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THE EFFECT OF 1-(4-METOXYPHENYL)-5-{2-[4-(4-METOXYPHENYL)
PIPERAZINE-1-YL]-2-0XOETHYL}-1,5-DIHYDRO-4H-
PYRAZOLE[3,4-D] PYRYDINE-4-ONE AND SODIUM VALPROATE ON
THE LEVEL OF INHIBITORY AND EXCITATORY NEUROTRANSMITTERS
IN THE BRAIN IN THE HEMISPHERIC ASYMMETRY ASPECT

Epilepsy affects about 1 % of the world population. Recently, epileptology considers the cerebral hemispheres (CH) as
separate components, which differ due to the neurochemical hemisphere asymmetry.

Aim. To study the level of neurotransmitters and their correlation in the CH of mice receiving 1-(4-metoxyphenyl)-
5-{2-[4-(4-metoxyphenyl) piperazine-1-yl]-2-oxoethyl}-1,5-dihydro-4H-pyrazole[3,4-D]pyrydine-4-one (compound
78553) and sodium valproate in intact animals, and the pentylenetetrazol kindling model.

Materials and methods. The brains of 44 mice used were divided into separate hemispheres and frozen. The levels
of serotonin, GABA, glutamate, aspartate were determined by high voltage electrophoresis, and glycine - by thin-layer
chromatography. Compound 78553 was administered in the dose of 200 mg/kg, valproate sodium - 300 mg/kg.

Results. The hemispheric asymmetry of the level of neuroactive amino acids is absent in intact mice, and the serotonin
level is higher in the left hemisphere (LH). Compound 78553 increases the levels of glycine, aspartate, serotonin with-
out affecting GABA and glutamate. Sodium valproate elevates the GABA level and lowers the levels of other mediators.
PTZ kindling causes a marked imbalance of neurotransmitters in the CH, increases the levels of excitatory neurotrans-
mitters, reduces the inhibitory amino acids and depletes serotonin in the LH and the right hemisphere (RH). Compound
78553 in PTZ kindling increases the levels of GABA and glycine in the CH, restores their physiological level, raises the
serotonin level and reduces the amount of excitatory amino acids up to the intact group level without the balance
restoration between the hemispheres. Sodium valproate increases the level of GABA more efficiently than compound
78553, but has a weaker effect on glycine, restores the normal level of glutamate, slightly reducing the aspartate level.
A moderate recovery effect is observed for serotonin in the RH, while in the LH it is almost absent. The hemispheric
symmetry is recovered for glycine and aspartate.

Conclusions. Correlation analysis indicates that there is the conjugation deviation of the neurotransmitter exchange
for acids and serotonin between the brain hemispheres in the PTZ kindling model. The changes in direction and the
strength of relationships between the neurotransmitter levels indicate the differences between biochemical mecha-
nisms of the anticonvulsant action of compound 78553 and sodium valproate. The strong effect of sodium valproate
on GABA and glutamate in epilepsy can cause its high efficiency. A stronger effect on the metabolism of serotonin and
glycine can partially explain the antiepileptic effect of compound 78553.

Key words: [3,4-D]pyrydine-4-one derivatives; anticonvulsants; hemispherical asymmetry; inhibitory and excitatory
neurotransmitters
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Brius 1-(4-meTtokcudeHin)-5-{2-[4-(4-meTokcudenin)ninepasun-1-ia]-2-okcoetma}-1,5-
aurigpo-4H-nipasoso[3,4-D]nipuuH-4-0Hy Ta BaJILNPOATy HATPil0 Ha BMiCT raJibMiBHUX Ta

30y KyBaJIbHUX HEHPOTPaHCMiTepiB y roJIOBHOMY MO3KY B acleKTi MiXKniBKy/IbOBOi acuMeTpii

Ha emnisencito ctpaxaae 6113bko 1 % HacesieHHs cBiTy. OcTaHHIM 4acoM emijenToJI0Tisl po3risAae NiBKyJi roJI0BHO-
ro Mo3ky (I'M) sik HepiBHO3Ha4Hi CKJI1a/10B], IKi BiApi3HAIOTHCS 32 paXyHOK HelpoxiMiuHOI acuMeTpii.

MeTa po60TH - AOCAIAUTH BMICT HepoMeiaTopiB y MiBKYJISIX FOJIOBHOT'O MO3KY MULIEN Ta KOPessALiiHI 3B’ A3KU Mixk
HUMHU Ha TJ1i npuiiomy 1-(4-metokcudenin)-5-{2-[4-(4-meTokcudeHin)ninepasun-1-in]-2-okcoetun}-1,5-gurigpo-
4H-mipazono[3,4-D]nipuann-4-ony (cnosyka 78553) Ta BasibnpoaTy HaTpPito B iHTAaKTHUX TBApHUH Ta HA MOJieJli TIeH-
TUJeHTeTpa3os0Boro (PTZ) kingainry.

