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Abstract:

The objective of this study was to determine the effects of 7-nitroindazole (7NI — a preferential neuronal nitric oxide synthase (NOS)
inhibitor) and NC-nitro-L-arginine (NNA —a non-selective NOS inhibitor) on the anticonvulsant action of pregabalin (PGB —a third-
generation antiepileptic drug) in the maximal electroshock (MES)-induced seizure model in mice.

Electroconvulsions were produced in mice by means of an alternating current (50 Hz, 500 V, 25 mA, ear-clip electrodes, 0.2 s stimu-
lus duration, tonic hindlimb extension taken as the endpoint). The anticonvulsant action of PGB in the MES test was expressed as
median effective doses (EDsq values) of the drug, protecting 50% of animals tested against MES-induced seizures. The acute
adverse-effect potentials of PGB in combination with 7NI and NNA were evaluated in the chimney test (motor coordination), step-
through passive avoidance task (long-term memory) and grip-strength test (skeletal muscular strength) in mice.

7NI (50 mg/kg, ip) significantly enhanced the anticonvulsant action of PGB by reducing the EDsg value of PGB from 145.0 mg/kg to
74.4 mg/kg (p <0.01). Similarly, 7NI at the lower dose of 25 mg/kg also potentiated the anticonvulsant action of PGB by lowering
the EDsq value of PGB from 145.0 mg/kg to 117.9 mg/kg, although the results did not attain statistical significance. In contrast, NNA
(40 mg/kg, ip) had no impact on the anticonvulsant effects of PGB. Moreover, none of the examined combinations of PGB with 7NI
and NNA affected motor coordination, long-term memory and skeletal muscular strength in mice.

Based on this preclinical study, one can conclude that 7NI significantly enhanced and NNA had no effect on the anticonvulsant
activity of PGB against MES-induced seizures in mice.
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Introduction

Pregabalin (PGB; (S5)-(+)-3-(aminomethyl)-5-methyl-
hexanoic acid or (S)-(+)-3-isobutyl GABA) is a third-
generation antiepileptic drug (AED) recently licensed
as an adjunct therapy for partial (simple and complex)
seizures with or without secondary generalization in
patients over 18 years of age [9, 14, 16]. Although
PGB is a substituted analogue of y-aminobutyric acid
(GABA), the drug is inactive at GABA,, benzodi-
azepine and GABAg receptors [13] and does not alter
GABA concentration in brain tissue [15]. The drug
has no direct action at sodium channels. However, it
binds with high affinity and specificity to the o0
subunit of P/Q-type voltage-gated calcium channels,
which decreases Ca”" influx at nerve terminals, reduc-
ing the release of excitatory neurotransmitters [4, 27,
30]. Experimental evidence indicates that PGB exhib-
its anticonvulsant activity in maximal electroshock
(MES)-induced tonic seizures and pentylenetetrazole
(PTZ)-induced clonic seizures in rodents [32]. PGB
provided partial protection against seizures induced
by picrotoxin or bicuculline [32]. PGB reduced the in-
cidence of sound-induced seizures in DBA/2 audio-
genic mice, but it did not alter the incidence of spon-
taneous absence seizures in genetically susceptible
rats (GAERS) [32].

Nitric oxide (NO), a gaseous molecule possessing
neurotransmitter/neuromodulator properties in the
brain, plays an important role in the pathophysiology
of epilepsy, producing both anti- and pro-convulsant
effects in various experimental models of epilepsy in
rodents [2, 11, 22, 28]. NO is produced by the oxida-
tion of L-arginine by NO synthase (NOS, a Ca*"/
calmodulin-dependent enzyme), which exists in three
distinct isoforms: neuronal (nNOS), inducible (iNOS)
and endothelial (eNOS) [28]. It is generally accepted
that N-nitro-L-arginine (NNA — a non-selective NOS
inhibitor) reduces the activity of both eNOS and
nNOS to the same extent, whereas 7-nitroindazole
(7NI) is considered to be a preferential inhibitor of
nNOS activity [1, 28].

Experimental evidence indicates that NNA admin-
istered systemically (via intraperitoneal (ip) injection)
at a dose of 40 mg/kg had no impact on the anticon-
vulsant effects of some second-generation AEDs (i.e.,
lamotrigine (LTG), felbamate (FBM), oxcarbazepine
(OXC), loreclezole (LCZ) and topiramate (TPM)) in
MES-induced seizures in mice [20, 26]. In contrast, it
has been reported that NNA attenuated the anticon-
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vulsant effects of ethosuximide (ETS), OXC and vi-
gabatrin (VGB) in PTZ-induced seizures in mice as
indicated by a significant increase in the EDs, values
of the examined AEDs [10, 23]. In contrast, NNA had
no impact on the protective action of tiagabine
(TGB), gabapentin (GBP), diazepam (DZP), pheno-
barbital (PB) and valproate (VPA) in PTZ-induced
seizures in mice [10, 23].

