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Stimulation of 5-HT; 5 receptors in the dorsal hippocampus and
inhibition of limbic seizures induced by kainic acid in rats

Marco Gariboldi, 'Piotr Tutka, Rosario Samanin & 2Annamaria Vezzani

Laboratory of Neuropharmacology, Mario Negri Institute for Pharmacological Research, Via Eritrea 62, 20157 Milano, Italy

1 We studied whether the stimulation of 5-HT,, receptors by 8-hydroxy-2-(di-n-propylamino) tetralin
(8-OH-DPAT), a specific 5-HT,5 receptor agonist, reduced electroencephalographic (EEG) seizures
induced by intrahippocampal injection of 0.04 ug in 0.5 ul of the glutamate analogue kainic acid in
freely-moving rats.

2 Pretreatment with 8-OH-DPAT 15 min earlier at the same site as kainic acid injection, caused a dose-
dependent decrease of kainic acid-induced seizure activity. One and 10 ug significantly reduced the total
time spent in seizures by 72% on average and the total number of seizures by 58% (P <0.01) and 43%
(P<0.05) respectively. The latency to onset of the first seizure was increased 2.8 times (P<0.01) only
after 1 ug 8-OH-DPAT; 0.1 ug was ineffective on all seizure parameters.

3 Systemic administration of 25, 100 and 1000 ug kg~' 8-OH-DPAT significantly reduced the total
number of seizures and the total time in seizures induced by intrahippocampal kainic acid by 52% and
74% on average. The latency to onset of the first seizure was delayed 1.8 times by 100 and 1000 ug kg™!
(P<0.05).

4 The anticonvulsant action of 8-OH-DPAT given intrahippocampally or systemically was significantly
blocked by 5 ug, but not 1 ug WAY 100635, a selective 5-HT, 5 receptor antagonist, administered in the
hippocampus before the agonist.

5 These results indicate that postsynaptic 5-HT;, receptors in the hippocampus mediate the
anticonvulsant action of 8-OH-DPAT and that their stimulation has an inhibitory role in the generation

of limbic seizures.
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Introduction

Experimental evidence has indicated that brain 5-hydro-
xytryptamine (5-HT) plays a role in various models of gen-
eralized seizures. Treatments aimed at raising the extracellular
5-HT concentration such as (i) electrical stimulation of the
medial raphe nucleus (Kovacs & Zoll, 1974; Lazarova et al.,
1979), (i) administration of 5-hydroxytryptophan (De La
Torre et al., 1970; Loscher & Czuczwar, 1985); (iii) 5-HT up-
take blockers (Wada et al., 1993b; Yan et al., 1994) reduce the
severity of generalized seizures and delay their onset after
electroshock or pentylenetetrazol in rodents. Conversely, a
diffuse deficit of forebrain 5-HT induced by chemical or elec-
trolytic lesions enhanced susceptibility to generalized convul-
sions (Kovacs & Zoll, 1974; Lazarova et al., 1979).
Enhancement of 5-hydroxytryptaminergic neurotransmission
has also been shown to have an anticonvulsant effect in ge-
netically epilepsy-prone rats (Yan et al., 1994) and it may at
least in part mediate the antimyoclonic action of some anti-
epileptic agents (Whitton ez al., 1983; 1985).

Recent findings suggest that 5-HT may affect seizures ori-
ginating in limbic areas. Thus, 5-HT uptake blockers such as
fluoxetine and paroxetine reduced the duration and increased
the threshold of afterdischarge in fully kindled rats or cats
(Wada et al., 1993a,b). These effects were mimicked by in-
trahippocampal infusion of the specific 5-HT,, receptor ago-
nist 8-hydroxy-2-(di-n-propylamino)tetralin (8-OH-DPAT)
(Wada et al., 1993c). Autoradiographic analysis of 5-HT re-
ceptors in fully kindled rat brain showed a selective increase in
5-HT, A binding in the dentate gyrus (Clark et al., 1993). These
findings suggest that 5-HT, 4 receptors may have an inhibitory
role in the generation of hippocampal seizures.

