not
responsible for the re¯ex enhancing actions of 8-OH-DPAT.
In non-spinalized animals, the selective 5-HT1B/1D antagonist

GR 127,935 induced a small increase in spinal re¯exes when
given by the i.th. route, but this e�ect was not statistically
signi®cant. The drug failed to produce any changes at all in

cardiovascular variables. In view of the high a�nity of the
antagonist for 5-HT1B/1D receptors, and by comparison with
the e�ects of antagonists for other receptors with similar

a�nities at their preferred binding sites (Ogilvie et al., 1999), it
is highly unlikely that insu�cient drug was given to block 5-
HT1B/1D receptors. It appears that there is no tonic activation
of 5-HT1B/1D receptors in rabbit spinal cord or cardiovascular

system under the conditions of these experiments.
In spinalized preparations, the potent 5-HT1B/1D agonists L-

694,247 and L-741,604 both increased sural-MG re¯exes and

arterial blood pressure. The two agonists were indistinguish-
able in their e�ects: it appears that the very high binding
a�nity of L-694,247 is o�set by the enhanced lipophilicity of

the L-741,604 molecule (Beer et al., 1993; Sternfeld et al.,
1996). The increase in blood pressure induced by both drugs
was fully reversed by GR 127,935. This result indicates that:-

(i) the pressor e�ect of the agonists was indeed mediated
through 5-HT1B and/or 5-HT1D receptors; (ii) su�cient doses
of the agonists had been given to activate these receptors; and
(iii) enough antagonist had been given to overcome either

agonist. The vaso- and venoconstrictor actions of 5-HT1B/1D

agonists in rabbit are well known (e.g. Deckert et al., 1994;
Choppin & O'Connor, 1994; 1995; Valentin et al., 1996; De

Vries et al., 1997; Ellwood & Curtis, 1997), and no doubt
explain the blood pressure changes caused by L-694,247 and
L-741,604.

Potentiation of re¯exes induced by the 5-HT1B/1D agonists
was not reversed by GR 127,935. Although both L-694,247
and L-741,604 have moderate a�nity for 5-HT1A receptors
(Stern®eld et al., 1996), the re¯ex enhancing action of the drugs

could not have been mediated through these sites as it was not
reversed by the selective 5-HT1A antagonist, WAY-100,635.
Unlike other 5-HT1B/1D agonists, L-694,247 has no agonist

activity at 5-HT1F receptors (Wainscott et al., 1998), so that
these sites are not candidates for increasing re¯ex responses.
Ritanserin, the 5-HT2/1B/1D/7 ligand, reversed the e�ect of L-
741,604. As neither this agonist, nor L-694,247, has signi®cant

a�nity for 5-HT2 receptors (Sternfeld et al., 1996), one might
conclude that the potentiation of re¯exes was due to an action
at 5-HT7 receptors (although it is not possible to exclude the

involvement of a novel 5-HT receptor). No data on the activity
of these compounds at 5-HT7 receptors have been published,
but this conclusion is consistent with our observations on

8-OH-DPAT (see below). Furthermore, the archetypal
5-HT1B/1D receptor ligand sumatriptan (from which L-
694,247 and L-741,604 were derived) is known to be a ligand

at 5-HT7 receptors (Bard et al., 1993; Ruat et al., 1993). A
common clinical side-e�ect of the `triptan' class of 5-HT
receptor agonists is tightness of the chest (Mathew, 1997).
Assuming that activity at 5-HT7 receptors is a general feature

of these drugs, it is possible that this sensation could result
from a 5-HT7 receptor-induced excitation of thoracic
motoneurones and that the problem could be overcome by

the synthesis of more selective 5-HT1B/1D agonists.
The apparent non-involvement of 5-HT1B/1D receptors in

modulating re¯exes in the present experiments is consistent

with an earlier report showing that a 5-HT1B/1D receptor agonist
had no e�ect on tail ¯ick re¯ex latency in the rat (Mjellem et al.,
1992) and the recent observation that naratriptan does not

depress the responses of nociceptive dorsal horn neurones in
the same species (Cumberbatch et al., 1998b). However,
Gjerstad et al. (1997) found that the 5-HT1B agonist CP
93,129 selectively depressed the responses to Ad ®bre

