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Summary-The interactions between 5-hydroxytryptamine (5-HT), 8-hydroxy-2-(N,N-dipropylamino)tetralin (8-OH-DPAT), buspirone, 2 - ( 4 - ( 4 - ( 2 - p y ~ i m i d i n y I ) - l - p i p ~ ~ ~ ~ i ~ y l ) b u t y l ) - l , 2 - b e ~ ~ i ~ ~ t h i ~ ~ ~ l - 3 (2H)one-l.I-dioxide-hydrochloride(TVX Q 7821) and ketanserin, and putative 5-HT receptors were
analyzed using both radioligand techniques and an in uifio hippocampal slice preparation. The potencies
of the drugs were determined at 5-HT,, binding Sites labelled by ['HIX-OH-DPAT in hippocampal
membranes from the rat. The binding site had similar affinity for 5-HT, 8-OH-DPAT,buspirone and TVX
Q 7821, whereas ketanserin was essentially inactive. Physiological effectsof these drugs were also examined
using an in uirro hippocampal slice preparation.With the exception of ketanserin, application of each drug
to the bath modulated the amplitude of the field potential recorded in the pyramidal layer of CAI evoked
by stimulation of Schaffer collaterals. Application of micromolar concentrations of 5-HT produced an
initial increase in the population spike followed by a return to near baseline levels within 5min. By
contrast, the amplitude of the population spike was reduced in a dose-dependent manner by micromolar
concentrations of g-OH-DPAT, buspirone and N X Q 7821, beginning 5 min after application of drug.
Ketanserin did not affectthe amplitude of the population spike and it did not antagonize the effectsof
5-HT, buspirone 01 N X Q 7821. Neither buspirone nor ROH-DPAT altered the initial increase in
population spike induced by 5-HT. Therefore, the physiological effects of the novel anxiolytics
8-OH-DPAT, buspirone and TVX Q 7821 in the hippocampus appear to be independent of their
interactions with 5-HT,, receptors.
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Radioligand binding studies have been used to
differentiate two major classes of 5-HT receptors in
the central nervous system (Leysen, Niemegeers,
Tollenaere and Laduron, 1978; Peroutka and Snyder,
1979). Designated 5-HT, and 5-HT, sites, these receptors have differential affinities for serotonergic
agonists and antagonists. The 5-HT2 site appears to
mediate multiple effects of 5-HT such as the headtwitches induced by 5-hydroxytryptophan seizures
induced by tryptamine and contractions of vascular
smooth muscle induced by 5-HT (Leysen, Niemegeers, Van Nueten and Laduron, 1981; Leysen, 1983).
However, a physiological role for total 5-HT, sites
labelled by ['HIS-HT has been more difficult to
establish (Fozard, 1983; Peroutka, 1984). Most likely,
this difficulty is secondary to the fact that the binding
of ['HIS-HT has been shown to he heterogeneous
(Pedigo, Yamamura and Nelson, 1981; Schnellmann,
Waters and Nelson, 1984; Peroutka, 1986).
In recent radioligand studies, three distinct subpopulations of 5-HT, sites have been identified. Thus,
the 5-HT,, site has high affinity for 8-OH-DPAT,
buspirone and TVX Q 7821 and can be directly
radiolabelled by ['HIS-OH-DPAT or ['HITVX Q
7821 (Gozlan, El Mestikawy, Pichat, Glowinski and
Hamon, 1983; Traber, Davies, Dompert, Glaser,
Schuurman and Seidel, 1984; Dompert, Glaser and
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Traber, 1985; Hall, El Mestikawy, Emerit, Pichat,
Hamon and Gozlan, 1985; Peroutka, 1985b). The
5-HT,, site has been more difficult to characterize but
may have high affinity for 5-methoxy-3-(1,2,3,6tetrahydro-4-pyridiny1)lH indole (Ru 24969), I-(mtrifluro-methy1phenyI)piperazine
(TFMPP) and quipazine (Sills, Wolfe and Frazer, 1984; Asarch, Ransom
and Shih, 1985; Pazos, Engel and Palacios, 1985).
Finally, the 5-HT,, site is most prevalent in
membranes from the choroid plexus and displays a
relatively high affinity for methysergide and
mianserin (Pazos, Hoyer and Palacios, 1984; Yagaloff
and Hartig, 1985).
Autoradiographic studies have demonstrated that
the CAI region of the hippocampus contains an
extremely large concentration of 5-HT,, binding sites
(Deshmukh, Yamamura, Woods and Nelson, 1983;
Marcinkiewicz, Verge, Gozlan, Pichat and Hamon,
1984; Glaser and Traber, 1985; Pazos and Palacios,
1985). This region is also particularly amenable to
neurophysiological analysis. Stimulation of Schaffer
collaterals in the marum radiatum evokes a wellcharacterized field potential in the pyramidal cell
layer of CA1. Previous neurophysiological studies
have shown that the amplitude of this field potential
is affected by 5-HT, although both an increase
(Rowan and Anwyl, 1985) and decrease in amplitude
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(Segal and Gutnick, 1980; Olpe, Schellenberg and
Jones, 1984; Rowan and Anwyl, 1985; Beck and
Goldfarb, 1985) have been noted under various experimental conditions.
The present study utilized 5-HT. three selective
5-HT,, drugs (&OH-DPAT), busipirone and TVX Q
7821) and a 5-HT, selective antagonist (ketanserin).
Besides a high affinity for 5-HT,, receptors,
8-OH-DPAT, buspirone and TVX Q 7821 are similar
in that they all possess anxiolytic activity in animal
models (Engel, Hjorth, Svensson, Carlsson and Liljequist, 1984; Riblet, Eison, Eison, Taylor, Temple and
VanderMaelan, 1984; Traber et al., 1984). Effects of
drugs were analyzed both a 5-HT,, binding sites
labelled by ['HIS-OH-DPAT in hippocampal membranes from the rat and on the field potential
recorded in CAI using an in vitro hippocampal slice
preparation.
METHODS