However, whether this action applies to other types of ex-
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perimental limbic convulsions has not been investigated. The
high density of 5-HT,a receptors in the hippocampus (Pom-
peiano et al., 1992), together with the electrophysiological
evidence that these receptors mediate the inhibitory effects of
5-HT there (Ropert, 1988; Baskys et al., 1989; Beck & Choi,
1991; Ghadimi & Jarolimek, 1994), prompted us to study
whether stimulation of 5-HT,, receptors by 8-OH-DPAT re-
duced EEG seizure activity induced by intrahippocampal in-
fusion of kainic acid. This acute model of seizures was chosen
because of (i) its similarities with temporal lobe epilepsy in man
(Ben-Ari, 1985), (ii) the pivotal role receptors of excitatory
aminoacids in CNS play in various convulsive syndromes
(Schwarcz & Meldrum, 1985) and (iii) the functional interac-
tions between S5-hydroxytryptaminergic and glutamatergic
neurotransmission in limbic areas (Corradetti et al., 1992; Sizer
et al., 1992).

Methods

Male Sprague-Dawley rats (210—250 g, Charles River, Italy)
were used. The animals were housed at constant temperature
(23°C) and relative humidity (60%) with fixed 12 h light/dark
cycles and free access to food and water. Procedures involving
animals and their care were conducted in conformity with the
institutional guidelines that are in compliance with national
(D.L. n. 116, G.U., suppl. 40, 18 Febbraio 1992) and inter-
national laws and policies (EEC Council Directive 86/609, OJ
L 358, 1, 12 December 1987; NIH Guide for the Care and Use
of Laboratory Animals, NIH Publication No. 85-23, 1985).

Placement of cannulae and electrodes

Surgical procedures were as described elsewhere (Vezzani et
al., 1986). Briefly, two screw electrodes were placed bilaterally
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over the parietal cortex, together with a ground lead positioned
over the nasal sinus, and bipolar depth electrodes were placed
bilaterally in the dorsal hippocampus under Equithesin an-
aesthesia (1% pentobarbitone/4% (vol/vol) chloral hydrate;
3.5ml kg~', i.p.) An injection guide cannula (22 gauge) was
positioned unilaterally on the top of the dura for in-
trahippocampal infusion of drugs. The coordinates from
bregma for implantation of the electrode were (nose bar
2.5 mm below the interaural line): 3.5 mm posterior to breg-
ma, 2.4 mm lateral to the midline and 2.9 mm below the dura.
The electrodes were connected to a multipin socket (March
Electronics, New York) and were secured to the skull, together
with the guide cannula, by acrylic dental cement. The animals
were allowed at least five days to recover from the surgical
procedure before the start of the study.

EEG recordings and drug injections

The procedures for recording the EEG and intracerebral in-
jection of drugs have been described previously (Vezzani et al.,
1986). Briefly, the animals were left to acclimatize in a Plexiglas
cage and an EEG recording (4-channel EEG polygraph, model
BP8, Battaglia Rangoni, Bologna, Italy) was made for at least
30 min, to assess the spontaneous EEG pattern.

Kainic acid was dissolved in 1 N NaOH, the solution was
neutralized (pH 7.4) and brought to the final volume with
0.1 M phosphate-buffered saline (PBS). Kainic acid (0.04 ug in
0.5 ul) was infused slowly (60 s) in the dentate gyrus, in the
region of granule cells, through an injection needle (28 gauge)
which extended 2.9 mm below the guide cannula. This was the
smallest dose found to induce EEG seizures in all the animals
(Vezzani et al., 1991).

For assessing the effect of intrahippocampally administered
8-OH-DPAT (0.1, 1, 10 ug in 1 pul), the drug was dissolved in
PBS and infused 15 min before kainic acid. For assessing the
effect of systemic 8-OH-DPAT (25, 100, 1000 ug kg="), the
drug was injected subcutaneously (1 ml kg=') 30 min before
intrahippocampal kainic acid. WAY 100635, a selective 5
HT, 4 receptor antagonist (Fletcher ez al., 1994), was dissolved
in PBS and infused in the hippocampus (1 or 5 pg in 1 ul)
20 min before kainic acid at the same site.

The same dose ranges had been used previously to assess the
role of 5-HT;, receptors in the hippocampus on acquisition
and performance of a spatial task in a water maze (Carli et al.,
1992; Carli & Samanin, 1992; 1995). As previously shown
(Arvidsson et al., 1981; Hjorth et al., 1982), 8-OH-DPAT given
systemically to rats induced a marked flat body posture par-
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ticularly evident at the doses of 100 and 1000 ug kg~'. This
effect was not observed when the drug was administered in the
hippocampus. After kainic acid injection, the behavioural ef-
fect of 8-OH-DPAT was no longer apparent and the rats
showed the typical behavioural sequelae induced by the con-
vulsant drug (see below). The EEG recordings were made
continuously for at least 180 min after kainic acid infusion and
the animal’s behaviour was checked visually.

