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Cannabinoids are known to attenuate learning and memory in both hu-
mans and animals. In rodents, disruptive effect of cannabinoids on memory,
reversed by SR 141716, a specific CB

�
receptor antagonist, was shown in

behavioral tests based on conditioning. There are no data concerning the in-
fluence of cannabinoids on recognition memory. Recently, the improvement
of recognition memory in cannabinoid CB

�
receptor knock-out mice was re-

ported. Therefore, the purpose of the present study was to determine whether
a stable analogue of endogenous cannabinoid anandamide, R-(+)-methanand-
amide (0.25 and 2.5 mg/kg, ip) and a potent CB

�
receptor agonist, CP 55,940

(0.025 and 0.25 mg/kg ip) affect recognition memory in rats evaluated in an
object recognition test, based on discrimination between the familiar and
a new object presented at 1h interval. Because cannabinoids at the higher
doses can produce motor inhibition, the influence of both compounds on
psychomotor activity was evaluated in an open field test. CP 55,940 and
R-(+)-methanandamide, at both doses given once, 15 min before the learning
trial, significantly attenuated recognition memory, measured by the differ-
ence in exploration of a new object and a duplicate of the familiar object.
Moreover, CP 55,940 at the higher dose significantly attenuated ambulation,
and bar approaches, and at both doses also rearings, evaluated in an open
field, performed immediately after an object recognition test, while R-(+)-
methanandamide at both doses did not alter locomotor and exploratory acti-
vity of rats. This is the first evidence that cannabinoids impair recognition
memory in rats.

Key words: cannabinoids, recognition memory, locomotor activity, rats

��������	 
 ��� �� ���	�	�	� �� ������������

������ ������� �� ��������

������ ���	
�� �� ���	�������

���� �� ����������� ����   � !�"!#�

���$ #��%&���

� correspondence� ������� ��	
���������



INTRODUCTION

Marijuana (Cannabis sativa) remains one of the
most widely abused substances in the world. Thus,
modern research has focused on its potential medi-
cal employment and dangers. The cloning and sub-
sequent mapping of G-protein-coupled receptors
for cannabinoids in the brain [16, 17, 27] and dis-
covery of endogenous cannabinergic system [10,
11, 37] led to an explosion in basic research that
has attempted to integrate this putative novel neu-
rotransmitter system in the current knowledge of
the central nervous system physiology.

So far, two subtypes of cannabinoid receptors
have been identified. CB" receptors were found pri-
marily in the CNS, with the highest concentrations
in the hippocampus, cerebellum and basal ganglia
[16, 17, 27], while CB receptors are expressed in
the periphery and appear to be involved in modula-
tion of the immune system [16, 28]. The neuronal
localization of the CB" receptors is consistent with
the cognition [9, 14] and motor effects [13] of can-
nabinergic compounds.

In humans, in addition to euphorigenic proper-
ties [1, 15], marijuana and its derivatives produce al-
terations in cognition and memory, anxiety, analge-
sia, hypothermia, stimulation of food intake, anti-
emetic effects, and vasorelaxation [18]. In rodents,
cannabis and �%-tetrahydrocannabinol (�%-THC),
its major psychoactive component, produce a cha-
racteristic combination of four symptoms: hypother-
mia, analgesia, hypoactivity and catalepsy [1, 6, 8],
which are reversed by the selective CB" receptor
antagonist SR 141716, providing a good evidence
for the involvement of CB"-related mechanisms.

There is support for the notion that cannabi-
noids impair cognitive processes in animals [2–5,
9, 14, 22, 23, 25, 26, 35]. Acute administration of
�%-THC, WIN 55,212-2 and CP 55,940, given ip,
impaired spatial working memory in rats evaluated
in an eight-arm radial maze [22]. A dose-dependent
reduction of rat performance in the maze, reported
following intrahippocampal application of CP 55,940,
[22] may suggest that cannabinoids impair working
memory independently of their motor effects. In
spatial delayed alternation or delayed non-match-
to-position or to-sample tasks in rats, �%-THC and
WIN 55,212-2 also reduced choice accuracy, whereas
performance in discrimination procedures (referen-
ce memory) was not affected [9, 14, 25, 26]. The
prevention of �%-THC-induced deficits in radial

maze choice accuracy and in delayed non-match-
to-position tasks, by SR 141716 provides strong
evidence that �%-THC impairs working memory
processes through a direct action at CB" receptors
[14, 23, 26].

