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Effects of baclofen on synaptically-induced cell firing in
the rat hippocampal slice
Brian Ault & J. Victor Nadler

Department of Pharmacology, Duke University Medical Center, Durham, North Carolina 27710, U.S.A.

1 The effects of baclofen on the synaptically-induced firing of pyramidal and granule cell
populations were tested in the rat hippocampal slice. Population spikes were evoked by stimulating
excitatory pathways in the presence and absence of bath-applied drug.
2 (±)-Baclofen (20 iM) completely blocked the firing of CAl or CA3 hippocampal pyramidal cells
subsequent to stimulation of projections that originate in area CA3. In contrast, the firing of dentate
granule cells evoked by stimulation of the perforant path fibres was depressed by only 46% and
baclofen did not affect the monosynaptic firing of CA3 pyramidal cells evoked by mossy fibre
stimulation. These results are consistent with the effects of baclofen on the corresponding
extracellularly-recorded excitatory postsynaptic potentials (e.p.s.ps).
3 The Schaffer collateral-commissural population spike in area CAl was depressed by (-)-

baclofen (EC5o = 2.8 pM), GABA (EC5o = 2.2 mM) and 3-aminopropanesulphonic acid (3-APS)
(EC5o = 0.34 mM). (-)-Baclofen was 180 times as potent as (+)-baclofen.
4 Bicuculline methiodide (100 pm) did not reverse the depressant action of (-)-baclofen. GABA-
induced depressions were antagonized to only a small degree, whilst the effect of 3-APS was readily
reversed. Raising the concentration of bicuculline from 100 jIM to 500 JM did not further reverse the
action of GABA.
5 The effects of (-)-baclofen and 3-APS on the relationship between extracellular e.p.s.p. and
population spike were tested by stimulation of the Schaffer collateral-commissural fibres in area

CA1. (- )-Baclofen shifted the 'input/output' curve to the right at a concentration of 1 JAM, but less or
not at all at 3 jAM. In contrast, increasing the concentration of 3-APS shifted this curve farther to the
right.
6 These results are consistent with the hypothesis that baclofen and GABA can depress neuronal
firing by interacting with a bicuculline-insensitive receptor. In the CAl area, activation of these
receptors mainly depresses transmitter release from terminals of projections from area CA3, but
also reduces pyramidal cell excitability.

Introduction

Baclofen [P-(p-chlorophenyl)-GABA, Lioresal] is a
y-aminobutyric acid (GABA) analogue capable of
penetrating the blood-brain barrier. It is used clini-
cally as a centrally-acting muscle relaxant, whose
effect is thought to be exerted at the level of the spinal
cord (Bein, 1972). Accordingly, baclofen has been
shown to depress excitatory neurotransmission in the
spinal cord in vivo (Pierau & Zimmerman, 1973;
Fox, Krnjevit, Morris, Puil & Werman, 1978; Ono,
Fukuda & Kudo, 1979; Curtis, Lodge, Bornstein &
Peet, 1981; Davies, 1981) and in vitro (Davidoff &
Sears, 1974; Saito, Konishi & Otsuka, 1975; Ault &
Evans, 1981). This action appears to be due mainly to
a decrease in the release of transmitter from synaptic

terminals. Glutamate and aspartate are the putative
transmitters of the relevant excitatory pathways in
the spinal cord (Watkins & Evans, 1981), and baclo-
fen has been shown to depress the release of excitat-
ory amino acids from various CNS preparations
(Potashner, 1979; Johnston, Hailstone & Freeman,
1980; Coffins, Anson & Kelly, 1982).
We have shown that, in the rat hippocampal slice,

baclofen preferentially depresses transmission at
synapses made by axons of CA3 pyramidal cells
(Ault & Nadler, 1982a). The transmitter employed
by these fibres is also likely to be glutamate and/or
aspartate (Cotman & Nadler, 1981). That studyused
the extracellular or population excitatory postsynap-
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tic potential (e.p.s.p.) as a measure of synaptic trans-
mission and the results suggested that baclofen acted
presynaptically to reduce transmitter release. In the
present study, we tested the effect of baclofen on the
population spike, an extracellular measure of the
number of cells brought to threshold by a stimulus
(Andersen, Bliss & Skrede, 1971), to determine
whether, in addition, baclofen acts postsynaptically
to alter pyramidal cell excitability. Moreover, it has
been proposed that baclofen inhibits synaptic trans-
mission by interacting with a subpopulation of
GABA receptors that is insensitive to bicuculline
(Bic) (Bowery, Hill, Hudson, Doble, Middlemiss,
Shaw & Turnbull, 1980; Hill & Bowery, 1981; Bow-
ery, Hill & Hudson, 1983). We have therefore com-
pared some of the depressant actions of baclofen
with those produced by GABA and, 3-
aminopropanesulphonic acid (3-APS), an agonist
that acts mainly at Bic-sensitive GABA receptors
(Bowery et al., 1980; Hill & Bowery, 1981), and we
have determined their sensitivity to Bic. A prelimi-
nary account of some of this work has been presented
(Ault & Nadler, 1982b).

