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Abstract

Ž .5-HT receptor agonists decrease 5-hydroxytryptamine 5-HT terminal release by activating somatodendritic 5-HT autoreceptors.1A 1A
w w Ž . x x Ž . ŽThe selective 5-HT receptor antagonist, N- 2- 4- 2-methoxyphenyl -1-piperazinyl ethyl -N- 2-pyridinyl cyclohexanecarboxamide WAY1A

.100635 inhibits these effects of 5-HT receptor agonists. The present study was aimed at estimating apparent p A values for WAY1A 2

100635 to antagonise 5-HT receptor agonist-induced decrease in 5-HT release in rat hippocampus. Extracellular concentrations of 5-HT1A

were measured in microdialysis samples after administration of cumulative doses of 5-HT receptor agonists with different intrinsic1A
Ž . Žactivity, alone or in the presence of increasing doses of WAY 100635. Administration of cumulative doses of " -8-hydroxy-2- di-n-pro-

. Ž . Ž . w Ž . x Ž . Ž .pylamino tetralin 8-OH-DPAT 0.01–40 mgrkg , 1 2- 4-fluorobenzoylamino ethyl -4- 7-methoxynaphtyl piperazine S 14506
Ž . Ž .0.00063–2.5 mgrkg , or buspirone 0.16–40 mgrkg , dose-dependently decreased the extracellular concentrations of 5-HT in the

Ž .ventral hippocampus. Pre-treatment with WAY 100635 0.01–0.63 mgrkg shifted the dose–response curve of each agonist to the right
in a dose-dependent manner. WAY 100635 antagonised the effects of all three compounds in a competitive manner, with an estimated

Ž .apparent in vivo p A value of 7.95 95% confidence limits: 7.66–8.24 . Taken together, the results are evidence that buspirone, S 145062

and 8-OH-DPAT, administered in cumulative doses, decreased 5-HT release by activating similar 5-HT receptors, because a common1A

apparent p A value was obtained for WAY 100635. The results also show that orderly microdialysis data can be obtained using2

cumulative dosing, which enables one to collect dose–response data rapidly, with fewer animals. q 2000 Elsevier Science B.V. All rights
reserved.
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1. Introduction

Ž .Since the discovery that the 5-HT receptor partial1A

agonist, buspirone, is effective in the treatment of anxiety
Ž .and depression Eison and Temple, 1986 , 5-HT recep-1A

tors have been a target for new psychotropic compounds.
Drugs acting as agonists at 5-HT receptors exhibit anxi-1A

olytic- andror antidepressant-like activity in animal mod-
Ž .els see De Vry, 1995 . 5-HT receptors are localised1A

pre-synaptically on cell bodies in the raphe nuclei
Ž .somatodendritic receptors and post-synaptically in 5-HT
forebrain projecting areas. By activating somatodendritic
receptors, 5-HT and 5-HT receptor agonists decrease1A

the firing of raphe neurons, and subsequently decrease
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Ž .5-HT terminal release see Barnes and Sharp, 1999 . The
w w Žselective 5-HT receptor antagonist, N- 2- 4- 2-methoxy-1A

. x x Ž .phenyl -1-piperazinyl ethyl - N- 2 - pyridinyl cyclohexane-
Ž .carboxamide WAY 100635 , has been shown to antago-

nise the inhibition of 5-HT release induced by 5-HT1A
Žreceptor agonists Assie and Koek, 1996b; Bosker et al.,´

.1997 .
In an effort to characterise this antagonism in more

detail, the present study was aimed at estimating appa-
rent p A values for WAY 100635 to antagonise the abi-2

lity of 5-HT receptor agonists to decrease the hippo-1A

campal extracellular concentration of 5-HT. The 5-HT1A
w Žreceptor agonists examined here were 1 2- 4-fluorobenzo-

. x Ž . Ž .ylamino ethyl -4- 7-methoxynaphtyl piperazine S 14506 ,
Ž . Ž . Ž" -8-hydroxy-2- di-n-propylamino tetralin 8-OH-

.DPAT , and buspirone, which have different intrinsic ac-
Žtivity at 5-HT receptors i.e., high, intermediate and low1A

. Ž .intrinsic activity, respectively e.g., Koek et al., 1998 .
Changes in extracellular 5-HT concentration in rat hip-
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pocampus were measured using in vivo microdialysis,
following administration of cumulative doses of each ago-
nist, alone or in the presence of increasing doses of WAY
100635. A cumulative dosing procedure was used to min-
imise the number of animals needed. A preliminary ac-
count of this work has been presented at the 8th Interna-

Žtional Conference on in Vivo Methods Assie and Koek,´
.1999 .

