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The epilepsies constitute a family of disorders characterized by spontaneous distur-
bances in the normal electrical activity of the brain associated with changes in behavior
(seizures). Both the electrical and the behavioral aspect of seizures can be quite variable
and complex, even in a single patient. Seizures can be induced by a variety of pathologic
conditions, including acquired injuries and genetic abnormalities [1].

Therapy with antiepileptic drugs (AEDs) remains the mainstay of treatment of patients
with epilepsy. Most clinically significant AEDs have their principal actions on four class-
es of ion channels, the central currency of membrane excitability: these include chloride
channels associated with inhibitory GABA, receptors, ligand-gated sodium and calcium
channels associated with inotropic excitatory glutamate receptors (NMDA, N-methyl-D-
aspartate; AMPA (o-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid), kainate; volt-
age-dependent sodium channels and voltage-dependent calcium channels). More recently,
AED development also has targeted both pre- and postsynaptic membrane-bound receptors
and enzymes involved in neurotransmitter metabolism [2].

A novel 3-substituted 1,4-benzodiazepines, 7-bromo-5-(o-chlorophenyl)-3-propoxy-
1,2-dihydro-3H-1,4-benzodiazepin-2-one (propoxazepam), has been found to have a po-
tent anticonvulsant effect in models of chemically (picrotoxin, pentylenetetrazol, strych-
nine, bemegride) and maximal electroshock-induced seizures [3-5].

Propoxazepam had shown high activity on the model of GABA-deficient thiosemicar-
bazide-induced convulsions [6]. On the basis of dose—effect curves, using comparative
quantile analysis for chemoconvulsants with different action mechanisms, we showed dif-
ferent stages of interaction of propoxazepam with GABA and glycine receptors under in
vivo conditions.

A radio-ligand binding assay [7] on rat membranes to determine the target receptor of
propoxazepam showed that substance had a strong affinity for the central benzodiazepine
binding site of GABA, — receptor (GABA-R). Calculations have shown that GABA-shift
for propoxazepam is 1.9, which allows it to regard it as full GABA-R agonist.
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Using the method of molecular docking we showed [8] that there are several binding
sites of propoxazepam to the part of GABA-R with the complexes formation energy from
-78.64 to -85.29 kcal/mol. The largest contribution to the complex formation is carried
out by the remnants of polar amino acids (serine, asparagine, methionine and arginine),
which create a polar binding subcenter). For individual conformers, aromatic amino acids,
preferably phenylalanine (Phe-31 and Ala-135 — hydrophobic binding subcenter), play a
significant role.

Therefore, the aim of this study was to investigate the anticonvulsant effects of pro-
poxazepam on 4-aminopyridine-induced seizures in mice for better understanding the
propoxazepam's antiepileptic profile and action mechanisms.

Methods

All experimental procedures with animals (white outbred mice of both sexes) were con-
ducted in accordance with the rules of the «European Convention for the Protection of
Vertebrate Animals, Used for Experimental and Other Scientific Purposes» in accordance
with the Directive of the Council of the European Union 86/609 of the EU of November
24 1986.

To determine the propoxazepam anticonvulsive action on the model of 4-aminopyridine
(4-AP) — induced seizures the chemoconvulsant was injected subcutaneously (at dose 10.3
mg/kg, LD, for mice) 30 min followed by intraperitoneal propoxazepam administrations
(at doses 20, 28, 40, 60 and 80 mg/kg). The anticonvulsive action value was estimated as
relative quantity of animals survived 2 hours after chemoconvulsant injection). The fol-
lowing indices have also been recorded — time and the quantity of myoclonic and tonic
convulsions as well as total time to the lethal effect. The data are represented as first-third
quartile, median (maximal , minimal value). Significance level of differences was made on
the base of non-parametric Mann-Whitney U-criteria [9].

