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Baclofen disrupts passive avoidance retention in rats
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Abstract. Baclofen (Lioresal, Ciba-Geigy) is an analog of
the inhibitory neurotransmitter GABA and is used clinically
to control spasticity. Recent studies have demonstrated that
this compound produces a marked inhibition of synapti-
cally evoked responses in area CA3 of the hippocampal
slice, suggesting that this drug could influence behavior me-
diated by the limbic system. In the present study, male
rats of the Fischer-344 strain were trained on a one-trial
passive avoidance task and tested for retention 1 week later.
After the training trial, separate groups of rats received
either 5 or 10 mg/kg/4 ml TP of baclofen or the distilled
H,O vehicle immediately, 10 min, or 60 min after training.
One week later, the rats that received baclofen immediately
after training reentered the test chamber with a significantly
higher frequency than controls, although no differences in
vacillatory responses were observed between groups. Simi-
lar effects were observed following posttrial administration
of chlordiazepoxide. In a separate experiment rats were
tested for locomotor activity after receiving the same doses
of baclofen. Although baclofen decreased activity during
a 30-min period after dosing, rats exposed to baclofen
showed no significant change in activity relative to controls
1 week later. These data are consistent with the interpreta-
tion that baclofen may interfere with memory consolidation
or retention.
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y-Aminobutyric acid (GABA) is a potent inhibitory neu-
rotransmitter in the central nervous system (CNS). Activa-
tion of GABA, receptors increases chloride conductance,
resulting in membrane hyperpolarization and inhibition of
the production of the action potential. y-(p-chlorophenyl)-
GABA (baclofen) is an analog of GABA which, although
inactive at GABA, receptors, mimics the effects of GABA
on GABA, receptors (Hill and Bowery 1981). GABA, re-
ceptors have been shown to exist in the mammalian brain
and can be differentiated from the bicuculline-sensitive GA-
BA, receptors (Bowery 1982).

Baclofen has been used clinically as a centrally active
muscle relaxant to control spasticity. Considerable evidence
exists indicating that baclofen inhibits excitatory neu-
rotransmission in the spinal cord, probably by blocking
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the release of neurotransmitter from synaptic terminals
(Fox et al. 1978; Ault and Evans 1981). Recent work (Ault
and Nadler 1983; Blaxter and Carlen 1985) has shown that
baclofen has pharmacological activity in the CNS, particu-
larly in the hippocampus. Our previous work has shown,
moreover, that baclofen effectively blocks plasticity-related
evoked and spontaneous activity in area CA3 of the hippo-
campal slice (Swartzwelder et al. 1985, 1986). It is signifi-
cant that this inhibition is accomplished with concentra-
tions of baclofen considerably below those measured in the
CSF of patients receiving the drug for the control of spasti-
city (Knutsson et al. 1974).

The potency with which baclofen attenuates burst firing
of CA3 cells led to the hypothesis that this compound may
disrupt processes dependent upon the functioning of the
hippocampus. To explore this possibility, we designed the
present experiments to assess the effects of baclofen upon
retention of passive avoidance learning. Deficits in a one-
trial inhibitory avoidance task have been reported in ani-
mals having loss of CA3 pyramidal or dentate granule cells
following trimethyltin (Walsh et al. 1982) or colchicine
(Walsh et al. 1986), respectively.

Materials and methods

Subjects and apparatus. Male rats of the Fischer-344 strain
(Charles River Breeding Co., Wilmington, Ma.) were
housed in groups of four with free access to food and water
throughout the experiments. The animals were divided into
groups of 12 each for passive avoidance experiments. A
two-compartment trough-shaped alley [51 Lx30/6.8 W
(top/bottom) x 15 cm H] was used for passive avoidance
training and retention testing (see Jarvik and Kopp 1967).
The alley was constructed of black Plexiglas and consisted
of two compartments, 17 and 34 cm in length. The compart-
ments were separated by a door which could be raised and
lowered by a pullchain. A single 15-W incandescent bulb
was positioned 10 cm above the lid of the smaller compart-
ment. The floor of each compartment consisted of parallel
stainless steel plates, separated along their legnth by 2 cm.
Constant current electric footshock (0.3 mA) from a Coul-
bourn solid state shocker (Model E13-16) was administered
through the floor plates of the larger compartment. The
passive avoidance apparatus was housed in a larger sound-
and light-attenuating chamber, with background illumina-
tion and masking noise provided by the chamber exhaust
fan.