Marepiaiu Ta MeToAU. BukopucTtaHo rooBHUN M0O30K 44 MulIel, AKMHA pO3THUHA/IM Ha NiBKyJ i 3aMOpoKyBaJIH.
Cepotonin, TAMK, riaytamar, acnapTaT BU3Ha4a/ld METOAOM BUCOKOBOJIBTHOIO eJleKTpodopesy, IMilUH — METOL0M
TOHKoLIapoBoi xpoMaTorpadii. Cnosnyky 78553 BBoguau y 1o3i 200 Mr/kr, BaabnpoatT HaTpito — 300 Mr/Kr.
Pe3ynbTaTH. B iHTaKTHUX MULIEH MDXKIIBKY/JIbOBA aCUMeTPiA BMICTY HepOAKTUBHUX aMiHOKUCJIOT BiJICYTH4, a pi-
BEHb CepOTOHIHY BUIle y JyiBilt niBkyi (JII1). Cnosyka 785533 36isblye BMICT [UIiLKHY, CEpOTOHIHY i acapTaTy 6e3
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BmuBY Ha TAMK i ryTamat. Baabnpoat HaTpito 36iab11ye piBeHb TAMK, iHmux MeaiaTopis - 3MeH1uye. PTZ kiHg1iHr
BUKJIMKA€E BUpPa3HUU JucbanaHc MeiaTopiB y I'M, 36iybL1ye BMicT 36y1KyBaJIbHUX HEHPOTPAHCMITEPiB, 3MeHIIYE pi-
BeHb ra/IbMiBHUX aMiHOKHCJIOT Ta BUCHAXKYE 3anacu cepoToHiny sk y JII1, Tak i B mpagi# niBkyuti (I1I1). Cnosiyka 78553
3a PTZ kinaainry 36inbiye Bmict TAMK i riiguny B I'M, BifHOBIIIOE iX diziosioriuny cuMeTpito B MiBKYJAX, MiJBULLYE
piBeHb CEpPOTOHIHY Ta 3MEHIIYE KiJIbKICTb 30y/[»KyBaJIbHUX HEHPOAaMiHOKHC/IOT Maike J10 piBHsS iHTAKTHOT'O KOHTP-
oJ10 6e3 BiJHOBJIEHHS iX 6ajlaHCy MiX MiBKy/nsiMU. BanbnpoaT HaTpilo epekTuBHiLIe 3a cnonyky 78553 36isnbiye
piBeHb TAMK, npoTe c/ia61e BIJIMBA€E Ha [VIiLIUH, BiIHOBJIIOE HOpMaJbHUN piBeHb IJIyTaMaTy, CJ1abKO BIJIMBAIOYH HA
BMicT acniapraty. [loMipHMii BiJHOB/IIOBa/IbHUM edeKT criocTepiraeTbes s cepotoHiny B I111, a B JII BiH Maiixke Biz-
CYTHIH; MDKIIBKY/IbOBA CUMeTpIisl BIAHOBJIIOETHCA [ IVIILIMHY Ta aclapTary.

BucHoBkU. KopessniiHui aHasi3 cBifYUTh PO MOPYLIEHHS COPSKEHOCTI 06MiHY HEHpPOTpPaHCMiITepHUX aMiHOKHC-
JIOT i CEpOTOHIHY B MiBKYJISIX FOJIOBHOTO MO3KY MiJi BIuiMBOM PTZ, a 3MiHM HanpsIMKY i CUJIK 3B’I3KiB Mi>K BMicTOM
HelpoTpacMiTepiB BKa3yloTb Ha BiMiHHOCTI 6i0XiMiyHMX MexaHi3MiB npoTHUcyAoMHOI Ail cnostyku 78553 Ta BaJib-
npoaty Hatpito. Came noty»xHa Jisg octaHnboro Ha TAMK i riytamat npu enisiencii Moke 3yMOBJIIOBAaTH HOT0 BUCOKY
edexTuBHICTD. [I[poTHeniienTuyHui epekT crnoyku 78553 4aCTKOBO MOKHA MOSICHUTH CUJIbHILIMM BILIMBOM Ha 06-
MiH CEpOTOHIHY Ta IJIiLIUHY.

Kawouoei cnoea: noxizzi nipaszosio[3,4-D|nipuuH-4-0Hy; IPOTHUCYAOMHI 3aC00U; MIKIIIBKY/JIbOBA aCUMETPisl; 36Y1KY-
BaJ/IbHI Ta raJibMiBHI HelipoTpaHCcMiTepu
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Bimsinue 1-(4-metokcudenun)-5-{2-[4-(4-meToxkcudenna) nunepasul-1-mil-2-okcoarun}-1,5-
aurngpo-4H-nupason [3,4-D]nupuanH-4-0Ha 4 BaJbIIpoaTa HATPUs Ha cofep:KaHHe TOPMO3HBIX
U BO30YK/JaK0IUX HEHPOTPAHCMUTTEPOB B rOJIOBHOM MO3re B aCIEKTe MeKNOJIyIapHOi
AcCUMMeTpHHU

Jnuencuen CTpagaeT OKOJIo 1 % HacesneHus MHpa. B nocjegHee BpeMsd 3MHUJIENTOJIOTUA pAaCCMAaTpUBaeT MoJIyla-
pud roJioBHoOro mMmo3ra (FM) KaK HepaBHO3Ha4YHbIe COCTaBJIAOIINE, KOTOPbIE OTJIMYAIOTCA 3a CHET HeﬁpOXHMH‘{ECKOﬁ
ACUMMETpPUH.

