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The present study was performed to investigate the effect of propofol on
anxiety using the elevated plus-maze test.

Groups of mice received propofol (20, 40, 60 mg/kg) or diazepam (2 mg/
kg), caffeine (30 mg/kg), L-arginine (100 mg/kg), m-chlorophenylpiperazine
(m-CPP, 2.5 mg/kg) and then were placed in an elevated plus-maze that was
composed of two opposite closed arms and two opposite open arms.

Propofol (20, 40, 60 mg/kg) and diazepam (2 mg/kg) significantly in-
creased the percentage of time spent in the open arms compared to control.
Caffeine (30 mg/kg) and m-CPP (2.5 mg/kg) decreased the percentage of
time spent in the open arms and these effects were antagonized when propo-
fol (40 mg/kg) was administered before the test. L-arginine (100 mg/kg) has
also produced anxiogenic effect and this effect was not prevented by propo-
fol. All drugs used in this study did not significantly change locomotor activity.

These results suggest that propofol has anxiolytic effect in plus-maze
test.
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INTRODUCTION

Propofol is a short-acting intravenous (iv) anes-
thetic agent. There is evidence that propofol acts at
several different sites in the nervous system. It has
been previously demonstrated that iv administra-
tion of propofol at subanesthetic doses produces
anxiolytic effect [5, 22]. In addition to clinical trials,
several experimental studies have demonstrated
that propofol produces an anxiolytic effect in ani-
mal models [12, 16]. The elevated plus-maze test,
one of the most popular animal test for research on
anxiety, is based on the natural aversion of rodents
for open spaces and uses an elevated plus-maze
with two open and two closed arms. This test is
rapid and was found to be sensitive to the effects of
both anxiolytic and anxiogenic agents [15, 21].

The effects of propofol on anxiety has not been
well investigated. It was recently shown that propo-
fol produces anxiolytic effect in both Vogel type
conflict test and plus-maze test [16, 20]. The aim of
present study was to evaluate the effect of systemic
administration of propofol on anxiety in mice using
the elevated plus-maze test. We further determined
the influence of propofol on anxiogenic-like effects
induced by m-CPP a mixed 5-HT agonist, caffeine
an adenosine receptor antagonist and L-arginine
a NO precursor with the same apparatus.

MATERIALS and METHODS

Animals

ICR mice of either sex, weighing 25–40 g were
used. Animals were obtained from our department
breeding facility and housed in groups of eight
mice in a temperature controlled room (20 ± 2°C)
with a 12 h light 12 h dark cycle (lights on at 07.00
a.m.). The animals had a period of adaptation for
three days and were allowed free access to food
and water, prior the experiments. Each animal was
used once. All experiments were carried out ac-
cording to the guidelines of the European Commu-
nity Council for Experimental Animal Care.

Drugs

The following drugs were used; propofol (20,
40, 60 mg/kg, ip), caffeine (30 mg/kg, ip), L-argi-
nine (100 mg/kg, ip), m-chlorophenylpiperazine
(m-CPP, 2.5 mg/kg, ip) and diazepam (2 mg/kg,
ip). All drugs were obtained from Sigma (USA)
and freshly prepared in saline and given ip 30 min

before testing in a volume of 10 ml/kg. When com-
binations of propofol and other drugs were em-
ployed, propofol was administered 15 min later
than other drugs.

Elevated plus-maze test

The method initially suggested by Pellow and
File to test exploratory activity of mice [21] was
employed. The used plus-maze was built of wood
and consisted of two open arms (50 × 10 cm) and
two closed arms (50 × 10 × 40 cm). The arms ex-
tended from a central platform (10 × 10 cm) and
were raised 50 cm. Each mice was placed at the cen-
ter of the maze facing closed arm and was allowed
to explore the maze for 5 min.

The following measures were taken by an ob-
server unaware of a the treatment: the time spent in
open arms, time spent in closed arms, percentage of
time spent in open arms.

Locomotor activity

Spontaneous locomotor activity was measured
in an activity cage (Ugo Basile, Varese, Italy) hav-
ing dimensions of 39 × 28 × 26 cm. The values in-
dicate pulses recorded by the apparatus as the stain-
less steel bars tilt in response to animal movements.
The activity of each mice was automatically re-
corded for 10 min.

