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Sigma1 receptor antagonists attenuate antidepressant-like effect induced by co-ad-
ministration of 1,3 di-o-tolylguanidine (DTG) and memantine in the forced swimming test
in rats. G. SKUZA, Z. ROGÓ¯. Pol. J. Pharmacol., 2003, 55, 1149–1152.

The obtained results show that DTG, the �1/�2 receptor agonist, exerts a synergistic
effect with memantine, an uncompetitive NMDA receptor antagonist, in the forced swim-
ming test in rats, and that progesterone and BD 1047, the �1 receptor antagonists, coun-
teract this effect. The results suggest that the �1 receptor subtype may contribute to the
behavioral response induced by combined administration of DTG and memantine in Por-
solt’s test in rats.
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INTRODUCTION

The sigma (�) receptors were first described by
Martin et al. [4] as one of the opiate receptor sub-
types, but they were later determined to be a dis-
tinct class of receptors. Recently, the �1 receptor
was cloned and found to be different from all
known mammalian receptors [12]. Two different �

receptor subtypes, �1 and �2, have been distin-
guished [9]. Since several antidepressants have
high affinity for � receptors, the �1 binding sites
may be relevant to the mechanism of antidepres-
sant action [3, 11]. It is widely accepted that � re-
ceptor ligands can modulate neurotransmission me-
diated by central neurotransmitter systems, includ-
ing glutamatergic/NMDA [7].

Our preliminary results indicated that combined
treatment with SA4503 and siramesine (selective �1
and �2 receptor agonists, respectively) on the one
hand, and amantadine on the other, showed syner-
gistic effect in the forced swimming test in rats [13].

The aim of the present study was to support this
finding using another � receptor ligand, DTG (�1/�2
receptor agonist) and NMDA antagonist, meman-
tine (MEM). Additionally, we used progesterone, a
�1 receptor antagonistic neurosteroid and BD 1047,
a novel � antagonist with preferential affinity for
�1 sites [5, 6], to determine the role of �1 receptor
in the effect induced by joint treatment with DTG
and MEM.

MATERIALS and METHODS

The experiments were carried out on rats (male
Wistar, 250–300 g) housed in groups (6 per cage)
in a controlled environment at a temperature of
22 ± 2°C under a 12-hour light/dark cycle (the light
on at 7 a.m.). The animals had free access to food
and water. Studies were conducted between 8 a.m.
and 3 p.m. Experimental protocols were approved
by the local Ethics Committee and complied with
guidelines of the responsible agency of the Institute
of Pharmacology.

Substances

1,3-Di-o-tolylguanidine (DTG, Research Bio-
chemicals Inc., USA), memantine hydrochloride
(MEM, Merz Pharmaceuticals, Germany), proges-
terone (4-pregnene-3,20-dione, Serva, Feinbioche-
mica, Germany), N-[2-(3,4-dichlorophenyl)ethyl]-

N-methyl-2-(dimethylamino)ethylamine (BD 1047,
Tocris, UK).

MEM and BD 1047 were dissolved in distilled
water, DTG was suspended in 1% aqueous solution
of Tween 80 and progesterone in 1% aqueous solu-
tion of carboxymethylcellulose. The compounds
were administered intraperitoneally (ip) (MEM and
DTG) or subcutaneously (sc) (progesterone, BD
1047) in a volume of 2 ml/kg.

Forced swimming (Porsolt’s) test

The animals were subjected to two trials during
which they were forced to swim in a cylinder (40 cm
high, 18 cm in diameter) filled with water (23–25°C)
to a height of 15 cm. There was a 24-hour interval
between the first and second trial; the first trial
lasted 15 min, the second 5 min. The total duration
(s) of immobility was measured throughout the sec-
ond trial [8]. DTG (2.5 and 5 mg/kg) was given
separately or in combination with MEM (2.5 mg/kg)
three times: at 24, 5, and 1 h before the test; proges-
terone or BD 1047 were given 15 min before the
every injection of MEM and DTG. Each group
consisted of 8 rats.

Open field test

The center of an open platform (divided into
sectors, without walls) was illuminated with a 75 W
bulb, hung directly 75 cm above it. During all ex-
periments the rest of the laboratory room was dark.
To start the test, animals were placed gently in the
center of the platform and were allowed to explore
it freely. Ambulation (the number of crossings of
sector lines), peeping (the number of times the ani-
mals peeped down from the edge of the arena) or
rearing and the time of walking were recorded di-
rectly for 5 min. Drug treatments were carried out
according to the same experimental schedule as de-
scribed above (three injections). Each group con-
sisted of 6 rats.

Data analysis

The data were evaluated by two-way ANOVA,
followed, when appropriate, by individual com-
parisons with the control using Dunnett’s test.