Methods

Slice preparation

Adult female Sprague-Dawley rats were killed by
cervical dislocation and the brains were removed.
Hippocampi were rapidly dissected and cut into
transverse slices of 500 jm thickness. Individual
slices were suspended upon small nylon nets in super-
fusion chambers of the type described by White,
Nadler & Cotman (1978) and superfused with El-
liott's (1969) artificial cerebrospinal fluid (composi-
tion (mM): NaCl 122, NaHCO3 25, KCl 3.1,
CaCl2 1.3, MgSO4 1.2, KH2PO4 0.4 and D-glucose
10, gassed continuously with 95% 02:5% C02) at
30 ± 0.5°C. A peristaltic pump recirculated 3 ml of
this medium through each chamber for 1.5-2 h be-
fore experimentation. During this period the fluid
level was maintained just below the top surface of the
slice.

Application ofdrugs

Slices were submerged during experimentation to
facilitate equilibration of drugs between the medium
and the extracellular fluid within the slice. Media
were superfused at a rate of 1.2-1.5 ml min-' from
pressurized flasks and were mainly removed by gravi-
ty from the bottom of the chamber. To keep the fluid
level constant, excess medium was aspirated from the
fluid surface by use of a glass pipette. When Bic was

used, it was present continuously in the medium. To
generate dose-response curves, it was found most
convenient to prepare each desired concentration of
agonist in 5 ml of Elliott's medium, which was then
introduced into one of the superfusion lines by use of
a three-way valve. A six-way valve was used to switch
between control and test media. We found 5 ml of
solution sufficient to produce a maximal effect.

Electrophysiological responses were recorded be-
fore and during the period for which an agonist was
superfused. The slice was then washed with control
medium to regain its initial responsiveness before
further drug application. The degree of inhibition
was calculated as the maximal depression of the
response expressed as a percentage of the mean of
the three control responses that immediately pre-
ceded introduction of the test compound into the
chamber.

Stimulation and recording

Cathodal constant current pulses, usually of
40-100 t&s duration, were applied through the inner
wire of a concentric bipolar electrode (Ault & Na-
dler, 1982a; 1983). Afferent fibre tracts were stimu-
lated at a rate of 2 per min, except when input/output
(extracellular e.p.s.p./population spike) relation-
ships were investigated. In the latter experiments,
stimuli were delivered at 0.1 Hz. Glass micropipettes
filled with 4M NaCl (2-10MQ impedance) were
used to record extracellular field potentials. These
signals were filtered above lkHz, amplified, dis-
played on an oscilloscope and usually recorded on
film.
The medial perforant path extracellular e.p.s.p.

was recorded in the middle third of the dentate
molecular layer and the lateral perforant path ex-
tracellular e.p.s.p. was recorded in the outer third.
Responses to stimulation of the medial perforant
path were differentiated from responses to stimula-
tion of the lateral by the characteristic paired-pulse
depression observed with an interstimulus interval of
200 ms (McNaughton, 1980). The stimulus strength
was maintained just below the threshold for evoking
a population spike. Extracellular e.p.s.p. amplitude
was measured 2 ms after onset.

Population spikes were recorded from the pyrami-
dal and granule cell body layers. Stimulating and
recording electrodes were placed as described previ-
ously (Ault & Nadler, 1982a; 1983). The amplitudes
of population spikes recorded on film were measured
from onset to peak negativity. Control responses
were routinely standardized by adjusting the stimulus
current to evoke a just-maximal population spike.
To investigate input/output relationships, a single

recording electrode was placed in the appropriate cell
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body layer. Stimulus current and pulse duration were
varied to evoke population spikes from threshold to
maximum amplitude. Extracellular e.p.s.p. amp-
litudes were measured from the initial positive-going
wave 1-2 ms after onset. These measurements and
those of population spike amplitude were made with
the aid of a microcomputer (Teyler, Mayhew, Chrin
& Kane, 1982). After generating an input/output
curve in control medium, agonist was introduced and
the procedure was repeated. The agonist was then
washed out and an input/output curve was again
generated in control medium.

