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Abstract:

Baclofen, an agonist of GABA� receptors and LY367385, an antagonist of mGluR�� receptors, given alone or jointly, reduced the

immobility time in the forced swim test but only their separate administration enhanced motility in group of rats without hypoxia.

Short-term hypoxia (2% O�, 98% N�, 4 min) did not change the activity of the rats in the forced swim test and it did robustly decrease

the motility of these animals. LY367385 reduced the immobility time in the forced swim test but induced locomotion in rats

subjected to hypoxia.

The obtained results indicated that baclofen and LY367385 given alone or jointly induce an antidepressant-like effect in the forced

swim test but only LY367385 possesses such activity in rats that had undergone hypoxia. Both tested ligands are involved in the

motility of rats, however, LY367385 influences hypolocomotion hypoxia-induced.
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Introduction

Depression is the most common poststroke psychiat-

ric condition affecting 20%–50% of all stroke victims

[5, 22]. According to some theories [12], changes in

neurotransmitters, such as excitotoxicity and disrup-

tion of the balance between the glutamatergic excita-

tory and GABAergic inhibitory systems are consid-

ered to be responsible for depression.

The glutamatergic system is involved in the mecha-

nisms of action of antidepressant treatment and proba-

bly also in the mode of action of antidepressant drugs

[15, 16, 20] as well as in a variety of disorders such as

ischemia/hypoxia [3, 19]. Glutamate plays the major

role in activating modulatory pathways through G-

protein coupling to metabotropic glutamate receptors

(mGluRs). Group I mGlu receptors, which includes

receptors mGluR1 and mGluR5, initiate cellular re-

sponses through Gq/11 protein coupled to phospholi-

pase C and stimulation of phosphoinositide hydroly-

sis/Ca2+ a signal transduction pathway [8]. The in-

volvement of receptors group I mGluR in depression

has been proposed. Tatarczyñska et al. [20] published

data demonstrating that a single dose of MPEP, an an-

tagonist of receptor mGluR5, did shorten the immobili-

ty time in a tail suspension test in mice. Antagonists

of this receptor (especially after chronic administra-

tion) have been intensively studied but little is known

about the antidepressant role of an antagonist of re-

ceptor mGluR1. Recent studies suggest a potential

antidepressant-like activity of the receptor mGluR1

antagonist R-193845 [4]. Our last study suggested

that AIDA, an antagonist of receptors group I

mGluRs (with higher selectivity to receptor mGluR1)
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given once, had an antidepressant-like effect in rats in-

dependently of whether they had undergone hypoxia or

not [6].

Twenty years ago, it was suggested that GABAB

receptors played a role in depression and antidepres-

sant action [17]. Furthermore, the data are widely

controversial, with rival hypotheses suggesting that both

positive and negative modulation of this receptor might

be a useful antidepressant therapy. Indeed, most studies

described antidepressant effects of the antagonists of

GABAB receptors, but some suggested a beneficial role

of baclofen, an agonist of this receptor. Baclofen applied

once at a dose of 4 mg/kg ip did not change the immobil-

ity time of rats in the Porsolt test [14] but doses of 0.5 and

1 mg/kg of baclofen shortened the forced swimming-

induced immobility period in mice [1]. The authors of

these studies suggested that the modulatory role of baclo-

fen in reversing forced swimming-induced despair

strongly depended on the dose applied.

There are some data suggesting a role of mGluR1

and GABAB receptors in releasing GABA and gluta-

mate. The mGluR1a receptors are preferentially locali-

zed on GABAergic interneurons in the hippocampus

CA1 area [3]. The selective blockade of mGluR1 re-

ceptors was shown to induce GABA release in these

regions and to afford neuroprotection against hypoxia

[3]. On the other hand, activation of presynaptic

GABAB receptors (by an agonist such as baclofen)

causes an inhibition of neurotransmitter release from

both inhibitory and excitatory terminals, especially

spontaneous glutamate release during hypoxia [19].