Ilesib paGoThI - UCCIIEO0BATD COJIEP)KAHUE HEHPOMEJMATOPOB B MoJiyapusx ['M Mbllel 1 KOppeJIsiiuOHHbIE CBS3U
Mex/y HUMU Ha ¢oHe npuema 1-(4-metokcudenun)-5-{2-[4-(4-metokcudenu)nunepasun-1-uil-2-okcoatuu}-1,5-
purugpo-4H-nupason [3,4-D]nupugun-4-ona (coegunenue 78553) u BasibIpoaTa HaTPUs Y UHTAKTHBIX )KUBOTHBIX U
Ha MOJieJu eHTu/eHTeTpasosoBoro (PTZ) kuHauHra.

MaTepuasibl U MeTOABL. M crios1b30BaH M03r 44 Mbllllel, KOTOPbIA pa3zessijiv Ha MoJyllapysa U 3aMopakuBasi. Ce-
potonuH, TAMK, riaytamat, acnapTaT onpeziessiid MeTOZ0M BbICOKOBOJIbTHOTO 3J1eKTpodopesa, NIUIUH — METO0M
TOHKOCJI0MHOM xpoMaTorpaduu. CoegrnHenue 78553 BBoguiu B jo3e 200 Mr/Kr, Basibnpoat HaTpus — 300 Mr/Kr.

Pe3y/sbTaThl U UX 06CY>KAEHUE. Y MHTAKTHBIX MbIILIeHd MeXIT0/IyIIapHasi aCHMMETPHUs COAePKaHHUs HeHPOaKTUBHBIX
AMHUHOKHUCJIOT OTCYTCTBYET, 2 YPOBEHb CEPOTOHUHA Bhllle B ieBoM noJymapuu (JII1). Coenunenue 78553 yBennyu-
BaeT cojieprkaHue IVIMIMHA, CEpOTOHMHA U acnapTaTta 6e3 BausaHus Ha TAMK u riyramart. Baabnpoat HaTpus yBe-
nnyrBaeT ypoBeHb AMK, apyrux meinaTopoB — yMeHbuaeT. PTZ KUHAJIMHT BbI3bIBAaeT BbIpaXKeHHbIN Jjuc6aaHC
MeguaTopoB B I'M, yBesimuuBaeT cojiep>kaHue Bo30yKAA0IKMX HEHPOTPAaHCMUTTEPOB, YMeHbIlIaeT ypOBeHb TOPMO3-
HBIX aMMHOKHCJIOT, UCTOILAsA IPY 3TOM 3anachl cepoToHHHA Kak B JIII, Tak 1 B npaBoM nosyuapuu (I111). CoeguHeHue
78553 3a PTZ kunpnunra ysesnnyuBaeT copepkanue TAMK v rinnuza B I'M, BoccTaHaBiuBaeT X pU3MOI0THYE-
CKYI0 CUMMETPHIO B [IOJIyIIAPHsX, IOBbILIAET YPOBEHb CEPOTOHWHA U YMeHbIlIaeT KOJIMYeCTBO BO36YK/Jal0INX Hell-
POaMHUHOKHC/IOT NOYTH /10 YPOBHS HHTAKTHOTO KOHTPOJISI 6€3 BOCCTAHOBJIEHHUS UX OaslaHCca MeX/y MOJIyLIapUsMH.
Banbnpoat Hatpus adpdexkTrBHee coeauHenns 78553 yBesmunBaeT ypoBeHb [AMK, ciaGee BausieT Ha IIMIMH, BOC-
CTaHaBJIMBaeT HOPMaJbHbIN YPOBeHb IJIyTaMaTa, cJ1abo BJIMsAs Ha COJiep)KaHMe acrapTaTa. YMepeHHbIH BOCCTaHaB-
JMBaoUK adpeKT HaboAaeTcs Ass ceporoHuHa B I1I1, a B JIIT oH NOYTH OTCYTCTBYeT. MeXnosyimapHasi CHMMe-
TpUsl BOCCTaHABJIMBAEeTCA /14 IJIMLMHA U acrapTara.

BbIBoAbI. KoppeisiiMoOHHbINA aHa/IM3 CBU/IETENbCTBYET O HAPYLIEHUU CONPS>KEHHOCTU 06MeHa HEHPOTPaHCMUTTED-
HbIX aMUHOKHCJIOT U CEPOTOHHHA B TOJIOBHOM MO3re 1o/, BaussHueM PTZ, a u3MeHeHUs1 HallpaBJIEHUS U CUJIbI CBSI3EN
MeX/ly CoAepKaHUeM HEHPOTPAaHCMUTTEPOB YKA3bIBAKOT HA PA3IUYUs OMOXMMUYECKUX MEXaHU3MOB MPOTHUBOCY/I0-
poxkHOro JelcTBUA coejuHeHUs: 78553 U BasbnpoaTa HaTpusl. UMeHHO MolHoe AelcTBUe nociaeaHero Ha TAMK u
rJIyTaMaT IIPY SMUJIENICUH MOXKeT 06YCI0BINBATE €0 BBICOKYI0 3G GEeKTUBHOCTE. [IpoTHBOanuienTH4YecKui appexT
coenvHeHUs1 78553 YaCTUUHO MOXXHO OG'bSICHUTD 060Jiee CU/IbHBIM BJUSIHUEM HAa O6MeH CEpOTOHMHA U [VIMIIMHA.

