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Abstract:

In the present study was examined the effect of treatment with olanzapine or risperidone, given separately or in combination with

fluoxetine, in the elevated plus-maze test (an animal model of anxiety) in male Wistar rats. The obtained results showed that treat-

ment with olanzapine (1 mg/kg), risperidone (0.1 and 0.3 mg/kg) or fluoxetine (5 and 10 mg/kg) induced an anxiolytic-like effect in

the elevated plus-maze test. Olanzapine, risperidone and fluoxetine, tested in doses effective in the model of anxiolytic-like actions,

did not affect motor coordination, while olanzapine (3 mg/kg) and risperidone (0.3 mg/kg) produced a significant reduction of ex-

ploratory activity in the open field test. In a combination study, the anxiolytic-like effect of olanzapine or risperidone was signifi-

cantly antagonized by co-treatment with fluoxetine. Additionally, co-treatment with olanzapine or risperidone and fluoxetine

disturbed the motor coordination of rats in a rota-rod test. These findings indicate that olanzapine, risperidone and fluoxetine per se

may be clinically effective in treating anxiety disorders, but their effects may be attenuated when they are used in combination with

other medications.
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Introduction

Several preclinical and clinical reports have suggested

a beneficial effect of the addition of a low dose of

an atypical antipsychotic drug, e.g., olanzapine or

risperidone, to the ongoing treatment with antidepres-

sant drugs, especially selective serotonin reuptake in-

hibitors, on the treatment of drug-resistant depression

[e.g., 1, 5, 10, 19, 23]. Furthermore, atypical antipsy-

chotics are also used in the treatment of anxiety-

related disorders, giving inconclusive results, though

[4]. Some clinical data suggest that clozapine, olan-

zapine, quetiapine and risperidone improve symptoms

of an obsessive-compulsive disorder and a panic dis-

order, while other data show a worsening effect of

each of these drugs on the above-mentioned disorders

[2]. In the case of other anxiety disorders such as, e.g.,

a post-traumatic stress disorder, some studies indicate

that atypical antipsychotic drugs improve certain

symptoms [6, 12, 18], while others fail to reach

a similar conclusion [3, 7]. Furthermore, the effective-

ness of some antipsychotic drugs in a combined ther-

apy for treatment-resistant anxiety disorders has also

been reported [8, 22, 24].
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Preclinical data concerning the anxiolytic-like ac-

tivity of atypical antipsychotics are also inconclusive.

Some of them report an anxiolytic-like, an anxio-

genic-like or no effect at all in various anxiety-like

tests [e.g., 9, 11, 13, 14, 25].

In order to understand the mechanism of clinical

efficacy of a combination therapy with an atypical an-

tipsychotic drug and an antidepressant for treatment-

resistant anxiety disorders, in the present study we ex-

amined the effect of olanzapine or risperidone, given

separately or in combination with fluoxetine in the

elevated plus-maze test (an animal model of general-

ized anxiety) in rats. The effect of co-treatment with

the above-mentioned antipsychotics (olanzapine or

risperidone) and fluoxetine in the elevated plus-maze

test of rats had not been previously studied. We also

used an open field and a rota-rod tests to evaluate the

exploratory activity and motor coordination of rats

following treatment with olanzapine or risperidone,

given separately or in combination with fluoxetine.

Materials and Methods

Animals

The experiments were carried out on male Wistar rats

(250–270 g) (Charles River Laboratories, Sulzfeld,

Germany). The animals were housed by 4 per cage

(57 × 35 × 20 cm) in a colony room kept at 22 ± 1°C

with a 40–50% humidity, on a 12-h light-dark cycle

(the light on at 7 a.m.). The rats had free access to

food and water before the experiments. All the experi-

ments were conduced during the light phase in accor-

dance with the European Communities Council

Directive of 24 November 1986 (86/609 EEC). All

the experimental protocols were approved by the

Local Bioethics Commission for Animal Experiments

at the Institute of Pharmacology, Polish Academy of

Sciences in Kraków.