Materials

(±)-Baclofen and the individual isomers were gifts
from Ciba-Geigy Corp. (Ardsley, NY, U.S.A.) and
Ciba-Geigy Ltd (Basel, Switzerland), respectively.
Bicuculline methiodide was purchased from Pierce
Chemicals (Rockford, IL, U.S.A.) and GABA and
3-APS were obtained from Sigma Chemical Co. (St
Louis, MO, U.S.A.).

Control

Results

Effects of(±)-baclofen on hippocampal population
spikes

At a concentration of 20 tLM (which substantially
depresses excitatory transmission in the spinal cord
(Ault & Evans, 1981)), (±)-baclofen abolished
population spikes evoked in the CA1 or CA3 pyram-
idal cell layer by stimulation of Schaffer collateral-
commissural fibres and population spikes evoked in
the CAl pyramidal cell layer by stimulation of
associational-commissural fibres in stratum oriens
(Figure 1, Table 1). The initial negative wave evoked
by stimulating the Schaffer collateral-commissural
fibres in area CA3 was composed of both a com-
pound fibre potential and an antidromic population
spike generated by firing those CA3 pyramidal cells
whose Schaffer collaterals were activated by the
stimulus. In agreement with our previous observa-
tions (Ault & Nadler, 1982a), these responses were
not depressed by baclofen. The depres-
sant effect of 2019M (±)-baclofen on orthodromic

Baclofen
(20 pM)

Schaffer collateral-
commissural (CA1)

Recovery

L J 0.5 mV
5 ms

Associational-
commissural (CA1, S.oriens)

Schaffer collateral-
commissural (CA3) -.f.I \II I I

v~~~~~~~~~~~~~~lv

Perforant path (FD)

Control Baclofen
(20 PM)

Mossy fibre (CA3)

I

Mg2+ (20 mM)

-1

Flgure 1 Depressant effects of 20 pM (±)-baclofen on population spikes evoked in hippocampal regions by
stimulation of excitatory afferent fibres. FD, fascia dentata. The potentials shown are single a.c.-coupled recordings
that illustrate the maximal inhibitory action of a 5 ml pulse of baclofen and reversal of the depression upon washing
the slice with drug-free medium. The synaptic component of the response to mossy fibre stimulation was blocked by
addition of 20mm Mg2+ to 5 ml of the medium.
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Table 1 Effect of 20 JAM (±)-baclofen on excitatory transmission in the rat hippocampal slice

Pathway

Area CAl
Schaffer collateral-commissural
Associational-commissural
Temporo-ammonic

Area CA3
Mossy fibre
Schaffer collateral-commissural

Fascia dentata
Perforant path (lateral)
Perforant path (medial)
Associational-commissural

% Depression
Extracellular Population

e.p.s.p. spike

80± 7 (5)
75 ±12 (3)
8± 6 (3)

100 (4)
100 (4)

2± 3 (3) 1±1 (3)
56±10 (3) 100 (4)

4± 3 (3)
24± 4 (3)
6± 4 (3)

43 ± 10 (3)

Values indicate the maximal depression of response amplitude produced by superfusion with 20 JAM (±)-baclofen
and are expressed as means± s.e.mean for the number of experiments in parentheses. Where s.e.mean is not given,
the drug completely abolished the population spike in all experiments. Extracellular e.p.s.p. data, except for those on
medial perforant path, are taken from Ault & Nadler (1982a).
* A population spike could not be evoked by stimulation of these pathways, except with stimulus currents great
enough to activate adjacent pathways.

population spikes evoked by stimulating axons of
CA3 pyramidal cells correlated with its depression of
the corresponding extracellular e.p.s.ps, although at
this concentration the drug more effectively inhibited
generation of the population spike (Table 1).

Since the mossy fibres form synapses close to the
cell bodies of CA3 pyramidal cells, both the extracel-
lular e.p.s.p. and population spike evoked by mossy
fibre stimulation are represented by negative deflec-
tions when they are recorded in the cell body layer.
Thus the two responses cannot be readily disting-
uished. To optimize the contribution of
orthodromically-evoked cell firing, the stimulus in-
tensity was adjusted to yield a just maximal compo-
site response. Under these conditions the negative
wave was unaffected by 20 ytM (±)-baclofen
(Figure 1, Table 1). The amplitude of the positive
wave that followed this potential was, however, re-
duced by baclofen. This result suggests that the posi-
tive wave is at least partly generated by a recurrent
e.p.s.p. and/or inhibitory postsynaptic potential
(i.p.s.p.), both of which are sensitive to baclofen
(Ault & Nadler, 1983).
The population spike recorded in the granule cell

layer of the fascia dentata after stimulation of perfor-
ant path fibres was depressed by 20 tLM (±)-baclofen,
but to a lesser degree than population spikes evoked
in other hippocampal regions by stimulating axons of
CA3 pyramidal cells (Figure 1, Table 1). In agree-
ment with Lanthorn & Cotman (1981), this concent-
ration of (±)-baclofen somewhat reduced the amp-
litude of the extracellular e.p.s.p. evoked by stimulat-
ing the medial perforant path (Table 1). Thus, as with

stimulation of CA3 pyramidal cell axons, depression
of the population spike correlated with a lesser re-
duction in amplitude of the extracellular e.p.s.p.