Ferguson et al. [11] suggested that deregulated neuro-

transmitter release (mainly glutamate and GABA) can

lead to mental illness and the relationship between

specific presynaptic regulators of synaptic release re-

duce depression-like behavior. Since disruption of the

balance between the glutamatergic excitatory and

GABAergic inhibitory systems is considered to be re-

sponsible for depression, we studied the interaction

between baclofen and LY367385, an antagonist of re-

ceptor mGluR1a, in the forced swim test. We set the

hypothesis that the GABA and glutamate regulation

by both used drugs is important for their antidepres-

sant effects and they may cooperate in such activity.

We studied the effect of baclofen and LY367385, a se-

lective antagonist of receptor mGluR1a, given once,

alone or jointly, on the activity of hypoxia-treated rats

in the forced swim test. Bhogal et al. [5] suggested

that ischemia/hypoxia was associated with depres-

sion. The forced swim test is often used as an animal

model of some of the behavioral aspects of depres-

sion. It is a well-known test used for screening antide-

pressant drugs [18]. The open field test was used to

determine effects of examined drugs on psychomotor

activity.

Materials and Methods

Animals

Female Wistar rats of laboratory strain from “Breeder

Laboratory Animals in Brwinów, Poland”, weighing

160–180 g (3 months of age), were used. Cytological

verification of vaginal lavage shown cycles: prooes-

trus 37.5%, prooestrus to oestrus 8.33%, dioestrus

41.66% and oestrus 12.5%. The animals were fed

a standard diet and housed in plastic cages (43 × 33

× 25.5 cm), one animal per cage, in an air-conditioned

and temperature-controlled (22 ± 2°C) room under a 12 h

light/dark cycle beginning at 7.00 h. Food and water

were freely available. All experiments were carried out

in a quiet, diffusely lit room between 8.00 h and 12.00 h.

Each experimental group consisted of 6–14 naive

animals per drugs dose. The Ethics Committee of

Medical University of Bia³ystok, Poland, approved

this work (No 2004/44).

Drugs

(R–)-Baclofen (Tocris Cookson, Northpoint) was dis-

solved in saline and administered intraperitoneally

(ip) at a dose of 0.25 mg/kg in a volume of 1 ml/kg

[7], 30 min before the tests. (+)-2-Methyl-4-carboxy-

phenylglycine (LY367385) (Tocris Cookson Ltd.,

Bristol) was dissolved in 100 mM NaOH and then

filled up to a 100 µl volume with 0.9% sodium chlo-

ride (pH 7.4). LY367385 was administered into the

lateral ventricle of the brain (icv) through the im-

planted cannulas at a dose of 100 nmol [13] in the vol-

ume of 5 µl per rat, during 30 s, 20 min before the

tests. Throughout the experiments, injections with

each drug (or vehicle) or a combination of baclofen

with LY367385 were given once to each rat.

Imipramine (hydrochloride, Polfa, Starogard

Gdañski, Poland) was dissolved in saline and admin-

istered once at a dose of 40 mg/kg ip 1 h before the

forced swim test.
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Surgery

A week before the experiments, the polyethylene can-

nulas (diameter 0.3 mm) were implanted under 10%

chloral hydrate (400 mg/kg, ip) anesthesia into the la-

teral brain ventricle (icv) at the following coordinates:

depth: 4 mm from the surface of the skull, 2.5 mm to

the right from the sagittal suture and 1 mm behind the

coronary suture. Cannulas were fixed to the skull

bones with acrylic Dentamed PM 16 glue (Chemical

Factory, Oœwiêcim, Poland). The injections were

made using a Hamilton microliter syringe with a 0.3 mm

external diameter. After implantation, rats were

housed individually. After termination of each experi-

ment, all animals were sacrificed, their brains were re-

moved, and the sites of implantation of cannulas and

injection were verified macroscopically after brain

sectioning. Animals with inappropriate injection sites

were not used for analysis.

Hypoxia

Hypoxia was induced by placing rats in a glass cham-

ber filled with a mixture of 2% O2 and 98% N2 [2] for

4 min, after which they were immediately transferred

to air. The hypoxia was induced once 30 min before

testing animals in the open field and the forced swim

test.