Procedure and dosing. On the day of testing, rats were
placed into the illuminated compartment facing the door.
Ten seconds later the door was raised and the latency to
cross from the smaller to the larger compartment was re-
corded. Contingent on crossing to the darkened compart-
ment within 120 s, the door was closed and footshock was
delivered for 1 s. Rats not making this response were not
used further.

Rats were removed from the test chamber and given
baclofen (Ciba-Geigy Pharmaceuticals) by IP injection in
a dose of 5 or 10 mg/kg in a volume of 4 ml/kg body weight.
Control animals were given the same volumes of distilled
water vehicle. Three separate experiments determined the
effect of varying the time between training and injection
of baclofen. In these studies, injections were made immedi-
ately, 10 min, or 60 min after the training session. In an-
other experiment, rats were given 10 mg/kg chlordiazepox-
ide hydrochloride, IP, in 1 ml/kg distilled water. This drug
was chosen as a comparison compound because it is known
to compromise the ability of animals to consolidate memory
(Oishi et al. 1972), although it is used clinically for very
different purposes than is baclofen. In addition, chlordiaze-
poxide is thought to have a GABA-ergic component asso-
ciated with its anxiolytic effects (Tsuchiya and Fukushima
1978; Schlosser and Franco 1979; Valdes et al. 1981). There
were 12 rats per group.

Retention was assessed 7 days later using a procedure
identical to that for training, except that footshock was
not delivered. For up to 300 s, the latency to cross from
the small to the large compartment was recorded. In addi-
tion, as a measure of vacillatory responding (Mactutus et al.
1982), the total number of head-pokes (head, including
ears) and half-crosses (head and two forepaws) were re-
corded.

Motor activity. As a measure for possible nonspecific effects
of baclofen on behavior, loss of righting reflex was assessed
approximately 30 min after injection by placing the animals
on their backs and observing their ability to right them-
selves. In order to assess potential residual effects of baclo-
fen injections during training upon the retention test 1 week
later, we measured the locomotor activity of rats trained
in the passive avoidance apparatus and given baclofen
(10 mg/kg) or the distilled water vehicle. Five minutes after
injection, the animals were placed individually into one of
four rectangular chambers measuring 43 (L) x 21 (W) x
18 (H) cm and having two rows of photodetectors posi-
tioned 5.5 or 13 cm from the floor. The lower cells measured
horizontally directed motor activity, while the upper detec-
tors measured rearing. Activity was measured for 30 min
after injection. The rats were retested for 30 min 1 week
later. There were ten rats per group.

Statistical analysis. Latency measures from the passive
avoidance task were considered to be not normally distrib-
uted and were analysed for overall statistical significance
by a Kruskall-Wallace one-way analysis of variance. Differ-
ences between groups were assessed using Mann-Whitney
U-tests when appropriate (Siegel 1956). Data for vacillatory
responses were normally distributed and were analysed with
parametric analyses of variance followed by pairwise ¢-test
where appropriate. Motor activity data were analysed for
overall statistical significance using a four (treatment) by
two (test day) repeated measures analysis of variance
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Fig. 1. Effect of baclofen on crossover latencies during retest for
passive avoidance performance 1 week after training. Rats were
trained in a step-through passive avoidance procedure and given
0, 5, or 10 mg/kg (4 )-baclofen, IP, immediately, 10 min, or 60 min
after training. Testing occurred 1 week later. Data are median la-
tencies (with individual data points shown) of 12 rats per group

(Winer 1971). Post-hoc comparisons between groups were
made using Fisher’s Least Significant Difference test.