Analysis of the EEG

Seizures were measured in this study by EEG analysis. They
have been found to be the most significant, reproducible and
quantifiable of the epilepsy-like sequelae induced by the ex-
citatory aminoacids when administered into the rat hippo-
campus, and provide a sensitive measure of the anticonvulsant
activity of drugs (Vezzani et al., 1986; 1991).

The EEG recording for each animal was analysed visually
to detect any activity different from baseline. Seizures consisted
of the simultaneous occurrence of at least two of the following
alterations in all four leads of recordings: high frequency and/
or multispike complexes and/or high voltage synchronized
spike or wave activity. Spiking was often observed when sei-
zures had subsided.

The quantitative parameters chosen to characterize EEG
seizures were the latency to the first seizure (onset), the total
number of seizures (e.g. the number of ictal episodes occurring
in the three hours of recording) and the total time spent in
seizures which was determined by adding together the duration
of all ictal episodes during the EEG recording period.

The EEG tracings from animals receiving the various drugs
and those receiving kainic acid alone were compared visually.
8-OH-DPAT given at the various doses either intra-
hippocampally or systemically did not modify per se the EEG
tracing as compared to baseline recording. Shortly after ad-
ministration, kainic acid induced stereotype behaviour, such as
sniffing, gnawing and rearing, which lasted about 1 hour. ‘Wet
dog shakes’ were frequently observed shortly after kainic acid
injection and during EEG ictal episodes.

Histological analysis

The animals were killed by decapitation after the EEG re-
cording and the brains were removed and frozen on dry ice.
Forty um coronal sections were cut at the level of the dorsal
hippocampus with a cryostat. The sections were visually ana-
lysed to verify the correct position of the electrodes and the
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Figure 1 Representative sections of the EEG tracing from a rat injected with 0.04 ug/0.5ul kainic acid in the left dorsal
hippocampus. (a) Control period, before kainic acid injection; (b,c) typical seizures; (d) spiking activity. RCTX and LCTX represent
right and left cortex; RHP and LHP represent right and left hippocampus. Time elapsed after injection of kainic acid is indicated on

the recording.
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track of the injection needle. Rats in which the implantation
was not correct were excluded from the study.

No attempt was made to assess the effect of 8-OH-DPAT
on kainic acid-induced neurotoxicity.

Statistical analysis

Significant differences between experimental groups and their
respective controls were determined by factorial analysis of
variance (ANOVA 2x2), followed by Tukey’s test for un-
confounded means or by Duncan’s test for multiple compar-
isons.

Drug sources

Kainic acid was purchased from Sigma Chemical Co. (St.
Louis, MO); 8-OH-DPAT was purchased from RBI (Natick,
MA, U.S.A); WAY 100635 (N-[2-[4-(methoxyphenyl)-1-pi-
pezazinyllethyl]-N-(2-pyzidinyl) cyclohexane carboxamide)
was kindly provided by Dr R. McArthur (Pharmacia-Upjohn,
Nerviano, Italy); chloral hydrate was purchased from Bracco
(Milano, Italy) and sodium pentobarbitone was obtained from
Abbott (Saint-Remy-Sur Avre, France).

Results

Figure 1 shows traces from a typical EEG pattern induced by
unilateral intrahippocampal injection of 0.04 ug (0.2 nmol)
kainic acid in the dentate gyrus of freely-moving rats. This
dose selectively damaged CA3-CA4 neurones in 75% of the
animals, as previously observed (French et al, 1982) (not
shown).

8-OH-DPAT 1 and 10 ug significantly reduced the total
time spent in seizures by 72% on average (P <0.01). (Table 1).
The number of seizure episodes was decreased by respectively
58% (P <0.01) and 45% (P <0.05) by the two doses. The onset
to the first seizure episode was significantly increased, by 2.8
times (P<0.01), only after 1 ug 8-OH-DPAT. None of the
seizure parameters were significantly modified by 0.1 ug 8-OH-
DPAT.

To check whether the protective effect of 8-OH-DPAT on
kainic acid-induced seizures was mediated by stimulation of

5-HT,, receptors, the rats were pretreated in the hippo-
campus with WAY 100635, a selective 5-HT,;, receptor an-
tagonist, 5 min before 8-OH-DPAT infusion. Table 2 shows
that 5 ug WAY 100635 did not affect kainic acid-induced
seizure activity per se but significantly antagonized the an-
ticonvulsant effect of 8-OH-DPAT on all seizure parameters
(F=6.5-6.7, P<0.01 and F=4.0, P<0.05). WAY 100635
1 ug did not modify the anticonvulsant effect of 8-OH-
DPAT (not shown).