Results and Discussion

Aminopyridines have been used as standard reference compounds in a variety of studies
involving the functions and properties of K1 channels (Kv1). These compounds have been
classically used as blockers of Kv1 efflux and conductance in a number of physiological
preparations from both central and peripheral tissues [10]. The stimulation effects of 4-AP
on neurotransmitter release have been reported for norepinephrine, dopamine, gamma-ami-
nobutyric acid and glutamate.

Paying attention to the fact diazepam (as well as propoxazepam being the 1.4-benzodi-
azepine derivative) inhibits the onset of tonic-clonic seizures caused by 4-aminopyridine
(4-AP) and death of mice [11] it is expedient to investigate its protective effect on this
model. This makes it possible to characterize the possible role of propoxazepam in the
modulation of the function of voltage dependent potassium channels.

In our studies, the «dose—effect» curve of the protective effect of propoxazepam on the
4-AP-induced model of convulsion has a S-shaped shape, but even at high propoxazepam
doses (80 mg/kg) 100% effect is not reached. This is similar to propoxazepam anticon-
vulsive action in the strychnine-induced seizures model [4] and may also indicate that the
anticonvulsant effect of the test compound is not receptor-agonistic, but through the differ-
ent mediatory systems, the effectiveness of the interaction between which determines the
maximal effect achieved. However, the slope of the curve (s) is 1.15, which corresponds to
the receptor mechanism of interaction with the effect increasing within wide doses range
(approximately 1.0 per log scale). The propoxazepam average effective dose for this test
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was 37.3 £ 7.9 mg/kg, which is almost twice that of strychnine (16.4 + 6.1 mg/kg) and also
indicates that it has no significant effect directly to this type of receptor. For a real antago-
nist of GABA-R picrotoxin, this value is 1.67 £ 0.09 mg/kg [4]. Based on the anticonvul-
sive effect value in this test, it can be concluded that propoxazepam does not exhibit direct
and pronounced action on potassium channels that are blocked by the 4-AP.

However, different indicators of 4-AP-induced seizures against the background of pro-
poxazepam administration (Fig. 1, A) demonstrate slight antagonistic interactions between
these compounds. In the whole range of doses used, the latency time of myoclonic seizures
development (an indicator of the beginning of the destabilization development in the cen-
tral nervous system) does not show statistically significant differences from the control
values (Mann-Whitney U-criteria) and is within 5—7 minutes (only at a dose of 60 mg/kg
taking a high value).
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Fig. 1. Change of latency time of myoclonic seizures (4) and their number (B)
development in mice after 4-AP injection (10.3 mg/kg) after previous propoxazepam
administration in different doses (first—third quartile, median
(minimum  maximum value))

Also there is has statistically significant difference in the number of episodes of myo-
clonic seizures (Fig. 1, B), although there is a tendency for a small increase in their number
with an increase in the dose of propoxazepam. It should be noted that the balance between
episodes of myoclonic and tonic seizures reflects the rate and intensity of development
and generalization of the excitatory process in the CNS. Rapid suppression of inhibitory
processes leads to the fact that the myoclonic component is practically not registered in the
structure of convulsive attack (for example, when strychnine is used as a seizure agent)
and a partial increase in the number of myoclonic seizures with an increase in the dose of
propoxazepam may be due to activation of the actual GABA-ergic system. The absence
of direct antagonism between propoxazepam and 4-AP at the level of potassium channels
is also indicated by the development of the tonic component of convulsive attack. Thus,
at almost all doses administered the latent time of myoclonic seizures development (as an
indicator of the beginning of the development of uncontrolled destabilization in the central
nervous system) did not undergo statistically significant differences. A similar process is
observed in the analysis of paroxysmal activity parameters, which is manifested in a partial
increase in the time of development of tonic seizures (Fig. 2, 4) and a significant increase
in their number (Fig. 2, B).
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Fig. 2. Change in tonic seizures latency time (4) and their quantity (B) in mice after
4-AP injection (10.3 mg/kg) after previous propoxazepam administration in different
doses (first—third quartile, median (minimum maximum value))

In animals of the control group the tonic seizures development quickly leads to a
lethal effect by blocking respiratory muscles, while with propoxazepam increasing dose
the CNS ability to control these processes increases. As a result not only the seizures
onset time widens (with simultaneous increase of tonic seizures latency time and their
quantity) but also their quantity, since the specific frequency of the paroxysmal activity
foci remains unchanged with the longer period of their manifestations.