Radioligand binding studies

Receptor binding assays were performed according
to the methods of Peroutka and Snyder (1979).
Briefly, adult rat brains were obtained either immediately after decapitation or purchased from Pel-Freeze
Biologicals, Inc. (Rogers, AK) and stored at - 20°C
until needed. On the day of the study, the brains were
defrosted and the hippocampi were dissected as
needed. Tissues were homogenized in 20 volume of
50 mM Tris-HCI buffer (PH 7.7 at 25°C) using a
Brinkmann Polytron and then centrifuged in an IEC
B20A centrifuge at 49,000 x g for 10 min. The supernatant was discarded and the pellet was resuspended
in the same volume of Tris-HCI buffer and incubated
at 37°C for 10 min prior to a second centrifugation at
49,000 x g for 10min. The final pellet was resuspended in 80 volume of Tris-HCI buffer containing 1 0 p M pargyline, 4 m M calcium chloride and
0.1% ascorbic acid. The suspensions were immediately used in the binding assay.
Binding assays for drug displacement studies consisted of 0.1 ml ['HIS-OH-DPAT (final concentration
of 0.154.20 nM), 0.1 ml buffer or displacing drug
and 0.8 ml tissue suspension. After incubation at
25°C for 30min, the assays were rapidly filtered
under vacuum through No. 32 glass fiber filters with
two 5 m l washes using 50mM Tris-HCI buffer.
Radioactivity was measured by liquid scintillation
spectroscopy in 5 ml of Aquasol (New England
Nuclear, Boston, MA) at 54% efficiency. Specific
binding was defined using I O W M5-HT in all experiments. Generally, 7540% of total binding was
specific for ['HIS-OH-DPAT.
Hippocampal slice studies

Hippocampal slices were prepared and maintained
in vitro using standard procedures. Female Wistar
rats (18LL240 g) were anesthetized with sodium pentobarbital (65 mg/kg, i.p.), rapidly exsanguinated by

carotid section and the dorsal surface of the brain
exposed by removing the overlying bone. A 6mm
block of one hemisphere was removed by making cuts
with a scalpel blade at the midline and at a 30" angle
from the coronal plane. The tissue block was immediately placed in cold (4°C). modified Krebs solution
(124mM NaCI, 3.0mM KCI, 2.0MgS04, 2.0mM
CaCI,, 26.0mM NaHCO,, 1.3mM NaH,PO, and
10.0mM dextrose saturated with 95% O2 and 5%
CO,) and then glued to the stage of a vibratome.
Sections 400 pm thick were cut from the entire block.
The hippocampal sections were then dissected and
placed in a submersion-type chamber for slices of
brain. The chamber was continuously perfused with
modified Krebs solution (6 mlirnin) and maintained
between 33-34°C. The sections were allowed to
stabilize for at least 1 hr prior to all experiments.
Field potentials were recorded from the pyramidal
cell layer of CAI with glass microelectrodes filled
with 3 M NaCl (d.c. resistance ranged from
S I 5 MQ). Scbaffer collaterals were stimulated by
delivering 40 psec cathodal, constant current pulses
through a tungsten microelectrode positioned in the
stratum radiatum. In most experiments, the intensity
of the stimulus was adjusted to obtain a 60% of
maximal pupulation spike. Stimuli were presented
once every 6 sec. Signals were amplified and digitized
with a Nicolet 1174 signal averager and stored on
magnetic tape.
Stimulation of the stratum radiation in CAI
evokes a well-defined field potential in the pyramidal
cell layer (see Fig. 2; Anderson and Lomo, 1965). An
initial small amplitude negativity corresponds to the
action potential activity in the afferent fibers. This
early negativity is followed by a large amplitude
positive potential which corresponds to the source
current of the population excitatory post-synaptic
potential (EPSP) occurring in the dendrites. A sharp
negative potential arises from the population EPSP.
This negativity corresponds to sink current associated
with synchronous action potential activity in the
pyramidal cells (population spike). Actions of drugs
were examined by assessing their effects on the amplitude of the population spike as measured from the
crest of the EPSP to the most negative portion of the
spike. Application of drugs began after the amplitude
of the field potential had been stable for at least
IOmin.

