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THE EFFECT OF PROPOXAZEPAM ON DEVELOPMENT
OF THIOSEMICARBAZIDE-INDUCED GABA-DEFICIENT
SEIZURES IN MICE

Aim. To study the mechanisms of action for propoxazepam, a new compound with the analgesic action, on the model of
thiosemicarbazide-induced GABA-deficient seizures.

Matherials and methods. A chemoconvulsive agent was injected subcutaneously (20 mg/kg) 0.5 hours after intraperito-
neal introduction of propoxazepam. The number and the time of appearance of different types of convulsions, as well
as the relative number of survived animals (for ED,, calculation) were registered.

Results. The first seizure manifestations in animals began to appear at the first minute after thiosemicarbazide in-
troduction (control), while introduction of propoxazepam already in the dose of 0.01 mg/kg increased this time up to
70 min. Against the background of propoxazepam introduction (0.1 mg/kg) there was an increase in the animals’ life
duration up to 128 * 16 min, with the doses above 0.3 mg/kg the survival was longer than 3-hour period of observa-
tion. The increase of the propoxazepam dose led to redistribution between the clonic and tonic convulsions. In the
experimental groups there was a decrease in the time of occurrence of myoclonic convulsions and an increase in their
number along with a reduction in the number of tonic convulsions. It indicates the increase in efficiency of inhibitory
processes in the CNS.

Conclusions. The mean effective dose of propoxazepam as a protective effect on the model of thiosemicarbazide-in-
duced seizures is 0.18 + 0.10 mg/kg (0.31 + 0.05 pmol/kg) with the “dose-effect” curve slope of 0.6 corresponding to
the rapid development of the protective effect and antagonistic interactions at the receptor level.
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Dizuko-ximiuHull incmumym im. O. B. boeamcvkozo HAH Ykpainu

BuinB nponokca3senamy Ha po3BUToK TAMK-aeginuTHHX CyA0M y MUIIEH, BUKJINKAHUX
Tiocemikap6a3ugom

MeTa po60TH - BU3HAaUE€HHS MexaHi3MiB /il HOBOI CIIOJIYKU 3 aHAJITETUYHOIO Jli€l0 TpornoKcasenamy Ha Mozesi TAMK-
NedinUTHUX CyZI0M, BUKJIMKAHUX TioCeMiKap6a3uioM.

Marepianu Ta MeTOAHM. XeMOKOHBY/IbCAHT BBOAMIIM HiAiKipHO (20 Mr/kr) yepes 0,5 roj mic/ist BHyTpillHbOOYEpe-
BHMHHOI'O BBeJIeHHA NpoINoKca3enaMy. PeecTpyBasiv KiIJIbKICTb Ta YaCc BAHUKHEHHA OKPEMUX THUIIIB CY/I0OM, a TaK0OX
BiZTHOCHY KiJIbKICTb TBapuH, 1110 BUXKUJIY, /15 po3paxyHKy E/l..

PesyabraTu. [lepiui nposiBU CylOMHOI aKTHBHOCTI Y TBapWH NOYUHAIOTb NPOSIBJAATUCH Y2Ke Ha Nepluiil XBUIUHI Mic/s
BBe/IeHHA TioceMikap6a3uzy (KOHTPOJIbHA I'pyna), ToAl K BBeJleHHs Nponokcasenamy Bxe y f03i 0,01 mr/kr nigsu-
mye neit yac 1o ~70 xB. Ha Ti1i BBeieHHs nponokcadenamy (0,1 Mr/Kr) cocTepirajochk MiJiBULLLEHHS TPUBAIOCTI XKUT-
TS TBapHH A0 128 + 16 xB, a B fo3ax noHaA 0,3 MI/Kr TBapUHU NepexXuBa/u Nepiof y TPU TOAUHU CIIOCTEPeKeHHS.
[ligBUIeHHA 103U TPOMOKCa3enamy, 0 BBOAUTBCS, TPUBOJAUTD 10 IEBHOTO TepepOo3MNOoAiIYy MiXK IPOABOM KJIOHIYHUX
Ta TOHIYHUX CYAOM. B ekcneprMeHTa/IbHUX I'pynaxX BiIMiYa€ETbCA CKOPOUYEHHS Yacy BUHUKHEHHS MiOKJIOHIYHUX Cy-
JIOM pasoM i3 MiABUILEHHAM iX KIJIBKOCTI NOpsi/, i3 3MeHIIeHHAM BUHUKHEHHS KIJIbKOCTI TOHIYHUX Cy/l0M, 1110 BiJio-
Oparkae miBUIeHHS eGeKTUBHOCTI raJbpMiBHUX nporeciB y [IHC.