RESULTS and DISCUSSION

As it was shown at Figure 1, DTG (2.5 and 5
mg/kg) as well as MEM (2.5 mg/kg) given sepa-
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rately, did not change the immobility time of rats.
Co-administration of DTG (at both doses used)
with MEM induced antidepressant-like effect in
Porsolt’s test. These synergistic effects were not an
expression of a general change in locomotor acti-
vity, since it was unaltered after co-administration
of both � receptor ligands and MEM (data not
shown).

The antidepressant-like effect of DTG at a dose
of 5 mg/kg, given jointly with MEM, was antago-
nized by progesterone (20 mg/kg) (Fig. 2A). Simi-
lar antagonistic action was observed when rats were
pretreated with BD 1047 (3 mg/kg). Lower dose of
BD 1047 (1 mg/kg) failed to affect the immobility
time decreased by joint treatment with MEM and
DTG (Fig. 2B). Neither progesterone nor BD 1047
showed any activity (data not shown).

Our previous results revealed that combined
treatment with NMDA antagonist, amantadine, and
� receptor agonists (particularly �1, and to a lesser
extent – �2) induced a synergistic effect in the
forced swimming test in rats, similarly as it was ob-
served in the case of co-administration of the
NMDA receptor antagonists and some antidepres-
sants [10, 13].

The present results support our previous finding
that � receptor agonists and uncompetitive NMDA
receptor antagonists showed synergistic effect in
the Porsolt’s test in rats which seems to be related,

at least in part, with an activation of �1 receptor,
since progesterone, a �1 receptor antagonistic neu-
rosteroid, and BD 1047, a � antagonist with prefer-
ential affinity for �1 sites [5, 6], counteract this
antidepressant-like activity. It is noteworthy that
amantadine (at therapeutic concentrations) as well
as MEM (at higher doses), bind to the � sites [2].
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Fig. 1. The effect of joint treatment with DTG and MEM in the
forced swimming test in rats. DTG (2.5 and 5 mg/kg ip) was
given jointly with MEM (2.5 mg/kg ip) three times: at 24, 5 and
1 h before the test. The animals were observed for 5 min. The re-
sults represent a mean ± SEM (s) from 8 rats. The data were sta-
tistically evaluated by ANOVA followed by Dunnett’s test
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Fig. 2. The influence of progesterone (20 mg/kg) (A) or BD
1047 (1 and 3 mg/kg) (B) on the antidepressant-like effect in-
duced by combined treatment with DTG (5 mg/kg) and MEM
(2.5 mg/kg) in the forced swimming test in rats. DTG was given
jointly with MEM three times: at 24, 5 and 1 h before the test.
Progesterone (20 mg/kg) or BD 1047 (1 and 3 mg/kg) was given
15 min before every injection of DTG + MEM. The animals
were observed for 5 min. The results represent a mean ± SEM
(s) from 8 rats. The data were statistically evaluated by ANOVA
followed by Dunnett’s test



Moreover, potential antidepressant activity of other
�1 agonists (igmesine, OPC 14523) has been dem-
onstrated in preclinical studies [1, 14].

Though the precise mechanism of positive in-
teraction of uncompetitive NMDA receptor antago-
nists and �1 receptor agonists in Porsolt’s test re-
quires further studies, the above-described results
indicate that activation of � (particularly �1) recep-
tor may be one of possible mechanisms by which
drugs induce an antidepressant-like activity in the
Porsolt’s test and that it may be enhanced by
NMDA receptor antagonists.

REFERENCES

1. Akunne H.C., Zoski K.T., Whetzel S.Z., Cordon J.J.,
Brandon R.M., Roman F., Pugsley T.A.: Neurophar-
macological profile of a selective sigma ligand, ig-
mesine: a potential antidepressant. Neuropharmacolo-
gy, 2001, 41, 138–149.

2. Kornhuber J., Schoppmeyer K., Riederer P.: Affinity
of 1-aminoadamantanes for the � binding site in post-
mortem human frontal cortex. Neurosci. Lett., 1993,
163, 129–131.

3. Leonard B.E.: The potential contribution of sigma re-
ceptors to antidepressant actions. In: Antidepressants:
New Pharmacological Strategies. Ed. Skolnick P., Hu-
mana Press, Totowa, 1997, 159–172.

4. Martin W.R., Eades C.G., Thompson J.A., Huppler E.,
Gilbert P.E.: The effects of morphine- and nalorphi-
ne-like drugs in the nondependent and morphine-de-
pendent chronic spinal dog. J. Pharmacol. Exp. Ther.,
1976, 197, 517–532.

5. Matsumoto R.R., Bowen W.D., Tom M.A., Vo V.N.,
Truong D.D., De Costa B.R.: Characterization of two
novel � receptor ligands: antidystonic effects in rats
suggest � receptor antagonism. Eur J. Pharmacol.,
1995, 280, 301–310.