Results

The animals receiving baclofen immediately after the pas-
sive avoidance training trial showed significantly decreased
latencies to cross into the larger chamber upon retesting
1 week later, relative to controls (H=9.5, P<0.01). Mann-
Whitney U tests indicated that the latencies of rats receiving
5 or 10 mg/kg baclofen decreased relative to vehicle controls
(P<0.05, Fig. 1). However, there were no significant effects
of baclofen upon latencies if injected 10 (H=0.3) or 60
(H=2.7) min after the training trial. Vacillatory responses
did not differ between groups when baclofen was injected
immediately after training. However, the rats which re-
ceived 10 mg/kg baclofen 10 min after training showed
fewer nose pokes and partial crossovers during retention
testing (Table 1, P<0.05). Chlordiazepoxide had a similar
effect on passive avoidance, decreasing crossover latencies
from 272413 s for controls to 130438 for the treated rats
(P<0.05). Chlordiazepoxide had no effect on vacillatory
responses (Table 1).

Although rats treated with baclofen showed suppression
of activity in their home cages 30 min after injection, there
was no loss of righting reflex. The total number of activity
counts obtained 30 min after 0 mg/kg baclofen (106 counts
per 30 min + 27) was significantly depressed relative to con-
trols (1 070+ 70), but upon retesting 1 week later, the ani-
mals having received baclofen (12954 110) did not differ
from controls (1275 4+ 98).

Chlordiazepoxide-exposed animals did not differ signifi-
cantly from controls.

Discussion

The results of this study demonstrate that baclofen, in doses
which leave the righting reflex intact, interfered with the
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Table 1. Effects of baclofen and chlordiazepoxide on vacillatory
responses 7 days after passive avoidance training

Time after
training-treatment

Average responses + SE*

Nose pokes Partial cross overs

No delay

Control 1.840.3 0.740.2

Baclofen — 5 mg/kg 20106 0.8+0.3

Baclofen — 10 mg/kg 2.0+0.5 1.1+0.4
10 min delay

Control 25404 1.240.2

Baclofen — 5 mg/kg 1.8+0.3 1.840.6

Baclofen — 10 mg/kg 1.3+04%  0.5+03°
1 hour delay

Control 12404 1.340.3

Baclofen — 5 mg/kg 1.8404 12404

Baclofen — 10 mg/kg 21+04 0.8+0.3
No delay

Control 2.0+0.5 1.2+04

CDZ - 10 mg/kg 1.7+0.4 0.9+0.3

® There were 12 rats per group
b Differs significantly from controls (P <0.05)

retention of one-trial passive avoidance. One week after
training, baclofen produced a dose-dependent decrease in
latencies to enter the side of the test chamber in which
the rats had previously been shocked. This response was
not associated with changes in vacillatory behaviors, sug-
gesting that prior exposure to baclofen did not alter the
reactivity or emotionality of the rats. Baclofen significantly
reduced motor activity for up to 30 min after the injection,
but this effect had dissipated after 1 week.

Baclofen is known to produce inhibition within the CNS
by stimulating the GABA,, receptor (Bowery 1982). At low
concentrations, baclofen facilitates a potassium conduc-
tance which results in a net postsynaptic hyperpolarization
of the neuron. This effect has been demonstrated in hippo-
campal pyramidal cells in vitro (Newberry and Nicoll 1984,
1985). However, the most thoroughly studied effect of bac-
lofen is the suppression of synaptic transmission. Studies
of spinal cord as well as a variety of cerebral regions have
demonstrated this effect (Davidoff and Sears 1974, Fox
et al. 1978; Ault and Evans 1981; Ault and Nadler 1982).
The mechanism of this effect is the inhibition of transmitter
release from presynaptic terminals (Fox et al. 1978 ; Bowery
et al. 1980; Olpe et al. 1982), possibly through action at
a calcium channel (Desarmenien et al. 1984; Dunlap 1984).
This effect occurs at higher concentrations than required
for the postsynaptic effects alone. The doses used in the
present experiments were sufficiently high to induce this
effect.