Open field test

The open field test was used to estimate the locomotor

(crossings) and exploratory (rearings, bar approaches)

activity of rats. The apparatus consisting of a square

100 × 100 cm white floor, which was divided by 8

lines into 25 equal squares, and surrounded by white

walls, 47 cm high. Four plastic bars (designed as ob-

jects of possible interest), 20 cm high, were located at

four different line crossings in the central area of the

floor. A single rat was placed in the centre of the floor

and following 1 min of adaptation, crossings, rearings,

and bar approaches were counted manually for 5 min.

The crossings of the square were counted when the

animal crossed the line with all four paws and the bar

approaches were considered when the rat directed its

head toward the bar, approached it and touched it with

its nose.

Forced swim test

The studies were carried out on rats according to the

method of Porsolt et al. [18]. The rats were placed in-

dividually in glass cylinders (40 cm high, 18 cm in di-

ameter) containing water, maintained at 23–25°C. The

water depth was about 22 cm and was individually

calculated according to the animal’s weight so that

only the animal’s tail reached the bottom of the tank.

On the first day of the test (conditioning trial), the rats

were exposed to the water tank for 15 min and then

they were removed, dried with paper towels and re-

turned to their home cages. They were again placed in

the cylinder 24 h later (test trial). An observer re-

corded the total amount of time that the rat spent im-

mobile during a 5-min test. The rats were judged to be

immobile when they remained floating passively in

the water, treading water just enough to keep the nose

above water [18]. The floating is indicative of

depression-like behavior.

Data analysis

The statistical significance of the results was com-

puted by a two-way analysis of variance (ANOVA)

followed by tests: Dunnett (Porsolt test) and

Newman-Keuls (open field test). All results are pre-

sented as the means ± SEM. F-rations, degrees of

freedom and p-values are reported only for significant

differences. In all comparisons between particular

groups a probability of 0.05 or less was considered

significant.

Results

The effect of baclofen, LY367385 and baclofen

given with LY367385 in the forced swim test in

rats (Fig. 1)

Imipramine (40 mg/kg ip), used as a positive standard

significantly decreased the immobility time of rats in

the behavioral despair test by 53% compared with the

saline (SEM: saline 137.33 s vs. imipramine 62.0 s;

F(4, 41) = 5.86, p < 0.01) (data not shown).

Baclofen given ip at a dose of 0.25 mg/kg,

LY367385 administered icv at a dose of 100 nmol/rat

injected separately or jointly significantly shortened

the immobility time by approximately 66% (for ba-
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clofen), by 75% (for LY367385 given alone or with

baclofen).

Hypoxia did not significantly change the activity of

rats in the behavioral despair test. A significant short-

ening by 69% of the immobility time of rats that un-

derwent hypoxia in this test was noted only after ad-

ministration of LY367385 (F(8, 68) = 3.9872, p < 0.05).

The injection of baclofen alone or with LY367385 did

not affect the immobility of hypoxia-treated rats.

The effect of baclofen, LY367385 and baclofen

given with LY367385 in the open-field test in

rats (Tab. 1)

In rats without hypoxia, baclofen and LY367385 sig-

nificantly enhanced the number of crossed fields,

rearings and baclofen also enhanced bar approaches.

Baclofen given with LY367385 inhibited crossings,

rearings and bar approaches vs. the baclofen-

administered group of rats. Hypoxia produced a sig-

nificant decrease in crossings, rearings and bar ap-

proaches. Baclofen did not affect motility in

hypoxia-treated rats. Both LY367385, given alone or

with baclofen, enhanced crossings and rearings, and

influenced hypoxia-induced hypolocomotion. Hy-

poxia reduced the acitvity of baclofen vs. the respec-

tive group of rats without hypoxia.