Regarding 7NI, the preferential nNOS inhibitor ex-
erted anticonvulsant properties by elevating the
threshold for maximal electroconvulsions and sup-
pressing sound-induced seizures in DBA/2 mice [2,
12, 19, 22, 29, 31]. 7NI enhanced the anticonvulsant
activity of clonazepam (CZP) and ETS, but not that of
PB and VPA in PTZ-induced seizures in mice [7]. 7NI
had no impact on the anticonvulsant action of OXC,
VGB, TGB and GBP in the PTZ-induced clonic sei-
zure test in mice [24, 25]. Additionally, 7NI potenti-
ated the anticonvulsant action of PB, phenytoin
(PHT), VPA, OXC and LCZ, but not that of carba-
mazepine (CBZ), TPM, LTG and FBM in MES-
induced seizures in mice [6, 19, 22, 26]. In DBA/2
mice, 7NI enhanced the anticonvulsant effects of PB,
DZP, VPA, CBZ and, to a lesser extent, those of PHT
and LTG against audiogenic seizures [12].

Considering the results highlighted above, it was of
pivotal importance to evaluate the effects of 7NI and
NNA on the anticonvulsant action of PGB in the
mouse MES model. Generally, the mouse MES test is
considered to be an animal model of tonic-clonic sei-
zures and, to a certain extent, of partial convulsions
with or without secondary generalization in humans [18].
In addition, the acute adverse-effect potentials of PGB in
combination with 7NI and NNA were determined in the
chimney test (motor performance), step-through passive
avoidance task (long-term memory) and the grip-strength
test (skeletal muscular strength) in mice.

Material and Methods

Animals and experimental conditions

All experiments were performed using male Swiss
mice kept in colony cages with free access to food and
tap water, under standardized housing conditions. The
animals were randomly assigned to experimental
groups consisting of 8 mice each. All experimental
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tests were performed between 9:00 a.m. and 2:00 p.m.
to minimize confounding effects of circadian rhythms.
All experimental procedures were approved by the
Second Local Ethics Committee at the University of
Life Sciences in Lublin (license no.: 84/2009).

Drugs

PGB (Lyrica®, Pfizer Ltd., Sandwich, Kent, UK), 7NI
(Sigma, St. Louis, MO, USA) and NNA (RBI, Natick,
MA, USA) were suspended in a 1% solution of Tween
80 (Sigma, St. Louis, MO, USA) in saline and admin-
istered by ip injection in a volume of 5 ml/kg body
weight. PGB was administered at 60 min and 7NI and
NNA were administered at 30 min before the MES
and all behavioral tests. The pretreatment times be-
fore testing of PGB, 7NI and NNA were based upon
information about their biological activity from the
literature and our previous experiments [6—8, 10—12,
19, 20, 22-26, 29, 31, 32].

Maximal electroshock-induced seizures

Electroconvulsions were produced by an alternating
current (0.2 s stimulus duration, 50 Hz, fixed current
intensity of 25 mA, maximum stimulation voltage of
500 V) delivered via ear-clip electrodes by a Rodent
Shocker generator (Type 221, Hugo Sachs, Freiburg,
Germany). The criterion for the occurrence of seizure
activity was the tonic hindlimb extension. The
protective activity of PGB administered alone or in
combination with 7NI and NNA was evaluated as its
median effective dose (EDsp in mg/kg with 95%
confidence limits) against MES-induced seizures. The
animals received different doses of PGB to obtain
a variable percentage of protection against MES,
allowing the construction of a dose-effect curve for
PGB administered alone or in combination with 7NI
and NNA, according to Litchfield and Wilcoxon [17].
Each EDs, value represents the dose of PGB required
to protect 50% of the animals tested against MES-
induced seizures.

Chimney test

Each animal was administered 7NI or NNA with PGB
at doses corresponding to the EDs, values obtained
from the MES test. The effects of combinations of
PGB with 7NI and NNA on motor coordination
impairment were quantified with the chimney test of

Boissier et al. [5]. In this test, animals had to climb
backwards up a plastic tube (3 cm inner diameter, 25 cm
length). Motor impairment was indicated by the
inability of the animals to climb backward up the
transparent tube within 60 s. Data are presented as
a percentage of animals that failed to perform the
chimney test. This experimental procedure has been
described in detail in our earlier studies [19, 24-26].