BucHoBKkU. CepeiHsl ebeKTUBHA /1032 3aXUCHOI [iii MponoKkca3enamy Ha Mojiesli TioceMikap6a3u/-iHyKOBaHUX CYZ,0M
cksagae 0,18 + 0,10 mr/kr (0,31 + 0,05 MKMoJ1b/KT) i3 KyTOM Haxuiy KpUBOi «103a-epekT» 0,6, 1110 BiAnoBigae BUJ-
KOMY PO3BUTKY 3aXHCHOI'0 epeKTy Ta aHTaroHiCTUYHIN B3aEMOZII Ha pelenTOPHOMY pPiBHi.

Karouosi csi0ea: nponokcazenawm; tioceMikap6asug; cynomu; TAMK-gedinur
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Dusuko-xumuveckuli uHcmumym um. A. B. oeamckozo HAH YkpauHbt

BiimsiHMe mponokcasenaMa Ha pa3BUTHeE BbI3BaHHBIX THOCceMuKap6a3uaom FTAMK-aedunutHbIX
CyAOpoOr y MbllIei

Ilesb paGoThI - U3yUeHHEe MEXaHU3MOB JIeCTBHS HOBOT'O COeJUHEHMUS C aHAIbI'eTUYECKUM JeHCTBHeM MPOoIoKcase-
nama Ha moziesii TAMK-1euIUTHBIX CyI0pOT, BEI3BAHHBIX THOCEMUKAPHAZUIOM.

MarepuaJjibl U METOABI. XeMOKOHBYJIbCAHT BBOAMJIN NOAKOXKHO (20 Mr/kr) yepes 0,5 yaca rnocjie BHyTPUGPIOLIMHHO-
ro BBeJIeHHSs poIoKcasenama. PerucTpupoBasy KoJMYeCTBO U BpeMsi BOSHUKHOBEHHS OT/[€JIbHBIX TUIIOB CYZI0pOT, a
TaK»Ke OTHOCHUTEeJIbHOE KOJIMUeCTBO BbDKUBILIUX XKUBOTHBIX JJ1s1 pacyeTta E/l,.

Pe3ynbraThl. [lepBble MposiBIeHUS CYOPOKHON aKTUBHOCTH Y )KUBOTHBIX IIPOSIBJISIOTCS Y>Ke Ha IIePBOI MUHYTE I10-
CJle BBeZIeHUSI THOCEMUKAp06a3u/a (KOHTPOJIbHAS IPyIIIa), TOTAA KaK BBeJieHHe MporoKcasenama yxe B fo3e 0,01 Mr/kr
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yBeJIMYUBaeT 3To BpeMs 1o ~70 muH. Ha poHe BBeZeHus nponokcasenama (0,1 Mr/kr) Ha6Jl0ZjaeTcs yBeJMueH e
JUINTEJbHOCTH KU3HU XKUBOTHBIX 210 128 + 16 MUH, B fj03ax Bbllle 0,3 MIr/Kr >KUBOTHbIE NTepeXUBaIN Nepuoy 3 yaca
HabJtojeHus. [loBbIlIeHKe 03Bl TPOIIOKCa3enamMa NPUBOAMT K epepacipezie/IeHUI0 MeX /1y posiBJeHHeM KJIOHH-
YeCKUX U TOHUYECKUX CYZI0POT. B aKCIepruMeHTa/IbHBIX IPYINax OTMeYaeTcsl yMeHbllleHHe BpeMeHU BO3HUKHOBEHUS
MHOKJIOHUYECKUX CYZJOPOT BMECTe C YBeJIMUeHHUEM UX KOJIMYeCTBA HAPSy C yMeHbIIEHNeM KOJIM4eCTBA TOHUYECKUX
CYZIOPOT, YTO OTpaXkaeT MoBbiiieHHe 3P PEeKTUBHOCTH TOPMO3HbBIX mpoiieccoB B ITHC.