stimulation in rat dorsal horn cells, and other agonists for
these receptors have been shown to inhibit the tail ¯ick re¯ex of
the mouse (Eide et al., 1990; Alhaider & Wilcox, 1993), and the

clasp-knife re¯ex in the cat (Miller et al., 1995). Clearly more
experiments are required to establish what role(s), if any, 5-
HT1B/1D receptors might have in the spinal cord. Autoradio-

graphic studies suggest that they are present in the grey matter
(Marlier et al., 1991; Thor et al., 1993), and it is possible that
the design of the present experiments led us to miss aspects of
their function. Several observations gave tantalizing hints of an

inhibitory action: GR 127,935 tended to increase re¯exes after
8-OH-DPAT; after L-741,604; and in non-spinalized rabbits,
and 8-OH-DPAT induced a larger median change in re¯exes

after GR 127,935 than when given alone. These `e�ects' were all
close to achieving statistical signi®cance. The absence of any
cardiovascular changes when GR 127,935 was given alone

suggests that this drug was not acting as a partial agonist in the
present study (Watson et al., 1996). Some 5-HT1B/1D receptors
are located on the terminals of descending ®bres (Matsumoto et

al., 1990; 1992), so that the agonists might show greater activity
when the spinal cord is intact. Also, we must consider that fact
that none of the drugs used can distinguish between the 5-HT1B

(i.e. 5-HT1Db) and 5-HT1D (i.e. 5-HT1Da) receptor types. It is not

impossible that the two receptors could exert opposite and
equal e�ects on the sural-MG re¯ex. Although this does not
seem very likely, the development of drugs that select between

the types (e.g. Price et al., 1997; Selkirk et al., 1998) will allow
the possibility to be tested in the future. In the human
trigeminovascular system it has been shown that 5-HT1B

receptors are localized on intracranial blood vessels whereas
5-HT1D sites are predominantly found on trigeminal a�erent
terminals, from whence they can regulate the release of
neurotransmitters (Longmore et al., 1997).
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Although the functions of 5-HT1B/1D receptors in the spinal
cord are not yet established, there is no doubting the
importance of these sites in the trigeminal system. Sumatriptan

and related 5-HT1B/1D receptor agonists inhibit the responses of
trigeminal nucleus caudalis neurones to stimulation of dural
nociceptors in cat and rat (Goadsby & Hoskin, 1996; Hoskin et
al., 1996; Cumberbatch et al., 1997; 1998a,b; Hoskin &

Goadsby, 1998), an action that probably contributes to the
anti-migraine actions of this class of drugs. These observations
raise the intriguing possibility that the spinal and trigeminal

nociceptive systems are di�erentially sensitive to 5-HT1B/1D

receptor agonists (Cumberbatch et al., 1998b). The actions of
these drugs on trigeminally-organized motor re¯exes, which

would make for an appropriate comparison with the results of
the present study, have not been reported.

The receptors mediating the re¯ex enhancing actions of
8-OH-DPAT

In a previous study it was shown that the re¯ex enhancing

actions of 8-OH-DPAT were mediated by 5-HT1A receptors
and another, ritanserin-sensitive, site likely to be a 5-HT1B/1D

or a 5-HT7 receptor (Clarke et al., 1997). The present

experiments have shown that none of the e�ects of 8-OH-
DPAT were signi®cantly altered by GR 127,935, whether it
was given before or after the agonist. If anything, the e�ects of

8-OH-DPAT on re¯exes were enhanced by treatment with GR
127,935 (see above). It is evident that the facilitatory e�ects of
8-OH-DPAT are not dependent on an action at 5-HT1B/1D

receptors. Process of elimination leads us to believe that the

non-5-HT1A receptors activated by this drug are of the 5-HT7

type (Lovenberg et al., 1993; Ruat et al., 1993; Bard et al.,
1993). 5-HT7 receptors are thought to be present in spinal cord

(Gustafson et al., 1996) and mRNA coding for the receptor
has been observed in dorsal root ganglion neurones of rat and
human (Pierce et al., 1996; 1997). Nonetheless, it is necessary

to test the involvement of these receptors in the present system
with a 5-HT7 selective antagonist. One such agent has been
described recently (Forbes et al., 1998), but it is not yet

available for general use.
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