Grip-strength test

Each animal was administered 7NI or NNA with PGB
at doses corresponding to the EDs, values obtained
from the MES test. The effects of combinations of
PGB with 7NI and NNA on muscular strength (tone)
in mice were quantified by the grip-strength test. The
time before the commencement of the grip-strength
test (after drug administration) was identical to that
for the MES test. The grip-strength apparatus (BioSeb,
Chaville, France) comprised a wire grid (8 x 8 cm)
connected to an isometric force transducer (dyna-
mometer). The mice were lifted by the tails so that
their forepaws could grasp the grid. The mice were
then gently pulled backward by the tail until the grid
was released. The maximal force exerted by the
mouse before losing grip was recorded. The mean of
3 measurements for each animal was calculated and
subsequently, the mean maximal force of 8 animals
per group was determined. The skeletal muscular
strength in mice was expressed in N (Newtons) as the
means * SE of at least 8 determinations (8 animals per
group). This experimental procedure has been de-
scribed in detail in our earlier studies [24-26, 35].

Step-through passive avoidance task

Each animal was administered 7NI or NNA with PGB
at doses corresponding to the EDs, values obtained
from the MES test on the first day before training.
The time before the commencement of the training
session (after drug administration) was identical to
that for the MES test. Subsequently, animals were
placed in an illuminated box (10 % 13 x 15 ¢cm) con-
nected to a larger dark box (25 % 20 x 15 cm) equipped
with an electric grid floor. Entrance of animals into
the dark box was punished by an adequate electric
footshock (0.6 mA for 2 s). The animals that did not
enter the dark compartment were excluded from sub-
sequent experimentation. On the following day (24 h
later), the pre-trained animals were placed again into
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the illuminated box and observed for 180 s. Mice that
avoided the dark compartment for 180 s were consid-
ered to remember the task. The time that the mice
took to enter the dark box was noted and the median
latencies (retention times) with 25™ and 75™ percen-
tiles were calculated. The step-through passive avoid-
ance task gives information about ability to acquire the
task (learning) and to recall the task (retrieval). There-
fore, the test may be regarded as a measure of long-
term memory [33]. This experimental procedure has
been described in detail in our earlier studies [19-26].

Statistics

The EDs, values (in mg/kg) with their respective 95%
confidence limits were calculated by log-probit
analysis [17]. Subsequently, the 95% confidence limits
were transformed to SE according to the method
described earlier [21]. Statistical analysis of the data
was performed either with the log-probit method for
single comparison or with a one-way ANOVA followed
by the post-hoc Tukey-Kramer test for multiple
comparisons. Qualitative variables from the chimney
test were compared using the Fisher’s exact probability
test. The results obtained in the passive avoidance
task were statistically evaluated using a Kruskal-
Wallis nonparametric ANOVA. The results from the
grip-strength test were verified with a one-way
ANOVA. All statistical tests were performed using
GraphPad Prism version 4.0 for Windows (GraphPad
Software, San Diego, CA, USA). Differences among
values were considered statistically significant if p < 0.05.

Results

Effect of 7Nl and NNA on the anticonvulsant
activity of PGB against MES-induced seizures

PGB administered via ip injection 60 min before the
test produced a clear anticonvulsant effect and its
EDs value was 145.0 + 18.6 mg/kg (Tab. 1). The
combination of PGB with NNA (40 mg/kg) was asso-
ciated with a slight decrease in the anticonvulsant ef-
fect exerted by PGB; the EDsy value for PGB in-
creased by 17% to 170.0 = 19.2 mg/kg (Tab. 1). In
contrast, 7NI (50 mg/kg) co-administered with PGB
produced a significant (49%) decrease in the EDs, value
of PGB from 145.0 = 18.6 mg/kg to 74.4 = 10.0 mg/kg
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Tab. 1. Influence of N®-nitro-L-arginine (NNA) and 7-nitroindazole
(7NI) on the anticonvulsant effects of pregabalin (PGB) in the mouse
maximal electroshock (MES)-induced seizure model

Treatment (mg/kg) EDso (mgrkg) n
PGB + vehicle 145.0+18.6 32
PGB + NNA (40) 170.0+£19.2 32
PGB + vehicle 145.0+18.6 32
PGB + 7NI (25) 117.9+136 24
PGB + 7NI (50) 74.4+10.0" 32

F (2,85) = 6.328; p = 0.0027

Anticonvulsant activity of PGB is presented as its median effective
dose (EDsgg + SE in mg/kg), protecting 50% of animals tested against
tonic hindlimb extension in the MES test. The drugs were adminis-
tered by ip injection as follows: PGB at 60 min and NNA and 7Nl at 30
min before the MES test. Statistical analysis of the data was per-
formed either with the log-probit method for single comparison (NNA)
or with a one-way ANOVA followed by the post-hoc Tukey-Kramer
test for multiple comparisons (7NI), n — total number of animals at
each dose, whose expected anticonvulsant effects ranged between
4 and 6 probits; F — F-statistics; P - probability. ** p < 0.01 vs. control
group (PGB + vehicle-treated animals)

(p < 0.01; Tab. 1). In the case of the combination of
PGB with 7NI (25 mg/kg), a slight (19%) reduction of
the EDsy value of PGB to 117.9 + 13.6 mg/kg was
also observed but the change was not statistically
significant (Tab. 1).