Of particular relevance to the present results are demon-
strations that baclofen potently inhibits the release of excit-
atory amino acids (Collins et al. 1982; Ault and Nadler
1982; Olpe et al. 1982). One interpretation of our results
is that baclofen may reduce the release of such excitatory
neurotransmitters involved in the development of memory.
The neuroanatomical locus of such an action is, of course,
open to speculation, since both GABA,, receptors and excit-
atory amino acids are distributed widely throughout the
brain. However, several lines of evidence suggest the possi-

bility of hippocampal involvement in this process. First,
of course, the hippocampus, and other closely connected
limbic structures have been implicated in memory consoli-
dation in general and passive avoidance learning in particu-
lar (Lidsky and Slotnick 1971; Chung Shin-Ho 1977; Gray
and McNaughton 1983). Excitatory amino acids are known
to act as neurotransmitters within the hippocampus, and
are thought to support plasticity in this area which is related
to learning and memory (Baudry et al. 1980; Swanson et al.
1982; Fagni et al. 1983 ; Wieraszko 1983). Finally, baclofen
has extremely powerful inhibitory effects on both the nor-
mal activity of hippocampal pyramidal cells (Ault and
Nadler 1982; Newberry and Nicoll 1984, 1985) as well as
on plasticity-related activity in this structure (Swartzwelder
et al. 1986). Thus it seems likely that a decrease in excitatory
neurotransmitter release related to activation of the GABA,
receptor by baclofen may account for the ability of this
drug to disrupt passive avoidance learning.

It is also possible that baclofen may have interfered
with retention of the passive avoidance task by a mecha-
nism tangential to its effect on the GABA, receptor. One
possibility is that baclofen may have interfered with nonas-
sociative physiological processes involved in the develop-
ment of memory. For instance, it is now widely believed
that neurohumoral responses, i.e., release of hormones such
as epinephrine, ACTH, vasopressin and glucocorticoids are
intricately involved in memory formation (Gold and
McGaugh 1977). Such hormones may act by providing an
internal cue that contributes to retricval of memory
(McGaugh 1983). Therefore, pharmacological alteration of
such neurohumoral influences by baclofen may have con-
tributed to the observed behavioral effects. In fact, studies
showing disruption of performance of shock-motivated
tasks by post-trial injections of chlorpromazine (Johnson
1969), amobarbital (Steinberg and Tomkiewicz 1968) or se-
cobarbital (Pare 1961) might be explained as a reduction
of the arousing events associated with footshock. Such a
mechanism could explain the effects of both baclofen and
chlordiazepxide upon passive avoidance performance
1 week after training.

The doses of baclofen used in these experiments are
significantly higher than those used clinically to control
spasticity (see Knutsson et al. 1974), although 5 mg/kg bac-
lofen (IP) has been used to control seizures produced by
kainic acid administered intracerebroventricularly (Gruen-
thal et al. 1984). Therefore, these results do not directly
suggest that patients undergoing baclofen therapy at the
usual doses would experience consolidation deficits at the
magnitude we have observed in this study. However, it
should be noted that disruption of passive avoidance reten-
tion, as we have used it, is the disruption of memory conso-
lidation for a very extreme situation, viz., a strong foot-
shock in a completely novel environment. Baclofen’s dis-
ruption of memory for this event at 5 and 10 mg/kg reflects
a very strong effect. Although it is not clear that lower
doses of baclofen would disrupt passive avoidance learning
in the rat, it is possible that therapeutic concentrations
could disrupt more subtle and labile processes involved in
learning and memory in the human. For example, clinical
case reports have shown that memory deficits were induced
when baclofen was given in conjunction with pre-existing
antidepressant medication (Sandyk and Gillman 1985).
When the baclofen treatment was terminated, the memory
deficits were ameliorated. Although these reports do not



address the issue of possible drug interaction effects, they
do establish some evidence of memory deficit associated
with typical therapeutic doses of baclofen. This possibility
is further suggested by the fact that hippocampal excitabili-
ty is makedly decreased by concentrations of baclofen
which are below those observed in the CSF of patients
undergoing antispastic therapy with baclofen (Knutsson
et al. 1974; Swartzwelder et al. 1986).