Stereospecificity

The (-)-and (+)-isomers of baclofen were tested for
their ability to reduce the amplitude of the popula-
tion spike evoked in area CAl by stimulating Schaf-
fer collateral-commissural fibres (Figure 2). (-)-
Baclofen depressed this response with an EC50 of
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Flgure 2 Dose-response curves for the (-) and (+)-
isomers of baclofen. The isomers were tested for their
ability to reduce the amplitude of the Schaffer collateral-
commissural population spike recorded in area CAl.
Points indicate the maximal inhibition during superfu-
sion of 5 ml of drug-containing medium. (0), (-)-
baclofen; (0), (+)-baclofen. In this and in Figures 3 and
4 results of single experiments are presented, rather than
means, because the concentrations of test substances
varied among experiments.
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collateral-commissural population spike in area
CA1. Introduction of 100 gM Bic into the superfu-
sion medium increased the amplitude of the initial
population spike and produced repetitive discharge,
as expected from its blockade of GABAergic inhibi-
tion (Dingledine & Gjerstad, 1980; Schwartzkroin &
Prince, 1980). Some reversal of the depressant effect
of (-)-baclofen was then observed. However, the
stimulus that had evoked a just-maximal population
spike in control medium was found to be supramaxi-
mal in the presence of Bic. In most experiments
therefore the stimulus current was reduced until it
was again just maximal and the effect of (-)-baclofen
was re-examined. (-)-Baclofen was then found to
depress the population spike with a potency similar to
that determined in control medium (Table 2).
The same regimen was employed to study the

Bic-sensitivity of depressions produced by GABA
and 3-APS (Figure 4). Again, Bic shifted the dose-
response curves to the right. After the stimulus inten-
sity was reduced to evoke a just-maximal population
spike once more, both dose-response curves were
shifted less far rightward. When concentration ratios
were compared, it was clear that Bic hardly reversed
the action of GABA, but strongly antagonized the
action of 3-APS (Table 2). Furthermore, raising the
concentration of Bic from 100 ;LM to 500 pmi did not
reverse the action of submaximal concentrations of
GABA to any greater degree (n = 3).

Input/output curves

I Our studies of pathway specificity suggested that
0.25 0.5 1.0 2.0 4.0 baclofen inhibited synaptically-induced neuronal fir-

Baclofen (pM) ing, at least in part, by reducing the synaptic drive
,ffect of bicuculline (Bic) on the (-)- imparted by the stimulus. However, the drug might
uced depression of the Schaffer collateral- also have depressed the excitability of the postsynap-
(CA1) population spike. Initial responses tic cells. To determine whether baclofen reduced
d in the absence of baclofen. (-)-Baclofen pyramidal cell excitability, the relationship between
ed in the absence (a), (0) and presence (b), the extracellular e.p.s.p. and the population spike
M Bic using the same stimulus intensity. The
then reduced so that, as in control medium, was studied after stimulating the Schaffer collateral-
List-maximal population spike. The effect of commissural projection to area CAl. Initially, con-
was then re-examined (c),(-). centrations of (-)-baclofen (1ZtM) and 3-APS

(100 gM) were chosen that similarly reduced the
amplitude of a just-maximal population spike

(n = 8) and was 180 ± 20 times as potent (46 ± 10% (n = 5) and 58 ± 13% (n = 5), respective-
)fen in three experiments where the ly). If a test compound reduces population spike
directly compared. amplitude by inhibiting either transmitter release or

interaction of the transmitter with the postsynaptic
iculline receptor-ionophore complex, it should not alter this

type of input/output curve. If it depresses the excita-
stic effect of Bic was sought by compar- bility of the postsynaptic cell, however, a shift of the
lose-response curves in control and Bic- curve to the right would be expected. According to
aedia. Figure 3 shows a representative this analysis, both compounds depressed pyramidal
esults from an experiment in which we cell excitability to some extent at these concentra-
the ability of Bic to reverse the de- tions (Figure 5a,b). When the concentrations of (-)-
ect of (-)-baclofen on the Schaffer baclofen and 3-APS were tripled, (-)-baclofen pro-
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Table 2 Concentration ratios for reduction of Schaffer collateral-commissural (CA1) population spike amplitude
in the absence and presence of bicuculline (Bic)