Discussion

In the present study, we found that baclofen and

LY367385 given once, alone or jointly reduced im-

mobility time in the forced swim test. The effect of

the GABAB receptor agonist administered at a dose of

0.25 mg/kg ip was similar to the antidepressant-like

effect of baclofen (0.5 and 1 mg/kg) described by
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Tab. 1. -�� �		��� �	 +���	�� ��� �./01/2� ����� ���� �� �� ���+������� �� ��� �,�+�� �	 ���������� �������� ��� +�� ���������� �� ���
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Treatment Dose Crossings Rearings Bar approaches

WITHOUT HYPOXIA

Saline � 25.54 ± 2.62 4.54 ± 0.3 1.2 ± 0.2

Baclofen 0.25 mg/kg ip 57.87 ± 8.38 ** 11.8 ± 1.7 * 5.6 ± 1.1***

LY367385 100 nmol icv 55.38 ± 6.4 ** 13.3 ± 2 ** 2.5 ± 0.7

Baclofen + LY367385 0.25 mg/kg ip + 100 nmol icv 27.17 ± 7.56 �� 4.0 ± 0.9 �� 0.8 ± 0.4���

HYPOXIA

Saline � 4 ± 0.56 *** 0.75 ± 0.2*** 0.2 ± 0.1***

Baclofen 0.25 mg/kg ip 5 ± 2.1 ��� 1.2 ± 0.6��� 1.0 ± 0.5���

LY367385 100 nmol icv 20.7 ± 4.6 � 4.2 ±1.1� 1.2 ± 0.3

Baclofen + LY367385 0.25 mg/kg ip + 100 nmol icv 24.1 ± 7.8 �� 4.8 ± 1.4� 0.3 ± 0.2

-�� �		���� ��������� ��� ����� 6 74� �	 ��� ��,�� �+������ 	��� A 9�@ �,+)����% ����	�� ��� ��)����� /< ���� �./01/2� �< ��� +�	��� ���
���� : � ; <%<�� :: � ; <%<�� ::: � ; <%<<� �������� �� ����� ���,� �����,� ����3���

��

� ; <%<��
���

� ; <%<<� �������� �� +���	�� ���,� ���� 
�,� ����3��=

�

� ; <%<��
��

� ; <%<� �������� �� ����� ���,� ���� ����3��= F�������� >51�2/8 ? 1%<�@�� !������� >51�2/8 ? A%2���� ��� �� 
�������� >51�2/8 ? �<%011@ 5BCDEB ��� C����� G�,� �����8



Aley and Kulkarni [1]. Baclofen also significantly in-

duced locomotion, because a low dose of baclofen po-

tentiates behavior related to nigrostriatal dopamine

neurons [9] however, according to Porsolt et al. [18],

it did not influence the activity of rats in the Porsolt

test. Moreover, the same dose of baclofen as that ap-

plied in this study exerted the anxiogenic-like effect

in the elevated plus maze test [7], and this activity

also may influence the reduction of immobility in the

Porsolt test. Both effects suggested separate mecha-

nisms of action of baclofen. On the other hand, West

[21] suggested the immobility in the forced swim test

to be an acquired response. Since baclofen impairs ac-

quisition [7], injection of the GABAB receptor agonist

would be expected to disrupt the acquisition of immo-

bility during the test trial, an effect of baclofen that

was noted in the present work.

In animal studies, forced swimming has been found

to evoke GABA release in the hippocampus [10]. Ba-

clofen may activate post- and presynaptic GABAB re-

ceptors. Aley and Kulkarni [1] found that activation

of the presynaptic GABAB receptors by baclofen

given at doses lower than 1mg/kg were dominant. In

this way, it may lower not only the level of GABA but

also of glutamate and thus influence the immobility

time. Future studies will be required to clarify the

mechanism of this effect.

LY367385 reduced the time of immobility to

a similar level as baclofen and increased motility, like

in the male rats [13], in the open field test. According

to Porsolt et al. [18] the hyperlocomotion did not in-

fluence the result obtained in the dispair test. An

antidepressant-like effect of the antagonist of group I

mGluRs receptors has been reported. Single doses of

AIDA as well as MPEP (a specific mGluR5 receptor

antagonists) shortened the immobility time in the

forced swim test [6, 20]. Initial studies suggested

a potential antidepressant-like activity of the receptor

mGluR1 antagonist R-193845 [4]. However, an

anxiolytic-like activity of this mGluR1 receptor an-

tagonist has been observed in the elevated plus maze

[13]. This effect may influence the activity of rats in

the forced swim test. On the other hand, because

mGluR1a receptor is localized on interneurons [3] and

probably also presynaptically, LY367385 releases

GABA and normalizes the disturbances between the

GABAergic and glutaminergic systems thereby alle-

viating depression. All these findings provided strong

evidence for the antidepressant-like effect of the an-

tagonists of mGluR1 receptors.