Moreover, �%-THC and the metabolically stable
analogue of anandamide, R-(+)-methanandamide
(but not anandamide itself) exerted dose-dependent
disruptive effect on learning in rats, trained in a re-
peated acquisition task, antagonized by SR 141716
[4].

Till now, there is only one study indicating that
CB" receptor blockade may improve cognitive pro-
cesses. This pro-cognitive effect was observed in
the social recognition task in rats [36]. The above
observation is in agreement with recently described
enhancement of recognition memory in cannabi-
noid CB" receptor knock-out mice [29].

However, there is no data concerning the effect
of cannabinoid agonists on recognition memory.
Since a majority of the abovementioned experi-
mental paradigms are based on conditioning, whereas
recognition memory is a nonconditioned behavior,
evaluation of the influence of cannabinoids on reco-
gnition memory would give some new indications
regarding the involvement of cannabinoid system
in learning and memory processes.

Thus, in the present study, the influence of CP
55,940, a potent CB" receptor agonist and a stable
analogue of endogenous cannabinoid anandamide,
R-(+)-methanandamide, on recognition memory
was evaluated in an object recognition test in rats.
Moreover, since cannabinoids alter motor activity
of animals, their locomotor and exploratory activity
was tested in an open field test.

MATERIALS and METHODS

Animals

Male Wistar rats of laboratory strain weighing
180–200 g were used after 7 days of acclimatiza-
tion to the laboratory conditions. They were housed
in plastic cages, four animals per cage, in a tempe-
rature-controlled room, 22 ± 1°C, under a 12 h
light-dark cycle beginning at 07:00 h. Food and
water were freely available.

Drugs

CP 55,940 (Tocris) and R-(+)-methanandamide
(Tocris) were dissolved in 19% solution of 2-hy-
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droxypropyl-�-cyclodextrin (SIGMA). Solutions
for injections were prepared before each behavioral
experiment and protected from light. CP 55,940
(0.025 and 0.25 mg/kg) and R-(+)-methanandami-
de (0.25 and 2.5 mg/kg) were given ip once, 15 min
before T1 trial of object recognition test. At the
same time the control rats received a vehicle solu-
tion only.

Behavioral tests

Object recognition test

The apparatus was a wooden box (65 × 45 × 45
cm) placed in a sound-isolated room. One bulb fas-
tened in the upper part of the room provided a con-
stant illumination of 40 lux at the level of the test
box. Throughout the experiment no cleaning of the
box was allowed, in order to saturate it with olfac-
tory stimuli. Animals were handled and weighed
each day. The procedure was similar to that de-
scribed by Ennaceur and Delacour [12] and may be
summarized as follows. A day before testing rats
were submitted to a habituation session, whereby
they were allowed to explore the apparatus for
2 min. The experimental session comprised two
trials. In the first trial (T1), one object-stimulus, the
sample (A), was placed near the rear wall of the
box in a location equidistant from the back corners
of the box. During the second trial (T2), a new ob-
ject (B) was added. Here, each object was placed in
a back corner. The object (A’) presented during T2
was a duplicate of the sample presented in T1 (A)
in order to avoid olfactory traits. From rat to rat, the
role (sample or new object) and the position of the
two objects during T2 was counterbalanced and
randomly permuted. These precautions were taken
to reduce object and place preference effects. It
should be stressed that the objects apparently had
no natural significance for rats and had never been
associated with a reinforcement. At the beginning
of each trial, rats were placed near the center of the
front wall of the box, with their heads oriented in
the opposite direction to the object. The respective
duration of T1 and T2 was 5 and 3 min. T2 started
an hour after T1 began. The basic measure was the
total time spent by rats in exploring objects during
T1 and T2 trials. Exploration of an object was
defined as follows: directing the nose at a distance
� 2 cm to the object and/or touching it with the
nose. Turning around or sitting on the object was
not considered as exploratory behavior. From this

measure, the following variables were defined: A

= the time spent in exploring the sample during T1,

B + A’ = the time spent in exploring a duplicate of

the familiar object A (A’) and a new object (B) dur-

ing T2. Object recognition was measured by the

variable B – A’. Since B – A’ may be biased by dif-

ferences in overall levels of exploration, the vari-

able B – A’/ B + A’ was also computed. Moreover,

the recognition index was calculated for each animal

and expressed as a ratio: time B × 100/ time B + A.