2. Material and methods

2.1. Animals

w ŽMale Sprague–Dawley rats Ico: OFA SD I.O.P.S.
. xCaw ; Iffa Credo, France , weighing 260–340 g, were

Ž .group housed three rats per cage in the animal-keeping
Žfacilities, under controlled conditions 12r12 lightrdark

cycle: lights on 0700 h; ambient temperature 21"18C;
. Ž .humidity 55"5% , with rat food AO4, UAR, France

Ž .and filtered 0.2 mm tap water available ad libitum. At
least 5 days were allowed for adaptation before the rats
were used in the experiments. The experimental proce-
dures were in accordance with the European Communities

Ž .Council Directive of 24 November 1986 86r609rEEC
and the National Institutes of Health guide for the care and

Žuse of Laboratory animals NIH publication 85-23, revised
.1985 , and were approved by the institutional Protocol

Ž .Review Committee protocol 069 .

2.2. Microdialysis procedure

ŽRats were anaesthetised with chloral hydrate 400–500
mgrkg i.p. and supplementary doses to maintain anaesthe-

. Žsia . A microdialysis probe 2 mm length, 0.5 mm diame-
.ter, CMA, Microdialysis was stereotaxically implanted

into the ventral hippocampus, stereotaxic coordinates: ros-
tral y4.8 mm, lateral 4.6 mm, ventral y7.5 mm, from
bregma and dura surface according to Paxinos and Watson
Ž . Ž .1986 . The probe was continuously perfused 1.1 mlrmin
with artificial cerebrospinal fluid containing 1 mM citalo-
pram. Starting approximately 2 h after probe implantation,
samples were collected every 20 min. After four baseline
samples, saline or WAY 100635 was injected s.c., fol-
lowed by 5–7 i.p. injections, at 20-min intervals, of in-
creasing doses of the agonist. The increasing doses of the
drug treatment were calculated such that the total amount
injected before each microdialysis sample was four-fold
higher than that of the previous sample. Post-injection
levels of 5-HT were expressed as a percentage of the mean
value of the four pre-injection control samples. For com-
parison purposes, in some experiments, the agonist was
given i.p., at a single dose, and samples were collected for
140 min after administration of the compound.

At the end of the experiment, the animal was killed by
decapitation and the brain was removed, frozen and cut in

Ž .a cryomicrotome Jung Frigocut 2800 to verify the place-
ment of the probe.

2.3. Analytical procedure

Analysis of 5-HT was performed by means of an online
Ž .high performance liquid chromatography HPLC system

with electrochemical detection equipped with a reverse
Žphase column Merck, Lichrocart 125-2, Superspher 100

RP-18, length 119 mm, internal diameter 2 mm, granulom-
. Žetry 4 mm . The mobile phase 0.15 M NaH PO , 0.1 mM2 4

EDTA, 0.5 mM 1-octanesulfonic acid sodium salt, 16 %
.methanol was pumped through the column at a rate of 0.2
Žmlrmin HPLC-116 solvent module, Beckman Coulter,

. ŽFullerton CA, USA . 5-HT eluted from the column reten-

.tion time 7–9 min was measured with a glassy carbon
working electrode maintained at a potential of q0.64 V

Žversus AgrAgCl reference electrode DECADE detector,
.ANTEC Leyden, Leiden, The Netherlands . Data were

acquired using a Beckman Gold system. Concentrations of
5-HT were estimated by comparing peak areas from the
microdialysis samples with those of external standards of

Žknown concentration of 5-HT. The limit of detection three
.times baseline noise was approximately 1–2 fmolr20 ml

sample.

2.4. Data analysis

For each agonist, dose–response data were obtained
following treatment with saline or various doses of WAY

Ž .100635 ns5rdose , and logistic dose–response curves
were simultaneously fitted to the median percentage values

Žby means of the program Allfit Windows version 2.12, C.
.and A. De Lean, University of Montreal assuming a´

common slope and maximal effect. The ED estimates50

derived from these dose–response curves were used to
calculate, for each agonist, an apparent p A value for2

WAY 100635 by means of Schild regression. Schild re-
gressions were analysed simultaneously by partial F-tests
on the sum of squares between the observed values and

Ž .those predicted assuming 1 individual slope and p A2
Ž .estimates for each agonist, or 2 a common slope of y1

and a common p A value, as described by Poch et al.¨2
Ž .1992 . Differences were considered significant if P-

0.05.
Data from experiments involving administration of a

fixed dose of each agonist were expressed as the mean
Ž .area under curve AUC for the 140-min period after

administration of the compound. Logistic dose–response
curves were simultaneously fitted to the data by means of
the program Allfit assuming a common slope and maximal
effect.