Kawuesvle caosa: npousBosHble 1paso[3,4-D]nupuuH-4-0Ha; IPOTUBOCYAOPOXKHBIE CPe/ICTBA; MEXKIIOyIIap-
Hasl aCHMMETPHUST; BO30YKAAK0le U TOPMO3Hble HEHPOTPAHCMUTTEPHI

he pathogenesis of epilepsy (E) is based on
excessive neuronal discharges due to patho-
logy of cell membranes and imbalance of excita-
tory and inhibitory neurotransmitters of the brain.
The pathological activity of the brain has epileptic
signs of individual neurons and neuronal systems

in general [1]. Despite the widespread E the neuro-
chemical nature of convulsive states has not been
studied [2].

In this aspect, the problem of the brain morpho-
logical and neurochemical asymmetry draws atten-
tion. Many researches confirm the unequal activity
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of the left (LH) and the right hemisphere (RH) of
the human B [3, 4, 5]. This asymmetry is important
in the normal brain activities and affects the clini-
cal symptoms in E [1]. The focal process and va-
riety of clinical manifestations make E a conveni-
ent model for studying the asymmetry of the brain
hemispheres. It is important to improve the diagno-
sis and treatment of E. Most studies concern the
permanent and paroxysmal psychopathological ac-
tivity in E depending on localization of the epilep-
tic focus activity.

It has been found that the LH can generate focal
seizures more frequently than the RH in patients
with schizophrenia and E [6]. The functional hemi-
spheric asymmetry can modulate the severity of
depressive symptoms, be manifested by different
characteristics of focal lateralization in E [7] and
greater vulnerability of the LH to epileptogenesis [4].
However, there are no verified data of the relation-
ship of the functional sensorimotor asymmetry and
specific psychopathology. The imbalance of inhibi-
tory (GABA, glycine) and excitatory (glutamate, as-
partate) neurotransmitters plays an important role
in the convulsive status [8]. There are open ques-
tions regarding the changes in the balance of neuro-
transmitter amino acids during pharmacotherapy
of E. There is a need to clarify the role of serotonin
in epileptogenesis. Depletion of serotonin reserves
in the brain is registered in E [9]. It is unknown how
serotonin is involved in development of seizures,
how its level changes under the effect of antiepi-
leptic drugs (AEDs), and how it correlates with the
level of excitatory and inhibitory amino acids con-
sidering the hemisphere asymmetry.

Pyrimidine derivatives attract attention because
of the opportunity to introduce various substituents
that exhibit a wide range of activities, including the
anticonvulsant one. The original pyrazolo [3,4-D] py-
ridine-4-one derivative - 1-(4-metoxyphenyl)-5-{2-
[4-(4-metoxyphenyl) piperazine-1-yl]-2-oxoethyl}-
1,5-dihydro-4h-pyrazole[3,4-d] pyrydine-4-one (the
laboratory code 78553) was synthesized at the De-
partment of Pharmaceutical Chemistry in the National
University of Pharmacy under the supervision of
professor V. A. Georgiyants. It revealed strong an-
ticonvulsive properties in models with different pa-
thogenesis, the polytropic mechanism of action and
the favorable psychotropic effect [10, 11]. The im-
pact of compound 78553 on the balance of trans-
mitters in the brain remains unknown.

The aim of this study was to study the level of
inhibitory and excitatory amino acids and seroto-
nin in the cerebral hemispheres of mice and the
correlation between them in the context of the he-
misphere asymmetry in intact animals and in the
pentylenetetrazole-induced (PTZ) kindling model
when receiving 1-(4-metoxyphenyl)-5-{2-[4-(4-me-
toxyphenyl) piperazine-1-yl]-2-oxoethyl}-1,5-dihyd-

ro-4H-pyrazole[3,4-d] pyrydine-4-one and sodium
valproate.

Materials and Methods

The studies were conducted in 44 albino mature
male mice weighing 18-25 g. Animals were kept in
the vivarium of the Central Research Laboratory at
the National Pharmaceutical University under the
standard conditions with the daylight duration of
12-13 hours in compliance with the sanitary and
hygienic norms and the principles of the European
Convention for the Protection of Vertebrate Animals
used for Experimental and Other Scientific Purpo-
ses (Strasbourg, 1986). The experiments were con-
ducted according to the General Ethical Principles
and Guidelines for Experiments on Animals.