Locomotor and exploratory activity

Locomotor (crossings of squares) and explora-

tory (rearings, bar approaches) activity was meas-

ured in an open field, which was a square white

floor measuring 100 × 100 cm divided by eight

lines into 25 equal squares and surrounded by

a 47 cm high wall, as described earlier [38]. Four

wooden bars, 20 cm high, were designed as objects

of possible interest of the animals and fixed per-

pendicularly parallel to each other in four line

crossings in the central area of the floor. The appa-

ratus was placed in a sound-isolated room and one

bulb fastened in the upper part of the room pro-

vided a constant illumination of 75 lux at the level

of the test box. The animals were placed in center

of open field box and crossings of squares, rear-

ings, bar approaches and circling behavior were

counted for 5 min. The open field test was carried

out immediately after the object recognition test.
The object recognition and open field tests were

recorded on videotape (miniDV standard) using di-

gital camcorder. Simultaneously, the measurements

during all behavioral experiments were taken ma-

nually by observers. After each session the meas-

urements were finally counted and once again ani-

mal behavior of each rat was evaluated correspond-

ing to the videotape data.

Statistics

The results of experiments were evaluated by

one-way analysis of variance (ANOVA) followed

by Dunnett test. F-ratios, degrees of freedom, and

p – values are reported only for significant differ-

ences. In all comparisons between particular groups,

a probability of 0.05 or less was considered signifi-

cant.
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RESULTS

Object recognition

The time spent in exploring object A in T1 trial
(variable A) was comparable in control and in all
experimental groups of rats (Tab. 1). However, ex-
ploration time of a duplicate of the familiar object
A and a new object B in T2 trial (variable B + A’)
was significantly different between the groups.
ANOVA of a control and two CP 55,940 injected
groups of rats yielded F � # = 8.67, p < 0.001. A sub-
sequent testing of the differences between the par-
ticular groups of rats with Dunnett’s test showed
that total time of exploration in T2 trial was signifi-
cantly attenuated in both groups of rats treated with
CP 55,940, as compared to control group. Object
recognition memory, measured by the difference in
exploration of a duplicate of the familiar object A
(A’) and a new object B (variable B – A’) was also
significantly different between the groups. ANOVA
of a control and CP 55,940 injected groups of rats
yielded F � # = 4.50, p < 0.02 and ANOVA of
a control and both R-(+)-methanandamide-treated
groups of rats yielded F � # = 7.47, p < 0.002. Fur-
ther post-hoc comparisons made with Dunnett’s
test revealed significant attenuation of recognition
memory in all cannabinoid-treated groups of rats.
Moreover, the recognition index calculated for each

animal and expressed as a ratio: time B × 100/time
A’ + time B was significantly different between the
groups (Fig. 1). ANOVA for one control and both
CP 55, 940 or both R-(+)-methanandamide-treated
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groups of rats yielded F � # = 5.62, p < 0.01 and
F � # = 4.47, p < 0.02, respectively. A subsequent
comparison between particular groups of rats with
Dunnett’s test revealed significant depression of
recognition index in all groups injected with can-
nabinoids in comparison with the control group,
that was the most pronounced after the higher dose
of CP 55,940. In control animals, the recognition
index was higher than 50% (time B was superior to
time A’) indicating that they have remembered the
familiar object, while in all groups of rats injected

with cannabinoids recognition index was below
50% (time B and time A’ were comparable), which
indicates that the animals did not remember the fa-
miliar object.