EC5o
(a)

2.8 ± 0.5 FM(8)
2.2 ± 0.3 mM (S)
0.34±0.13 mM (4)

Concentraton ratio
(b)

1.8±0.3 (5)
1.9±0.2 (4)
14±3 (5)

In (a) experiments were carried out in the absence of Bic. EC5o values were determined from dose-response curves

by log probit analysis. Concentration ratios (b) and (c) were calculated by dividing the EC50 determined in the
presence of 100 jM Bic by the EC5o determined in Bic-free medium. (b) Stimulus intensity was the same in the
presence and absence of Bic. (c) Stimulus intensity was adjusted after the addition of Bic to the medium, so that it
again evoked a just-maximal population spike. Values are means ± s.e.mean for the number of experiments in
parentheses.

duced a less obvious rightward si

(Figure 5c), whereas the effect of:
tuated (Figure Sd).

Discussion

These data provide further evid
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Figure 4 Effects of bicuculline (Bi4
the Schaffer collateral-ommissural
spike produced by (a) GABA and (b
responses in absence of Bic; (0) res

of 100 JiM Bic using same stimulus
sponses in presence of 100pM Bi
stimulus intensity (as for Figure 3).

lift or none at all hippocampal slice, baclofen preferentially depresses
3-APS was accen- transmission at synapses made by axons of CA3

pyramidal cells. Baclofen also inhibits transmission at
the medial perforant path-granule cell synapse, al-
though it appears to be less potent at this site. (-)-
Baclofen is two orders of magnitude more potent
than the (+)-isomer in reducing the amplitude of the

lence that, in the Schaffer collateral-commissural population spike,
which is in agreement with the stereospecificity of the

0
drug in reducing the amplitude of the corresponding

n extracellular e.p.s.p. (Ault & Nadler, 1982a) and in
i / attenuating afterdischarge evoked by stimulating

these fibres in the presence of Bic (Ault & Nadler,
1983). Moreover, its EC50 value for these actions
differs by only about a factor of 3. Thus, at least in
area CAl, baclofen probably acts at a single type of

o0 receptor.
GABA agonists are believed to act at two types of

receptor distinguished by their sensitivity to the an-

3 4 6 tagonist, Bic. In the present study, the (-)-baclofen-
3 4 6 induced reduction of Schaffer collateral-commissural

population spike amplitude was not reversed by Bic
when physiologically equivalent stimuli were emp-

loyed in control and Bic-containing media. GABA-
induced depressions were rather weakly reversed by
Bic, whereas Bic strongly reversed the action of
3-APS. These results are consistent with the relative
affinities of the three agonists for Bic-sensitive and
Bic-insensitive receptors, as determined in mem-

0l brane binding studies (Hill & Bowery, 1981; Bowery
/- et al., 1983). Also, in the presence of 100 JIM Bic,

GABA appeared to act only through Bic-insensitive

receptors, since raising the Bic concentration to
500 jAM did not further reverse the action of GABA.

c)on depression of Similar results were obtained when these agonists

(CAl) population tested for their ability to reduce the amplitude

;ponses in presence of the Schaffer collateral-commissural extracellular
intensity; (-) re- e.p.s.p. (Ault & Nadler, 1982a) and preliminary data

ic using a reduced indicate that GABA, in the presence of 100-500 iM

Bic, reproduces baclofen's suppression of epilep-

Test compound

(-)-Baclofen
GABA
3-APS

(c)

0.9±0.2 (3)
1.6±0.5 (4)
13±4 (3)

I
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Flgure 5 Input/output curves generated in the absence and presence of (-)-baclofen or 3-APS. The Schaffer
collateral-commissural extracellular e.p.s.p. and population spike were recorded from the CAl pyramidal cell body
layer and analysed by microcomputer. Test compound was introduced into the superfusion medium, and after 5 min
the stimulus intensity was increased to evoke responses with population spikes of similar amplitude to those obtained
in control medium. (0), Control medium; (A), agonist-containing medium. The agonist concentrations were: (a)
(-)-baclofen 1 #AM (n = 5); (b) 3-APS 100 iLM (n = 5); (c) (-)-baclofen 3 um (n = 3); (d) 3-APS 300 jM (n = 3),
where n = number of experiments. The axes have slightly different ranges because the plots were derived from
arbitrary computer-generated units and a calibration pulse was then used to calculate the true values.