Drug administration

Fluoxetine hydrochloride (Pliva, Kraków, Poland) was

dissolved in distilled water, and olanzapine (Sigma-

Aldrich, St. Louis, USA) or risperidone (Tocris, Bris-

tol, UK) were suspended in a 1% aqueous solution of

Tween 80. All the drugs were injected intraperito-

neally (ip) at a volume of 2 ml/kg. Fluoxetine (2.5, 5

and 10 mg/kg) was given at 60 min, and olanzapine

(0.3, 1 and 3 mg/kg) or risperidone (0.05, 0.1 and 0.3

mg/kg) at 30 min before the elevated plus-maze, open

field and rota-rod tests. Each experimental group con-

sisted of 8 rats.

Elevated plus-maze test

The maze and the testing procedure of the elevated

plus-maze test were described by Pellow and File [17]:

wooden plus-maze apparatus, elevated to a height of

50 cm, consisted of two open arms (50 × 10 cm; walls

38 cm high), arranged so that the two identical arms

of each type were opposite each other. The plus-maze

was placed in a darkened room, and the centre of the

apparatus was illumined with a 25 W electric bulb

hanging 100 cm above. Each rat was placed in the

center of the plus-maze, facing one of the closed arms

immediately after a 5-min adaptation period in

a wooden box (60 × 60 × 35 cm) to enhance its over-

all activity in the plus-maze. During a 5-min test pe-

riod, two experimenters who were sitting in the same

room ca. 1 m away from the open arms recorded the

number of open and closed arms entries, as well as

the time spent in either type of the arms. An entry was

rated once an animal was in the arms with all its four

feet [16]. The maze was thoroughly cleaned after each

trial.

Exploratory activity in the open field test

For the experiments, we used a black circular plat-

form (1 m in diameter) without walls divided into six

symmetrical sectors and elevated 50 cm above the

floor. The laboratory room was dark and only the cen-

tre of the open field was illuminated with a 75 W bulb

placed 75 cm above the platform. At the beginning of

the test, the animals were gently placed in the centre

of the platform and were allowed to explore. Their ex-

ploratory activity in the open field, i.e., the time of

walking, the number of sector lines crossings (ambu-

lations), episodes of peeping under the edge of the

area and rearing, were assessed for 5 min [20].

Rota-rod test

The rats were preselected 1 h before the test on a ro-

tating rod (BD-10, COTM Bia³ystok, Poland; 6 cm in

diameter, 6 rpm). Those staying on the rotating rod for

2 min (approximately 95% of the animals) were

1548 �����������	��� 
������ ����� ��� ����	����



placed again on the same rotating rod after drug ad-

ministration and were observed for 2 min. The

number of animals that fall from the rota-rod within

2 min was recorded. Fluoxetine was given at 60 min,

and olanzapine or risperidone at 30 min before the test

(like in the elevated plus-maze test).
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Statistical analysis

The data were evaluated by a one-way analysis of

variance (ANOVA), followed, when appropriate, by

individual comparisons with the control using Dun-

nett’s test.

Results and Discussion

An anxiolytic-like effects of the atypical antipsy-

chotic drugs olanzapine or risperidone, and the selec-

tive serotonin reuptake inhibitor fluoxetine were

evaluated in the elevated plus-maze test. In that test,

the total number of entries (open + closed arms en-

tries), recorded in control rats during a 5-min test ses-

sion, was ca. 6 in the present set of experiments and

was regarded as 100%. In control rats, 23.2, 29.6 and

27.2% of the entries were made into the open arms,

and 17.1, 18.1 and 17.7% of the total time (265 s)

spent in the arms (either type) was spent in the open

arms. Olanzapine in a dose of 1 mg/kg (but not 0.3

and 3 mg/kg) significantly (up to 34.1%; F (3,28) =

3.13; p < 0.05) increased the percentage of the time

spent in the open arms and the percentage of entries

into the open arms (up to 52.8%; F(3,28) = 20.21; p <

0.001 (Fig. 1A). Risperidone administered in a dose

of 0.05 mg/kg, did not change the number of open

arms entries or the time spent in the open arms. When

given in higher doses (0.1 or 0.3 mg/kg), that drug

significantly increased the time spent in the open arms

(up to 46.4 or 38.1%, respectively; F(3,28) = 11.02;