Co-administration of baclofen and LY367385 de-

creased immobility to the level observed after these

drugs given alone but they did not affect motility. In

the Porsolt test, this effect is unrelated to locomotor

activity. The obtained result may indicate a separate

mechanism of the antidepressant-like activity of these

drugs. The mGluR1 (especially its splice variant

mGluR1a) is very discretely distributed in some nerve

cell bodies, mostly interneurons [3], and this localiza-

tion may suggest its direct influence on GABAergic

transmission. Moreover, the extremely short immobil-

ity time obtained after co-administration of both drugs

made it difficult to decrease it further. It may be even

suggested that these drugs potentiate their own

antidepressant-like activity.

Under hypoxic conditions, the changes observed in

neurotransmitters, such as excitotoxicity and disrup-

tion of the balance between the GABAergic inhibitory

and glutamatergic excitatory systems are similar to

those observed in depression [12]. Ischemia/hypoxia

is associated with depression [5, 22]. The short and

acute hypoxia used in the present study did not influ-

ence the activity of the rats in the forced swim test

that is similar to the effect obtained by Winter et al.

[22]. The observed inhibition of locomotor activity

did not correspond with the immobility observed in

the behavioral despair test [18]. Baclofen did not in-

fluence the activity of hypoxia-treated rats in the

forced swim test. This may suggest that the activation

of presynaptic GABAB receptors is not enough to re-

duce massive release of glutamate during hypoxia. On

the other hand, the effects of baclofen on GABA re-

lease did not normalize the disrupted balance of

amino acid transmission induced by hypoxia.

The antidepressant-like effect of LY367385 ob-

served in the forced swim test in rats after hypoxia is

weak but significant. This antagonist also induced

motility and we believe that locomotion may have not

influenced the results obtained in the Porsolt test [18].

The release of GABA as well as reduction of the ef-

fects of glutamate mediated by mGluR1 receptors

probably constitutes the mechanism of the

antidepressant-like effect of LY367385. Therefore,

these findings support the hypothesis that the inhibi-

tion of the mGluR1 receptors is important for neuro-

protection in hypoxia and in depression.

Co-administration of baclofen with LY367385 did

not influence immobility but affected the locomotion

of rats subjected to hypoxia. We suggested that ob-

served hyperlocomotion did not influence the ob-

762 �����������	��� 
������ ����� ��� �������



tained results in the forced swim test. Both the ligands

used (baclofen and LY367385) had too weak activity

for reduction of the immobility. Probably the effects

on the release of GABA and glutamate are characte-

ristic of the activity of both the investigated drugs but

it would seem that under hypoxia these effects are too

small to be of significance. However, we have been

unable to find a suitable explanation for this on the

basis of this study and literature data.

In conclusion, baclofen and LY367385 given once,

alone or jointly (in animals without hypoxia) produce

an antidepressant-like effect observed in the forced

swim test and according to Porsolt et al. [18] locomo-

tor activity did not influence on these results. The

findings of our experiments point to an anti-

depressant-like effect of the mGluR1a receptor an-

tagonist (also in rats after hypoxia) and show that the

acute inhibition of mGluR1a receptors is sufficient to

elicit a significant beneficial effect in the forced swim

test. This study also indicated that the low, single dose

of baclofen had a beneficial action in the Porsolt test.

Neither the short episode of hypoxia nor co-

administration of baclofen with LY367385 interfered

with the activity of rats in the forced swim test. We

suggest that there is a separate mechanism of the anti-

depressant-like effect of baclofen and LY367385 in

the forced swim test. Future study is required in order

to determine the precise nature of this mechanism.
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