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Penaxiiiina xosneris:

Penakmiiina pana:

B.I1.YHepHuX — roJIOBHUM PEOAKTOD
H.I1.IToloBKO — 3aCTYIIHUK TOJIOBHOTO PEIAKTOPA

[1.0.be3yrmuit, JI.I.Bumnerchka, B.I1.Ieopriescrkuii, B.A.I'eoprisHi, €.B.Imayx,
O.LI'pmsony0, 1.C.Ipunienko, T.A.I'pomosuit, C.M.JIporoso3, b.C.3iMeHKOBCHKHHA,
[.A.3ynanensn, C.M.KoBanenko, C.B.KomnicHuk (8ionogioanvnuii cekpemap),
H.M.Kononenko, A.A.Kotgitpka, O.M.Korenko, A.C.Hemuenko, B./[.Opros,
M.®.Ilaciunuk, [.M.Ileprnes, B.A.Camypa, A.M.Cepmaiok, B.M.Tomouko,
H.I.®inimonosa, C.1O.Utpurons, T.I  Apaux

C.A.Anaponarti (Oneca), O.M.binoBon (Kuis), O.I1.I'ynzenko (Jlyrancek),
JLIImurpieBckuii (Xapkis), T.I Kammtok (JIpBiB), FO.M.Kpacronomnbscpkuii (XapkiB),
B.JM.Kpecion (Omeca), .A.Masyp (3amopixoks), B.II.Mysuuenko (JIbBiB),
b.JL.ITapHoBCHKMit (JIBBIB), M.M.Tumuenko (Xapkis), JI.B.SkoBnesa (XapkiB),
V.Carini (Milan), G.M.Kitanov (Sofia), S.D.Nikolov (Sofia), P.Szefer (Gdansk),
Z.Vincze (Budapest)

Y 4yeproBomy BHIYCKY KYPHaJy NpeAcTaBJIeHi OPUriHAIbHI po0OTH 3 Tex-
HOJIOTII JIIKAPChKUX MpenapariB, CTATTI 3 CHHTE3Y, peaKkUiiiHOl 31aTHOCTI Ta
aHaJi3y 0i0JIOriYHO AKTUBHHUX PEYOBHH TA JIKAPCHKOI POCJIMHHOI CHPOBU-
HH. Po3risiHyTi aKkTyaJIbHI NUTAHHSA OpraHizamii Ta ekoHoMikn ¢gapmanii,
BHCBITJIEHI JesIKi aCNIeKTH eKCIIePUMEHTAJIbHOI papMaKoJIorii.

Jl1s1 HayKOBUIB, NPOBI30PIB, JIikapiB, OPraHizaTopiB ccTEMU OXOPOHHM 310POB 1.

PexomennoBano Buenoro pagoro HarionansHoro apManeBTHYHOTO YHIBEPCUTETY
(mpotoxou Ne6 Bim 26.02.2016 p.)

XKypnan “Bicauk ¢apmartii” BkitoueHuid 1o 3arBepaxkeHoro MOH Vkpainu [lepemniky
HAayKOBHX (paxOBUX BUJAaHb YKpaiHM JJIS OIMyOJIiKYBaHHS pe3yJabTaTiB JUcCepTaLiiHUX
po0iT 3 MemuHMX Ta (hapmarieBTiaHUX Hayk (Haka3 MOH VYkpainu Big 06.03.2015 p. No261).

32002 poxy Chemical Abstracts Service 3ailicHIO€E Bi0ip Ta pO3MillICHHS €IIEKTPOHHUX BEP-
ciit pedeparis xxypHany “BicHuk ¢apmarii’ Ha cBoiif BeO-cTopini: http://www.cas.org
(xonm xypHaiy: VFIAA2)

© Hamionansuuii hapmaneBTHUHNAN yHiBepcHuTeT, 2016
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Vil g

Haszycmpiy VIII Hayionansnomy 3°i30y chapmayeemis Yxpainu

BeanMumanoBHi KoJieru!

OpHUM 13 TOJOBHUX 3aB/laHb (apMalieBTUUHOTO CEKTOpa rajly3l OXOPOHH 370POB’s € 3a0e3MeueHHs
HAaceJIeHHS SKICHUMH, €()eKTUBHUMHU 1 TIOCTYITHUMHU JIIKaMH, HaJlaHHS (hapMarieBTUIHOI IOTTIOMOTH, 30e-
pEKEHHs OTEHIIaly 30POB’s Ta MPaLe3JaTHOCTI YKPaiHChKOrO Hapoay.