Table 3 shows the dose-response effect of systemically ad-
ministered 8-OH-DPAT on kainic acid-induced seizures. At
doses between 25 and 1000 ug kg~!, the drug significantly re-
duced the total number of seizures and the total time spent in
seizures by, respectively, 52% and 74% on average (P <0.01).
The onset to the first seizure was significantly delayed by 100
and 1000 ug 8-OH-DPAT (P <0.05). The dose of 100 ug kg™!
was chosen for the subsequent experiments.

To assess whether the anticonvulsant effect was mediated
by 5-HT,4 receptors in the hippocampus, we treated the rats
with 5 ug WAY 100635 in the dentate gyrus 20 min before
giving kainic acid. The effect of systemic 100 ug 8-OH-DPAT
on the number and duration of seizures was significantly
antagonized by WAY 100635 (F=7.1, P<0.01; F=74,
P<0.05) (Table 4).

Discussion

The present study showed that intrahippocampal or systemic
administration of 8-OH-DPAT, a specific 5-HT;, receptor
agonist, to rats results in protective effects against seizure ac-
tivity induced in the hippocampus by kainic acid. In ac-
cordance with our findings, 5-HT and 8-OH-DPAT were
found to counteract the epileptiform activity induced by bi-
cuculline and kainic acid in hippocampal slices (Salgado &
Alkadhi, 1995).

Kainic acid provokes seizures by direct activation of glu-
tamate receptors of the kainate subtype (McDonald & John-
ston, 1990) situated on pyramidal and granule neurones in the
hippocampus. Its convulsant activity, however, also depends
on release of glutamate as indicated by biochemical (Ferkany
& Coyle, 1983) and pharmacological studies (Zhang et al.,
1990; MacGregor & Stone, 1992).

Table 1 Dose-response effect of intrahippocampal 8-OH-DPAT on kainic acid-induced seizure activity

Treatment Dose (ug) Onset (min) No. of seizures Times of seizures (s)
Control - 10.8+1.6 144+1.2 1219.0+ 127
8-OH-DPAT 0.1 11.0+3.0 16.3+2.3 1229.5+208

1.0 30.9+5.8%* 5.941.4** 305.0+88.6**

10 143+1.2 8.1+1.6* 374.4 4+ 88**

Data are meants.e.mean (n=6-11). 8-OH-DPAT was infused unilaterally in the dorsal hippocampus in 1 ul phosphate-buffered
saline (PBS) 15 min before 0.04 ug kainic acid in 0.5 ul PBS. Controls received 1 ul PBS 15 min before kainic acid. *P<0.05;

**P<0.01 vs controls by Duncan’s test.

Table 2 Antagonism by WAY 100635 of the anticonvulsant effect of intrahippocampal 8-OH-DPAT on kainic acid-induced seizure

activity
Treatment Dose (ug) Onset (min) No. of seizures  Times of seizures (s)
Control - 12.8+2.3 13.8+1.6 1096.0+ 146
8-OH-DPAT 32.5+6.4** 5.4+1.5%* 287.7+100**
WAY 100635 10.5+1.0 13.2+1.1 1185.0+155
WAY 100635+ 5.0
8-OH-DPAT 1.0 17.8+2.6* 11.0+3.4° 721.0+79¢

Data are mean +s.e.mean (n=5-11). 8-OH-DPAT (1 ug) was infused in the dorsal hippocampus in 1 ul PBS 15 min before 0.04 ug
kainic acid in 0.5 ul PBS. WAY 100635 (5 ug) was infused in 1 ul at the same site 20 min before kainic acid or 5 min before 8-OH-
DPAT. Controls received corresponding injections of PBS before kainic acid. The data were analysed by factorial analysis of variance
(ANOVA 2x2) followed by Tukey’s test *F (1,36)=6.7, P<0.01; °F (1,36)=6.5, P<0.01; °F (1,36)=4.0, P<0.05). **P<0.01 vs

controls.
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Table 3 Dose-response effect of systemic 8-OH-DPAT on kainic acid-induced seizure activity

Treatment Dose (ug kg™' s.c.) Onset (min) No. of seizures  Time of seizures (s)