Drugs
All drugs were dissolved and diluted in assay buffer
for radioligand studies. For neurophysiological
studies, drugs were mixed fresh for each experiment
in modified Krebs solution and were applied in the
bathing medium. Drugs were obtained from the
following sources: ['H]8-OH-DPAT (80 Ci/mmol;
Research Products International Corp., Mount
Prospect, IL); 5-HT (Sigma Chemical Co., St. Louis,
MO); 8-OH-DPAT (Research Biochemicals, Inc.,
Waltham, MA); buspirone (Bristol-Myers, Evans-
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Fig. 1. Interactions between drugs and 5-hydroxytryptamine,. binding sites labelled.by [3H]8-OH-DPAT
in hippocampal membranes from the rat. Receptor binding assays were performed as described in
Methods. The data shown are the results of a single experiment, performed in triplicate. Each exDeriment
was re-peated 3-5 times with results which varied less than 20%

ville, IN); TVX Q 7821 (Troponwerke, Cologne);
ketanserin (Janssen Pharmaceuticals, Beerse).

Effects of 5-HT and 5-HT,, selective drups on the
activity of hippocampal pyramidal cells

The amplitude of the population spike in CA1 was
measured after stimulation of Schaffer collaterals in
RESULTS
the stratum radiatum (Fie. 2A). Two distinct vatterns
of effects on the amplitude of hippocampal popuInteractions between drugs and 5-HT,, binding sites,
lation spikes were observed upon application of 5-HT
labelled b y [3H18-OH-Df'ATin between hipPocampal
to the bath, in
experiments (85yo),the amplimembranes f.om the rat
tude of the population spike was increased at 2 mm
The interactions between 5-HT, 8-OH-DPAT, after application of 5 0 p M 5-HT (Fig. 281) and then
buspirone, TVX Q 7821 and ketanserin (a selective eraduallv returned to near baseline levels. In the
5-HT, receptor antagonist) were analyzed at 5-HTl, remaining experiments (15%), SO p M 5-HT produced
binding sites labelled by ['HIX-OH-DPAT in hippo- a decrease in the amplitude of population spikes
campal membranes from the rat (Fig. 1). The which peaked at 5 min after application of drug (Fig.
displacement of specific ['HIS-OH-DPAT binding 2B2) and then remained stable for the next
was sigmoidal for 5-HT, 8-OH-DPAT, buspirone and 25-30min. By contrast, application of SO p M
TVX Q 7821, with Hill slope values of approximately buspirone, 8-OH-DPAT or TVX Q 7821 invariably
unity for each drug. With the exception of ketanserin, led to a gradual reduction in amplitude of the
each of the four agents had a nanomolar affinity for population spike (Figs 2C-E).
5-HT,, sites labelled by ['H]8-OH-DPAT. DisplaceAs mentioned above, the effects of 5-HT were most
ment by ketanserin of specific binding of ['HIS- pronounced in the first 5 rnin after application to the
OH-DPAT began at concentrations greater than bath. As shown in Fig. 3, the amplitude of the
1000 nM. Therefore, ketanserin was approximately population spike was measured at various times after
1000-fold less potent at this 5-HT binding site in application of drug. Large increases in the amplitude
hippocampal membranes from the rat than the other of the population spike (3&40%) were observed
four agents.
0.5-2min after application of 5 0 p M 5-HT. This
The apparent K, value of each drug for the 5-HT,, increase slowly subsided such that the amplitude of
site was determined; 8-OH-DPAT was the most the population spike was only 10% greater than
potent agent ( 1 . 4 i 0.4nM). However, the affinity of baseline 5 min after application. This small increase
5-HT (3.0 f 1 nM), TVX Q 7821 (7.4 f 1 nM) and was maintained over the remaining 30 min of applihuspirone (12 k 1 nM) were similar. Thus, less than cation to the bath. The same concentration of
an order of magnitude difference in affinity existed huspirone, TVX Q 7821 or 8-OH-DPAT led to a
between 8-OH-DPAT and buspirone for the 5-HT,, reduction in the amplitude of the population spike
site. By contrast, the apparent K, value for inhibition that began slowly over the first few minutes and
by ketanserin of the binding of ['H]8-OH-DPAT to progressed to a maximum reduction within
5-HT,, receptors was 12,000 i 2000 nM.
25-30min (Fig. 3). For each drug, the effects on the
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Fig. 2. Effects of application of drugs on CAI population spikes. A. Schematic representation of the
hippocampal slice preparation. B. Two effects of 5-HT application: (I) increase in papulation spike at
2 min after application of 5-HT, (2) decrease in population spike at 5 min after application.C. Buspirone.
D. 8-OH-DPAT. E. TVX Q 7821.
population spike were reversed by washing with
modified Krebs solution.