The results of our experiments suggest that in addition
to its antispastic effects, baclofen may have psychopharma-
cological activity as well. However, additional studies will
be necessary to identify the mechanism by which, and extent
to which, baclofen affects retention of passive avoidance
behavior.

References

Ault B, Evans R (1981) The depressant action of baclofen on the
isolated spinal cord of the neonatal rat. Eur J Pharmacol
71:357-364 .

Ault B, Nadler JV (1982) Baclofen selectively inhibits transmission
at synapses made by axons of CA3 pyramidal cells in the hippo-
campal slice. J Pharmacol Exp Ther 223:291-297

Ault B, Nadler JV (1983) Anticonvulsant-like actions of baclofen
in the rat hippocampal slice. Br J Pharmacol 78:701-708

Baudry M, Oliver M, Creager P, Wieraszko A, Lynch G (1980)
Increase in glutamate receptors following repetitave electrical
stimulation in hippocampal slices. Life Sci 27:325-330

Blaxter T, Carlen P (1985) Pre- and postsynaptic effects of baclofen
in the rat hippocampal slice. Brain Res 341:195-199

Bowery N (1982) Baclofen: 10 years on. TIPS 3:400-403

Bowery N, Hill D, Hudson A, Doble A, Middlemiss D, Shaw
J, Turnbull M (1980) (-)Baclofen decreases neurotransmitter
release in the mammalian CNS by action at a novel GABA
receptor. Nature 283:92-94

Chung Shin-Ho (1977) Synaptic memory in the hippocampus. Na-
ture 266:677-678

Collins G, Anson J, Kelly E (1982) Baclofen: Effects on evoked
field potentials and amino acid neurotransmitter release in the
rat olfactory cortex slide. Brain Res 238:371-383

Davidoff R, Sears E (1974) The effects of liorseal on synaptic
activity in the isolated spinal cord. Neurology 24:957-963

Desarmenien M, Feltz P, Ochipinti G, Santangelo F, Schlichter
R (1984) Coexistence of GABA, and GABA, receptors on Ao
and C primary afferents. Br J Pharmacol 81:327-333

Dunlap K (1984) Functional and pharmacological differences be-
tween two types of GABA receptor on embryonic chick sensory
neurons. Neurosci Lett 47:265-270

Fagni L, Baudry M, Lynch G (1983) Classification and properties
of acidic amino acid receptors in hippocampus. J Neurosci
3:1538-1546

Fox S, Krnjevic K, Morris M, Puil E, Werman R (1978) Action
of baclofen on mammalian synaptic transmission. Neuroscience
3:495-515

Gold P, McGaugh J (1977) Hormones and memory. In: Miller
L, Sandman C, Kastin A (eds) Neuropeptide influences on the
brain and behavior. Raven, New York, pp 127-143

Gray J, McNaughton N (1983) Comparison between the behavior-
al effects of septal and hippocampal lesions: A review. Neurosci
Biobehav Rev 7:119-188

Gruenthal M, Ault B, Ammstrong D, Nadler JV (1984) Baclofen
blocks kainic acid-induced epileptiform activity. Soc Neurosci
Abstr 10:184

Hill D, Bowery N (1981) *H-baclofen and *H-GABA bind to bicu-
culline-insensitive GABA, sites in rat brain. Nature
290:149-152 .