Control - 10.6+3.3 15.0+1.1 1248.0+98.0

8-OH-DPAT 25 10.7+1.4 8.3+ 1.6** 399.8 +100**
100 19.0+4.5* 6.0+ 1.0** 220.0+98.6**
1000 19.2+3.7* 7.0+ 1.0** 343.0+66.0**

Data are mean+s.e.mean (n=6-11). 8-OH-DPAT was dissolved in PBS and injected subcutaneously (1 ml kg™*) 30 min before
0.04 pg kainic acid in 0.5 ul PBS. Controls received PBS 30 min before kainic acid. *P <0.05; **P <0.01 vs controls by Duncan’s test.

Table 4 Antagonism by intrahippocampal WAY 100635 of the anticonvulsant effect of systemic 8-OH-DPAT on kainic acid-induced

seizure activity

Treatment Dose (ug) Onset (min) No. of seizures Time of seizures
Control - 10.74+2.0 124+1.0 1014.0+119
8-OH-DPAT 19.343.6** 6.3+1.0* 335.0+83**
WAY 100635 10.7+1.2 12.1+1.0 1036.0+83
WAY 100635+ 5

8-OH-DPAT 100 12.342.6° 11.0+3.4° 721.0+79°

Data are mean+s.e.mean (n=6-11). 8-OH-DPAT (100 ug kg™') was dissolved in PBS and injected subcutaneously (1 ml kg™)
30 min before intrahippocampal 0.04 pg kainic acid in 0.5 ul PBS. WAY 100635 (5 ug) was infused in 1 ul in the hippocampus
20 min before kainic acid or 10 min after 8-OH-DPAT. Controls received corresponding injections of PBS before kainic acid. The data
were analysed by factorial analysis of variance (ANOVA 2 x 2) followed by Tukey’s test *F (1,36)=2.9, NS; ®F (1,36)=7.1, P<0.01;

°F (1,36)=7.4, P<0.05. *P<0.05; **P<0.01 vs controls.

Thus, stimulation of 5-HT;, receptors in the hippocampus
may reduce hippocampal excitability and cause anticonvulsant
effects acting on one or both of these mechanisms.

Neuroanatomical evidence shows a dense innervation of 5-
hydroxytryptaminergic fibres to the hippocampus mainly ori-
ginating from the median raphe forebrain nucleus. These fibres
project to the stratum radiatum of the hippocampus proper,
weakly into the stratum oriens, and to the polymorphic cell
layer of the dentate gyrus (Azmitia & Segal, 1978; Oleskevich
& Descarries, 1990). This innervation conforms well to the 5-
HT, s receptor distribution in the CAl area and the dentate
gyrus as assessed by mRNA expression and receptor binding
studies (Miquel et al., 1991). These receptors are mainly lo-
cated on dendritic projections of pyramidal and granule neu-
rones (Pompeiano et al., 1992). It therefore seems likely that
the anticonvulsant action of 8-OH-DPAT is mediated by direct
inhibition of neuronal excitability due to the effect of the drug
on membrane ionic conductances. There is, in fact, electro-
physiological evidence that 5-HT can hyperpolarize pyramidal
CAl and CA3 neurones and granule cells (Ropert, 1988;
Baskys et al., 1989; Beck & Choi, 1991; Ghadimi & Jarolimek,
1994) by increasing Ca®*-dependent K* conductance.

However, effects on glutamate release may also be involved
in the anticonvulsant action of 8-OH-DPAT. Thus, pyramidal
and granule cell hyperpolarization may result in diminished
glutamate release at the corresponding presynaptic terminals
(e.g. Schaffer’s collaterals and mossy fibres). This would be
compatible with previous studies showing that 5-HT can in-
hibit the release of glutamate in the cerebellum (Maura et al.,
1988).

Functional interactions between S5-hydroxytryptaminergic
and glutamatergic neurotransmission in limbic areas have been
demonstrated previously. In particular, 5-HT,, receptor acti-
vation blocks long-term potentiation induced by primed burst
stimulation in the CA1 region (Corradetti ez al., 1992) and in
the entorhinal cortex, 5-HT was able to reduce the depolar-

ization induced by pulses of glutamate during blockade of
synaptic transmission (Sizer et al., 1992). These studies provide
further evidence of a postsynaptic action of 5-HT mediated by
5-HT,a receptors.