Statistics

All data are presented as means ± SEM. The
data were analyzed using two-way analysis of vari-
ance (ANOVA) followed by the post-hoc test. Data
from locomotor activity testing were analyzed using
two-way ANOVA for treatment as between-subject
factor. Statistical analysis was performed using
a software package (SPSS 10.1). The level of sig-
nificance was defined as p < 0.05.

RESULTS

Elevated plus-maze test

Systemic treatment of mice with 40 and 60
mg/kg of propofol increased the percentage of time
spent in open arms when compared to control mice
treated with saline (p < 0.05). Treatment of mice
with propofol at 20 mg/kg did not change percent-
age of time spent in open arms (Tab. 1). Diazepam
significantly increased the percentage of time spent
in open arms compared to saline-treated group. Treat-
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ment of mice with caffeine (30 mg/kg), L-arginine

(100 mg/kg) and m-CPP (2.5 mg/kg) significantly

decreased the percentage of time spent in open

arms (Tab. 2). In mice treated with propofol before

administration of caffeine, m-CPP and L-arginine

the percentage of time spent in open arms was sig-

nificantly higher than in saline + saline adminis-

tered group (p < 0.05) (Tab. 2). Administration of

propofol after caffeine (30 mg/kg), L-arginine (100

mg/kg) and m-CPP (2.5 mg/kg) significantly in-

creased the percentage of time spent in open arms

compared with single drug administrations (p <

0.05) (Tab. 2).

Locomotor activity

All drugs did not significantly change locomo-

tor activity (p > 0.05) (Tab. 3).
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Table 1. Effects of propofol and diazepam on mouse behavior in the plus-maze test

Treatment Dose
(mg/kg)

n Time spent in
open arms (s)

Time spent in
closed arms (s)

Percentage of time
spent in open arms

Saline 8 78.4 ± 9.2 221.6 ± 5.3 25.9 ± 3.5

Diazepam 2 8 132.9 ± 12.8* 167.1 ± 9.2 44.3 ± 4.8*

Propofol 20 8 95.8 ± 8.1 204.2 ± 5.9 31.9 ± 2.5

Propofol 40 8 143.9 ± 13.7* 156.1 ± 6.4 47.9 ± 6.1*

Propofol 60 8 135.7 ± 11.8* 164.3 ± 8.7 44.8 ± 5.3*

* p < 0.05 compared with saline-treated group

Table 2. Effects of propofol, caffeine, L-arginine and m-CPP on mouse behavior in the plus-maze test

Treatment Dose
(mg/kg)

n Time spent in
open arms (s)

Time spent in
closed arms (s)

Percentage of time
spent in open arms

Saline 8 81.2 ± 6.1 218.8 ± 11.4 27.0 ± 3.4

Saline + saline 8 79.2 ± 5.1 220.8 ± 9.5 26.0 ± 2.9

Propofol 40 9 135.1 ± 7.4* 164.9 ± 12.2 45.0 ± 4.4*

Caffeine 30 8 32.9 ± 2.4* 267.1 ± 9.4 10.9 ± 3.1*

L-arginine 100 8 14.2 ± 2.1* 285.8 ± 10.9 4.7 ± 1.9*

m-CPP 2.5 10 36.4 ± 3.8* 263.6 ± 8.4 12.1 ± 2.8*

Propofol + saline 40 8 130.2 ± 2.8 169.8 ± 6.4 44.0 ± 2.9

Propofol + caffeine 40 + 30 9 134.5 ± 4.9# ~ 165.5 ± 6.7 44.8 ± 5.6# ~

Propofol + L-arginine 40 + 100 10 152.4 ± 10.1# � 147.6 ± 9.4 50.8 ± 4.7# �

Propofol + m-CPP 40 + 2.5 9 145.0 ± 6.4# � 155.0 ± 5.4 48.3 ± 6.8# �

* p < 0.05 compared with saline-treated group, # p < 0.05 compared with saline + saline-treated group, ~ p < 0.05 compared with caf-
feine (30 mg/kg)-treated group, � p < 0.05 compared with L-arginine (100 mg/kg)-treated group, � p < 0.05 compared with m-CPP
(2.5 mg/kg)-treated group