Dose-response
drugs

characteristics of 5-HT,,-se/ectiue

Buspirone and TVX Q 7821 displayed similar
doscresponse characteristics in terms of their ability
to reduce the amplitude of the population spike. The
data in Fig. 4 were obtained at 30 min after applica-

a
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tion of the drugs to the bath. Concentrations as small
as 3 p M of either drue
- resulted in reduction in
amplitude of the population spike of approximately
20%. The amplitude of the population spike was
reduced by 50% after application of either 25 p M
buspirone or TVX Q 7821. The population spike was
essentially abolished by the application of 100 p M
buspirone or TVX Q 7821 to the bath. Larger
concentrations of 8-OH-DPAT were required to alter
the amplitude of the population spike. The amplitude
of the population spike was unaffected by concentrations of 8-OH-DPAT of less than 2 5 p M . At
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Fig. 3. Amplitude of the population spike as a function of
time after continuou~application to the bath of 5-HT,
8-OH-DPAT,buspirone or TVX Q 7821. Data shown are
the results of a single experiment in which 50pM drug was
applied to the hippocampal slice preparation. Amplitude is
expressed as the percentage of pre-drug baseline. Drugs
studied arc: 5-HT ( 0 ) ;8-OH-DPAT (m); buspirone (0);
TVX Q 7821 (Vj.

Dose (pM)

Fig. 4. Dose-response effects of 8-OH-DPAT, buspirone
and TVX Q 7821 on the amplitude of the population spike.
Increasing concentrations of 8-OH-DPAT ( W j , buspirone
(7)and TVX Q 7821 ( U j were applied to the hippocampal
slice preparation. The amplitude of the population spike is
expressed as the percentage of pre-drug baseline.
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Fig. 5 . Effects of ketanserin in the absence or presence of
5-HT, huspirone and TVX Q 7821 on the amplitude of the
population spike. e,.,
data
far 5-HT experiments
were obtained 2min after application afdrugs to the bath.
Amplitudes of population spikes for experiments using
ketanserin in the absence or presence of buspirone or TVX
Q 7821 were measured 30min after application of drugs to
the bath.

5&100pM, 8-OH-DPAT reduced the amplitude of
the population spike by approximately 3&70%.
Effects of ketanserin on 5 - H T - , buspirone- and TVX
Q 7821-mediated effects on the population spike

The potent and selective 5-HT, antagonist agent,
ketanserin, had no effect on the population spike
when applied to the slice preparation at a concentration of 50 p M (Fig. 5). Furthermore, application
of 5OpM ketanserin in combination with 50pM
5-HT, huspirone or TVX Q 7821 did not alter the
independent effects of these agents on the population
spike (Fig. 5). These results suggest that the electrophysiological effects of 5-HT, huspirone or TVX Q
7821 in the CAI region of the hippocampus are not
mediated by 5-HT, receptors.
Effects of combined application oJ5-HT and buspirone

?

b

It has been suggested that the novel anxiolytic
agent huspirone may antagonize the effects of 5-HT
on membrane potentials (Andrade and Nicoll, 1985).
In order to study the possible antagonist properties
of huspirone on effects mediated by 5-HT on synaptic
activity in the hippocampus, experiments were performed in which 5-HT and buspirone were applied in
combination. As shown in Fig. 3, the amplitude of
the population spike was initially increased by 5-HT
while it was decreased by huspirone. Simultaneous
application of these two agents (50 p M each) resulted
in an early enhancement of the population spike
(occurring over the first 4 min) followed by a distinct
reduction in the amplitude of the population spike
(Fig. 6). Similarly, administration of 50 p M 5-HT
and 5 0 p M 8-OH-DPAT together resulted in an
initial augmentation of the amplitude of the population spike. These data suggest that the physiological
effects of 5-HT compared to huspirone and
8-OH-DPAT were additive and therefore, at least,
partially independent.