2.5. Drugs

Ž ." -8-OH-DPAT hydrobromide and buspirone hydro-
Žchloride were purchased from Sigma-RBI Saint Quentin
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Fig. 1. Effects of WAY 100635 on the ability of cumulative doses of the
5-HT receptor agonists, 8-OH-DPAT, S 14506, and buspirone, to1A

decrease extracellular concentration of 5-HT in rat ventral hippocampus.
Cumulative doses were injected i.p. at 20-min intervals and WAY 100635
was injected s.c., 20 min before the first dose of the agonist.

. ŽFallavier, France , and chloral hydrate from Acros Geel,
.Belgium . Citalopram was kindly donated by Lundbeck

Ž .Copenhagen, Denmark . S 14506 and WAY 100635 dihy-
drochloride were synthesised at the Centre de Recherche
Pierre Fabre. The doses of compounds were expressed as
the base. WAY 100635 was dissolved in distilled water
and the injection volume was 10 mlrkg; all other com-

pounds were suspended in distilled water by adding Tween
Ž .80 2 dropsr10 ml and the injection volumes during

cumulative dosing were 0.15–1 mlrrat.

3. Results

The mean basal extracellular concentration of 5-HT in
the rat ventral hippocampus was 36.9"1.3 fmolr20 ml
Ž .ns60 in the presence of 1 mM of the 5-HT uptake
inhibitor, citalopram.

Administration of cumulative doses of 8-OH-DPAT
Ž . Ž .0.01–40 mgrkg , S 14506 0.00063–2.5 mgrkg , or

Ž .buspirone 0.16–40 mgrkg , dose-dependently decreased
the extracellular 5-HT concentration in the ventral hip-

Ž .pocampus Fig. 1 ; the estimated ED values were 0.097,50

0.0043, and 0.57 mgrkg, respectively. In comparison, in
experiments involving administration of a fixed dose of the
compounds, the ED values were 0.13 mgrkg for 8-OH-50

Ž .DPAT data from Assie and Koek, 1996a , 0.0033 mgrkg´
Žfor S 14506 and 1.47 mgrkg for buspirone data not

.shown .
Ž .Pre-treatment with WAY 100635 0.01–0.63 mgrkg

dose-dependently shifted the dose–response curves of the
agonists to the right. For each agonist, the dose–response
curves obtained after pre-treatment with different doses of
WAY 100635 could be fitted by means of a logistic
equation using a common maximum of 100% and a com-

Žmon minimum and slope for each agonist minimum: 24%,
25% and 37%, slope: 1.1, 0.8 and 0.9 for 8-OH-DPAT, S

.14506 and buspirone, respectively . The quality of the fit
did not improve significantly when slopes were uncon-
strained; thus the curves could be assumed to be parallel.
For each agonist, the logistic curve-fitting procedure
yielded estimates of ED values after different doses of50

Ž .WAY 100635 Table 1 , which were used to construct a
Ž .Schild regression plot Fig. 2 and to estimate apparent

p A values. For each of the agonists, the estimated slope2

of the Schild regression was not significantly different
from y1, consequently a p A value was calculated also2

with the slope of the regression constrained to y1. The
Žapparent p A values were 7.55 95% confidence limits:2

. Ž .6.94–8.15 for 8-OH-DPAT, 8.03 7.49–8.57 for S 14506

Table 1
Ž . ŽED values mgrkg for each 5-HT receptor agonist alone given in50 1A

.cumulative doses or in the presence of different doses of WAY 100635

WAY 100635 8-OH-DPAT S 14506 Buspirone
Ž .mgrkg

Ž . Ž . Ž .0 0.097 0.038 0.0043 0.0010 0.57 0.36
Ž .0.01 – – 2.24 1.42

Ž . Ž . Ž .0.04 0.54 0.21 0.029 0.006 19.6 12.3
Ž . Ž . Ž .0.16 1.89 0.73 0.26 0.06 31.3 20.3
Ž . Ž .0.63 2.75 1.06 0.83 0.19 –

Numbers between parentheses are approximate standard errors calculated
by the non linear regression program Allfit.
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Fig. 2. Schild regression plot for the ability of WAY 100635 to antago-
nise 5-HT receptor agonist-induced decrease in extracellular 5-HT1A

concentration in rat ventral hippocampus. Dose ratios are the ED values50
Ž .of each agonist in the presence of WAY 100635 0.01–0.63 mgrkg

divided by the ED value of the agonist in the presence of saline. ED50 50

values were estimated from the logistic curves shown in Fig. 1. A single
regression line with a slope of y1 provided a satisfactory, simultaneous
fit to the data obtained with all four drugs, and yielded a common

Ž .apparent p A value of 7.95 95% confidence limits: 7.66–8.24 .2

Ž .and 8.26 7.65–8.88 for buspirone. Constraining the Schild
regressions for each of the agonists to have a common
slope of y1 and a common p A value did not signifi-2

cantly degraded the goodness of fit as compared with a
Ž Ž .model with individual slope and p A estimates F 5,3 s2

.2.95, Ps0.2 . Thus, WAY 100635 antagonised the ef-
fects of each of the agonists with the same apparent p A2

Ž .value of 7.95 95% confidence limits: 7.66–8.24 .