p < 0.001), and the percentage of entries into the open

arms (up to 60.3 or 56.6%, respectively; F(3,28) =

65.53; p < 0.001 (Fig. 1B). Fluoxetine administered in

the lower dose (2.5 mg/kg) did not induce any

anxiolytic-like activity in the elevated plus-maze test,

while its higher doses (5 or 10 mg/kg) significantly

increased the time spent in the open arms (up to 37.7

or 70.5%, respectively; F(3,36) = 36.36; p < 0.001),

and the percentage of entries into the open arms (up to

51.1 or 68.0%, respectively; F(3,36 = 11.29; p < 0.001

(Fig. 1C). Our earlier studies indicated that diazepam,

i.e., the positive standard, administered in a dose of

1.25 mg/kg was ineffective in the elevated plus-maze

test; however, when given in higher doses (2.5 and

5 mg/kg), it exhibited anxiolytic-like activity and sig-

nificantly increased the percentage of the time spent

in the open arms (up to 47.2 and 70.4%, respectively)

and the percentage of entries into the open arms (up to

73.8 and 76.2%, respectively) [21]. The above data

show that the effect of olanzapine (1 mg/kg) or

risperidone (0.1 and 0.3 mg/kg) in this test is similar

to that produced by diazepam in a lower dose

(2.5 mg/kg), while that of fluoxetine (5 and 10 mg/kg)

resembles the effect evoked by the higher doses (2.5

and 5 mg/kg) of diazepam. Olanzapine, risperidone

and fluoxetine in all the doses used did not change the

total time spent in the arms (either type) or the total

number of entries (data not shown).

An involvement of atypical antipsychotic drugs in

psychiatric disorders, such as anxiety, has been sug-

gested by other authors [11, 15, 25]. Anxiolytic-like
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effects of risperidone or olanzapine were observed in

the multiple measures of fear in rats. Risperidone, es-

pecially in a dose of 1 mg/kg, significantly decreased

the number of avoidance responses, 22 kHz ultrasonic

vocalization, the avoidance conditioning-induced hy-

perthermia and startle reactivity, but did not affect

defecation or the time spent in the open arms. Olan-

zapine (2 mg/kg) significantly decreased the number

of avoidance responses, 22 kHz vocalization and the

number of defecations, but it did not inhibit startle re-

activity or the time spent in the open arms. Haloperi-

dol and citalopram did not display any anxiolytic-like

properties in these tests [25]. Using a conditioned fear

stress paradigm in mice (a model of anxiety), showed

that risperidone in the low dose (0.01 mg/kg), fluvox-

amine (1.25–10 mg/kg) and milnacipran (0.5–4 mg/kg)

evoked anxiolytic-like activity. In a combination study,

the anxiolytic-like effect of risperidone (0.01 mg/kg)

was significantly reduced by fluvoxamine (1.25 and

2.5 mg/kg) or milnacipran (0.5– 2 mg/kg) [11]. Simi-

larly, our present study indicates that the anxiolytic-

like effect of olanzapine (1 mg/kg) or risperidone (0.1

and 0.3 mg/kg) in the elevated plus-maze test is sig-

nificantly reduced by co-treatment with fluoxetine

(5 mg/kg) (Fig. 1).

Administration of olanzapine (0.3 and 1 mg/kg) did

not evoke any significant reduction of the exploratory

activity of rats, as evaluated in the open field test.

When given in the higher dose (3 mg/kg), that drug

significantly reduced exploratory activity (the time of

walking, ambulation and peeping + rearing episodes).

Combined treatment with olanzapine (1 mg/kg, but

not 0.3 mg/kg) and fluoxetine (5 mg/kg) evoked

a significant reduction of exploratory activity (the

time of walking; F(5,42) = 10.48; p < 0.001 (Fig. 2A).