Table 3. Effects of propofol, caffeine, L-arginine and m-CPP on
mouse behavior in the locomotor activity test

Treatment Dose
(mg/kg)

n Locomotor
activity count

(10 min)

Saline 8 122.4 ± 12.9

Propofol 20 8 133.5 ± 9.6

Propofol 40 8 136.4 ± 11.2

Propofol 60 10 118.5 ± 8.4

Caffeine 30 8 114.5 ± 5.6

L-arginine 100 8 109.5 ± 8.3

m-CPP 2.5 8 138.4.± 11.6

Saline + saline 8 121.8 ± 8.6

Propofol + caffeine 40 + 30 8 126.5 ± 9.6

Propofol + L-arginine 40 + 100 10 121.4 ± 12.4

Propofol + m-CPP 40 + 2.5 8 105.4 ± 8.7



DISCUSSION

We have investigated the anxiolytic-like effects
of propofol in mice using elevated plus-maze test.
The elevated plus-maze test has been validated by
several groups, using both anxiogenic and anxio-
lytic agents. Untreated animals (rats or mice) usu-
ally spent more time in closed arms. As a result, the
percentage of time spent in open arms have been
considered as an index of anxiety in mice [15, 21].
In this study caffeine, a nonselective adenosine an-
tagonist, L-arginine, a nitric oxide (NO) precursor
and m-CPP, a 5-HT agonist, significantly decreased
the percentage of time spent in the open arms in ac-
cordance with previous findings [2, 9, 13]. Propo-
fol (40, 60 mg/kg) and diazepam (2 mg/kg) signifi-
cantly increased the percentage of time spent in the
open arms. Moreover, the effects of propofol on
caffeine-, L-arginine- and m-CPP-induced anxiety
were also examined. A dose of 40 mg/kg of propo-
fol was used for this purpose. Propofol (40 mg/kg)
significantly increased the percentage of time spent
in open arms in groups treated with anxiogenic
agents (caffeine, L-arginine and m-CPP). The pres-
ent results suggest that propofol produced anxio-
lytic-like effect when administered both alone and
before anxiogenic drugs. In this study, motor activi-
ty was not altered by any of the drugs. Pain et al.
demonstrated that propofol did not produce loco-
motor impairment in rats [19]. These results sug-
gest that the effect of drugs on anxiety has not in-
volved the modulation of motor activity. Neuro-
chemical investigations have linked anxiety to dys-
function in central GABAergic, serotonergic and
noradrenergic systems. Because of its role in neu-
ronal function and its wide distribution in the brain,
the anxiolytic effect of propofol may result from
GABA-potentiating action. The GABAA receptor
complex plays a major role in the pharmacology of
anxiety and propofol potentiates GABAA recep-
tor-mediated effects [4, 5]. It was reported that pro-
pofol activated the GABAA receptor chloride iono-
phore conductance, which may have contributed to
the anxiolytic effect [10]. Chen et al. have demon-
strated that propofol activated the rat locus coe-
ruleus neuron GABAA receptors in vitro in brain
slice preparations [6]. There is another possible ex-
planation of anxiolytic effects of propofol which is
based on an interaction between propofol and sero-
tonergic system in some regions of brain. It is gen-
erally accepted that increased 5-HT activity is re-

sponsible for anxiety. m-CPP a mixed 5-HT recep-

tor agonist produces anxiogenic-like effect in some

models of anxiety probably by activation 5-HT2c

receptors [1, 14]. On the other hand, 5-HT receptor

agonists and antagonists showed anxiolytic-like ac-

tivity and the results of this experiment indicated

that some of those effects are connected with some

functional changes in hippocampus [7, 11]. It is

noteworthy that propofol inhibits 5-HT release in

the dorsal hippocampus [16]. Inhibition of 5-HT

activity in this region may participate in a mecha-

nism underlying the anxiolytic action of propofol.