Effects of 7NI, NNA and their combination with
PGB on motor performance, long-term memory
and muscular strength of animals as measured
by the chimney, step-through passive avoid-
ance and grip-strength tests, respectively

When PGB was administered in combination with
NI (50 mg/kg) or NNA (40 mg/kg) at doses corre-
sponding to its EDs, from the MES test, motor per-
formance as assessed by the chimney test was unaf-
fected (Tab. 2). Furthermore, neither PGB with 7NI
(50 mg/kg) nor PGB with NNA (40 mg/kg) impaired
long-term memory as determined in the passive
avoidance test; the median retention times were 180 s
(Tab. 2). Likewise, PGB combined with 7NI (50 mg/kg)
or NNA (40 mg/kg) had no significant impact on mus-
cular strength of animals as assessed by the grip-
strength test (Tab. 2).
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Tab. 2. Effects of NC-nitro-L-arginine (NNA), 7-nitroindazole (7NI),
pregabalin (PGB) and their combinations on long-term memory,
skeletal muscular strength and motor performance in mice

Treatment Retention time ~ Grip-strength ~ Motor
(mg/kg) (s) (N)  coordination
impairment
(%)
Control 180 (180; 180) 98.28 +5.48 0
7NI (50) + vehicle 180 (170; 180)  93.40 + 5.47 125
PGB (74.4) + vehicle 180 (180; 180)  96.53 + 5.67 0
PGB (74.4) + 7NI (50) 180 (160; 180) 92.33 +5.69 0
Control 180 (180; 180) 98.28 +5.48 0
NNA (40) + vehicle 180 (165; 180)  91.94 +5.74 125
PGB (170.0) + vehicle 180 (180; 180)  99.15+5.69 0
PGB (170.0) + NNA (40) 180 (155;180) 92.81 +5.77 25

Results are presented as the following: 1) median retention times (in
seconds; with 251 and 75" percentiles in parentheses) from the pas-
sive avoidance task, assessing long-term memory in mice; 2) mean
grip-strengths (in Newtons + SE) from the grip-strength test, assess-
ing muscular strength in mice; and 3) percentage of animals showing
motor coordination impairment in the chimney test in mice. Each ex-
perimental group consisted of 8 animals. Statistical analysis of the
data from the passive avoidance task was performed with a nonpara-
metric Kruskal-Wallis ANOVA test, whereas the data from the grip-
strength test were analyzed with a one-way ANOVA. The Fisher’s ex-
act probability test was used to analyze the results from the chimney
test. All drugs were administered by ip injection at times scheduled
from the MES test and at doses corresponding to the EDsq values ob-
tained from MES test (for more details, see the legend to Tab. 1)

Tab. 3. Effect of 7-nitroindazole (7NI) and N®-nitro-L-arginine (NNA)
on the anticonvulsant action of the various AEDs in the mouse maxi-
mal electroshock (MES)-induced seizure model

AEDs 7NI NNA References
Carbamazepine 0 0 [2,6,8,22]
Felbamate 0 0 [19,20]
Lamotrigine 0 0 [19, 20]
Loreclezole 0 0 [26]
Oxcarbazepine 0 0 [19, 20]
Phenobarbital ) 2 (6,8, 22]
Phenytoin 0/7 0 12,8, 22]
Pregabalin 0 0 [present study]
Topiramate 0 0 [19, 20]
Valproate 0/7 ¥ [2,6,8,22]

0 - no effect; T — increased activity; ¥ —reduced activity

Discussion

Here we showed that 7NI, the preferential nNOS in-
hibitor, enhanced the protective action of PGB,
whereas NNA, the non-selective NOS inhibitor, had
no impact on the anticonvulsant action of PGB in
mice subjected to the MES test. Our findings are in
agreement with those previously documenting that
7NI enhanced the anticonvulsant action of some clas-
sical and second-generation AEDs in the mouse
MES-induced seizure test (Tab. 3). Similarly, the lack
of effect of NNA on the anticonvulsant action of PGB
was consistent with previous reports showing that
NNA did not affect the anticonvulsant action of clas-
sical and second-generation AEDs in the mouse MES
model (Tab. 3). The direct comparison of effects pro-
duced by 7NI and NNA combined with PGB allowed
the evaluation of the effects produced by both NOS
inhibitors.

Because 7NI potentiated the anticonvulsant action
of PGB by reducing its EDsy value and the non-
selective NOS inhibitor NNA had no impact on the
anticonvulsant action of PGB in the MES test in mice,
one could ascertain that modulation of NO content in
the brain of experimental animals by NNA had no ef-
fect on the anticonvulsant action of PGB. In contrast,
7NI could directly interact with some specific binding
sites for 7NI, independent of NO pathways, contribut-
ing to the enhancement of the anticonvulsant action of
PGB in the MES test in mice. Quite recently, it has
been suggested that the effects produced by 7NI result
from the direct effect of 7NI, which is independent of
NO content in the brain [7, 19, 22, 29].