Risperidone in a dose of 0.3 mg/kg (but not

0.1 mg/kg) significantly reduced the exploratory ac-

tivity of rats. Co-treatment with risperidone 0.3 mg/kg

(but not at 0.1 mg/kg) and fluoxetine (5 mg/kg)

evoked a statistically significant reduction of explora-

tory activity (the time of walking; F(5,42) = 18.54;

p < 0.001) (Fig. 2B), while no dose of fluoxetine (2.5,

5 and 10 mg/kg) changed the exploratory activity of

rats (the time of walking; F(3,28) = 2.29; ns) (data not

shown).

Moreover, olanzapine, risperidone and fluoxetine,

used in doses effective in the elevated plus-maze test,

do not disturb motor coordination measured in the

rota-rod test (data not shown), while co-treatment

with fluoxetine (5 mg/kg) and olanzapine (1 mg/kg)

or risperidone (0.3 mg/kg) induces disturbed motor

coordination (the falling from the rota-rot within

2 min observation concerned 75% (6/8) of the rats for

fluoxetine + olanzapine, and 87.5% (7/8) of the rats

for fluoxetine + risperidone, respectively). Since the

anxiolytic-like effect of olanzapine or risperidone in

the elevated plus-maze test was reduced by co-treat-

ment with fluoxetine an important role of the motor

coordination disturbance in mediating their action has

been suggested. Further studies are necessary to clar-

ify these effects.

In conclusion, the above results indicate that atypi-

cal antipsychotic drugs (olanzapine or risperidone), as

well as the antidepressant fluoxetine are useful for the

treatment of patients suffering from anxiety disorders,

whereas a combined therapy with these drugs may not

always produce desirable therapeutic effects.

Acknowledgments:

*�� ������� "����� �� ���� 
�5�� ��� !" +
����0� 	�� �����

�������� ��	� �	 	��2�����) A� "��� ��� � � �� ���� :�) 9%6����

���� � :)�)� 	�� ��� ��������� �����5����� �	 ��� �����) *��� �����

"�� 	�������� ��������� 6� ��������� 	���� 	��� ��� ��������� �	


����������� 
���� ������� �	 ��������� ��� !"� 
����)

References:

1. Bobo WV, Shelton RC: Olanzapine and fluoxetine com-

bination therapy for treatment-resistant depression: re-

view of efficacy, safety, and study design issues. Neurop-

sychiatr Dis Treat, 2009, 5, 369–383.

2. Brooke NS, Wiersgalla M, Salzman C: Atypical uses of

atypical antipsychotics. Harv Rev Psychiatry, 2005, 13,

317–339.

3. Butterfield MI, Becker ME, Connor KM, Sutherland S,

Churchill LE, Davidson JR: Olanzapine in the treatment

of post-traumatic stress disorder: a pilot study. Int Clin

Psychopharmacol, 2001, 16, 197–203.

4. Carlson WH, Kitagawa H: Drug development for anxiety

disorders: new roles for atypical antipsychotics. Psycho-

pharmacol Bull, 2004, 38, 38–45.

5. Dhir A, Kulkarni SK: Risperidone, an atypical antipsy-

chotic enhances the antidepressant-like effect of venla-

faxine or fluoxetine: Possible involvement of alpha-2

adrenergic receptors. Neurosci Lett, 2008, 445, 83–88.

6. Hamner MB: Clozapine treatment for a veteran with

comorbid psychosis and PTSD. Am J Psychiatry, 1996,

153, 841.

7. Hamner MB, Foldowski RA, Ulmer HC, Frueh BC,

Huber MG, Arana GW: Adjunctive risperidone treatment

in post-traumatic stress disorder: a preliminary con-

trolled trial of effects on comorbid psychotic symptoms.

Int Clin Psychopharmacol, 2003, 18, 1–8.

�����������	��� 
������ ����� ��� ����	���� 1551

Anxiolytic-like effects of olanzapine, risperidone and fluoxetine
����� ����	 �
� ��	�
� �����



8. Hollander E, Rossi NB, Sood E, Pallanti S: Risperidone

augmentation in treatment-resistance obsessive-

compulsive disorder: a double-blind, placebo-controlled

study. Int J Neuropharmacol, 2003, 6, 397–401.