6. Maurice T., Roman F.J., Privat A.: Modulation by
neurosteroids of the in vivo (+)-[3H]SKF 10,047 bind-
ing to sigma1 receptors in mouse forebrain. J. Neuro-
sci. Res., 1996, 46, 734–743.

7. Monnet F.P., Debonnel G., Junien J.-L., de Montigny
C.: N-Methyl-D-aspartate-induced neuronal activation
is selectively modulated by � receptors. Eur. J. Phar-
macol., 1990, 179, 441–445.

8. Porsolt R.D., Anton G., Blavet N., Jalfre M.: Be-
havioural despair in rats, a new model sensitive to an-
tidepressant treatments. Eur. J. Pharmacol., 1978, 47,
379–391.

9. Quirion R., Bowen W.D., Itzhak Y., Junien J.M., Mus-
sacchio J.M., Rothman T.P., Su T.P., Tam S.W., Taylor
D.P.: A proposal on the classification of sigma binding
sites. Trends Pharmacol. Sci., 1992, 13, 85–86.

10. Rogó¿ Z., Skuza G., Maj J., Danysz W.: Synergistic
effects of uncompetitive NMDA receptor antagonists
and antidepressant drugs in the forced swimming test
in rats. Neuropharmacology, 2002, 42, 1024–1030.

11. Sánchez C., Meier E.: Behavioural profile of SSRIs in
animal models of depression, anxiety and aggression.
Are they all alike? Psychopharmacology, 1997, 129,
197–205.

12. Seth P., Fei Y.J., Li H.W., Huang W., Leibach F.H.,
Ganapathy V.: Cloning and functional characterization
of a sigma receptor from rat brain. J. Neurochem.,
1998, 70, 22–31.

13. Skuza G., Rogó¿ Z.: Effect of combined treatment
with selective � ligands and amantadine in the forced
swimming test in rats. Pol. J. Pharmacol., 2002, 54,
699–702.

14. Tottori K., Miwa T., Uwahodo Y., Yamada S., Nakai
M., Oshiro Y., Kikuchi T., Altar C.A.: Antidepres-
sant-like responses to the combined sigma and 5-HT1A
receptor agonist OPC-14523. Neuropharmacology,
2001, 41, 976–988.

Received: October 9, 2003; in revised form: November 7,
2003.

1152 Pol. J. Pharmacol., 2003, 55, 1149–1152

G. Skuza, Z. Rogó¿


	CONTENTS
	Gra¿yna Skuza	923
	REVIEW Œ Role of metabotropic glutamate receptors in animal models of Parkinson™s 
disease.
	Anna Senkowska, Krystyna Ossowska	935
	Influence of acute and chronic 1,2,3,4-tetrahydroisoquinoline administration on the expression of proenkephalin mRNA in the rat striatum.
	Jadwiga Wardas, Ma³gorzata Zapa³a, El¿bieta Lorenc-Koci	951

	Neonatal 5-hydroxytryptamine depletion induces depressive-like behavior in adult rats.
	
Wojciech Kostowski, Pawe³ Krz¹œcik	957

	Effects of gabapentin and antidepressant drug combinations on convulsions and memory in mice.
	Ahsan N. Rizwan, Atif Ali, Yashomati Dua, Shanthi N. Pal, K.K. Pillai	965

	Anxiolytic-like profile of propofol, a general anesthetic, in the plus-maze test in mice.
	
Mehmet Kurt, S. Sirri Bilge, Osman Kukula, Suleyman Celik, Yuksel Kesim	973

	Neuroprotective effect of NPY on kainate neurotoxicity in the hippocampus.
	Maria „mia³owska, Joanna M. Wieroñska, Bernadeta Szewczyk	979

	Effect of L-arginine on memory in rats.
	Andrzej Plech, Tomasz Klimkiewicz, Beata Maksym	987

	Effects of combined treatment with imipramine and metyrapone in the forced swimming test in rats. Behavioral and pharmacokinetic studies.
	Zofia Rogó¿, Gra¿yna Skuza, Jacek Wójcikowski, W³adys³awa A. Daniel	993

	Effect of cyclooxygenase and NO synthase inhibitors administered centrally on antinociceptive action of acetaminophen (Part II).
	Magdalena Bujalska	1001

	Synthesis, in vitro and in vivo 5-HT1A/5-HT2A serotonin receptor activity of new hybrid 1,2,3,4-tetrahydro-g-carbolines with 1-(2-methoxyphenyl)piperazine moiety.
	Jan Boksa, Sijka Charakchieva-Minol, Beata Duszyñska, Ryszard Bugno, Aleksandra K³odziñska, Ewa Tatarczyñska, Ewa Chojnacka-Wójcik, Andrzej J. Bojarski	1013

	Nitric oxide- and prostaglandin-mediated cardioprotection by bradykinin in myocardial ischemia and reperfusion injury.
	Krishna K. Veeravalli, Annapurna Akula, Murali K. Kota	1021