Evaluation of the acute adverse-effect profile for
the combination of PGB with 7NI or NNA revealed
that neither 7NI nor NNA altered motor coordination
in animals challenged with the chimney test. Simi-
larly, none of the investigated combinations of PGB
with 7NI or NNA affected long-term memory in mice
in the step-through passive avoidance task or altered
skeletal muscular strength in mice subjected to the
grip-strength test. These findings are also in agree-
ment with the results from our previous studies docu-
menting that combinations of NNA and 7NI with clas-
sical and second-generation AEDs produced no acute
adverse effects in the chimney test, step-through pas-
sive avoidance task and grip-strength test in animals
[19, 20, 22-26].
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Another fact is worthy of mentioning while inter-
preting the results from the present study. We did not
measure total brain concentrations of PGB in the ex-
perimental animals. Therefore, one could not une-
quivocally determine the nature of the interaction be-
tween PGB and 7NI and NNA in the mouse MES
model. However, the existence of a pharmacokinetic
interaction between the drugs is less probable because
PGB has an ideal pharmacokinetic profile in both pre-
clinical and clinical studies. It has been reported that
PGB neither binds to plasma proteins nor replaces the
drugs from plasma proteins [3, 30, 34]. PGB under-
goes a negligible (2%) metabolic transformation in
the liver and the drug is excreted virtually unchanged
by the kidneys. PGB neither inhibits nor activates
liver enzymes such as cytochrome P450s [3, 30, 34].
Considering the favorable pharmacokinetic profile of
PGB, it is unlikely that 7NI and NNA (at doses used
in the MES test) would be able to pharmacokineti-
cally affect total brain PGB concentrations in experi-
mental animals. Moreover, it should be stressed that
in our previous study, 7NI administered at a dose of
150 mg/kg had no impact on total brain concentrations
of CBZ, PHT, PB and VPA in mice [22]. In the present
study, 7NI was administered via ip injection at a maxi-
mal dose of 50 mg/kg, so no pharmacokinetic interac-
tion is expected when combining PGB with 7NI.

Conclusions

The combination of 7NI with PGB deserves more
clinical attention due to its favorable effects in terms
of suppression of MES-induced seizures and lack of
any significant acute adverse effects in experimental
animals. The combination of NNA with PGB seems
to be neutral from a preclinical point of view; NNA
had no impact on the protective activity of PGB
against MES-induced seizures and NNA did not exert
any acute adverse effects in mice. If the results from
this study could be extrapolated into clinical settings
and additionally confirmed in different experimental
models of epilepsy, the combination of 7NI with PGB
could be favorable for epileptic patients as a novel
treatment option in refractory epilepsy.

174 Pharmacological Reports, 2011, 63, 169-175

Acknowledgments:

This study was supported by grants from the Medical University of
Lublin and Institute of Agricultural Medicine (Lublin, Poland).
Professor J.J. kuszczki is a recipient of the Fellowship for Leading
Young Researchers from the Ministry of Science and Higher
Education (Warszawa, Poland).

References:

1. Babbedge RC, Bland-Ward PA, Hart SL, Moore PK: In-
hibition of rat cerebellar nitric oxide synthase by 7-nitro
indazole and related substituted indazoles. Br J Pharma-
col, 1993, 110, 225-228.

2. Baran L, Siwanowicz J, Przegalinski E: Effect of nitric
oxide synthase inhibitors and molsidomine on the anti-
convulsant activity of some antiepileptic drugs. Pol
J Pharmacol, 1997, 49, 363-368.

3. Ben-Menachem E: Pregabalin pharmacology and its
relevance to clinical practice. Epilepsia, 2004, 45, Suppl
6, 13-18.

4. Bian F, Li Z, Offord J, Davis MD, McCormick J, Taylor
CP, Walker LC: Calcium channel alphay-delta type 1
subunit is the major binding protein for pregabalin in
neocortex, hippocampus, amygdala, and spinal cord: an
ex vivo autoradiographic study in alphaj-delta type 1 ge-
netically modified mice. Brain Res, 2006, 1075, 68—80.

5. Boissier JR, Tardy J, Diverres JC: A simple novel
method to explore tranquilizer activity: the chimney test
(French). Med Exp (Basel), 1960, 3, 81-84.

6. Borowicz KK, Kleinrok Z, Czuczwar SJ: Influence of
7-nitroindazole on the anticonvulsive action of conven-
tional antiepileptic drugs. Eur J Pharmacol, 1997, 331,
127-132.

7. Borowicz KK, Luszczki J, Kleinrok Z, Czuczwar SJ: 7-
Nitroindazole, a nitric oxide synthase inhibitor, enhances
the anticonvulsive action of ethosuximide and clonaze-
pam against pentylenetetrazol-induced convulsions.