9. Karl T, Duffy L, O’Brien E, Matsumoto I, Dedova I:

Behavioural effects of chronic haloperidol and risperi-

done treatment in rats. Behav Brain Res, 2006, 171,

286–294.

10. Keitner GI, Garlow SJ, Ryan CE, Ninan PT, Solomon

DA, Nemeroff CB, Keller MB: A randomized, placebo-

controlled trial of risperidone augmentation for patients

with difficult-to-treat unipolar, non-psychotic major de-

pression. J Psychiatry Res, 2009, 43, 205–214.

11. Miyamoto J, Tsuji M, Takeda H, Ohzeki M, Nawa H,

Matsumiya T: Characterization of the anxiolytic-like ef-

fects of fluvoxamine, milnacipran and risperidone in

mice using the conditioned fear stress paradigm. Eur

J Pharmacol, 2004, 504, 97–103.

12. Monnelly EP, Ciraulo DA, Knapp C, Keane T: Low-

dose risperidone as adjunctive therapy for irritable ag-

gression in posttraumatic stress disorder. J Clin Psycho-

pharmacol, 2003, 23, 193–196.

13. Moore NA, Rees G, Sanger G, Tye NC: Effects of olan-

zapine and other antipsychotic agents on responding

maintained by a conflict schedule. Behav Pharmacol,

1994, 5, 196–202.

14. Moore NA, Tye NC, Axton MS, Risius FC: The behavioral

pharmacology of olanzapine, a novel”atypical” antipsy-

chotic agent. J Pharmacol Exp Ther, 1992, 262, 545–551.

15. Nowakowska E, Kuœ K, Polañski A, Burda K,

Nowakowska A, Sadowski C: Concomitant use of carba-

mazepine and olanzapine and the effect on some behav-

ioral functions in rats. Pharmacol Rep, 2011, 63, 372–380.

16. Partyka A, Jastrzêbska-Wiêsek M, Szewczyk B, Sta-

chowicz K, S³awiñska A, Poleszak E, Doboszewska U et

al.: Anxiolytic-like activity of zinc in rodent tests. Phar-

macol Rep, 2011, 63, 1050–1055.

17. Pellow S, File SE: Anxiolytic and anxiogenic drug ef-

fects on exploratory activity in an elevated plus-maze:

a novel test of anxiety in the rat. Pharmacol Biochem

Behav, 1986, 24, 525–529.

18. Petty F, Brannan S, Casada J, Davis LL, Gajewski V,

Kramer GL, Stone RC et al: Olanzapine treatment for

post-traumatic stress disorder: an open- label study. Int

Clin Psychopharmacol, 2001, 16, 331–337.

19. Rogó¿ Z: Effects of co-treatment with mirtazapine and low

doses of risperidone on immobility time in the forced swim-

ming test in mice. Pharmacol Rep, 2010, 62, 1191–1196.

20. Rogó¿ Z: Potentiation of the antidepressant-like effect of de-

sipramine or reboxetine by metyrapone in the forced swim-

ming test in rats. Pharmacol Rep, 2009, 61, 1173–1178.

21. Rogó¿ Z, Skuza G, K³odziñska A: Anxiolytic- and

antidepressant-like effects of 7-OH-DPAT, preferential

dopamine D� receptor agonist, in rats. Pol J Pharmacol,

2004, 56, 519–526.

22. Saxena S, Wang D, Bystrisky A, Baxter LR, Jr: Risperi-

done augmentation of SRI treatment for refractory

obsessive-compulsive disorder. J Clin Psychiatry, 1996,

57, 303–306.

23. Shelton RC, Papakostas GI: Augmentation of antidepres-

sants with atypical antypsychotics for treatment-resistant

major depressive disorder. Acta Psychiatr Scand, 2008,

117, 253–259.

24. Stein DJ, Bouwer C, Hawkridge S, Emsley RA: Risperi-

done augmentation of serotonin reuptake inhibitors in

obsessive-compulsive and related disorder. J Clin Psy-

chiatry, 1997, 58, 119–122.

25. Sun T, He W, Hu G, Li M: Anxiolytic-like property of

risperidone and olanzapine as examined in multiple

measures of fear in rats. Pharmacol Biochem Behav,

2010, 95, 298–307.