However, as previously suggested, since propoxazepam does not exhibit direct an-
tagonism with 4-AP at the level of potassium channels, its protective effect is manifested
at doses that are significantly higher than those in tests using GABA-R antagonists (pen-
thylenetetrazol and picrotoxin). Also, as a result, the increase of total lifetime of animals
(the onset of a lethal effect after the administration of a seizure-inducing agent) has a
hyperbolic shape — reaches the maximum value at a dose increase (~ 30-35 min) with
the simultaneous narrowing of the experimental values range (Fig 3, 4). The possible
explanation is that during this time there is a complete absorption of the seizure agent
from the injection site, the maximum blockade of the inhibitory processes in the central
nervous system and, accordingly, the propagation of uncontrolled excitation with subse-
quent lethal effect.

100 + Time, min 10 Patid irrped » modaic toric
90 - '
80 1 08
70 A
60 - Q6
50 -
40 A _ 04
30 1 -
20 4 é Iil Qz
10 4
0 : : : : : ‘ Qo - [ | ._
trol 20 28 40 60 80 aoird D 2] =] @0
contre Dose, mg/kg [Cess kg
A B

Fig. 3. Change of life duration of mice (4), and the contribution of individual
components of the seizures to the general structure of convulsive attack (B)
after the 4-AP injection(10.3 mg/kg) after previous propoxazepam administration at
different doses
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Conclusion

Thus, on the models of 4-AP-induced convulsions (a blocker of fast potentially de-
pendent potassium channels), propoxazepam shows moderate activity (ED,, = 37.3 +
7.9 mg/kg). Even at high doses (80 mg/kg) its anticonvulsant effect did not reach 100%, indi-
cating no possible component of the antagonistic interaction with 4-AP at the receptor level.

The number of myoclonic seizures and the myoclonic/tonic convulsions development
latency time do not show statistically significant differences in comparison with the control
animals. On the contrary, the number (and percentage representation) of tonic seizures in
the general paroxysmal attack increases. The possible explanation for this is the inhibitory
effect of propoxazepam, which is mainly is carried out through GABA-ergic mechanisms.
The total lifetime of animals (the onset of a lethal effect after the administration of the sei-
zure-inducing agent) has a hyperbolically reaches the maximum values in 30-35 minutes
in a dose-increasing condition.
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[TonimMonanbHICTh (apMakoJIOTiuyHOI Jii MpUTaMaHHA JESIKUM 3 BHCOKOC(EKTHBHUX
MPOTUETIENITUYHUX 3aCO0IB Ta 3yMOBIIIOE€ MOMXJIMBICT IX 3aCTOCYBaHHS NP MaTOreHe-
TUYHO CIIOPIAHEHNX CTaHaxX. BIIMB Ha raibMiBHI MEIaTOPHI CUCTEMH Y MO3KY BH3HA4a€
MOJKJIMBICTh TIOE€JHAHHS Y IXHHOMY (hapMaKoJIOTI9HOMY CIIEKTpi Jii MPOTHEmiIENTHYHO,
AHAIITETUYHOI (AHTUHEHPOTIATUYHOT) Ta 1HIINX BHJIIB aKTUBHOCTI.