Jarvik M, Kopp R (1967) An improved passive avoidance learning
situation. Psychol Rep 21:221-224

401

Johnson F (1969) The effect of chlorpromazine on the decay and
consolidation of short-term memory traces in mice. Psycho-
pharmacology 16:105-114

Knutsson E, Lindblom U, Martensson A (1974) Plasma and CSF
levels of baclofen at optimal therapeutic responses in spastic
paresis. J Neurol Sci 23:473-484

Lidsky A, Slotnick B (1971) Effects of post-trial limbic stimulation
on retention of a one-trial passive avoidance response. J Comp
Physiol Psychol 76:337-348

Mactutus C, Unger K, Tilson HA (1982) Neonatal chlordecone
exposure impairs early learning and memory in the rat on a
multiple measure passive avoidance task. Neurotoxicology
3:27-44

McGaugh J (1983) Hormonal influences on memory. Annu Rev
Psychol 34:297-323

Newberry N, Nicoll R (1984) Direct hyperpolarizing action of bac-
lofen on hippocampal pyramidal cells. Nature 308:450-452

Newberry N, Nicoll R (1985) Comparison of the action of baclofen
with GABA on rat hippocampal cells in vitro. J Physiol
360:161-185

Oishi H, Iwahara S, Yang K, Yogi A (1972) Effects of chlordiaze-
poxide on passive avoidance responses in rats. Psychopharma-
cology 23:373-385

Olpe H, Baudry M, Fagni L, Lynch G (1982) The blocking action
of baclofen on excitatory transmission in the rat hippocampal
slice. T Neurosci 2:698-703

Pare W (1961) The effect of caffein and secanol on a visual discrimi-
nation task. J Comp Physiol Psychol 54:506-509

Sandyk R, Gillman MA (1985) Baclofen-induced memory impair-
ment. Clin Neuropharmacol 8:294-295

Schlosser W, Franco S (1979) Modification of GABA-mediated
depolarization of the cat ganglion by pentobarbital and two
benzodiazepines. Neuropharmacology 18:377-381

Siegel S (1956) Non-parametric statistics. McGraw-Hill, New York

Steinberg H, Tomkiewicz M (1968) Drugs and memory. In: Efron
DH (ed) Psychopharmacology: A review of progress
1957-1967. PHS publication # 1836. Washington, US Printing
Office

Swanson L, Teyler T. Thompson R (1982) Hippocampal long-term
potentiation: Mechansims and implications for memory. Neu-
rosciences Research Program Bulletin, vol. 20, no. 5, MIT Press

Swartzwelder HS, Sutch C, Bragdon A, Wilson WA (1985) Inhibi-
tion of epileptiform activity in hippocampal area CA3 by baclo-
fen. Soc Neurosci Abstr

Swartzwelder HS, Bragdon A, Sutch C, Ault B, Wilson WA (1986)
Baclofen suppresses hippocampal epileptiform activity at low
concentrations without suppressing synaptic transmission. J
Pharmacol Exp Ther 237881887

Tsuchiya T, Fukushima H (1978) Effects of benzodiazepines and
pentobarbitone on the GABA-ergic recurrent inhibition of neu-
rons. Eur J Pharmacol 48:421-424

Valdes F, Fanelli R, McNamara J (1981) Barbiturate and GABA
receptors coupled to benzodiazepine receptors in rat hippocam-
pal formation: A radiohistochemical study. Life Sci
29:1895-1900

Walsh T, Gallagher M, Bostock E, Dyer RS (1982) Trimethyltin
impairs retention of a passive avoidance task. Neurobehav Tox-
icol Teratol 4:163-167

Walsh T, Schulz D, Tilson H, Schmechel D (1986) Behavioral
effects following colchicine-induced loss of granule cells in the
dentate gyrus. Brain Res (in press)

Wierasko A (1983) Glutamic and aspartic acid as putative neu-
rotransmitters: release and uptake studies on hippocampal
slices. In: Seifert W (ed) Neurobiology of the hippocampus.
Academic, New York, pp 175-196

Winer B (1971) Statistical Principles in experimental design.
McGraw-Hill, New York

Received June 20, 1986 / Final version January 13, 1987