Animals were randomly divided into 6 groups:
(1) intact control (n = 10); (2) intact mice (n = 8)
receiving compound 78553 as a suspension in
Tween-80 in a single dose of 200 mg/kg [10]; (3)
intact animals (n = 7) receiving the reference drug
sodium valproate (“Depakin”, batch 472, Sanofi-
Aventis, France) in a single dose of 300 mg/kg [10].
Mice of other three groups were subjected to a
15-day kindling [12]. Each day mice received PTZ
(“Sigma”, USA) injection (i.p.) in an aqueous solu-
tion in the sub-threshold dose of 30 mg/kg: (4) the
group of control pathology (n = 8) and the group
(5, 6) of mice receiving compound 78553 (n = 6)
and the reference drug (n = 5) as described above.
Compound 78553 and sodium valproate were in-
troduced intragastrically through a probe for 30 min
before killing mice of groups 2, 3 and prior each PTZ
injection for other groups (4-6). After mice decapi-
tation the brain was rapidly removed, weighed, cut
on hemispheres and frozen with liquid nitrogen,
then stored for analysis at -40°C.

The levels of GABA, aspartic and glutamic acid
were determined by high voltage electrophoresis
[13]. The separation was carried out in the pyri-
dine-acetate buffer at a voltage of 600v for 3 hours.
The frozen brain was powdered. Extraction was
performed in 96 % alcohol in a boiling water bath
for 19 min; the ratio of alcohol-tissue was 10 : 1.
The glycine level was determined by thin layer chro-
matography on Silufol plates [14] in the n-butanol
- glacial acetic acid - water solvent system in the
ratio of 90:10:25. The standard sample of glycine
(Sigma, USA) was used.

The results obtained were processed statistically
using STATISTICA 11.0 for Windows. Accuracy of
intergroup variances was assessed using Student’s
t-test under normal distribution and nonparamet-
ric Mann-Whitney U test when samples were not
normally distributed [19]. The relationship between
the levels of neurotransmitters was analyzed by
Pearson correlation coefficient. Differences were
considered to be significant at p <0.05.
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Table 1

The effect of compound 78553 and sodium valproate on the levels of neurotransmitters
in the separate brain hemispheres in intact mice after a single injection (n = 25)

Right hemisphere Left hemisphere Significant
Group Val The change in Val The change in differences
alue relation to IC, % alue relation to IC, % of LH-RH
GABA, mcmol/g
IC 2.85+0.09 2.91+0.05
Compound 78553 3.09+0.06 +8.4 2.91+0.11 0
Sodium valproate 4.03+0.04* # +41.5 3.81+0.10* # +31.2 p<0.05
Glycine, mcmol/g
IC 6.44+0.18 6.11+0.13
Compound 78553 9.95+0.13* +54.5 10.75+0.20* +75.9 p<0.01
Sodium valproate 3.78+0.16* # -41.3 3.93+0.15# -35.7
Glutamate, mcmol/g
IC 9.94+0.12 10.08+0.12
Compound 78553 10.38+0.17 +4.4 9.93+0.17 -14
Sodium valproate 8.17+0.08* # -17.9 9.12+0.10* # -9.5 p<0.01
Aspartate, mcmol/g
IC 4.42+0.21 4.54+0.20
Compound 78553 5.16+0.07* +16.9 5.44+0.13* +19.8
Sodium valproate 4.31+0.094# -2.3 4.05+0.06# -10.8
Serotonin, nmol/g
IC 145.96+2.70 168.81+3.03 p<0.01
Compound 78553 168.01+1.31* +15.1 181.04+0.59* +7.2 p<0.01
Sodium valproate 140.24+0.58 # -3.9 154.61+£1.65%# -84 p<0.01

Note. IC — intact control, statistically significant differences: * - in relation to intact control (p<0.01), # — in relation to compound

78553 (p<0.01).

Results and Discussion

The amount of inhibitory and excitatory amino
acids in the RH and the LH of intact animals is sig-
nificantly equal (Tab. 1); however, there is a slight
tendency to dominance in the LH (except glycine).
This confirms the results [15, 16]. As for the level
of serotonin there is the asymmetry between the
cerebral hemispheres. The homogenate of the LH
contains significantly more serotonin on average
by 15.7 % than the RH, which is typical for mice
[17]. The higher level of excitatory neurotransmit-
ters in the LH can explain more frequent epileptic
activity in this hemisphere [4].

In intact animals compound 78553 does not af-
fect the balance of GABA-glutamate, but equally in
both hemispheres increases the aspartate level by
16.9-19.8 % and strongly increases the level of gly-
cine, mostly in the LH (at 75.9 %). The glycinergic
action is confirmed by a moderate anticonvulsant
activity on the model of strychnine-induced sei-
zures [10]. The level of serotonin statistically sig-
nificantly increases in both hemispheres with the
prevalence in the RH, the hemisphere asymmetry
retains, and it explains the moderate antidepres-

sant properties of compound 78553 to some ex-
tent [11].