5-HT,,-selective agents modulated CAI activity in
the hippocampus induced by stimulation of Schaffer
collaterals. 5-Hydroxytryptamine, 8-OH-DPAT,
buspirone and TVX Q 7821 were similar in that they
displayed a high affinity for 5-HT,, binding sites
labelled by ['HIX-OH-DPAT in membranes from the
hippocampus. However, the drugs differed in that
5-HT also had a high affinity for 5-HT,, and 5-HT,,
sites. whereas 8-OH-DPAT. busnirone and TVX 0
7821 were significantly less potent at these
of 5-HT, binding sites (Middlemiss and Fozard, 1983;
Pazos et a / . , 1985; Peroutka, 1985h). 5-Hydroxytryptamine also differed from the 5-HT,,-selective
agents in its effect on neuronal activity at the level of
the evoked field potential in the CAI region.
5-Hydroxytryptamine caused an increase in the amplitude of the population spike recorded in the CAI
region in 85% of slice preparations. On the other
hand, 8-OH-DPAT, buspirone and TVX Q 7821
caused a dose-dependent decrease in the amplitude of
the population spike at micromolar concentrations.
Ketanserin, a potent and selective 5-HT, receptor
antagonist, had no effect on the evoked population
spike in the CAI region nor did it alter the physiological effects of equimolar concentrations of 5-HT,
huspirone or TVX Q 7821. Simultaneous application
of huspirone or 8-OH-DPAT with 5-HT had no effect
on the initial increase in the population spike observed after administration of 5-HT alone. The
results of the present study demonstrate a similar
physiological effect of the novel anxiolytics
8-OH-DPAT, huspirone and TVX Q 7821.
Conceivably, the 5-HT,, receptor may mediate
part or all of the effects of the novel anxiolytics in
the hippocampus. The interactions between
8-OH-DPAT, buspirone and TVX Q 7821 and 5-HT
receptors were first noted in radioligand binding
studies. The drugs are potent inhibitors of the binding
of ['HIS-HT in certain regions of the rat brain such
as the hippocampus (Glaser and Traber, 1983;
Hamon, Bourgoin, Gozlan, Hall, Goetz, Artaud and
Horn, 1984; Traber er al., 1984; Glaser and Traber,
1985). The drugs are even more potent at the 5-HT,,
I
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DISCUSSION

The major finding of the present study was that
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Fig. 6. Amplitude of the population spike as a function of
time following application of 5-HT in combination with
buspirone or 8-OH-DPAT to the bath.
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binding site, a subtype of total S-HT, sites, which can
be directly labelled with either ['HIX-OH-DPAT or
['HITVX Q 7821 (Gozlan et al., 1983; Traber et a[.,
1984; Peroutka, 1985b; Dompert et a!., 1985). By
contrast, these agents are approximately three orders
of magnitude less potent at 5-HT,, and S-HT, sites
as measured by radioligand techniques (Middlemiss
and Fozard, 1983; Peroutka, 1985a,b). Moreover,
buspirone and TVX Q 7821 are significantly less
potent at alpha-adrenergic, dopamine D,, histamine
H, and muscarinic cholinergic receptors and are
inactive at benzodiazepine receptors labelled by
['Hlflunitrazepam at concentrations of less than
100,000nM (Peroutka, 1985a). Thus, the 5-HT,, site
is the only known radioligand binding site where
5-HT, 8-OH-DPAT, huspirone and TVX Q 7821
have similar potencies.
A variety of other evidence also supports an interaction between 8-OH-DPAT, buspirone and TVX Q
7821 with serotonergic transmission. The drug
8-OH-DPAT decreases levels of 5-hydroxyindoleacetic acid rates of synthesis and utilization of 5-HT
(Hjorth, Carlsson, Lindberg, Sanchez, Wikstrom,
Arvidsson, Hacksell and Nilsson, 1982). Behaviorally, 8-OH-DPAT produces the behavioral syndrome induced by 5-HT while TVX Q 7821 induces
portions of the entire syndrome (Hjorth et al., 1982;
Spencer, Glaser, Schuuman and Traber, 1984).
Physiologically, both 8-OH-DPAT and huspirone
have been shown to depress the spontaneous firing of
raphe neurons (Hjorth et ai., 1982; VauderMaelan
and Wilderman, 1984).
However, the results of the present study strongly
suggest that the physiological effects of the novel
anxiolytics are in addition to, or independent of, their
effects at the 5-HT,, receptor. First, the effect of the
novel anxiolytics on the CAI population spike was
qualitively different to the effect observed with 5-HT
under identical conditions. Second, the effect of 5-HT
was observed within the first 5 min after application
to the bath, whereas the effects of the novel anxiolytic
did not begin until 5min after application to the
bath and did not maximize until 25-30min after
application of the drug. Third, the equimolar effects
of 8-OH-DPAT were less pronounced than the effects
of huspirone and TVX Q 7821 despite the fact that
8-OH-DPAT was the most potent agent at the
5-HT,, binding site. Fourth, the combination experiments, using huspirone and 5-HT, showed that the
effects of the drugs were additive. As a result, these
data strongly suggest that the effects of the novel
anxiolytics in the hippocampus observed here cannot
be explained simply on the hasis of their interaction
with S-HT,, receptors.
However, the CAI region of the hippocampus
appears to be an excellent region in which to analyze
effects of serotonergic drugs. This area has an extremely high density of 5-HT,, sites and a paucity of
5-HT,. and 5-HT2 sites (Pazos and Palacios, 1985).
The density of 5-HT,, sites in the CAI region has not