Received: B�� �� �.��- in the revised form and accepted:

������ �� �.��)

1552 �����������	��� 
������ ����� ��� ����	����


	1305	Review Œ Pharmacological activity of Salvinorin A, 
the major component of Salvia divinorum.
	Joanna Listos, Alicja Merska, Sylwia Fidecka

	1310	Review Œ Role of serotonin (5-HT)1B receptors in psychostimulant addiction.
	Joanna Miszkiel, Ma³gorzata Filip, Edmund Przegaliñski

	1316	Review Œ Neurogenesis in the epileptic brain: a brief overview from temporal lobe epilepsy.
	Marta Andres-Mach, John R. Fike, Jarogniew J. £uszczki

	1324	Review Œ Kynurenic acid and kynurenine aminotransferases in retinal aging and neurodegeneration.
	Robert Rejdak, Anselm Junemann, Pawe³ Grieb, Sebastian Thaler, Frank Schuettauf, Tomasz Chor¹giewicz, Tomasz ¯arnowski, Waldemar A. Turski, Eberhart Zrenner

	1335	Review Œ Ezetimibe Œ a new approach in hypercholesterolemia management.
	Dariusz Suchy, Krzysztof £abuzek, Antoni Stadnicki, Bogus³aw Okopieñ

	1349	Effects of the noradrenergic neurotoxin DSP-4 on the expression of a1-adrenoceptor subtypes after antidepressant treatment.
	Grzegorz Kreiner, Agnieszka Zelek-Molik, Marta Kowalska, Adam Bielawski, Lucyna Antkiewicz-Michaluk, Irena Nalepa

	1359	GET73 modulates rat hippocampal glutamate transmission: evidence for a functional interaction with mGluR5.
	Luca Ferraro, Sarah Beggiato, Maria Cristina Tomasini, Tiziana Antonelli, Antonella Loche, Sergio Tanganelli

	1372	Memory-related effects of cholinergic receptor ligands in mice as measured by the elevated plus maze test.
	Marta Kruk, Kinga Tendera, Gra¿yna Bia³a

	1383	Partial lesion of the dopaminergic innervation of the ventral striatum induces ﬁdepressive-likeﬂ behavior of rats.
	Katarzyna Kuter, Wac³aw Kolasiewicz, Krystyna Go³embiowska, Anna Dziubina, Gert Schulze, Klemencja Berghauzen, Jadwiga Wardas, Krystyna Ossowska

	1393	Effect of prior stress on interleukin-1b and HPA axis responses to acute stress.
	Anna G¹dek- Michalska, Joanna Tadeusz, Paulina Rachwalska, Jadwiga Spyrka, Jan Bugajski

	1404	Imipramine counteracts corticosterone-induced enhancement of glutamatergic transmission and impairment of long-term potentiation in the rat frontal cortex.
	Bartosz Bobula, Joanna Wabno, Grzegorz Hess

	1413	Investigations on gastroprotective effect of citalopram, an antidepressant drug against stress and pyloric ligation induced ulcers.
	Bhagawati Saxena, Sanjay Singh

	1427	Modification of local anesthetic-induced antinociception by fentanyl in rats.
	Tufan Mert, Yasemin Gunes, Dilek Ozcengiz

	1435	Paracetamol treatment increases telomerase activity in rat embryonic liver cells.
	Augustinus Bader, Oliver Petters, Mario Keller, Sanja Pavlica

	1442	Novel I1-imidazoline S43126 enhance insulin action in PC12 cells.
	Jerusalem Tesfai, Louis Crane, Genevieve Baziard-Mouysset, Wentsworth Kennedy, Lincoln P. Edwards

	1450	Acute myocardial ischemia enhances the vanilloid TRPV1 and serotonin 5-HT3 receptor-mediated Bezold-Jarisch reflex in rats.
	Sebastian £. £upiñski, Eberhard Schlicker, Anna Pêdziñska-Betiuk, Barbara Malinowska