In intact mice sodium valproate affects the ex-
change of amino acids mainly in the RH (except
aspartate). This result dissociates with the results
on rats, which mainly affects the LP [16]. Probably,
the difference is explained by specific species, dif-
ferent dose and the use of a solvent. The reference
drug significantly increases the level of GABA in both
hemispheres by 31.2-41.5 % and reduces the level
of excitatory amino acids - glutamate by 9.5-17.9 %
(p < 0.01) and aspartate by 2.3-10.8 % (p > 0.05).
Unlike compound 78553, sodium valproate signifi-
cantly reduces the level of glycine in the brain by
35.7-41.3 % and serotonin - by 8.4 % in the LH.
Sodium valproate has a stronger effect on GABA
and glutamate (p < 0.01), while compound 78553
- on aspartate, glycine and serotonin (p < 0.01).

The results of the study on the kindling model
are given in Tab. 2. PTZ equally decreases the level
of both inhibitory neurotransmitters (by approxi-
mately 70 %), strongly increases the level of glu-
tamate, especially in the LH (by 84.4 %) and has
less effect on the level of aspartate. The increase
of the aspartate level occurs in the RH (+ 62.4 %).
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Table 2

The effect of pentylentetrazole, compound 78553 and sodium valproate on the levels
of neurotransmitters in the separate brain hemispheres in mice on the model
of chronic epileptogenesis (kindling) (n = 29)

Right hemisphere Left hemisphere
G The change in The changein S!gnlﬁcant
roup . . . differences
Villue relation to: Vil relation to: of LH-RH
IC,% | PTZ, % IC,% | PTZ, %
GABA, mcmol/g

IC 2.85+0.09 2.91+0.05
PTZ 0.76+0.01* -734 0.95+0.02* -67.3 p<0.01
PTZ +compound 78553 1.77+0.04* A -38.1 | +133.2 | 1.65+0.04*A -43.2 | +73.9
PTZ + Sodium valproate 2.14+0.02*A# | -24.8 | +183.0 | 2.35+0.02*A\# | -19.3 | +146.9 p<0.01

Glycine, mcmol/g
IC 6.44+0.18 6.11+0.13
PTZ 2.07+0.07* -67.9 1.79+0.08* -70.7 p<0.05
PTZ + compound 78553 4.19+0.12*A -349 | +102.4 | 4.37+0.18* A -28.5 | +144.1
PTZ + Sodium valproate 2.84+0.09*A# | -55.9 | +37.2 | 3.07+0.10* N # | -49.8 | +71.5

Glutamate, mcmol/g
IC 9.94+0.12 10.08+0.12
PTZ 17.30+0.11* +74.0 18.58+0.13* +84.4 p<0.01
PTZ + compound 78553 11.17+£0.13*A | +124 | -35.4 10.04+0.06A -0.3 -45.9 p<0.01
PTZ + Sodium valproate 9.46+0.11**A¢ | -4.9 -453 | 10.62+0.04*A\# | +54 | -42.8 p<0.01
Aspartate, mcmol/g

IC 4.42+0.21 4.54+0.20
PTZ 7.17+0.05* +62.4 6.73+0.08* +48.2 p<0.01
PTZ + compound 78553 4.21+£0.03A -4.7 -41.3 4.53+0.09/ -0.3 -32.8 p<0.05
PTZ + Sodium valproate 6.19+0.09*M# | +40.2 | -13.7 | 6.11+£0.04*A# | +34.5 -9.3

Serotonin, nmol/g
IC 145.96+2.70 168.81+3.03 p<0.01
PTZ 41.75+0.74* -71.4 61.18+0.57* -63.8 p<0.01
PTZ + compound 78553 101.50+0.86*A | -30.5 | +143.1 | 133.47+£1.96*A | -20.9 | +118.2 p<0.01
PTZ + Sodium valproate 61.54+0.74*\# | -57.8 | +47.4 | 68.66+0.74*\# | -59.3 | +12.2 p<0.01

Note. IC - intact control, statistically significant differences: * - in relation to intact control (p<0.01), ** — in relation to intact control
(p<0.05), A —in relation to PTZ (p<0.01), # - in relation to compound 78553 (p<0.01).

PTZ causes more depleted serotonin stock in the
RH, which is a predictor of the convulsive status
[9]. Besides, the prolonged administration of PTZ
leads to imbalance of amino acids and serotonin in
the cerebral hemispheres without preferences to-
ward the LH or the RH.

Compound 78553 significantly enhances and
balances the level of GABA, mainly due to increase
in the RH. Sodium valproate has a similar localiza-
tion and direction, but the effect is stronger with
preserving the hemispheric asymmetry. As for an-
other inhibitory amino acid - glycine - compound
78553 considerably increases its level compared
to sodium valproate. It is important that com-
pound 78553 and the reference drug eliminate the
asymmetry appeared as a result of PTZ due to the
increased level of glycine preferably in the LH.

Compound 78553 does not restore the balance
of glutamate, but eliminates the glutamatergic effect
of PTZ in the LH and almost in the RH. The refe-
rence drug also restores the balance of amino acid
in the cerebral hemispheres, does not compensate
the negative effect in the LH, and creates even the
negative difference in the RH compared with the
intact control.

The aspartate level is fully normalized; almost
its normal ratio between the hemispheres is restored
when treating with test the compound. Sodium val-
proate normalizes the aspartate level significantly
weaker than compound 78553, but restores its ba-
lance in hemispheres.