Locomotor activity

Locomotor activity measured as a number of
square crossings was significantly different be-
tween the particular groups (Fig. 2). ANOVA of
a control and both CP 55,940 – treated groups of
rats yielded F � # = 23.60, p < 0.00001. Post-hoc
comparison made with Dunnett’s test revealed sig-
nificant attenuation of locomotor activity in rats
treated with the higher dose of CP 55, 940. Also
exploratory activity measured by rearings (Fig. 3)
and bar approaches (Fig. 4) was different between
the groups of rats. ANOVA of a control and both
CP 55,940-treated groups of rats yielded F � # =
24.85, p < 0.00001, and F � # = 5.94, p < 0.01, re-
spectively. A subsequent evaluation made by Dun-
nett’s test indicated significant attenuation of rear-
ings in both groups of rats treated with CP 55,940
and significant decrease in number of bar appro-
aches only after the higher dose of this compound.
Moreover, CP 55,940 application evoked circling
behavior observed during T1 and T2 trial in object
recognition test, as well as in open field in 30% and
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in 100% of rats injected with a lower and a higher
dose, respectively.

DISCUSSION

This is the first evidence that cannabinoids ex-
ert disruptive effect on recognition memory in rats.
Memory was assessed by using the two-trial object
recognition test as previously described by Enna-
ceur and Delacour [12], based on discrimination
between the familiar and a new object presented at
1 h interval. While control rats significantly longer
explored a new object than the familiar one, the
animals injected with low and high doses of both
cannabinoids explored both objects similarly. Thus,
the control animals injected with a vehicle had high
recognition index, while in animals, injected 15 min
before training session (T1) with cannabinoids, re-
cognition index declined below 50% which indi-
cates their inability to recognize the familiar object.

Because cannabinoids, at higher doses, are known
to alter motor functions by inhibition of locomotor
activity [8, 13, 19–21, 31, 34] and development of
circling behavior [32, 33], a low and a high dose of
both cannabinoids was used in the present study.
Since ambulation, measured by square crossings,
evaluated in an open field immediately after an ob-
ject recognition test, was significantly attenuated
only in rats injected with the higher dose of CP
55,940, which also evoked circling behavior, we
believe that the reduction of time spent on explora-
tion was not due to a decrease in locomotor acti-
vity. Moreover, it was observed that CP 55,940,
especially at the higher dose, attenuated explora-
tory activity of rats measured by number of rear-
ings and bar approaches. Although the total time of
exploration of both objects (B + A’) in T2 trial was
significantly attenuated after CP 55,940 (but not
after R-(+)-methanandamide) application, the at-
tenuation of recognition memory caused by both
cannabinoids was comparable. This may indicate
that the difference observed between the control
and experimental groups was due to differences in
memory retention.

Our results are consistent with the results ob-
tained in CB" receptor knock-out mice and with
CB" receptor blockade in rats. On the contrary to
our finding with CB" receptor activation, lack of
CB" receptors in CB" receptor knock-out mice im-
proved retention of learned information till 48 h in
object recognition test [29]. Also Terranova et al.

[36] have reported that CB" receptor antagonist

SR 141716 [30] dose dependently improved social

recognition in a 120-min inter-trial paradigm, in

which control rats normally failed to recognize the

same juvenile.
There are a lot of data indicating that cannabi-

noids impair learning and memory in rodents [2–5,

9, 14, 22, 23, 25, 26, 35]. Acute administration of

�%-THC, WIN 55,212-2 and CP 55,940, given ip,

impaired spatial working memory in rats evaluated

in an eight-arm radial maze [22]. Moreover, a dose-

dependent reduction of maze performance, but not

maze completion time was reported following in-

trahippocampal application of CP 55,940 [22]. Si-

milarly to our findings, these results suggest that

cannabinoids impair working memory independ-

ently of their motor effects. In spatial delayed alter-

nation or delayed non-match-to-position or to-sample

tasks in rats, �%-THC and WIN 55,212-2 also re-

duced choice accuracy, whereas performance in

discrimination procedures (reference memory) was

not affected [9, 14, 25, 26]. The prevention of

�%-THC-induced deficits in radial-maze choice ac-

curacy and in delayed non-match-to-position tasks,

by SR 141716 provides strong evidence that �%-THC

impairs working memory processes through a direct

action at CB" receptors [14, 23, 26].
On the contrary to �%-THC, anandamide did not

alter working memory processes evaluated by choice

accuracy in a delayed non-match-to-sample in mice

[14] and in eight-arm radial maze task in rats [22].

However, in mice, anandamide (3 to 6 mg/kg, ip)

administered immediately after training reduced

the retention performance 24 h later, suggesting an

action during the memory consolidation phase [5].