Barann et al. suggest that propofol inhibits function

of 5-HT3 receptors [3]. Moreover Grouzmann et al.

reported that 5-HT concentrations decreased sig-

nificantly in the plasma of the patients treated by

propofol [10]. We also showed that anxiogenic ef-

fect of m-CPP was abolished by propofol in this

study. All these results suggest that the effect of

propofol on serotonergic system may be involved

in anxiolytic-like effect. Adenosine is able to mo-

dulate 5-HT release in the hippocampus. Okada et

al. have demonstrated a modulatory role of adeno-

sine receptor in 5-HT release in the hippocampus

[18]. Caffeine has been shown to have anxiogenic

effect in different animal models [2, 13]. In this

study, caffeine-induced anxiety-like effect was pre-

vented by propofol (40 mg/kg). It may be assumed

that modulatory effect of propofol on serotonergic

neurotransmission is involved in the antagonism of

the anxiogenic effect of caffeine though another

mechanism cannot be excluded.
NO is involved in a large number of physiologi-

cal functions in the brain [25]. In the central nerv-

ous system, NO synthase has been localized in such

brain structures as the hippothalamus, amygdala

and hippocampus [25]. Inhibition of NO synthesis

induces an anxiolytic-like effect in animals [24].

Tonner and Scholz have suggested that nitrergic

system is involved in anesthetic action of propofol

[23]. L-arginine activated NO-cGMP pathway and

increased intracellular cGMP resulting in anxio-

genic-like effect. On the other hand, propofol has

decreased intracellular c-GMP [17]. The inhibition

of L-arginine-induced anxiety by propofol seems to

be releated to opposite effects of L-arginine and

propofol on intracellular cGMP level. These results

may suggest that NO may be involved in the effect

of propofol on anxiety.
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CONCLUSIONS

Our results clearly suggest that propofol has
anxiolytic proporties at doses that do not produce
locomotor impairment in the plus-maze test. The
anxiolytic effect of propofol may be related to sev-
eral neuromediator systems that are known to be
involved in neuropharmacology of anxiety, such as
serotonergic, adenosinergic and nitrergic systems.

REFERENCES

1. Bagdy G., Grat M.: Anxiety-like effects induced by
acute fluoxetine, sertraline or m-CPP treatment are re-
versed by pretreatment the 5-HT2C receptor antagonist
SB-242084 but not 5-HT1A receptor antagonist
WAY-100635. Int. J. Neuropsychopharmacol., 2001,
4, 399–408.

2. Baldwin H.A., File S.E.: Caffeine-induced anxiogene-
sis: the role of adenosine, benzodiazepine and nor-
adrenergic receptors. Pharmacol. Biochem. Behav.,
1989, 32, 181–186.

3. Barann M., Dilger J.P., Bonisch H., Gothert M., Dy-
bek A., Urban B.W.: Inhibition of 5-HT3 receptors by
propofol: equilibrium and kinetic measurements. Neu-
ropharmacology, 2000, 39, 1064–1074.

4. Biggio G., Concas A., Corda M.G., Giorgi O., Sanna
E., Serra M.: GABAergic and dopaminergic transmis-
sion in the rat cerebral cortex: effect of stress, anxio-
lytic and anxiogenic drugs. Pharmacol. Ther., 1990,
48, 121–142.

5. Borgeat A., Wilder-Smith O.H, Suter P.M.: The non-
hypnotic therapeutic applications of propofol. Anes-
thesiology, 1994, 80, 642–656.

6. Chen C.L., Yang Y.R., Chiu T.H.: Activation of rat lo-
cus coeruleus neuron GABA(A) receptors by propofol
and its potentiation by pentobarbital or alphaxalone.
Eur. J. Pharmacol., 1999, 386, 201–210.

7. De Vry J.: 5-HT1A receptor agonists: recent develop-
ments and controversial issues. Psychopharmacology,
1995, 121, 1–26.

8. Fone K., Austin R.H., Topham I.A., Kennett G.A.,
Punhani T.: Effect of chronic m-CPP on locomotion,
hypophagia, plasma corticosterone and 5-HT2C recep-
tor levels in the rat. Brit. J. Pharmacol., 1998, 123,
1707–1715.