BoiBogbI. CpeiHsst 3¢ deKTUBHAs [[03a M0 3al[UTHOMY JeWCTBUIO MPONOKca3enaMa Ha MOJieJIu UHAYIIUPOBAHHBIX
THOCceMUKap6asuioM cypopor coctasiset 0,18 + 0,10 mr/kr (0,31 + 0,05 MKMOJIb/KT) € YIJIOM HaKJIOHA KPUBOH «J10-
3a-3pdekT» 0,6, YTO COOTBETCTBYET OBLICTPOMY PA3BUTHIO 3aLIUTHOr0 3¢deKTa U aHTarOHUCTUYECKUM B3anMo/ieit-

CTBHUSIM Ha PeLleNTOPHOM YPOBHE.

Kawouessle cs108a: nponokcasenam; TuoceMukap6asuz; cyroporu; TAMK-nedunut

Neuropathic pain, which appears as a result
of organic injuries or dysfunctions of diffe-
rent divisions of the central nervous system (CNS)
is both medical and social economic problem. And
if the proper treatment is absent, it tends to become
chronic with delayed patient’s recovery [1].

Despite the achievements of the last decade in
the use of analgesics with the central component
of pain inhibition the real progress in the neuro-
pathic pain treatment is very modest. Each of its
clinical manifestations (pain syndromes of different
etiology) is characterized with different mecha-
nisms of development, and it determines the indi-
vidual approach in choosing pharmacotherapy for
patients. Atypical anticonvulsants - gabapentin and
pregabalin are of particular interest. In addition to
nociceptive structures inhibition (due to calcium
channels blocking) they also activate the antinoci-
ceptive system by increasing GABA levels and in-
hibiting the glutamate synthesis [2].

The new substance - 7-bromo-5-(o-chlorophe-
nyl)-3-propoxy-1,2-dihydro-3-H-1,4-benzodiazepi-
ne-2-one (under the name of propoxazepam) is now
extensively studied in A. V. Bogatskiy Physical-Che-
mical Institute of the NAS of Ukraine (Odessa). It exhi-
bits the analgesic properties on the experimental
models of nociceptive and neuropathic pain. It also
possesses the anticonvulsive action, which is simi-
lar to gabapentin and pregabalin, and it can explain
the observed analgesic component of the pharma-
cological spectrum [3-5].

The aim of the study was to determine the me-
chanisms of action for propoxazepam on the model
of thiosemicarbazide-induced GABA-deficient sei-
zures.

Materials and methods

The substance studied was introduced intrape-
ritoneally in the doses of 0.01-20 mg/kg 0.5 hour
prior to the subcutaneous injection of the convul-
sive agent (20 mg/kg) [6]. Since the mechanism of
thiosemicarbazide-induced convulsions develop-
ment assumes a long period of endogenous GABA
depletion, animals were observed for 3 hours with
registration of the number of different types of con-
vulsions (myoclonic tremor, generalized seizures
as tonic extension, the total number of the convul-
sions mentioned, as well as the time of their onset)

and the time of the lethal effect onset. The time count
was started from the moment of the chemoconvul-
sant introduction. Within the following 24 hours
the final - lethal - effect in each experimental group
was determined to assess the possible time-depen-
dent influence and the total characteristics of the
propoxazepam protective action. The lethal effect
was estimated in an alternative form by the num-
ber of survived animals. The primary experimen-
tal data were corrected in accordance to Barrens
procedure and calculated with the probit-method
[7]. Taking into account that data variance did not
meet normal distribution (asymmetry and excess
values) these data were presented as “the first-
third quartile, median (minimal+maximal values)”.

Results and discussion

[t is well-known that the leading role in the an-
ti-epileptic action of drugs belongs to the ability of
GABA-gated ion channel since this mediator is the
major inhibitory transmitter in the CNS, and activa-
tion of this system leads to inhibition of pathologic
excitement distribution. A wide choice of chemo-
convulsants allows determining the main mecha-
nism of action of the substance studied on certain
models. However, among the pharmacological ap-
proaches of epilepsy models the GABA-deficient
states are rarely used. It is mostly determined by
the fact that widely-used chemoconvulsive agents
cause the concentration-dependent effect due to
their concurrency antagonism on inhibition sys-
tems, thus, their effect can be represented as rap-
idly-reversible and dose-dependent. However, the
protective effect of the substances studied after the
previous introduction of semicarbazide can not be
always represented in an alternative form (as the
number of animals without the lethal effect).