Moreover, a reduction of correct choices in a de-

layed non-match-to position task, sensitive to SR

141716 pretreatment, was observed in rats injected

with anandamide (0.5 to 4.0 mg/kg, after pretreat-

ment with the protease inhibitor PMSF, to prevent

its metabolic degradation), whereas reference me-

mory was not altered [7, 25, 26]. Moreover, �%-THC

and the metabolically stable analogue of anandami-

de, R-(+)-methanandamide (but not anandamide

itself) exerted dose-dependent disruptive effect on

learning in rats, antagonized by SR 141716 [4].

The impairment of recognition memory, observed

in our study, was comparable in CP 55,940- or

R-(+)-methanandamide-treated rats, although the

latter one was applied at ten-fold higher doses than

CP 55,940.
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However, the majority of the mentioned tasks
are not purely one-trial since they involve the
learning of a rule (matching, or non-matching to
sample) through the repetition of stimulus or re-
sponse reward associations. Alterations of perform-
ances by drugs or brain lesions may be shown ei-
ther by effects on the one-trial component or on the
learning of a rule, or even both. Compared to most
other models, in one-trial object recognition test
used in our study, the arousal and motivational
states are much more similar to those under which
the human memory is usually measured.

The present results confirmed the hypothesis
created on the basis of the experiments performed
on CB" receptor knock-out mice [24, 29] that an
endogenous cannabinoid tonus is present under
physiological conditions and is involved in the
modulation of memory.

Acknowledgment. This work was supported by AMB
grant number 3-24610. Authors wish to thank K. Fi³oñczuk
M.Sc. for excellent technical assistance.

REFERENCES

1. Adams I.B., Martin B.R.: Cannabis: pharmacology
and toxicology in animals and humans. Addiction,
1996, 91, 1555–1614.

2. Ameri A.: The effects of cannabinoids on the brain.
Prog. Neurobiol., 1999, 58, 315–348.

3. Braida D., Sala M.: Cannabinoid-induced working
memory impairment is reversed by a second genera-
tion cholinesterase inhibitor in rats. NeuroReport,
2000, 11, 2025–2029.

4. Brodkin J., Moerschbaecher J.M.: SR141716A anta-
gonizes the disruptive effects of cannabinoid ligands
on learning in rats. J. Pharmacol. Exp. Ther., 1997,
282, 1526–1532.

5. Castellano C., Cabib S., Palmisano A., Di Marzo V.,
Puglisi-Allegra S.: The effect of anandamide on me-
mory consolidation in mice involves both D� and D�

dopamine receptors. Behav. Pharmacol., 1997, 8,
707–712.

6. Chaperon F., Thiébot M.H.: Behavioral effects of can-
nabinoid agents in animals. Crit. Rev. Neurobiol.,
1999, 13, 243–281.

7. Costa B., Vailati S., Colleoni M.: SR 141716A, a can-
nabinoid receptor antagonist, reverses the behavioural
effects of anandamide-treated rats. Behav. Pharmacol.,
1999, 10, 327–331.

8. Crawley J.N., Corwin R.L., Robinson J.K., Felder C.C.,
Devane W.A., Axelrod J.: Anandamide, an endogenous
ligand of the cannabinoid receptor, induces hypomo-
tility and hypothermia in vivo in rodents. Pharmacol.
Biochem. Behav., 1993, 46, 967–972.

9. Deadwyler S.A., Hampson R.E.: Cannabinoids selec-
tively affect processing of information into memory.
Behav. Pharmacol., 1998, 9, 29.

10. Devane W.A., Hanus L., Breuer A., Pertwee R.G.,
Stevenson L.A., Griffing F., Gibson D., Mandelbaum
A., Etinger A., Mechoulam R.: Isolation and structure
of a brain constituent that binds to the cannabinoid re-
ceptor. Science, 1992, 258, 1946–1949.

11. Di Marzo V., Melck D., Bisogno T., De Petrocellis L.:
Endocannabinoids: endogenous cannabinoid receptor
ligands with neuromodulatory action. Trends Neuro-
sci., 1998, 21, 521–528.

12. Ennaceur A., Delacour J.: A new one-trial test for neu-
robiological studies on memory in rats. 1: Behavioral
data. Behav. Brain Res., 1988, 31, 47–59.