Compound 78553 normalizes the level of sero-
tonin (more in the RH) significantly exceeding the
effect of sodium valproate.
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Therefore, the chronic model of epileptogene-
sis causes a significant imbalance of serotonin and
amino acids without a significant preference to-
wards any hemisphere: the levels of GABA, aspar-
tate and serotonin are clearly changed in the RH,
and the levels of glycine, glutamate - in the LH. Not
statistically significant higher level of glutamate
in the LH in norm and its significant increase on
the PTZ kindling model may be related to frequent
development of epileptic foci in the LH (it is often
recorded on the EEG) [4].

Moreover, PTZ kindling depletes the stock of
serotonin more than 3 times; its significance in epi-
leptogenesis needs further clarification. There is an
evidence of the serotonin effect on epileptohenesis
[18]: its reduction leads to the increased convulsive
readiness. This may be due to the fact that sero-
tonin interacts with a variety of different recep-
tor subtypes linked to divergent signal transduc-
tion cascades, thereby often exerting the opposing
control on cell membrane potentials [9]. Thus, the
property of AEDs to increase the serotonin level in
the brain is one of the ways to achieve better con-
trol of convulsive states [18].

There is a consistent pattern when receiving
PTZ that compound 78553 is more effective in the
hemisphere where deviation of the levels of neuro-
transmitters from the level of intact control is more
expressive. In addition, the test compound better
affects the excitatory amino acids, which levels ap-
proach to those in the intact control. In chronic
epileptogenesis sodium valproate is more effective
on inhibitory neurotransmitters and serotonin in
those hemispheres, which are strongly affected by
PTZ. However, excitatory neurotransmitters do not
possess this action. At the same time, in contrast
to compound 78553, sodium valproate has the po-
werful effect on GABA and glutamate, which levels
approach the level of intact control. This is impor-
tant because their balance plays a key role in de-
velopment of epileptic seizures [19].

Correlation analysis (Tab. 3) has shown that there
is no statistically significant relationship between
neurotransmitters in the LH of intact mice. There is
a significant medium strength positive correlation
in the serotonin—-GABA relationship and the similar
negative relationship between serotonin and gluta-
mate in the RH. In addition, there are a statistically
significant strong relationships (r = 0.77-0.97) be-
tween the levels of all neurotransmitters in the LH
and the RH (except GABA), which indicates conju-
gation of neurotransmitter processes in different
cerebral hemispheres. The balance of transmitters
in the hemispheres changes, and a significant cor-
relation between their levels disappears when tak-
ing compound 78553. There is a positive correla-
tion (p <0.05) in the glutamate-GABA relationship
in the LH and the RH, which reflects stronger con-

jugation processes in transformation glutamate in
GABA [20]. In addition, there is a strong negative
relationships of aspartate-GABA (r = -0.85) and
aspartate-glutamate (r = -0.77) and a strong posi-
tive correlation in the relationships of GABA-gly-
cine (r = 0.88) and glutamate-glycine (r = 0.80)
in the RH. A positive correlation between inhibi-
tory amino acids indicates the related increase of
their levels in case of administration of compound
78553, and it is important for the anticonvulsant
activity. In contrast to compound 78553, sodium
valproate destroys relationships of the mediator le-
vels between the hemispheres for GABA and gluta-
mate, keeping a positive correlation only for aspar-
tate and glycine. There is no significant correlation
in the LH, but there is the direction change in the
serotonin-glutamate relationship (r = 0.85 versus
r =-0.64 in intact control) and increase in the rela-
tionship strength of serotonin-GABA in the RH. In
this hemisphere there is a strong positive correla-
tion (r = 0.87) in relationships of glutamate-GABA
and glycine-aspartate. The difference between cor-
relations created by the effect of compound 78553
and sodium valproate indicates the differences in
their biochemical mechanisms of the anticonvul-
sant action.

In case of PTZ kindling only typical positive cor-
relation of the glycine level in the LH and the RH
(r = 0.96) retains, other mediators lose their cor-
relations. Chronic epileptogenesis is characterized
by a strong negative correlation in the GABA-glu-
tamate relationship. In addition, there is a negative
glycine-aspartate relationship in the RH (r =-0.91).
Such a negative correlation between inhibitory and
excitatory amino acids corresponds to the concept
of the E pathogenesis (the levels of excitatory neu-
rotransmitters increase, and the levels of inhibi-
tory ones decrease [1]). The direction in relation-
ships of serotonin-GABA and serotonin-glutamate
changes indicating a deep disorder of serotonin-
amino acid interactions in the RH.