3’1311 (hapMarneBTiB, Ha AKUX (apMalleBTHUHE CIIIBTOBAPUCTBO OOrOBOPIOBAJIO HAralbHI MPOOIEMH 1
HAMpPsIMKH TO/AJIBIIOTO PO3BUTKY CEKTOpa r'aly3i OXOPOHU 3A0POB’s, 3aBXKAU Oyau 3HAYYIIMMU 1 HEOO-
X1THAMH.

3a yaciB HE3aJIeKHOCTI HAIIO1 JEp’KaBU CTajo 100pOI0 TPAIULIED MPOBOAUTHU MpodeciiiHe 310paH-
HsI HABUIIIOTO PiBHS, sIKe 00’ €IHYy€E BCi CKanoBi (apmariii, y XapkoBi — «(papMameBTHUHIA CTOTHITI
VYkpaiau Ha 6a3i HartioHanpHOTO (hapManieBTUYHOTO YHIBEPCHUTETY.

KoxeH 3’131 papmarieBTiB — 1€ 3Ha4yI[a iCTOPUYHA M1O/1isl, MOXKJIMBICTh HE TIIbKH BIIAHYBAaTH YOTH-
PBOXCOTTHCSIUHE (papMalieBTUYHE CIIBTOBAPUCTBO, ajie i MiIOUTH MiICYMKH Ta OOMIHATHCS JOCBIZIOM 13
3apyOi’KHUMH KOJIETaMH, IPEACTaBUTH CTPATETIIO MOJAIBIIIOTO PO3BHUTKY.

V 3’131 papmarnenriB Ykpainu Brepie cepen kpain CH/I 3acuyBaB npodeciiine cBito — Jlenb ¢ap-
MaIleBTUYHOTO MpalliBHUKa Ykpainn. Munyno nonasn 10 pokis, i MixHapoaHa ¢apmaneBTHIHA (enepa-
11151 3aIPOTIOHYBAJIa MOPIYHO 25 BepecHs CBATKyBaTH BceecBiTHIM neHb (apmarieBTa. V 3’1371 papmarieB-
TiB YKpainu orpumaB craryc HarionansHoro, i came 3 1999 p. BeyTh CBOIO icTOpito rany3esi GopyMu
HAWBUIIIOTO PiBHSL.

Ha VI HanionansHomy 3’1311 Oyna npuitaara Konmerniist po3BUTKY (GapmaineBTHUHOT ramy3i YKkpainu
Ta BIIPOBA/KEHE TIOYECHE 3BaHHS «3aciIy’KeHHH MpariBHUK dapmariii Ykpainu», a Ha VII 6yB npe3eH-
TOBaHHH pe3yNbTaT CIUIBHOI KiTbKapidHOI Tipani — ETu4yHui Kojaekc hapManeBTUYHUX MPAIiBHUKIB
VYkpainu. Kpim Toro, oprkomiter npeacTaBuB apyre BuaaHHsa «DapMaleBTUYHOT SHIIMKIIONEII» Ta J0-
BIJTHMK MiJIPUEMCTB 1 YCTAHOB (hapMalieBTUYHOTO cekropa «Dapmariis Ykpainu.

3rigno 3 nocBiguennsim Ne 113 Bin 21 kBiTHa 2015 p., BUgaHuM YKpaiHCbKUM iIHCTUTYTOM Ha-
YKOBO-TeXHIYHOI Ta eKOHOMiYHOI iH(opmaiii, Ha 6a3i HanionanbHoro ¢papmauneBTHYHOIO YHiBEp-
cutety 13-16 Bepecnsi 2016 p. Bindynerscs VIII Haunionaabumuii 3’131 papmaneBTiB Ykpainu.

3a ogHorosmocHUM pimeHHsM nenerariB VII HarmionanbsHoro 3’130y gapMaiieBTiB YkpaiHu ueproBuii
dbopym BinOyneTbes y Xapkosi Ha 6a3i HartioHanpHOTO (hapManieBTUYHOTO YHIBEPCHUTETY.

3a craBHOIO TpaaMLi€ero 3’1311 30epeke hopmar cBOro MpoBEeIEHHs Ta MPOHAE SK Iiajor MK Hpea-
CTaBHMKAMH yCiX CETMEHTIB raiy3i — OCBITH, HAyKH, BUPOOHUIITBA, TUCTPUOY1ii, KOHTPOJIIO SKOCTI, al-
TEYHOI Mepexi, iHpOpPMaLIHHOTO OIS, TPOMAJICBKUX OpraHizaliil. ¥ pamkax 3’i31y OyayTh BUCBITICHI
JOCATHEHHS (hapMallii, BU3Hau€H1 BEKTOpU PO3BUTKY Ta 0OroBOpeH1 HaraibHi podnemu. Cepen HUX 0co-
OJIMBO TOCTPO CTOSTH MPOOIEMU TTiIBUINCHHS POl (hapMmalrieBTa B CydacHI CUCTEMI OXOPOHH 30POB’sI
Ta po3po0Ka i 3ampOBaHKEHHS HOBOT KOHIICTIIIIT MiATOTOBKHU (hapMaIleBTUIHUX KaIpiB, 00’ €THAHHS YHC-
JeHHUX NpodeciiHuX acouiauii (3 iIMIIEeMEeHTAaIli€l0 3apyOKHUX MIAXO0/IB) B €1MHY BceykpaiHChKy
IPOMAJICHKY OpraHi3artito.