13. Giuffrida A., Piomelli D.: The endocannabinoid sys-
tem: a physiological perspective on its role on psycho-
motor control. Chem. Phys. Lipids, 2000, 108, 151–158.

14. Hampson R.E., Deadwyler S.A.: Role of cannabinoid
receptor in memory storage. Neurobiol. Dis., 1998, 8,
474–482.

15. Haney M., Comer S.D., Ward A.S., Foltin R.W.,
Fischman M.W.: Factors influencing marijuana self-
administration by humans. Behav. Pharmacol., 1997,
8, 101–112.

16. Herkenham M.: Localization of cannabinoid receptors
in brain and periphery. In: Cannabinoid Receptors. Ed.
Pertwee R.G., Academic Press Ltd., New York, 1995,
145–166.

17. Herkenham M., Lynn A.B., Johnson M.R., Melvin
L.S., de Costa B.R., Rice K.C.: Characterization and
localization of cannabinoid receptors in rat brain:
a quantitative in vitro autoradiographic study. J. Neu-
rosci., 1991, 11, 563–583.

18. Hollister L.E.: Health aspects of cannabis. Pharmacol.
Rev., 1986, 38, 1–20.

19. Järbe T.U.C., Andrzejewski M.E., DiPatrizio N.V.: In-
teractions between CB� receptor agonist ��THC and
the CB� receptor antagonist SR-141716 in rats: open-
field revisited. Pharmacol. Biochem. Behav., 2002,
73, 911–919.

20. Järbe T.U.C., DiPatrizio N.V., Li C., Makriyannis A.:
The cannabinoid receptor antagonist SR-141716 does
not readily antagonize open-field effects induced by the
cannabinoid receptor agonist (R)-methanandamide in
rats. Pharmacol. Biochem. Behav., 2003, 75, 809–821.

21. Järbe T.U.C., Sheppard R., Lamb R.J., Makriyannis A.,
Lin S., Goutopoulos A.: Effects of delta-9-tetrahydro-
cannabinol and (R)-methanandamide on open-field be-
havior in rats. Behav. Pharmacol., 1998, 9, 169–174.

22. Lichtman A.H., Dimen K.R., Martin B.R.: Systemic
or intrahippocampal cannabinoid administration im-
pairs spatial memory in rats. Psychopharmacology,
1995, 119, 282–290.

23. Lichtman A.H., Martin B.R.: Delta 9-tetrahydrocan-
nabinol impairs spatial memory through a cannabinoid
receptor mechanism. Psychopharmacology, 1996, 126,
125–131.

&''( " )*$+** 909

,-((-�&(.&�' -!/�0 0�,.�(&/&.(



24. Maccarrone M., Valverde O., Barbaccia M. L., Cas-
tane A., Maldonado R., Ledent C., Parmentier M.,
Finazzi-Agro A.: Age-related changes of anandamide
metabolism in CB� cannabinoid receptor knockout
mice: correlation with behaviour. Eur. J. Neurosci.,
2002, 15, 1178–1186.

25. Mallet P.E., Beninger R.J.: The endogenous cannabi-
noid receptor agonist anandamide impairs memory in
rats. Behav. Pharmacol., 1996, 7, 276–284.

26. Mallet P.E., Beninger J.R.: The cannabinoid CB� re-
ceptor antagonist SR 141716 attenuates the memory
impairment produced by ��-tetrahydrocannabinol or
anandamide. Psychopharmacology, 1998, 140, 11–19.

27. Moldrich G., Wenger T.: Localization of the CB� can-
nabinoid receptor in the rat brain. An immunohisto-
chemical study. Peptides, 2000, 21, 1735–1742.

28. Pertwee R.G.: Pharmacology of cannabinoid CB� and
CB� receptors. Pharmacol. Ther., 1997, 74, 129–180.

29. Reibaud M., Obinu M.C., Ledent C., Parmentier M.,
Bohme G.A., Imperato A.: Enhancement of memory
in cannabinoid CB� receptor knock-out mice. Eur. J.
Pharmacol., 1999, 379, R1–2.