Meroto pobotu Oyna OIiHKa NPOTUBOCYIOMHOI aii 7-Opom-5-(o-xmopdenin)-3-
npornokcu- 1,2-murinpo-3H-1,4-6er3o0aiazemin-2-oHy (Ipomokcas3enamM) Ha MOJICI CyZIOM,
CIIPUYMHECHHUX 4-amiHomipuauHoM (4-All), Ta XapakTepucTHKa HOTo MOXUIMBOI ydacTi B
MOyl (PyHKIT MOTEeHITIa-3aJIeKHIX Kali€eBUX KaHAIIB.

4-All (10,3 Mr/kr, migmkipHo) BBoAWIH Yepe3 30 XB Mmicisi BHYTPIIIHEOOUSPEBUHHOTO
BEJICHHS Pi3HUX 7103 Tporiokcasenamy (20, 28, 40, 60 ta 80 MI/Kr) i OLIHIOBAJIN KiIJIbKICTh
1 ac HaCTaHHS Pi3HUX THUIIIB CYIOM.

BcranoBneHo, mo Ha Iiii Mojieni MporokcasenaM BUSIBISB TMOMIPHY aKTHBHICTB
(E,, = 37,3 = 7,9 mr/kr). Hagitk 3a BucokuX 1103 (80 MI/KT) JOCIIKYBaHOi CIOTYKH
mpotucynomHa s He gocsrana 100%. KimpkicTe MIOKIOHIYHHX CYIOM 1 JIAaTeHTHUH
Yac 1X PO3BUTKY HE 3a3HAIOTh CTATUCTUYHO 3HAYYIIMX BIIMIHHOCTEW MOPIBHSHO 3 IO-
Ka3HUKaMH TBapUH KOHTPOJIbHOI Tpynu. HaBmaku, mifBUIIY€ETHCS KUTBKICTh (I MPOLEHT-
Ha penpe3eHTallisl) TOHIYHUX CY[AOM Yy 3arajlbHOMY CYAOMHOMY Hamaji, IO 3yMOBICHO
MOXKITUBOIO TallbMIBHOIO JII€I0 TpOIOKcazenama, ska peaii3yeTbesi MEpeBaXKHO vepes
'AMK-eprivyni MexaHi3MH.
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NHI'MBUPOBAHUE CYJIOPOT, BLI3BBAHHBIX 4-AMWHOITIMPUMUANHOM VY
MBIILIEN, HOBBIM 3-3AMEIIEHHbBIM 1,4-BEH30/IMASEITMTHOM
KiroueBble ciioBa: nporokcasernam, 4-aMUHOTIUPHUIMH, TIPOTUBOCYIOPOKHOE JICHCTBHE,
KaJIMCBBIC KaHAJIbI
AHHOTALUA

[MomumonansHOCTh (PapMaKOIOTHYECKOTO JISHCTBYSI CBOMCTBEHHA HEKOTOPHIM BBICOKO-
3¢ (GEKTUBHBIM MPOTHBOSMMICITHYECKUM CPEJICTBAM U O0YCIIOBIMBAET BO3MOXKHOCTh MX
HCIOJIb30BAHNUHN MIPU MMATOICHETHUECKH POJCTBEHHBIX COCTOSHHSX. BiusiHUE HA TOPMO3-
HBbIC MEJIMATOPHBIC CHCTEMBI B MO3Te OMpEIEIsieT BO3MOXKHOCTh 00beMHEHHS B (hapMma-
KOJIOTMYIECKOM CIIEKTPE MPOTHBOIMUICITUICCKON, aHATBICTHUYECKO (aHTHHEHpOomaTHyec-
KOI1) ¥ IPyTUX BUJIOB aKTHBHOCTH.
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Lemsto paboTel OBLIA OIGHKA TPOTHBOCYIOPOKHOTO JOEUCTBHS 7-OpoM-5-(0-
xsophenmn)-3-nponokcu-1,2-quruapo-3H-1,4-6en3oqua3enun-2-o1  (IIporokcasemnama)
Ha MOJIEIM OCTPBIX MUOKJIOHMYECKHUX CYAOPOT, BBI3BAHHBIX 4-aMMHONUPUAMHOM (4-All),
Y XapaKTePHUCTHUKA €r0 BO3ZMOXKHOTO Y9aCTHs B MOAYJSAINH (DYHKIIUN TTOTEHIINAT-3aBUCH-
MBIX KaJIMEBBIX KaHAJIOB.