These receptors are heterogeneously distributed in the CNS
and the density of these sites is high in the raphe nuclei where
they act as presynaptic somatodendritic 5-HT receptors
(Pompeiano et al., 1992). Their stimulation markedly reduces
extracellular 5-HT concentrations in various brain regions in-
cluding the hippocampus (Invernizzi ez al., 1992; 1995). It is
therefore interesting that 8-OH-DPAT had anticonvulsant
activity on kainic acid-induced seizures also when given sys-
temically to rats. This implies that stimulation of presynaptic
5-HT,a receptors does not significantly affect seizure activity
originating in the hippocampus.

These findings have important implications for new ther-
apeutic strategies aimed at counteracting limbic seizures par-
ticularly refractory to classical anticonvulsant treatment
(Elwes et al., 1984; Mattson et al., 1985). A recent study in
patients with complex partial seizures showed that fluoxetine, a
5-HT reuptake blocker, when administered as an adjunctive
drug, significantly reduced seizure frequency or even com-
pletely abolished daily seizures (Favale et al., 1995).

Further investigation is therefore warranted to clarify the
pathophysiology of epilepsy involving changes in central 5-
hydroxytryptaminergic neurotransmission and the effects of
stimulation of the different 5-HT receptor subtypes on various
kinds of limbic epilepsy.

The authors thank Dr Davide Cavaleri for his contribution to part
of this study. This work was supported by grants from Convenzione
Psicofarmacologia (CNR, Rome, Italy) and from the Italian
M.U.R.S.T.



M. Gariboldi et al

Anticonvulsant effect of 8-OH-DPAT on kainate seizures 817

References

ARVIDSSON, L.E., HACKSELL, U., NILSSON, J.L.G., HIORTH, S.,
CARLSSON, A., LINDBERG, P., SANCHEZ, D. & WIKSTROM, H.
(1981). 8-Hydroxy-2-(di-n-propylamino) tetralin, a new centrally
acting 5-HT receptor agonist. J. Med. Chem., 24, 921 -923.

AZMITIA, E.C. & SEGAL, M. (1978). An autoradiographic analysis of
the differential ascending projections of the dorsal and median
raphe nuclei in the rat. J. Comp. Neurol., 179, 641 —668.

BASKYS, A., NIESEN, C.E.,, DAVIES, M.F. & CARLEN, P.L. (1989).
Modulatory actions of serotonin on ionic conductances of
hippocampal dentate granule cells. Neuroscience, 29, 443 —451.

BECK, S.G. & CHOI, K.C. (1991). 5-Hydroxytryptamine hyperpo-
larizes CA3 hippocampal pyramidal cells through an increase in
potassium conductance. Neurosci. Lett., 133, 93-96.

BEN-ARI, Y. (1985). Limbic seizures and brain damage produced by
kainic acid: mechanisms and relevance to human temporal lobe
epilepsy. Neuroscience, 14, 375-403.

CARLI, M., LAZAROVA, M., TATARCZYNSKA, E. & SAMANIN, R.
(1992). Stimulation of 5-HT;, receptors in the dorsal hippo-
campus impairs acquisition and performance of a spatial task ina
water maze. Brain Res., 595, 50— 56.

CARLI, M. & SAMANIN, R. (1992). 8-Hydroxy-2-(di-n-propylami-
no)tetralin impairs spatial learning in a water maze: role of
postsynaptic 5-HT 5 receptors. Br. J. Pharmacol., 105, 720-726.

CARLI, M. & SAMANIN, R. (1995). (S)-WAY 100135, a 5-HT;a
receptor antagonist, prevents the impairment of spatial learning
caused by intrahippocampal scopolamine. Eur. J. Pharmacol.,
283, 133-139.

CLARK, M., WEISS, S.R.B. & POST, R.M. (1993). Autoradiographic
analysis of serotonin receptors and transporter in kindled rat
brain. Neurosci. Lett., 161, 21 -26.

CORRADETTI, R., BALLERINI, L., PUGLIESE, A.M. & PEPEU, G.
(1992). Serotonin blocks the long-term potentiation induced by
primed burst stimulation in the CA1 region of rat hippocampal
slices. Neuroscience, 46, 511 —518.

DELA TORRE, J.C., KAWANAGA, H.M. & MULLAN, S. (1970). Seizure
susceptibility after manipulation of brain serotonin. Arch. Int.
Pharmacodyn., 188, 298 —304.