J Neural Transm, 2000, 107, 1117-1126.

8. Borowicz KK, Starownik R, Kleinrok Z, Czuczwar SJ:
The influence of L-NC-nitroarginine methyl ester, an in-
hibitor of nitric oxide synthase, upon the anticonvulsive ac-
tivity of conventional antiepileptic drugs against maximal
electroshock in mice. J Neural Transm, 1998, 105, 1-12.

9. Brodie MJ: Pregabalin as adjunctive therapy for partial
seizures. Epilepsia, 2004, 45, Suppl 6, 19-27.

10. Czuczwar SJ, Tutka P, Klonowski P, Kleinrok Z: NG-
nitro-L-arginine impairs the anticonvulsive action of
ethosuximide against pentylenetetrazol. Eur J Pharmacol,
1999, 366, 137-142.

11. De Sarro G, Donato Di Paola E, De Sarro A, Vidal MJ:
Role of nitric oxide in the genesis of excitatory amino
acid-induced seizures from the deep prepiriform cortex.
Fundam Clin Pharmacol, 1991, 5, 503-511.

12. De Sarro G, Gareri P, Falconi U, De Sarro A: 7-Nitroindazole
potentiates the antiseizure activity of some anticonvulsants
in DBA/2 mice. Eur J Pharmacol, 2000, 394, 275-288.

13. Dooley DJ, Donovan CM, Meder WP, Whetzel SZ: Pref-
erential action of gabapentin and pregabalin at P/Q-type
voltage-sensitive calcium channels: inhibition of



7NI and NNA with PGB in the MES test in mice
Jarogniew J. kuszczki et al.

15.

16.

17.

19.

20.

21.

22

23.

24.

K*-evoked [3H]-norepinephrine release from rat neocor-
tical slices. Synapse, 2002, 45, 171-190.

. Elger CE, Brodie MJ, Anhut H, Lee CM, Barrett JA:

Pregabalin add-on treatment in patients with partial sei-
zures: a novel evaluation of flexible-dose and fixed-dose
treatment in a double-blind, placebo-controlled study.
Epilepsia, 2005, 46, 1926-1936.

Errante LD, Petroff OA: Acute effects of gabapentin and
pregabalin on rat forebrain cellular GABA, glutamate, and
glutamine concentrations. Seizure, 2003, 12, 300-306.
French JA, Kugler AR, Robbins JL, Knapp LE, Garofalo
EA: Dose-response trial of pregabalin adjunctive therapy
in patients with partial seizures. Neurology, 2003, 60,
1631-1637.

Litchfield JT, Wilcoxon F: A simplified method of evalu-
ating dose-effect experiments. J Pharmacol Exp Ther,
1949, 96, 99-113.

. Loscher W, Fassbender CP, Nolting B: The role of tech-

nical, biological and pharmacological factors in the labo-
ratory evaluation of anticonvulsant drugs. II. Maximal elec-
troshock seizure models. Epilepsy Res, 1991, 8, 79-94.
Luszczki JJ, Czuczwar M, Gawlik P, Sawiniec-P6zniak
G, Czuczwar K, Czuczwar SJ: 7-Nitroindazole potenti-
ates the anticonvulsant action of some second-generation
antiepileptic drugs in the mouse maximal electroshock-
induced seizure model. J Neural Transm, 2006, 113,
1157-1168.

Luszczki JJ, Czuczwar M, Gawlik P, Sawiniec-Pdzniak
G, Czuczwar K, Sawicka KM, Dudra-Jastrzgbska M,
Czuczwar SI: Influence of NG-nitro-L-arginine on the
anticonvulsant and acute adverse effects of some newer
antiepileptic drugs in the maximal electroshock-induced
seizures and chimney test in mice. Pharmacol Rep, 2006,
58, 955-960.

Luszczki JJ, Ratnaraj N, Patsalos PN, Czuczwar SJ:
Isobolographic analysis of interactions between lorecle-
zole and conventional antiepileptic drugs in the mouse
maximal electroshock-induced seizure model. Naunyn
Schmiedebergs Arch Pharmacol, 2006, 373, 169—-181.

. Luszczki JJ, Sacharuk A, Wojciechowska A, Andres

MM, Dudra-Jastrz¢bska M, Mohamed M, Sawicka KM
et al.: 7-Nitroindazole enhances dose-dependently the
anticonvulsant activities of conventional antiepileptic
drugs in the mouse maximal electroshock-induced sei-
zure model. Pharmacol Rep, 2006, 58, 660—671.
Luszczki JJ, Szadkowski M, Czuczwar SJ: Effect of
NOC-nitro-L-Arginine on the anticonvulsive action of four
second-generation antiepileptic drugs in pentetrazole-
induced clonic seizures in mice. Pharmacol Rep, 2007,
59, 467-473.