4-AIl (10,3 Mr/kr, noakoXHO) BBOAMIN Yepe3 30 MUH 1ociie BHYTPUOPIONIMHHOTO Be-
JIEHUs pa3HBIX J103 TPOTIOKCa3eraMa u OIIEHWBAIH KOJMYECTBO U BpeMsI HACTYIUICHHUS pa3-
JIMYHBIX TUIIOB CYJIOpPOT.

YcTaHoBIIEHO, UTO Ha 3TOM MOJIENN MPOTIOKCa3enaM MPOsBIIsT YMEPEHHYIO aKTUBHOCTh
(EL,, = 37,3 £ 7,9 mr/kr). laxke npu BeICOKMX 103aX (80 MI/KT) UCCIIEYEMOTO COEMHE-
HUS IPOTUBOCYAOpOKHOE AeiictBue He gocturaino 100%. KoianuecTBO MUOKIOHUYECKUX
CYZIOpOT M JIAaTEHTHOE BPEMs MX Pa3BUTHUS HE MPETEpreBalOT CTaTHCTUYECKH 3HAYMMBIX
OTJIIMYHUI TI0O CPAaBHEHHWIO C JKMBOTHBIMH KOHTPOJIGHOH Tpymmel. Hao6opot, moBbImaercs
KOJIMYECTBO (M MPOLIEHTHAs PENPE3CHTAINS) TOHMYECKUX CYJOPOr B OOLIEM CYIOPOKHOM
MPUCTYTIE, YTO OOYCIIOBJICHO BO3MOXKHBIM TOPMO3HBIM JICHCTBHEM MpOIIOKca3enama, pea-
Jnu3yonierocs npeumyiiectBeHHo yepe3 AMK-apruyeckue MexaHu3Mbl.
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ABSTRACT

Some of highly effective antiepileptic substances share the polymodal pharmacologi-
cal action which determines the possibility of their use for treatment of pathogenetically
similar diseases. Inhibitory mediator systems influence for example, suggests the combi-
nation in the pharmacological spectrum such actions as antiepileptic, analgesic (antineu-
ropathic) and other actions.

The aim of the study was evaluation of anticonvulsant effect of 7-bromo-5-(o-chlorophenyl)-
3-propoxy-1,2-dihydro-3H-1,4-benzodiazepin-2-one (propoxazepam) on the model of 4-ami-
nopyridine (4-AP) — induced myoclonic seizures and characterization of its possible participa-
tion in modulation of the function of voltage-dependent potassium channels.

4-AP (10.3 mg/kg, subcutaneously) was administered 30 minutes after intraperitoneal
administration of propoxazepam different doses (20, 28, 40, 60 and 80 mg/kg) and the
time and quantity of myoclonic and tonic convulsions as well as total time to the lethal
effect were evaluated.

It was found that in this model, propoxazepam possess moderate activity (ED,, = 37,3
+ 7.9 mg/kg) Even at high doses (80 mg/kg) of the test compound, anticonvulsive action
did not reach 100%. The quantity of myoclonic seizures and the latency time of their onset
have no statistically significant differences in comparison with the data of animals of the
control group. On the contrary, the number (and percentage representation) of tonic con-
vulsions in the common seizure episode increased, which is due to the possible inhibitory
effect of propoxazepam, which is carried out primarily through GABA-ergic mechanisms.

Enexmponna adpeca onsa nucmyeanns 3 asmopamu: Ivb_78@ukr.net (Jlapuonog B. b.)
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