Pathogenesis of semicarbazide (and substan-
ces with the similar mechanism of action, such as
4-deoxypyridoxine, isoniazid, L-allylglycine, or con-
sumption deprivation of pyridoxine) evolves through
blocking the GABA synthesis key enzyme - gluta-
mate decarboxylase, EC 4.1.1.15, mostly GAD65 iso-
form synthesizing GABA for neurotransmitter needs)
[8]; it leads to GABA insufficiency and further inability
to inhibit excitement processes. Usually this mecha-
nism determines the model choice for screening of
compounds with the expected GABA-mimetic effect.
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Fig. 1. The "dose - effect” dependence for propoxazepam on the model of thiosemicarbazide-induced seizures

(the period of observation — 3-24 h)

However, except GABA-like compounds, barbiturates
and bensodiazepines, which actually have no GABA
structural similarity, also appear to have protective
properties under these conditions; it means that
there are another ways of their influence. The most
possible explanation of their protective action is that
acting as GABA-receptor complex allosteric modu-
lators they increase affinity of binding sites to GABA,
as a result, the receptor-ligand complex can exist
for alonger time (increasing the hyperpolarization
state duration) in contrast to structures with na-
tive properties. The increase of the characteristic
time of the GABA-receptor complex also causes re-
duction of GABA degradation. The main metabolic
route of GABA transformation is transamination with
o-ketoglytarate (GABA-transaminase). This enzyme
inhibition is the main mechanism of action for vi-
gabatrin [9], which is used as antiepileptic drug.
From this point of view the pharmacological model
of the GABA-deficient state formed by thiosemi-
carbazide introduction can give a holistic under-
standing of the propoxazepam influence on the GABA
ionic receptor - both as having the intrinsic activity
(a direct effect on GABA-binding sites) and as pos-
sible allosteric regulation of receptor-ligand inter-
actions with endogenous GABA.

In our experiments by the total value of the pro-
tective action (reduction of lethality in the experi-
mental groups) propoxazepam showed the high ac-
tivity within three hours of the observation period -
about 90 % of the animals survived when introduc-
ing them the dose of 0.2 mg/kg. However, in the
experimental groups with lower doses mortality
was higher within 24 hours of observation (Fig. 1).
Presumably, it is determined not only with the lon-
ger period of thiosemicarbazide toxic effect devel-
opment, but also with the impact on GABA binding
(but not on the GABA synthesis in the brain tissue).

It should be noted that the protective effect of pro-
poxazepam developed very rapidly, and its quanti-
tative characteristics (the “dose - effect” curve slo-
pe, s, Tab.) confirmed the concentration-dependent
manner of antagonism of propoxazepam and thio-
semicarbazide in the model used (indicating the
receptor-based mechanism of the effect).

Taking into account the fact that propoxazepam
in the mean effective dose (ED,,) has no statisti-
cally significant difference within 3 and 24 h of ob-
servation the conclusion can be made that the pro-
tective effect of the substance during the longer pe-
riod is lower than in the acute period of the GABA-
deficiency state. This partial increase of the calcu-
lated ED;, value can be explained by some causes -
neurochemical (depletion of GABA in the synapses
and GABA-receptor dissociation) and pharmacoki-
netic ones (concentration reduction in the biophase
due to metabolism and elimination since k of the
substance is ~0.019 h* corresponding to 36 h of
the elimination half-life time) [10].

The first seizure manifestations in animals be-
gan to appear at the first minute after thiosemicar-
bazide introduction (control), while introduction of
propoxazepam already in the dose of 0.01 mg/kg
increased this time up to 70 min (Fig. 2). With the
dose increase this indicator also increased conti-
nuously; however, the narrow data variation was re-
corded for the animals of every experimental group
(interindividual variations did not exceed 1-2 min).
It is explained by the rapid thiosemicarbazide ab-
sorption after the subcutaneous injection.