Compound 78553 with an increase in the level
of inhibitory neurotransmitters creates a significant
strong correlation between them in both hemisphe-
res. There is a strong positive correlation (p <0.05)
between the level of glutamate and inhibitory ami-
no acids (r = 0.94 for GABA, r = 0.91 for glycine)
in the RH, which may be important in the bioche-
mical mechanism of the anticonvulsant action of the
test compound. Moreover, the relationship between
GABA and glutamate disappears in the LH. In case
of sodium valproate there is a strong positive re-
lationship (r = 0.99) between the level of GABA in
different hemispheres (p <0.05), indicating enhance-
ment of the exchange conjugation of this neurotrans-
mitter. Sodium valproate retains a significant strong
negative relationship of GABA-glutamate (r =-0.96)
in the LH, and it weakens in the RH (r = -0.66).
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Table 3

Statistically significant correlations between the levels of serotonin, inhibitory and excitatory
amino acids in separate brain hemispheres on the effect of compound 78553 and sodium

valproate in intact mice and the pentylentetrazole kindling model (n = 44)

Group

Intact animals

Pentylentetrazole-induced kindling

Intact control

Compound
78553

Sodium
valproate

PTZ
(control)

PTZ +
Compound
78553

PTZ +
sodium
valproate

LH

Ser-GABA - _

- - 0.93

Ser-Gli - -

Ser-Glu - -

-0.92

Ser-Asp - -

-0.90

GABA-Gli - -

- 0.85 -

GABA-Glu - 0.78

-0.96

GABA-Acn - -

Gli-Glu - -

Gli-Asp - -

Glu-Asp - -

Ser-GABA 0.67 - 0.91

Ser-Gli

Ser-Glu

Ser-Asp - -

GABA-Gli - 0.88

GABA-Glu - 0.88 0.87

GABA-Asp -

Gli-Glu - 0.80

Gli-Asp - - 0.87

Glu-Asp -

Ser 0,86 -

GABA - -

- - 0.99

Gli 0.85 - 0.93

0.96 - -

Glu 0.77 -

Asp 0.97 - 0.82

- -0.83 -

Note. Ser - serotonin, GABA - y-Aminobutyric acid, Gli - glycine, Glu - glutamate, Asp - aspartate, LH - left hemisphere, RH - right

hemisphere, PTZ - pentylentetrazole.

The last correlation is not statistically significant.
Like compound 78553 sodium valproate forms a
significant strong positive correlation (r = 0.85) in
glutamate-glycine relationship, and it is negative
in the glycine-GABA relationship (r = -0.84) in the
RH. In addition, sodium valproate creates a strong
positive correlation in the serotonin-GABA rela-
tionship (r = 0.96), a negative correlation in the re-
lationships of serotonin-glutamate (r = -0.92) and
serotonin-aspartate (-0.90) in the LH (but not in
the RH).

Thus, PTZ kindling causes a significant imba-
lance of neurotransmitters in the brain of mice, in-
creases the levels of excitatory neurotransmitters,

at the same time reducing the inhibitory amino
acids and depletes the stock of serotonin in both
hemispheres. Compound 78553 in case of PTZ kind-
ling clearly increases the serotonin level, mode-
rately increases the levels of GABA and glycine in
the brain and reduces the amount of excitatory ami-
no acids almost to the level of intact control. The test
compound is more effective in the hemisphere where
deviation of inhibitory amino acids is stronger than
the level of intact mice under the influence of PTZ.
Sodium valproate increases the level of GABA more
effectively than compound 78553, however, it has
a weaker effect on other inhibitory neurotransmit-
ter - glycine. Regarding excitatory amino acids so-
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dium valproate restores the physiological level of
glutamate, slightly affecting the level of aspartate.
A moderate recovery effect is observed for seroto-
nin in the RH, and it is almost absent in the LH. The
glutamate-GABA balance plays an important role in
seizures [19]. Sodium valproate has the greatest ef-
fect on these mediators, which make it highly effec-
tive. The effectiveness of compound 78553 is equal
to sodium valproate in the PTZ kindling model [12],
and it may be related to a stronger effect on the
metabolism of serotonin and glycine. In intact mice
neurotransmitters are in balance between the he-
mispheres; in addition, serotonin is characterized
by the hemispheric asymmetry in norm and on the
epileptogenesis model. Compound 78553 and so-
dium valproate causes the hemispheric asymmetry
for different amino acids in intact animals. PTZ kin-
dling causes imbalance of all amino acids, compound
78553 restores a balance of inhibitory neurotransmit-
ters and sodium valproate - of glycine and aspartate.

CONCLUSIONS

1. The hemispheric asymmetry of the level of
excitatory and inhibitory amino acids is absent in
intact mice. 1-(4-Metoxyphenyl)-5-{2-[4-(4-metoxy-
phenyl) piperazine-1-yl]-2-oxoethyl}-1,5-dihydro-
4H-pyrazole[3,4-d] pyrydine-4-one does not affect
the levels of GABA and glutamate, but strongly in-
creases the amount of glycine in both hemispheres
(more in the left one) and moderately - of aspar-
tate (equally), retains the hemispheric symmetry
of amino acids, except glycine. Sodium valproate
strongly increases the level of GABA and moderate-
ly reduces the level of glutamate mainly in the right
hemisphere.

2. The level of serotonin in the left hemisphere
of intact mice is higher than in the right one.
1-(4-Metoxyphenyl)-5-{2-[4-(4-metoxyphenyl)pipe-
razine-1-yl]-2-oxoethyl}-1,5-dihydro-4H-pyrazo-
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