ELWES, R.D.S., JOHNSON, A.L., SHORVON, A.D. & REYNOLDS, E.H.
(1984). The prognosis for seizure control in newly diagnosed
epilepsy. N. Engl. J. Med., 311, 944—947.

FAVALE, E., RUBINO, V., MAINARDI, P., LUNARDI, G. & ALBANO,
C. (1995). Anticonvulsant effect of fluoxetine in humans.
Neurology, 45, 1926—1927.

FERKANY, J. & COYLE, J.T. (1983). Kainic acid selectively stimulates
the release of endogenous excitatory acidic amino acids. J.
Pharmacol. Exp. Ther., 225, 399 — 406.

FLETCHER, A,, BILL, D.J., CLIFFE, LA, FORSTER, E.A,, JONES, D. &
REILLY, Y. (1994). A pharmacological profile of WAY-100635, a
potent and selective 5-HT;o receptor antagonist. Br. J.
Pharmacol., 112, 91P.

FRENCH, E.D., ALDINIO, C. & SCHWARCZ, R. (1982). Intrahippo-
campal kainic acid, seizures and local neuronal degeneration:
Relationships assessed in unanesthetized rats. Neuroscience, 7,
2525-2536.

GHADIMI, B.M. & JAROLIMEK, W. (1994). Effects of serotonin on
hilar neurons and granule cell inhibition in the guinea pig
hippocampal slice. Brain Res., 633, 27-32.

HJORTH, S., CARLSSON, A., LINDBERG, P., SANCHEZ, D., WIK-
STROM, H., ARVIDSSON, L.E.,, HACKSELL, U. & NILSSON, J.L.G.
(1982). 8-Hydroxy-2-(di-n-propylamino) tetralin, 8-OH-DPAT,
a potent and selective simplified ergot congener with central 5-
HT receptor stimulating activity. J. Neural Transm., 55, 169 —
188.

INVERNIZZI, R., BELLI, S. & SAMANIN, R. (1992). Citalopram’s
ability to increase the extracellular concentrations of serotonin in
the rat dorsal raphe prevents the drug’s effect in the frontal
cortex. Brain Res., 584, 322 -324.

INVERNIZZI, R., BRAMANTE, M. & SAMANIN, R. (1995). Extra-
cellular concentrations of serotonin in the dorsal hippocampus
after acute and chronic treatment with citalopram. Brain Res.,
696, 62—66.

KOVACS, D.A. & ZOLL, J.G. (1974). Seizure inhibition by median
raphe nucleus stimulation in rat. Brain Res., 70, 165—169.

LAZAROVA, M., PRZEWLOCKA, B., MOGILNICKA, E. & STALA, L.
(1979). The effect of L-Dopa and L-5-hydroxytryptophan on the
pentetrazole seizures in rats after lesions of the median raphe
nucleus and substantia nigra. Pol. J. Pharmacol. Pharm., 31,
547-554.

LOSCHER, W. & CZUCZWAR, S.J. (1985). Evaluation of the 5-
hydroxytryptamine receptor agonist 8-hydroxy-2-(di-n-propyla-
mino)tetralin in different rodent models of epilepsy. Neurosci.
Lett., 60, 201 —-206.

MACGREGOR, D.G. & STONE, T.W. (1992). Prevention of kainate-
induced excitotoxicity by a purine analog. Neuroreport, 3, 536 —
538.

MATTSON, R.H., CRAMER, J.A, COLLINS, J.F, SMITH, D.B,
DELGADO-ESCUETA, A.V., BROWNE, T.R. & WILLIAMSON,
P.D. (1985). Comparison of carbamazepine, phenobarbital,
phenytoin, and primidone in partial and secondarily generalized
tonic-clonic seizures. N. Engl. J. Med., 313, 145-151.

MAURA, G., ROCCATAGLIATA, E., ULIVI, M. & RAITERI, M. (1988).
Serotonin-glutamate interaction in rat cerebellum: involvement
of 5-HT1 and 5-HT?2 receptors. Eur. J. Pharmacol., 145, 31 -38.

MCDONALD, J.W. & JOHNSTON, M.V. (1990). Physiological and
pathophysiological roles of excitatory amino acids during central
nervous system development. Brain Res. Rev., 15, 41-70.

MIQUEL, M.C., DOUCET, E., BONI, C.,, EL MESTIKAWY, S,
MATTHIESSEN, L., DAVAL, G. & VERGE, D. (1991). Central
serotonin;, receptors: respective distributions of encoding
mRNA, receptor protein and binding sites by in situ hybridiza-
tion histochemistry, radioimmunohistochemistry and autoradio-
graphic mapping in the rat brain. Neurochem. Int., 19, 453 —465.