	1460	Effects of two isomers of DDT and their metabolite DDE on CYP1A1 and AhR function in human placental cells.
	Anna K. Wójtowicz, Ewelina Honkisz, Dorota Ziêba-Przybylska, Tomasz Milewicz, Ma³gorzata Kajta

	1469	Cytoprotective effects of CSTMP, a novel stilbene derivative, against H2O2-induced oxidative stress in human endothelial cells.
	Li Zhai, Peng Zhang, Ren-Yuan Sun, Xin-Yong Liu, Wei-Guo Liu, Xiu-Li Guo

	1481	Effects of bestatin on phagocytic cells in cyclophosphamide-treated mice.
	Magdalena Lis, Bo¿ena Obmiñska-Mrukowicz

	1491	Effect of neuroleptics on cytochrome P450 2C11 (CYP2C11) in rat liver.
	Anna Haduch, Jacek Wójcikowski, W³adys³awa A. Daniel

	1500	Oleanolic acid derivative methyl 3,11-dioxoolean-12-en-28-olate targets multidrug resistance related to ABCB1.
	Anna Paszel, B³a¿ej Rubiœ, Barbara Bednarczyk-Cwynar, Lucjusz Zaprutko, Mariusz Kaczmarek, Johann Hofmann, Maria Rybczyñska

	1518	Comparison of the pharmacokinetics of paracetamol from two generic products in patients after total gastric resection.
	Edyta Sza³ek, Agnieszka Kamiñska, Dawid Murawa, Karol Po³om, Bartosz Urbaniak, Matylda Sobiech, Edmund Grzeœkowiak, Tomasz Grabowski, Anna Wolc, Zenon J. Kokot, Pawe³ Murawa

	SHORT COMMUNICATIONS
	1526	NMDA and AMPA receptors are involved in the antidepressant-like activity of tianeptine in the forced swim test in mice.
	Piotr Wla�, Regina Kasperek, Aleksandra Wla�, Micha³ Szumi³o, Andrzej Wróbel, Gabriel Nowak, Ewa Poleszak


	1533	Enhancement of the anti-immobility action 
of antidepressants by risperidone in the forced swimming test in mice.
	Zofia Rogó¿, Marcin Kabziñski

	1539	Different pattern of changes in calcium binding proteins immunoreactivity in the medial prefrontal cortex of rats exposed to stress models of depression.
	Monika Zadro¿na, Barbara Nowak, Magdalena £asoñ-Tyburkiewicz, Ma³gorzata Wolak, Magdalena Sowa-Kuæma, Mariusz Papp, Gra¿yna Ossowska, Andrzej Pilc, Gabriel Nowak

	1547	Anxiolytic-like effects of olanzapine, risperidone and fluoxetine in the elevated plus-maze test in rats.
	Zofia Rogó¿, Gra¿yna Skuza

	1553	Effects of the histamine (H)3 receptor antagonist ABT-239 on acute and repeated nicotine locomotor responses in rats.
	Joanna Miszkiel, Marta Kruk, Andrew C. McCreary, Edmund Przegaliñski, Gra¿yna Bia³a, Ma³gorzata Filip 

	1560	Low-dose oral caffeine induces a specific form 
of behavioral sensitization in rats.
	Kevin T. Ball, Alex Poplawsky

	1564	Effects of PB190 and PB212, new s receptor ligands, on glucocorticoid receptor-mediated gene transcription in LMCAT cells.
	Gra¿yna Skuza, Magdalena Szymañska, Bogus³awa Budziszewska, Carmen Abate, Francesco Berardi

	1569	Kynurenic acid: a new effector of valproate action? 
	Piotr Maciejak, Janusz Szyndler, Danuta Turzyñska, Alicja Sobolewska, Adam P³a�nik

	1574	Effects of simvastatin on the pharmacokinetics of diltiazem and its main metabolite, desacetyldiltiazem, after oral and intravenous administration in rats: possible role of P-glycoprotein and CYP3A4 inhibition by simvastatin.
	Dong-Hyun Choi, Jin-Seok Choi, Cheng Li, Jun-Shik Choi
	1583	Note to Contributors


	content
	cont
	contents_3'2005
	contents
	abstract
	indeks