9. Griebel G., Moreau J.L., Jenck F., Mutel V., Martin J.R.,
Mislin R.: Evidence that tolerance to the anxiogenic-
like effects of mCPP does not involve alteration in the
functional 5-HT(2C) receptors in the rat choroid
plexus. Behav. Pharmacol., 1994, 5, 642–645.

10. Grouzmann E., Borgeat A., Fathi M., Gaillard R.C.,
Ravussin P.: Plasma and cerebrospinal fluid concen-
tration of neuropeptide Y, serotonin, and catechola-
mines in patients under propofol or isoflurane anesthe-
sia. Can. J. Physiol. Pharmacol., 2000, 78, 100–107.

11. Handley S.L.: 5-Hydroxytryptamine pathways in an-
xiety and its treatment. Pharmacol. Ther., 1995, 66,
103–148.

12. Hara M., Kai Y., Ikemoto Y.: Propofol activates GABAA

receptor-chloride ionophore complex in dissociated
hippocampal pyramidal neurons of the rat. Anesthesio-
logy, 1993, 79, 781–788.

13. Jain N., Kemp N., Adeyemo O., Buchanan P., Stone
T.W.: Anxiolytic activity of adenosine receptor activa-
tion in mice. Brit. J. Pharmacol., 1995, 116, 2127–
2133.

14. Kurt M., Arik A.C., Celik S.: The effects of sertraline
and fluoxetine on anxiety in the elevated plus-maze
test. J. Basic Clin. Physiol. Pharmacol., 2000, 11,
173–180.

15. Lister R.G.: The use of plus-maze to measure anxiety
in the mouse. Psychopharmacology, 1987, 92, 180–185.

16. Matsuo M., Ayuse T., Kataoka Y.: Propofol produces
anticonflict action by inhibiting 5-HT release in rat dor-
sal hippocampus. NeuroReport, 1997, 8, 3087–3090.

17. Miyawaki I., Nakamura K., Yokubol B., Kitamura R.,
Mori K.: Suppression of cyclic guanosine monophos-
phate formation in rat cerebellar slices by propofol,
ketamine and midazolam. Can. J. Anaesth., 1997, 44,
1301–1307.

18. Okada M., Zhu G., Yoshida S., Iwasa H., Kaneko S.:
Mechanisms of interaction between adenosine recep-
tor subtypes on hippocampal serotonin release. Nihon
Shinkei Seishin Yakurigaku Zasshi, 2002, 22, 61–69.

19. Pain L., Angst M.J., LeGourrier L., Oberling P.: Effect
of a nonsedative dose of propofol on memory for aver-
sively loaded information in rats. Anesthesiology,
2002, 97, 447–453.

20. Pain L., Oberling P., Launoy A., Di Scala G.: Effect of
nonsedative doses of propofol on an innate anxiogenic
situation in rats. Anesthesiology, 1999, 90, 191–196.

21. Pellow S., File S.E.: Anxiolytic and anxiogenic drug
effects on exploratory activity in an elevated plus-
maze: a novel test of anxiety in the rat. Pharmacol.
Biochem. Behav., 1986, 24, 524–529.

22. Smith I., Monk T.G., White P.F., Ding Y.: Propofol in-
fusion during regional anesthesia: sedative, amnestic,
and anxiolytic properties. Anesth. Analg., 1994, 79,
313–319.

23. Tonner P.H., Scholz J.: Inhibition of nitric oxide syn-
thase decreases anesthetic requirements of intrave-
nous anesthetics in Xenopus laevis. Anesthesiology,
1997, 87, 1479–1485.

24. Volke V., Koks S., Vasar E., Bourin M., Bradwein J.,
Mannisto P.T.: Inhibition of nitric oxide synthase
causes anxiolytic-like behaviour in an elevated plus-
maze. NeuroReport, 1995, 6, 1285–1288.

25. Zhang J., Synder S.H.: Nitric oxide in the nervous
system. Annu. Rev. Pharmacol. Toxicol., 1995, 35,
213–233.

Received: July 16, 2003; in revised form: October 1, 2003.

ISSN 1230-6002 977

PROPOFOL AND ANXIETY


	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