tiform discharge. Taken together, these results sup-
port the view that baclofen depresses excitatory
synaptic activity by acting at a single Bic-insensitive
GABA receptor. To what extent these receptors
mediate the physiological actions of GABA remains
problematic.
Our data suggest that baclofen-sensitive receptors

are localized both pre- and postsynaptically. At pres-
ent, therapeutically-effective concentrations of bac-
lofen are thought to inhibit synaptic transmission
predominantly by suppressing transmitter release.
Supporting evidence for this hypothesis includes de-
monstrations that baclofen does not suppress
neuronal responses evoked by applied electrical
pulses or exogenous excitants at concentrations that
markedly depress synaptic activity (Davidoff &
Sears, 1974; Fox et al., 1978; Ault & Evans, 1981;
Davies, 1981). In addition, baclofen has been shown
to reduce transmitter release from a number of CNS

preparations (Potashner, 1979; Bowery et al., 1980;
Johnston et al., 1980; Collins et al., 1982). In the
hippocampal formation also, baclofen inhibits the
release of exogenously loaded glutamate, but does
not reduce glutamate-evoked cell firing (Olpe, Baud-
ry, Fagni & Lynch, 1982). Moreover, baclofen in-
hibits transmission at certain excitatory synapses on
pyramidal and granule cells, but not at other excitat-
ory synapses on those same cells. Its specificity there-
fore is clearly for the presynaptic element and is the
same for synaptic potentials and synaptically-
induced firing. Finally, (-)-baclofen little affects the
relation between the Schaffer collateral-commissural
population spike and extracellular e.p.s.p. at a con-
centration of 3 jAM, implying that it acts predominant-
ly either by reducing transmitter release or by block-
ing the postsynaptic action of the transmitter. Since
glutamate and/or aspartate probably mediates trans-
mission at this site, the data of Olpe et al. (1982)

W.i
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argue against the latter possibility. Hippocampal data
therefore strongly suggest that baclofen inhibits ex-
citatory transmission largely by depressing transmit-
ter release.

Depression of excitatory transmitter release prob-
ably cannot explain two other observations, however.
At a concentration of 1 gM, (-)-baclofen shifted the
input/output curve for Schaffer collateral-
commissural synaptic transmission to the right. This
result implies a depression of pyramidal cell excita-
bility. Conceivably, a reduction in spontaneous re-
lease of transmitter from afferent fibres could ac-
count for this finding. At 30°C, however, there is little
spontaneous activity in these slices. More likely, bac-
lofen depresses the excitability of pyramidal cells
through a postsynaptic action. This effect of the drug
appears most prominent at relatively low concentra-
tions, whereas at higher concentrations inhibition of
excitatory transmitter release predominates. In con-
trast to baclofen, 3-APS shifted the input/output
curve to the right in a dose-dependent manner. This
is expected of a GABA receptor agonist which prin-
cipally acts at the Bic-sensitive GABA receptors on
pyramidal cell somata and dendrites (Alger & Nicoll,
1982). A postsynaptic action of baclofen has also
been proposed to explain the inhibition of CAl
pyramidal cell afterdischarge subsequent to anti-
dromic stimulation in the presence of Bic (Ault &
Nadler, 1983). This action probably does not involve
depression of excitatory transmitter release, since
repetitive firing evoked in this manner has been
shown not to depend on synaptic transmission (Jef-
freys & Haas, 1982; Taylor & Dudek, 1982). Baclo-
fen attenuated antidromically-elicited afterdischarge
with significantly greater potency than that with
which it depressed the Schaffer collateral-
commissural extracellular e.p.s.p. Previous inves-

tigators found that baclofen can non-specifically de-
press neuronal firing (Davies & Watkins, 1974; Phil-
lis, 1976; Olpe, Koella, Wolf & Haas, 1977; Fox et
al., 1978), and a postsynaptic action of the drug may
underlie this effect also. However, the doses required
were greater than those needed to inhibit synaptic
transmission.
The specificity with which baclofen reduces ex-

citatory synaptic responses suggests that its post-
synaptic action involves primarily the suppression of
cell firing in response to stimulation of specific affer-
ent fibres, rather than a more generalized alteration
of membrane properties. Although intracellular re-
cordings are required to determine the mechanism of
this effect, one attractive possibility is that baclofen
blocks postsynaptic Ca2+ currents in hippocampal
pyramidal cells, as it does in chick sensory neurones
(Dunlap, 1981). Dendritic Ca2+ spikes (or fast pre-
potentials) can be evoked in pyramidal cells by ex-
citatory synaptic input (Schwartzkroin & Slawsky,
1977; Wong & Prince, 1978; Schwartzkroin & Pr-
ince, 1980) and are thought to facilitate the genera-
tion of action potentials (Andersen & Lomo, 1966;
Schwartzkroin, 1977). Increased Ca2+ conductance
also underlies burst discharge in these cells (Wong &
Prince, 1978; Wong, Prince & Basbaum, 1979;
Schwartzkroin & Wyler, 1980). Thus inhibition of
postsynaptic Ca2+ conductance could partially exp-
lain the mechanism of action of baclofen. Obviously,
interference with Ca2+ movements could also ac-
count for the depression of transmitter release, but
there is no direct evidence at present to support such
a mechanism.