30. Rinaldi-Carmona M., Barth F., Heaulme M., Shire D.,
Calandra B., Congy C., Martinez S., Maruani J.,
Neliat G., Caput D., Ferrara P., Soubrie P., Breliere
J.C., Le Fur G.: SR141716A, a potent and selective
antagonist of the brain cannabinoid receptor. FEBS
Lett., 1994, 350, 240–244.

31. Sañudo-Peña M.C., Romero J., Seale G.E., Fernandez-
Ruiz J.J., Walker J.M.: Activational role of cannabi-

noids on movement. Eur. J. Pharmacol., 2000, 391,
269–274.

32. Sañudo-Peña M.C., Tsou K., Romero J., Mackie K.,
Walker J.M.: Role of superior colliculus in the motor
effects of cannabinoids and dopamine. Brain Res.,
2000, 853, 207–214.

33. Souilhac J.M., Poncelet M., Rinaldi-Carmona M., Le
Fur G., Soubrié P.: Intrastriatal injection of cannabi-
noid receptor agonists induced turning behavior in
mice. Pharmacol. Biochem. Behav., 1995, 51, 3–7.

34. Sulcova E., Mechoulam R., Fride E.: Biphasic effects
of anandamide. Pharmacol. Biochem. Behav., 1998,
59, 347–352.

35. Sullivan J.M.: Cellular and molecular mechanisms un-
derlying learning and memory impairments produced
by cannabinoids. Learn. Memory, 2000, 7, 132–139.

36. Terranova J.P., Storme J.J., Lafon N., Pério A.,
Rinaldi-Carmona M., Le Fur G., Soubrié P.: Improve-
ment of memory in rodents by selective CB� cannabi-
noid receptor antagonist, SR 141716. Psychopharma-
cology, 1996, 126, 165–172.

37. Wilson R.I., Nicoll R.A.: Endocannabinoid signaling
in the brain. Science, 2002, 296, 678–682.

38. Winnicka M.M.: Dopaminergic projection to the nu-
cleus accumbens mediates the memory-enhancing ef-
fect of angiotensins in rats. Pharmacol. Biochem.
Behav., 1999, 62, 625–630.

Received: September 29, 2003; in revised form: November
3, 2003.

910 ���� �� ����������� ����� ��� �������

P. Kosiorek, A. Hryniewicz, I. Bialuk, A. Zawadzka, M.M. Winnicka


	CONTENTS
	
 Anna Czyrak , Marzena Maækowiak, Agnieszka Chocyk, Katarzyna Fija³, Krzysztof Wêdzony	667
	REVIEW Œ Perspectives of losigamone in epilepsy treatment.
	¯aneta Kimber-Trojnar, Kinga K. Borowicz, Robert Ma³ek, Grzegorz Sobieszek, Barbara Piskorska, Stanis³aw J. Czuczwar	675

	REVIEW Œ Zonisamide: a new antiepileptic drug.
	Grzegorz Sobieszek, Kinga K. Borowicz, ¯aneta Kimber-Trojnar, Robert Ma³ek, Barbara Piskorska, Stanis³aw J. Czuczwar	683

	REVIEW Œ Remacemide Œ a novel potential antiepileptic drug.
	Robert Ma³ek, Kinga K. Borowicz, ¯aneta Kimber-Trojnar, Grzegorz Sobieszek, Barbara Piskorska, Stanis³aw J. Czuczwar	691

	MINIREVIEW Œ Anthocyanins in medicine.
	Edward Kowalczyk, Pawe³ Krzesiñski, Marcin Kura, Bartosz Szmigiel, Jan B³aszczyk	699
	A competitive antagonist of NMDA receptors CGP 40116 attenuates experimental symptoms of schizophrenia evoked by MK-801.
	Wojciech Zaj¹czkowski,  Anna Czyrak , Krzysztof Wêdzony	703

	Intravenous self-administration of morphine and cocaine: a comparative study.
	Pawe³ Mierzejewski, Eliza Koroœ, Steven R. Goldberg, Wojciech Kostowski, Roman Stefañski	713

	Effect of some convulsants on the protective activity of loreclezole and its combinations with valproate or clonazepam in amygdala-kindled rats.
	Kinga K. Borowicz, Stanis³aw J. Czuczwar	727