yet been defined. The CAI region is also amenable to
neurophysiological analysis using in vitro hippocampal slice techniques. Segal (1980) reported that
administration of 5-HT led to a reduction in the
amplitude of the CAI population spike. This effect
was more pronounced at small rather than large
stimulus intensities. After a IO Hz stimulus train,
Segal and Gutnick (1980) reported that the CAI
population spike could be reduced by a droplet of
0.5 mM 5-HT in the CA1 region. A reversible reduction in amplitude of the CAI population spike was
also observed by Olpe el a/. (1984) and Beck and
Goldfarb (1985) after superperfusion with micromolar concentrations of 5-HT. By contrast, Rowan
and Anwyl(1985) found that superperfusion of 5-HT
onto the hippocampal slice caused a transient
(1-2min) increase in the amplitude of the CAI
population spike followed by a decrease in amplitude.
The predominant effect of 5-HT on the population
spike in the present study was an increase in amplitude that was greatest within the first few minutes of
application of 5-HT to the bath. However, in 15% of
slices, the population spike was reduced in amplitude.
What might account for the different effects of 5-HT
on the amplitude of the hippocampal population
spike? It is well established that the primary effect of
5-HT on CAI pyramidal neurons in the hippocampus
is membrane hyperpolarization (Segal, 1980; Andrade and Nicoll, 1985). The hyperpolarization
would move the membrane potential away from the
EPSP equilibrium potential and thereby lead to an
increase in amplitude of the EPSP. If spike failure
does not occur there will also be an increase in the
amplitude of spikes. Therefore, at relatively large
stimulation intensities, where synaptic transmission
may he more secure, an increase in the amplitude of
the population spike after the application of 5-HT
would be predicted. However, if the stimulation
intensity is small enough, such that the stimulusevoked spike was at or minimally above threshold,
then the 5-HT-induced hyperpolarization could cause
spike failure and a reduction in the extracellularly
recorded population spike.
The effects of 8-OH-DPAT, buspirone and TVX Q
7821 on synaptically-mediated activity in the hippo.
campus were in contrast to the effects of 5-HT. a
dose-dependent reduction in both the population
EPSP and population spike. Andrade and Nicoll
(1985) have demonstrated that buspirone, in contrast
to 5-HT, caused only a modest hyperpolarization of
CAI pyramidal neurons. It is unlikely that the reduction in the population EPSP described in this report
was the result of this small hyperpolarization. Indeed,
slight hyperpolarization would be expected to lead to
an increase in the amplitude of the population spike
(as appears to be the case with 5-HT). Therefore, the
results of the present study suggest 'that 5-HT and
5-HT1,-selective agents are not operating through
identical populations of receptors in the CAI region
of the neurons in the hippocampus. Since
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Leysen I. (1983) Serotonin receptor binding sites: Is there
pharamcological and clinical significance? Med. B i d . 61:
139-143.
understanding of their neurophysiological effects may Leysen
I. E., Niemegeers C. J. E., Tollenaere I. P.
elucidate the pathophysiology of anxiety.
and Laduron P. M. (1978) Serotonergic component of
neuroleptic receptors. Nature 2 1 2 168-171.
Acknowledgements-We thank Faith Smith for assistancein Leysen I. E., Niemegeers 1. E., Van Nueten I. M. and