We thank Ciba-Geigy for supplies of baclofen and its isom-
ers. This study was supported by NIH grant NS 16064 and
RCDA NS 00447.

References

ALGER, B.E. & NICOLL, R.A. (1982). Pharmacological evi-
dence for two kinds of GABA receptor on rat hip-
pocampal pyramidal cells studied in vitro. J. Physiol.,
328, 125-141.

ANDERSEN, P., BLISS, T.V.P. & SKREDE, K.K. (1971). Unit
analysis of hippocampal population spikes. ExpL Brain.
Res., 13,208-221.

ANDERSEN, P. & L0MO, T. (1966). Mode of activation of
hippocampal pyramidal cells by excitatory synapses on
dendrites. ExpL Brain. Res., 2, 247-260.

AULT, B. & EVANS, R.H. (1981). The depressant action of
baclofen on the isolated spinal cord of the neonatal rat.
Eur. J. Pharmac., 71,357-364.

AULT, B. & NADLER, J.V. (1982a). Baclofen selectively
inhibits transmission at synapses made by axons of CA3
pyramidal cells in the hippocampal slice. J. Pharmac.
exp. Ther., 223,291-297.

AULT, B. & NADLER, J.V. (1982b). Baclofen: depression of

neuronal firing in the hippocampal slice. Soc. Neurosci.
Abstr., 8, 578.

AULT, B. & NADLER, J.V. (1983). Anticonvulsant-like ac-
tions of baclofen in the rat hippocampal slice. Br. J.
Pharmac., 78,701-708.

BEIN, H.J. (1972). Pharmacological differentiation of mus-
cle relaxants. In Spasticity - A Tropical Survey, ed.
Birkmayer, W. pp.76-89. Vienna: Hans Huber.

BOWERY, N.G., HILL, D.R., HUDSON, A.L., DOBLE, A.,
MIDDLEMISS, D.N., SHAW, J. & TURNBULL, M. (1980).
(-)-Baclofen decreases neorotransmitter release in the
mammalian CNS by an action at a novel GABA recep-
tor. Nature, 283,92-94.

BOWERY, N.G., HELL, D.R. & HUDSON, A.L. (1983).
Characteristics of GABAB receptor binding sites on rat
whole brain synaptic membranes. Br. J. Pharmac., 78,
191-206.

COLLINS, G.G.S., ANSON, J. & KELLY, E.P. (1982). Baclo-



BACLOFEN AND SYNAPTIC TRANSMISSION 219

fen: effects on evoked field potentials and amino acid
neurotransmitter release in the rat olfactory cortex slice.
Brain Res., 238,371-383.

COTMAN, C.W. & NADLER, J.V. (1981). Glutamate and
aspartate as hippocampal transmitters: biochemical and
pharmacological evidence. In Glutamate: Transmitter in
the Central Nervous System, ed. Roberts, P.J., Storm-
Mathisen, J. & Johnston, G.A.R. pp. 117-154.
Chichester: John Wiley & Sons.

CURTIS, D.R., LODGE, D., BORNSTEIN, J.C. & PEET, M.J.
(1981). Selective effects of (-)-baclofen on spinal
synaptic transmission in the cat. Expl. Brain Res., 42,
158-170.

DAVIES, J. (1981). Selective depression of synaptic excita-
tion in cat spinal neurones by baclofen: an iontophoretic
study. Br. J. Pharmac., 72, 373-384.

DAVIES, J. &WATKINS, J.C. (1974). The action of P-phenyl-
GABA derivatives on neurones of the cat cerebral
cortex. Brain Res., 70, 501-505.

DAVIDOFF, R. & SEARS, E.S. (1974). The effects of Lioresal
on synaptic activity in the isolated spinal cord. Neurolo-
gy, 24,957-963.

DINGLEDINE, R. & GJERSTAD, L. (1980). Reduced inhibi-
tion during epileptiform activity in the in vitro hip-
pocampal slice. J. Physiol., 305,297-313.

DUNLAP, K. (1981). Two types of y-aminobutyric acid
receptor on embryonic sensory neurones. Br. J. Phar-
mac., 74, 579-585.