	Influence of SIB 1893, a selective mGluR5 receptor antagonist, on the anticonvulsant activity of conventional antiepileptic drugs in two models of experimental epilepsy.
	Kinga K. Borowicz, Barbara Piskorska, Jarogniew £uszczki, Stanis³aw J. Czuczwar	735

	Deficit of endogenous kynurenic acid in the frontal cortex of rats with a genetic form of absence epilepsy.
	Rafa³ M. Kamiñski, El¿bieta Zieliñska, Andrzej Dekundy, Gilles van Luijtelaar, Waldemar A. Turski	741

	Cyclic AMP formation in chicken brain: effect of vasoactive intestinal peptide, peptide histidine-isoleucine (PHI), and some PHI-related peptides.
	Agnieszka Dejda, Izabela Matczak, Anna Wiktorowska-Owczarek, Jerzy Z. Nowak	747

	Physiological antagonism of angiotensin II and lipopolysaccharides in early endotoxemia: pharmacometric analysis.
	Grzegorz Grzeœk, Leszek Szadujkis-Szadurski	753

	Lipid profile in mice fed a high-fat diet after exogenous leptin administration.
	Jawaharbabu Kalaivanisailaja, Vaiyapuri Manju, Namasivayam Nalini	763

	Cardiomyocyte mitochondrial KATP channels participate in the antiarrhythmic and antiinfarct effects of KATP activators during ischemia and reperfusion in an intact anesthetized rabbit model.
	Biswadeep Das, Chayna Sarkar	771

	Glucose 6-phosphate dehydrogenase: in vitro and in vivo effects of dantrolene sodium.
	ªükrü Beydemir, Ýlhami Gülçin, Ö. Ýrfan Küfrevioðlu, Mehmet Çiftçi	787

	Altered cytokeratin expression during chemoprevention of hamster buccal pouch carcinogenesis by S-allylcysteine.
	Seetharaman Balasenthil, Kunchala S. Rao, Siddavaram Nagini	793


	SHORT COMMUNICATION
	Nicotine diminishes anticonvulsant activity of antiepileptic drugs in mice.
	Miros³aw Czuczwar, Jacek Kiœ, Piotr Czuczwar, Marian Wielosz, Waldemar Turski	799
	PRELIMINARY COMMUNICATION
	Evaluation of interaction between gabapentin and baclofen in the formalin test in mice.
	Miros³aw Czuczwar, Jacek Kiœ, Jarogniew £uszczki, Waldemar A. Turski, Krzysztof Przesmycki	803




	Mariola Zawada, Izabela Liweñ, Monika Pernak, Danuta Januszkiewicz-Lewandowska, Karina Nowicka-Kujawska, Jolanta Rembowska, Krzysztof Lewandowski, Hanna Hertmanowska, Mieczys³aw Wender, Jerzy Nowak	869
	Effect of immunomodulatory treatment of multiple sclerosis on lymphocyte surface immunomarkers.
	Gra¿yna Micha³owska-Wender, Jacek Losy, Mieczys³aw Wender, Danuta Januszkiewicz-Lewandowska, Jerzy Nowak	877

	Different vulnerability to cytotoxicity and susceptibility to protection of progenitors versus mature oligodendrocytes.
	Joanna Sypecka	881

	Non-genomic effect of estradiol on plasma membrane calcium pump activity in vitro.
	Janusz Szemraj, Iwona Kawecka, Lilla Lachowicz, Ludmi³a ¯yliñska	887

	Dual action of cyclin-dependent kinase inhibitors: induction of cell cycle arrest and apoptosis. A comparison of the effects exerted by roscovitine and cisplatin.
	Józefa Wêsierska-G¹dek, Marieta Gueorguieva, Marcel Horky	895

	Cannabinoids alter recognition memory in rats.
	Piotr Kosiorek, Anna Hryniewicz, Izabela Bialuk, Agnieszka Zawadzka, Maria M. Winnicka	903
	Apolipoprotein E4 and Ab peptide 1-42 inhibit polyphosphoinositide biosynthesis in rat brain cortex.
	Agata Zambrzycka, Maria Kacprzak	911

	Transition metal ions significantly decrease phospholipase C activity degrading phosphatidylinositol-4,5-bisphosphate in the brain cortex.
	Agata Zambrzycka, Magdalena C¹ka³a, Monika Kamiñska	915

	Note to contributors	919