Luszczki JJ, Szadkowski M, Dudra-Jastrzgbska M,
Czernecki R, Filip D, Misiuta-Krzesinska M,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Barcicka-Ktosowska B, Zwolinski J: 7-Nitroindazole
does not affect the anti-convulsant action of gabapentin
and tiagabine in pentylenetetrazole-induced seizures in
mice. J Pre-Clin Clin Res, 2007, 1, 150-154.

Luszezki JJ, Szadkowski M, Zadrozniak A, Wojda E,
Dudra-Jastrzebska M, Andres-Mach M: No effect of
7-nitroindazole on the anticonvulsant action of vigaba-
trin and oxcarbazepine in pentylenetetrazole-induced
seizures in mice. J Pre-Clin Clin Res, 2008, 2, 137-140.
Luszczki JJ, Zadrozniak A, Barcicka-Ktosowska B,
Bednarski J, Misiuta-Krzesinska M, Filip D, Zwolinski J,
Czernecki R: Influence of 7-nitroindazole and NG-nitro-
L-arginine on the anticonvulsant activity of loreclezole
in maximal electroshock-induced seizures in mice.

J Pre-Clin Clin Res, 2007, 1, 146-149.

Micheva KD, Taylor CP, Smith SJ: Pregabalin reduces
the release of synaptic vesicles from cultured hippocam-
pal neurons. Mol Pharmacol, 2006, 70, 467—476.
Moncada S, Higgs EA: Molecular mechanisms and
therapeutic strategies related to nitric oxide. FASEB J,
1995, 9, 1319-1330.

Smith SE, Man CM, Yip PK, Tang E, Chapman AG,
Meldrum BS: Anticonvulsant effects of 7-nitroindazole
in rodents with reflex epilepsy may result from L-arginine
accumulation or a reduction in nitric oxide or L-citrulline
formation. Br J Pharmacol, 1996, 119, 165-173.

Taylor CP, Angelotti T, Fauman E: Pharmacology and
mechanism of action of pregabalin: the calcium channel
a2-0 (alpha2-delta) subunit as a target for antiepileptic
drug discovery. Epilepsy Res, 2007, 73, 137-150.

Tutka P, Luszczki J, Kleinrok Z, Arent K, Wielosz M:
Molsidomine enhances the protective activity of val-
proate against pentylenetetrazole-induced seizures in
mice. J Neural Transm, 2002, 109, 455-466.

Vartanian MG, Radulovic LL, Kinsora JJ, Serpa KA,
Vergnes M, Bertram E, Taylor CP: Activity profile of
pregabalin in rodent models of epilepsy and ataxia. Epi-
lepsy Res, 2006, 68, 189-205.

Venault P, Chapouthier G, de Carvalho LP, Simiand J,
Morre M, Dodd RH, Rossier J: Benzodiazepine impairs
and beta-carboline enhances performance in learning and
memory tasks. Nature, 1986, 321, 864—866.

Warner G, Figgitt DP: Pregabalin: as adjunctive treat-
ment of partial seizures. CNS Drugs, 2005, 19, 265-274.
Zadrozniak A, Wojda E, Wlaz A, Luszczki JJ: Charac-
terization of acute adverse-effect profiles of selected
antiepileptic drugs in the grip-strength test in mice.
Pharmacol Rep, 2009, 61, 737-742.

Received: February 24, 2010; accepted: June 9, 2010.

Pharmacological Reports, 2011, 63, 169-175 175



	1	Review Œ Melatonin in experimental seizures and epilepsy.
	Monika Banach, Elwira Gurdziel, 
Marian Jêdrych, Kinga K. Borowicz

	12	Review Œ Caffeine and the anticonvulsant potency of antiepileptic drugs: experimental and clinical data.
	Magdalena Chroœciñska-Krawczyk, 
Ma³gorzata Jargie³³o-Baszak, Magdalena Wa³ek, Bo¿ydar Tylus, Stanis³aw J. Czuczwar

	19	Review Œ Protein kinase Ce as a cancer marker and target for anticancer therapy.
	Ewa Totoñ, Ewa Ignatowicz, Karolina Skrzeczkowska, Maria Rybczyñska

	30	Review Œ IL-17-expressing cells as a potential therapeutic target for treatment of immunological disorders.
	Anna Strzêpa, Marian Szczepanik

	45	Differences between human wild-type and C23S 
variant 5-HT2C receptors in inverse agonist-induced resensitization.
	Jutta Walstab, Folkert Steinhagen, Michael Brüss, Manfred Göthert, Heinz Bönisch

	54	Ameliorative potential of sodium cromoglycate 
and diethyldithiocarbamic acid in restraint stress-induced behavioral alterations in rats.
	Rajneet K. Manchanda, Amteshwar S. Jaggi, Nirmal Singh