	Evaluation of the antiperoxidative effects of melatonin in ammonium acetate-treated Wistar rats.
	Peter J. Lena, Perumal Subramanian	1031

	Taurine prevents acrylonitrile-induced oxidative stress in rat brain.
	Karthikeyan Mahalakshmi, Gullapalli Pushpakiran, Carani V. Anuradha	1037

	Effects of classic and newer antidepressants on the oxidation pathways of caffeine in rat liver. In vitro study.
	W³adys³awa A. Daniel, Marta Kot, Jacek Wójcikowski	1045

	Influence of classic and atypical neuroleptics on caffeine oxidation in rat liver microsomes.
	W³adys³awa A. Daniel, Marta Kot, Jacek Wójcikowski	1055

	Pharmacokinetics of liposomes designed to carry glucocorticoids.
	Rafal Hrynyk, Gert Storm, Bart Metselaar, Marek Langner	1063

	Effect of neutral endopeptidase inhibition on vascular response induced by exogenous angiotensin I in the isolated rat lung.
	Joanna B. Bartuœ, Stefan Ch³opicki	1071

	Influence of carnosine on the cardiotoxicity of doxorubicin in rabbits.
	Remigiusz Ziêba, Ma³gorzata W¹growska-Danilewicz	1079

	Effects of Bulgarian red and white wines on primary hemostasis and experimental thrombosis in rats.
	Tomasz Wollny, Ewa Chabielska, Ma³gorzata Malinowska-Zaprza³ka, Joanna Nazarko, Wioletta Rozmys³owicz-Szermiñska, W³odzimierz Buczko	1089

	Assessment of efficacy of quercetin-5™-sulfonic acid sodium salt in the treatment of acute chromium poisoning: experimental studies.
	Adam Szel¹g, Jan Magdalan, Maria Kopacz, Anna Ku�niar, Przemys³aw Kowalski, Ma³gorzata Pieœniewska	1097

	Effect of macrolide antibiotics on nitric oxide synthase and xanthine oxidase activities, and malondialdehyde level in erythrocyte of the guinea pigs with experimental otitis media with effusion.
	Bülent Aktan, Seyithan Taysi, Kenan Gümüºtekin, Harun Üçüncü, Ramazan Memiºoðullari, Kürºad Save, Nuri Bakan	1105

	Synthesis of some new 2,5-disubstituted 1,3,4-thiadiazoles containing isomeric pyridyl as potent antimicrobial agents.
	Khosrow Zamani, Khalil Faghihi, Malek S. Mehranjani	1111


	SHORT COMMUNICATIONS
	Involvement of CRF but not NPY in the anxiety regulation via NMDA receptors.
	Joanna M. Wieroñska, Bernadeta Szewczyk, Agnieszka Pa³ucha, Piotr Brañski, Maria „mia³owska	1119


	Blocking impact of clozapine on cocaine locomotor and sensitizing effects in rats.
	
Ma³gorzata Filip, Iwona Papla, Ewa Nowak, Edmund Przegaliñski	1125

	Inhibitory effect of some neuroactive steroids on cocaine-induced kindling in mice.
	Monika Leœkiewicz, Bogus³awa Budziszewska, Lucylla Jaworska-Feil, Marta Kubera, Agnieszka Basta-Kaim, W³adys³aw Lasoñ	1131

	Effect of tamoxifen on bone mineral density and blood lipids in ovariectomized rats.
	Bogus³aw Czerny, Andrzej Pawlik, Zygmunt Juzyszyn, Zofia Myœliwiec	1137
	PRELIMINARY COMMUNICATIONS
	Effect of zinc supplementation on antidepressant therapy in unipolar depression: 
a preliminary placebo-controlled study.
	Gabriel Nowak, Marcin Siwek, Dominika Dudek, Andrzej Ziêba, Andrzej Pilc	1143


	Sigma1 receptor antagonists attenuate antidepressant-like effect induced by co-administration of 1,3 di-o-tolylguanidine (DTG) and memantine in the forced swimming test in rats.
	
Gra¿yna Skuza, Zofia Rogó¿	1149

	Opposite effects of clozapine and sulpiride on the lipopolysaccharide-induced inhibition of the GR-mediated gene transcription in fibroblast cells.
	Agnieszka Basta-Kaim, Bogus³awa Budziszewska, Lucylla Jaworska-Feil, Monika Leœkiewicz, Magdalena Tetich, Marta Kubera, Simon Scharpe, W³adys³aw Lasoñ	1153

	Early exposure to hypertonic solution strongly intensifies the effects of K+ channel opener, rilmakalim, in guinea pig ventricular myocytes.
	Ivan Kociæ, Yuji Hirano, Masayasu Hiraoka	1159

	Note to contributors	1169