the preparation of the manuscript. This work was supported
Laduron P. M. (1981) 'H Ketanserin (R 41 468). a
in part by Biomedical Training Grant No. RR 5353-23,
selective 'H-ligand for serotonin, receptor binding sites.
NIH Grant No. NS 12151, the John A. and George L.
Molec. Phnrmac. 21: 301-314.
Hartford Foundation (SIP) and Grant No. NS 20393 from Marcinkiewicz M., Verge D., Gozlan H., Pichat L. and
the NINCDS, NIH (JDK).
Hamon M. (1984) Autoradiographic evidence for the
heterogeneity of 5-HT, sites in the rat brain. Brain
Research 291: 159-163.
Middlemiss D. N. and Fozard I. R. (1983)
REFERENCES
8-Hydroxy-2-(DI-n-Propylamino)
tetralin discriminates
Anderson R. and Lomo T. (1965) Excitation of hippobetween subtypes of the 5-HT, recognition site. Eur. J.
campal pyramidal cells by dendritic synapses. 3 Physiol.
Phnrmoe. 90: 151-153.
LDnd. 181: 3940.
Olpe H. R., Schellenberg A. and Jones R. S. G. (1984) The
Andrade R. and Nicoll R. A. (1985) The novel anxiolytic
sensitivity of hippacampal pyramidal neurons to Serobuspirone elicits a small hyperpolarization and reduces
tonin in vitro: Effect of prolonged treatment with clorserotonin responses at putative 5-HT, receptors on hippogyline or clomipramine. J. Neural Trons. 60: 265-271.
campal CAI pyramidal cells. Soc. Neurosci. Abs. 11: 597. P a m A., Engel G. and Palacios J. M. (1985) RetaAsarch K., Ransom R. W. and Shih I. C. (1985) 5-HT-la
adrenergic blocking agents recognize a subpopulation of
and 5-HT-lb selectivity of two phenylpiperazine derivaserotonin receptors in rat brain. Bmin Research 343:
tives: Evidence for 5-HT-lb heterogeneity. Lre Sci. 36:
403408.
1265-1273.
Pazos A,, Hoyer D. and Palacios J. M. (1984) The binding
Beck S. G. and Goldfarb I. (1985) Serotonin produces a
of serotonergic ligands to the porcine choroid plexus:
reversible concentration dependent decrease of popuCharacterization of a new type of serotonin recognition
lation spikes in rat hippocampal slices. Life Sci. 36:
site. Eur. 3. Phoromac. 106: 539-546.
557-563.
Pazos A. and Palacios I. M. (1985) Quantitative autoDeshmukh P. P., Yamamura H. I., Woods L. and Nelson
radiographic mapping of Serotonin receptors in the rat
D. L. (1983) Computer-assisted autoradiographic localbrain. I . Serotonin-1 receptors. Brain Research 346:
ization of subtypes of serotonin, receptors on rat brain.
205-230.
Brain Reseorch 288: 338-343.
Pediga N. W., Yamamura H. I. and Nelson D. L. (1981)
Dompert W. U., Glaser T. and Traber J. (1985) 'H-NX Q
Discrimination of multide 'H 5-hvdroivtri~taminehinding sites by the neuroleptic spiperone in rat brain. 3.
7821: Identification of 5-HT, binding sites as target for a
Neuroehem. 36: 22G226.
novel putative anxiolytic. Nouyn-Schmiedebergs Arch.
Peroutka S. J. (1984) 5-HT, receptor sites and functional
Phormac. 3 2 8 467470.
correlates. Neuropharmacology 23: 1487-1492.
Engel J. A,, Hjorth S., Svensson K., Carlsson A. and
Liljequist S. (1984) Anticonflict effect of the putative Peroutka S. J. (1985a) Selective interaction of novel
serotonin receptor agonist 8-hydrory-2-(DI-n-Propyl- anxiolytics with 5-hydroxytryptamine,. receptors. Bid.
Psychiat. 20: 971-979.
amino) tetralin (8-OH-DPAT). Eur. J Pharmc. 105:
Peroutka S. J. (1985b) Selective labeling of 5-HT,, and
365-368.
5-HT,. binding sites in bovine brain. Brain Research 344:
Fozard J. R. (1983) Functional correlates of 5-HT, recog167-171.
nition sites. Trends Phormac. Sci. 4 288-289.