Unusual was the fact of the time reduction of
myoclonic convulsions (Fig. 2) and increase of their
number (Fig. 3) under conditions of the propoxaze-
pam dose increase. In addition, in the experimen-
tal groups the latent time of tonic convulsions also
increased (Fig. 4), while their number decreased
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Table
The protective action of propoxazepam on the model of thiosemicarbazide-induced seizures
3 hours 24 hours
The mean effective s elosie— The mean effective | The“dose -
Dose, The effect, effect” The effect, "
LogD dose, ED,, mg/kg dose, EDy, mg/kg | effect” curve
mg/kg frequency curve frequency
(umol/kg) (umol/kg) slope, s
slope, s
0.01 -2 0.08 0
0.1 -1 0.27 0.05
0.178 | -0.75 0.8 0.15
0.237 | -0.63 0.93 0.33
0.316 | -0.50 1.0 0.18 £ 0.10 mg/kg 0.60 0.90 0.28 + 0.18 mg/kg 015
0.56 -0.25 1.0 (0.31 £ 0.05 umol/kg) ’ 0.93 (0.68 £ 0.44 umol/kg) ’
1 0 1.0 0.94
5 0.70 1.0 0.95
10 1 1.0 0.96
20 1.30 1.0 1
(with the complete disappearance at high doses) In this regard, the life duration of experimen-

(Fig. 5). Such redistribution of representation of con-  tal animals after thiosemicarbazide injection was
vulsions with different severity was the result of rather demonstrative (Fig. 6). It was 80 min with
higher efficacy of inhibition processes in the CNS.  negligible variations in animals of the control group.
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Fig. 2. The change in the latent time of myoclonic convulsions after thiosemicarbazide injection in mice with the
previous infroduction of different doses of propoxazepam (the first—third quartile, median (minimal+-maximal
values))
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Fig. 3. The change in the number of myoclonic convulsions after thiosemicarbazide injection in mice with the previous
infroduction of different doses of propoxazepam (the first—third quartile, median (minimal~maximal values))
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Fig. 4. The change in the latent time of tonic convulsions after thiosemicarbazide injection in mice with the previous
infroduction of different doses of propoxazepam (the first—third quartile, median (minimal-maximal values))
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Fig. 5. The change in the number of tonic convulsions after thiosemicarbazide injection in mice with the previous
infroduction of different doses of propoxazepam (the first-third quartile, median (minimal-maximal values))

In most cases tonic convulsions developed in 62 *
+ 2 min after introduction of the chemoconvulsive
agent, and the lethal effect was observed within 83 *
* 2 min because of the respiratory musculature pa-
ralysis. Against the background of propoxazepam
introduction (0.1 mg/kg) there was an increase in
the animals’ life duration up to 128 + 16 min, with

200

180

Time, min

160 ~
140 ~
120
100 A

80 + I—il =
60

40
20

the doses above 0.3 mg/kg the survival was longer
than 3-hour period of observation.

Thus, propoxazepam showed the high activity
on the model of GABA-deficient thiosemicarbazide-
induced seizures. It had the antagonistic interaction
with thiosemicarbazide by the shape of the “dose-
effect” curve. The mean effective doses for prop-

control 0.01 0.1 0.178

0.237

0.316 0.56 1 5 10 20
Dose, mg/kg

Fig. 6. The change in the survival time of mice after thiosemicarbazide injection with the previous introduction
of different doses of propoxazepam (the first—third quartile, median (minimal-maximal values))
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oxazepam in acute (3 hours) and remote (24 hours)
periods of observation had no statistically signifi-
cant differences.

CONCLUSIONS

1. The mean effective dose of the protective ac-
tion for propoxazepam on the model of GABA-defi-
cient thiosemicarbazide-induced seizures is 0.18 *
+ 0.10 mg/kg (0.31 + 0.05 pmol/kg). The “dose-
effect” curve slope equals 0.6 corresponding to the
rapid development of the protective effect and an-
tagonistic interactions at the receptor level.

2. The increase of the propoxazepam dose leads
to certain redistribution between the clonic and

tonic convulsions. In the experimental groups there
is a decrease in the time of occurrence of myoclonic
convulsions and an increase in their number along
with a reduction in the number of tonic convul-
sions. It indicates the increase in efficiency of in-
hibitory processes in the CNS; as a result, blocking
of tonic seizures is more effective.

3. The increase of the propoxazepam dose in-
creases the survival time of animals - in the dose
of 1.0 mg/kg on this experimental model the effect
is almost 100 %.

Conflicts of Interests: authors have no conflict
of interests to declare.
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