ELLIOrTT, K.A.C. (1969). The use of brain slices. In Hand-
book of Neurochemistry, Vol. 2, ed. Lajtha, A.
pp.103-114. New York: Plenum.

FOX, S., KRNJEVIC, K., MORRIS, M.E., PULL, E. & WER-
MAN, R. (1978). Action of baclofen on mammalian
synaptic transmission. Neuroscience, 3, 495-515.

HILL, D.R. & BOWERY, B.G. (1981). [3H]-Baclofen and
[3H]-GABA bind to bicuculline-insensitive GABAB
sites in rat brain. Nature, 290, 149-152.

JEFFREYS, J.G.R. & HAAS, H.L. (1982). Synchronized
bursting of CAl hippocampal pyramidal cells in the
absence of synaptic transmission. Nature, 300,
448-450.

JOHNSTON, G.A.R., HAILSTONE, M.M. & FREEMAN, C.G.
(1980). Baclofen: stereo-selective inhibition of excitant
amino acid release. J. Pharm. Pharmac., 32,230-231.

LANTHORN, T.H. & COTMAN, C.W. (1981). Baclofen selec-
tively inhibits excitatory synaptic transmission in the
hippocampus. Brain Res., 225,171-178.

McNAUGHTON, B.L. (1980). Evidence for two physiologi-
cally distinct perforant pathways to the fascia dentata.
Brain Res., 199, 1-19.

OLPE, H.-R., BAUDRY, M., FAGNI, L. & LYNCH, G. (1982).

The blocking action of baclofen on excitatory transmis-
sion in the rat hippocampal slice. J. Neurosci., 2,
698-703.

OLPE, H.-R., KOELLA, W.P., WOLF, P.&HAAS, H.L. (1977).
The action of baclofen on neurons of the substantia nigra
and ventral tegmental area. Brain Res., 134,577-580.

ONO, H., FUKUDA, H. & KUDO, Y. (1979). Mechanisms of
depressant action of baclofen on the spinal reflex in the
rat. Neuropharmacology, 18, 647-653.

PHELLIS, J.w. (1976). Is P-(4-chlorophenyl)-GABA a
specific antagonist of substance P on cerebral cortical
neurons? Experienta, Basel, 32,593-594.

PIERAU, F.-K. & ZIMMERMAN, P. (1973). Action of a
GABA-derivative on postsynaptic potentials and mem-
brane properties of cats' spinal motoneurones. Brain
Res., 54,376-380.

POTASHNER, S.J. (1979). Baclofen: effects on amino acid
release and metabolism in slices of guinea pig cerebral
cortex. J. Neurochem., 32,103-109.

SAITO, K., KONISHI, S. & OTSUKA, M. (1975). An-
tagonism between Lioresal and substance P in rat spinal
cord. Brain Res., 97, 177-180.

SCHWARTZKROIN, P.A. (1977). Further characteristics of
hippocampal CAI cels in vitro. Brain Res., 128,53-68.

SCHWARTZKROIN, P.A. & PRINCE, D.A. (1980). Changes
in excitatory and inhibitory synaptic potentials leading
to epileptogenic activity. Brain Res., 183,61-76.

SCHWARTZKROIN, P.A. & SLAWSKY, M. (1977). Probable
calcium spikes in hippocampal neurons. Brain Res., 135,
157-161.

SCHWARTZKROIN, P.A. & WYLER, A.R. (1980). Mechan-
isms underlying epileptiform burst discharge. Ann.
Neurol., 7,95-107.

TAYLOR, C.P. & DUDEK, F.E. (1982). Synchronous neural
afterdischarges in rat hippocampal slices without active
chemical synapses. Science, New York, 218,810-812.

TEYLER, T.J., MAYHEW, W., CHRIN, C. & KANE, J. (1982).
Neurophysiological field potential analysis by mic-
rocomputer. J. Neurosci. Meth., 5, 291-303.

WATKINS, J.C. & EVANS, R.H. (1981). Excitatory amino
acid transmitters. A. Rev. Pharmac. Tox., 21,165-204.

WHITE, W.F., NADLER, J.V. & COTMAN, C.W. (1978). A
perfusion chamber for the study of CNS physiology and
pharmacology in vitro. Brain Res., 152,591-596.

WONG, R.K.S. & PRINCE, D.A. (1978). Participation of
calcium spikes during intrinsic burst firing in hippocam-
pal neurons. Brain Res., 159,385-390.

WONG, R.K.S., PRINCE, D.A. & BASBAUM, A.I. (1979).
Intradendritic recordings from hippocampal neurons.
Proc. natn. Acad. Sci. U.S.A., 76,986-990.

(Received May 10, 1983.)