4. Discussion

The most important finding of the present study is
evidence that buspirone, S 14506 and 8-OH-DPAT, admin-
istered in cumulative doses, decreased 5-HT release by
activating similar 5-HT receptors, because a common1A

apparent p A value was obtained for WAY 100635, which2

antagonised their effects in a competitive manner.
The 5-HT receptor agonists 8-OH-DPAT, S 145061A

and buspirone, when administered in cumulative doses,
inhibited 5-HT release. The dose–response curves obtained
by this method were not markedly different from those
obtained when the compounds were administered at a
single dose. The ED values obtained by the two methods50

Žwere similar i.e., 0.097 and 0.13 mgrkg for 8-OH-DPAT,
0.0043 and 0.0033 mgrkg for S 14506, and 0.57 and 1.47
mgrkg for buspirone, using cumulative and single dose

.administration, respectively . This suggests that, using the
present experimental conditions, administration of cumula-
tive doses can be used reliably to estimate the effects of
5-HT receptor agonists. Note that the use of cumulative1A

Ž .doses afforded a considerable reduction by a factor 5–7
of the number of animals needed to establish complete

dose–response curves for each agonist after increasing
doses of the 5-HT receptor antagonist, WAY 100635.1A

ŽThe agonists used here have different efficacy intrinsic
.activity at 5-HT receptors in vitro; maximal inhibition1A

of forskolin-stimulated cAMP production in transfected
cells was 0.95 for S 14506, 0.81 for 8-OH-DPAT, and
0.49 for buspirone expressed relative to the maximal ef-

Ž .fects produced by 5-HT Koek et al., 1998 . In microdialy-
sis experiments, such differences in efficacy do not appear
to cause differences in the maximal effect produced by
5-HT receptor agonists, likely because of the high recep-1A

Ž .tor reserve in the raphe Meller et al., 1990 . Accordingly,
in the present experiment, the maximal decrease in 5-HT
concentration was not markedly different for the three

Žcompounds tested 24%, 25%, and 37%, for 8-OH-DPAT,
.S 14506, and buspirone, respectively .

Parallel shifts in the dose–response curves of the 5-HT1A

receptor agonists were observed after pre-treatment with
increasing doses of WAY 100635, and the slopes of the
Schild plots did not differ significantly from the theoretical
value of y1. This suggests that the antagonism by WAY
100635 was of a competitive nature. In addition, antago-
nism by WAY 100635 could be characterised by the same
apparent p A value, irrespective of the agonist used. The2

apparent p A value of 7.95, obtained here for WAY2

100635 in anaesthetised animals, is similar to previously
reported in vivo p A values in rats. Using a cumulative2

dosing protocol, WAY 100635 antagonised 5-HT recep-1A

tor agonist-induced lower lip retraction, which is thought
Žto be mediated by pre-synaptic 5-HT receptors Beren-1A

.dsen et al., 1994 , with an apparent p A value of 7.82
Ž . Ž .Koek et al., 2000 . Also, Kleven and Koek 1998 re-
ported a p A value of 7.8 for WAY 100635 to antagonise2

the discriminative stimulus effects of 8-OH-DPAT, which
is mediated predominantly by post-synaptic 5-HT recep-1A

Ž .tors Schreiber et al., 1995 . Thus, in rats, the apparent in
vivo p A of WAY 100635 appears to be similar for2

5-HT receptors mediating pre- and post-synaptic re-1A

sponses. Previously, an apparent in vitro p A value of2
Ž9.71 has been reported for WAY 100635 Forster et al.,

.1995 . In vivo and in vitro p A values, however, cannot2

be directly compared, because they are expressed in a
Ž .different manner in molrkg and in molrl, respectively .

Taken together, the results indicate that the inhibition of
5-HT release by the 5-HT receptor agonists, buspirone,1A

S 14506 and 8-OH-DPAT is mediated by similar 5-HT1A

receptors, which are blocked by WAY 100635. The results
also show that orderly microdialysis data can be obtained
using cumulative dosing, which enables one to collect
dose–response data rapidly, with fewer animals.
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