OLESKEVICH, S. & DESCARRIES, L. (1990). Quantified distribution
of the serotonin innervation in adult rat hippocampus.
Neuroscience, 34, 19-33.

POMPEIANO, M., PALACIOS, J.M. & MENGOD, G. (1992). Distribu-
tion and cellular localization of mRNA coding for 5-HT;a
receptor in the rat brain: correlation with receptor binding. J.
Neurosci., 12, 440—453.

ROPERT, N. (1988). Inhibitory action of serotonin in CAl
hippocampal neurons in vitro. Neuroscience, 26, 69—81.

SALGADO, D. & ALKADHI, K.A. (1995). Inhibition of epileptiform
activity by serotonin in rat CA1l neurons. Brain Res., 669, 176—
182.

SCHWARCZ, R. & MELDRUM, B. (1985). Excitatory aminoacid
antagonists provide a therapeutic approach to neurological
disorders. Lancet, 2, 140—-143.

SIZER, AR, KILPATRICK, G.J. & ROBERTS, H.T. (1992). A post-
synaptic depressant modulatory action of 5-hydroxytryptamine
on excitatory amino acid responses in rat entorhinal cortex in
vitro. Neuropharmacology, 31, 531 -539.

VEZZANI, A., SERAFINI, R., STASI, M.A,, VIGANO’, G., RIZZI, M. &
SAMANIN, R. (1991). A peptidase-resistant cyclic octapeptide
analogue of somatostatin (SMS 201-995) modulates seizures
induced by quinolinic and kainic acids differently in the rat
hippocampus. Neuropharmacology, 30, 345—-352.

VEZZANI, A.,, WU, H.Q, TULLII, M. & SAMANIN, R. (1986).
Anticonvulsant drugs effective against human temporal lobe
epilepsy prevent seizures but not neurotoxicity induced in rats by
quinolinic acid: Electroencephalographic, behavioral and histo-
logical assessments. J. Pharmacol. Exp. Ther., 239, 256 —262.

WADA, Y., NAKAMURA, M., HASEGAWA, H. & SHIRAISHI, J.
(1993a). Microinjection of the serotonin uptake inhibitor
fluoxetine elevates hippocampal seizure threshold in rats.
Neurosci. Res. Commun., 13, 143 —-148.

WADA, Y., NAKAMURA, M., HASEGAWA, H. & YAMAGUCHI, N.
(1993b). Effect of serotonin uptake inhibiting antidepressants on
hippocampal kindled seizures in cats. Neurosci. Res. Commun.,
12, 119-124.

WADA, Y., NAKAMURA, M., HASEGAWA, H. & YAMAGUCH]I, N.
(1993c). Intra-hippocampal injection of 8-hydroxy-2-(di-n-pro-
pylamino)tetralin (8-OH-DPAT) inhibits partial and generalized
seizures induced by kindling stimulation in cats. Neurosci. Lett.,
159, 179-182.



818 M. Gariboldi et al

Anticonvulsant effect of 8-OH-DPAT on kainate seizures

WHITTON, P.S., ORESKOVIC, D., JERNEJ, B. & BULAT, M. (1985).
Effect of valproic acid on 5-hydroxytryptamine turnover in
mouse brain. J. Pharm. Pharmacol., 37, 199 -200.

WHITTON, P.S., ORESKOVIC, D., MARKOVIC, Z.,, SKARPA, D. &
BULAT, M. (1983). Effect of the antiepileptic DI-n-propylaceta-
mide on S5-hydroxytryptamine turnover in the brain and 5-
hydroxyindoleacetic acid level in the cerebrospinal fluid. Eur. J.
Pharmacol., 91, 57-62.

YAN, Q.S., JOBE, P.C. & DAILEY, J.W. (1994). Evidence that a
serotoninergic mechanism is involved in the anticonvulsant effect
of fluoxetine in genetically epilepsy-prone rats. Eur. J.
Pharmacol., 252, 105-112.

ZHANG, G., FRANKLIN, P.H. & MURRAY, T.F. (1990). Antic-
onvulsant effect of N-ethylcarboxamidoadenosine against kainic
acid-induced behavioral seizures in the rat prepiriform cortex.
Neurosci. Lett., 114, 345—350.

(Received March 8, 1996
Revised June 4, 1996
Accepted July 5, 1996)