Glaser T. and Traber I. (1983) Buspirone: Action an Peroutka S. I. (1986) Differentiation and characterization of
5-HT,,, 5-HT,. and 5-HT,, binding sites in rat frontal
serotonin receptors in calf hippocampus. Eur. 3. Pharmoc.
co~tex.J. Neurochem. 47: 529-540.
88: 137-138.
Glaser T. and Traber I. (1985) Binding of the putative Peroutka S. 1. and Snyder S. H. (1979) Multiple serotonin
receptors: Differential binding of 'H 5-hydroxytryptanxiolytic TVX Q 7821 to hippocampal 5-hydronytryptamine, 'H lysergic acid diethylamideand 'H spiroperidol.
amine (5-HT) recognition sites. Nouyn-Sehmiedebergs
Molec. Phormoc. 1 6 687499.
Arch. Pharmac. 329 211-215.
Godan H., El Mestikawy S., Pichat L., Glowinski J. and Riblet L. A,, Eison A. S., Eison M. S., Taylor D. P., Temple
D. L. and VanderMaelen C. P. (1984) NeuropharHamon M. (1983) Identification of presynaptic serotonin
macology of buspirone. Psyehoporhology 17: 69-18.
autoreceptars using a new ligand 'H-PAT. Nature. 305
Rowan M. J. and Anwyl R. (1985) The effect of prolonged
14h142.
treatment with tricyclic antidepressants on the actions of
Hall M. D., El Mestikawy S., Emerit M. B., Pichat L.,
5-hydroxytryptaminein the hippocampal slice of the rat.
Hamon M. and Gozlan H. (1985) 'H-8-Hydroxy-2-(DI-nNeuropharmacology tl: 131-137.
Propylamino) tetralin binding to pre- and post-synaptic
5-hydroxytryptamine sites in, various regions of the rat Schnellmann R. G., Waters S. J. and Nelson D. L. (1984)
'H 5-Hydroxytryptaminebinding sites: Species and tissue
brain. J. Neurochem. 44: 1682-1696.
variation. 3. Neuroehem. 4 2 62-70.
Hamon M., Bourgoin S.,Gozlan H., Hall M. D., Goetz C.,
Artaud F. and Horn A. S. (1984) Biochemical evidence Segal M. (1980) The action of serotonin in the rat hippocampal slice preparation. 3. Physiol. 303: 423439.
for the 5-HT agonist properties of PAT 8-hydroxy2-(Di-n-propylamino)tetralin) in the rat brain. Eur. J. Segal M. and Gutnick M. J. (1980) Effects of serotonin on
extracellular potassium concentration in the rat hippoPharmac. loo: 263-276.
campal slice. Brain Research 195: 389401.
Hjorth S., Carlsson A,, Lindberg P., Sanchez D., Wikstrom
H., Awidsson L. E., Hacksell U. and Nilsson I. L. G. Sills M. A,, Wolfe B. B. and Frazer A. (1984) Determination
of selective and nonselective compounds for the 5-HT,A
(1982) 8-Hydroxy 2-(Di-n-Propylamino) tetralin,
and 5-HT,. receptor subtypes in rat frontal cortex.
8-OH-DPAT, a potent and selective simplified ergot
J , Pharmae. exp. Ther. 231: 4 8 M 8 7 .
congener with central 5-HT-receptor stimulating activity.
J. Neural Trans. 5 5 169-188.
Spencer D. G. Jr., Glaser T., Schuuman T. and Traber J.

8-OH-DPAT, huspirone and TVX Q 7821 appear to
represent a novel class of anxiolytic agents, a greater

p.

\

145

146

S . I. PEROUTKA er

(1984) Behavioral and neurochemical correlates of pharmacology involving the 5-HT, receptor. Soe. Neurosci.
Abs. 1 0 1072.

01.

phoretic and systemic administration of the nonbenzodiazepine anxiolytic drug buspirone causes inhibition of Serotonergicdona1 raphe neurons in rats. Fed.

Traber J., Davits M., Dompert W. U., Glaser T.,
Proc. 43: 947.
Schuurman T. and Seidel P. R. (1984) Brain serotonin Yagalof K. A. and Hartig P. R. (1985) "'I-Lysergic acid
receptors as a target for the putative anxiolytic TVX Q
diethylamide binds to a novel ~emt~nergic
site on rat
7821. Broin Res. Bull. 12: 741-744.
choroid plexus epithelial cells. J. Neurosei. 5: 3178-3183.
VanderMaelen C.P. and Wilderman R. C. (1984) lonto-