	64	Magnesium sulfate and sodium valproate block methylphenidate-induced hyperlocomotion, 
an animal model of mania.
	Francisco J. Barbosa, Bernardete Hesse, Rodrigo B. de Almeida, Irinéia P. Baretta, Roseli Boerngen-Lacerda, Roberto Andreatini

	71	Antidepressant-like activity of the phenylpiperazine pyrrolidin-2-one derivatives in mice.
	Jacek Sapa, Barbara Filipek, Katarzyna Kulig, Barbara Malawska

	79	Acquisition and expression of ethanol-induced conditioned place preference in mice is inhibited by naloxone.
	Ma³gorzata Wróbel

	86	Effects of carbamazepine and metabolites on IL-2, IL-5, IL-6, IL-10 and IFN-g secretion in epileptic 
patients: the influence of co-medication.
	Olivier Mathieu, Marie-Christine Picot, Philippe Gelisse, Hélène Breton, Pascal Demoly, Dominique Hillaire- Buys

	95	Lymphocyte-suppressing effect of simvastatin 
in mixed dyslipidemic patients but not impaired glucose tolerance patients.
	Robert Krysiak, Bogus³aw Okopieñ

	102	Noradrenaline release in rodent tissues is inhibited by interleukin-1b but is not affected by urotensin II, MCH, NPW and NPFF.
	Kirsten Schulte, Manush Kumar, Jean-Marie Zajac, Eberhard Schlicker

	112	Heme oxygenase/carbon monoxide-biliverdin 
pathway may be involved in the antinociceptive 
activity of etoricoxib, a selective COX-2 inhibitor.
	Niedja M. G. Grangeiro, Jordana A. Aguiar, Hellíada V. Chaves, Antonio A. R. Silva, Vilma Lima, Norma M. B. Benevides, Gerly A. C. Brito, José R. V. da Graça, Mirna M. Bezerra

	120	Evaluation of the irritating influence of carane 
derivatives and their antioxidant properties 
in a deoxyribose degradation test.
	Andrzej Moniczewski, Tadeusz Librowski, Stanis³aw Lochyñski, 
Daniel Strub

	130	Ejaculatory dysfunction in streptozotocin-induced diabetic rats: the role of testosterone.
	Davi A. Pontes, Glaura S. A. Fernandes, Renata C. Piffer, Daniela C. C. Gerardin, Oduvaldo C. M. Pereira, Wilma G. Kempinas

	139	Enhanced TRAIL-mediated apoptosis in prostate cancer cells by the bioactive compounds neobavaisoflavone and psoralidin isolated from Psoralea corylifolia.
	Ewelina Szliszka, Zenon P. Czuba, £ukasz Sêdek, Andrzej Paradysz, Wojciech Król

	149	Influence of anticancer therapy on oxidation 
phenotype and acetylation phenotype in patients with acute myeloblastic leukemia.
	£ukasz £apiñski, Krystyna Orzechowska-Juzwenko, Anna Wiela-Hojeñska, Dariusz Wo³owiec, Grzegorz Ganczarski, Krystyna G³owacka, Henryk Czarnik-Matusewicz, Kazimierz Kuliczkowski, Jacek G¹siorowski

	157	Induction of P450 3A1/2 and 2C6 by gemfibrozil in Sprague-Dawley rats.
	Aiming Liu, Julin Yang, Xin Zhao, Xiaolan Jiao, Weihong Zhao, Qing Ma, Zhiyuan Tang, Renke Dai

	SHORT COMMUNICATIONS
	165	Endocannabinoid system protects against cryptogenic seizures.
	Clementina M. van Rijn, Martin F. J. Perescis, Lyudmila Vinogradova, Gilles van Luijtelaar


	169	7-Nitroindazole, but not NG-nitro-L-arginine, enhances the anticonvulsant activity of pregabalin in the mouse maximal electroshock-induced seizure model.
	Jarogniew J. £uszczki, Anna Jaskólska, Wojciech Dworzañski, Dorota ¯ó³kowska

	176	Cytoprotective action of the potassium channel opener NS1619 under conditions of disrupted 
calcium homeostasis.
	Ludwika Chmielewska, Dominika Maliñska

	184	Atorvastatin affects the tissue concentration 
of hydrogen sulfide in mouse kidneys and other 
organs.
	Bogdan Wiliñski, Jerzy Wiliñski, Eugeniusz Somogyi, Joanna Piotrowska, Marta Góralska

	189	Combinatory effects of PBDEs and 17b-estradiol 
on MCF-7 cell proliferation and apoptosis.
	Patrycja Kwieciñska, Anna Wróbel, Ewa £. Gregoraszczuk

	195	Cell-penetrating peptides modulate the vascular action of phenylephrine.
	Ivan Kociæ, Jaros³aw Ruczyñski, Renata Szczepañska, Mariola Olkowicz, Brygida Parfianowicz, Izabela Rusiecka, Piotr Rekowski
	269	Note to Contributors


	content
	cont
	contents_3'2005
	contents