3 oAy Ha KOJIO MUTaHb, BAHECEHUX 10 po3rsay neneratiB VIII HamionansHoro 3’i3ny dapma-
1IEeBTIB YKpaiHu, raixy3eBuid popym, 0€3CyMHIBHO, CTaHE BHJIATHOIO MOMIEI0 HE TUTBKH ISl BITYU3HIHOL
dapwmariii, a it 17151 Jep>KaBy B IIJIOMY.

3 1oBaroro,

B.II. YepHnux,

pextop HamionansHoro (hapmaneBTHIHOTY yHiBepcuTeTy, akagaeMik HAH Ykpainu, noxktop dapma-
LEBTUYHUX HayK, JOKTOP XIMIYHUX HayK, 3acCIyKeHHH aisiu HaykH 1 TexHiku YPCP, 3aciyxenuil BuHa-
xigauk YPCP, maypear Jlep>xaBHoi npemii Ykpainu, mpodecop.
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VIII HAIIIOHAJIBHUM 3°i3]] PAPMAILIEBTIB YKPATHA
13-16 Bepecns 2016 poky, m. XapkiB

IHOOPMAIIMHE ITOBIJJOMJIEHHS Ne 1

Opranizaropu 3’i3ay:

*  MinicTepcTBO OXOPOHU 310pOB’Sl YKpaiHu;

*  MinicTtepcTBO OCBITH 1 HAyKu YKpaiHu;

* HamionaneHa akazemist Hayk YKpaiHu;

* HamionanpHa akageMiss MEJUUHHUX HAayK YKpaiHH;

» I'pomancbka opranizauis «BceykpaiHcbka GapMalieBTHYHA TaaTa;
»  XapkiBcbKa oONlacHa JepKaBHa aJMiHICTpaLis;

»  XapkiBchbka 00JacHa pajia;

»  XapkiBcbKa MicbKa paja;

* I'pomazcpka opranizamis «XapKiBcbka oOJlacHa acolialis papMaleBTUIHNAX MPALliBHUKIBY;
» JlepxaBHa city:k0a YkpaiHu 3 JIiKapchbKUX 3ac00iB;

*  HamionaneHuii apManeBTHYHUN YHIBEPCUTET

Ilanoeni konezu!

Opranizaniiinuii komiteT 3anpoirye Bac B3atu yuacts y po6oti VIII HanionansHoro 3°i3ay ¢apmaieBTiB
Vkpainm, sikuii BinOynetscs 13-16 Bepecust 2016 poky y M. Xapkosi Ha 6a3i HanjionanesHOro apmManeBTHIHOTO
yniBepcutety (nocBiguenust YkpIHTEI Ne 113 Bix 21.04.2015 p.).

VY pamkax npoBeZieHHS 3’1311y BiIOy/AEThCsI HAYKOBO-TPaKTH4YHA KoHepenuia «Papmanist XXI croaitrs:
TeH/IeHIil Ta MepceKTHBHY.

Merta 3’13/1y: TiAIBEJICHHSI IiICYMKIB, OOTOBOPEHHS Ta 3aTBEP/KCHHS KOHIIEMIIIT PO3BUTKY (hapMaIleBTUYHOIO
CEKTOpa rajy3i 0XopoHH 3110poB’st Ykpainu Ha 2016-2021 pp.

Po6oui MoBH 3’131y: yKpaiHChKa, aHIMTIHChKa, POCIHCHKA.

Henerartu 3’131y 0OUpalOThCsl HA perioHalbHUX KoH(pepeHmisx 3rigHo 3 [TonokeHHsIM 1 KBOTaMH, 3aTBEPHKECHHU-
MU MiHICTEpCTBOM OXOPOHH 3/10pOB’ s Ykpainu Ta dapmaneBTHYHOIO acoriariero Ykpainu. Kordepenmii momo Bu-
Oopy JienerariB MPOBOSITHCS PEriOHATLHUMHE acomiallisiMi (apMalieBTHIHUX MPaliBHUKIB 10 1 yepBHs 2016 poky.

OPIEHTOBHA IIPOT'PAMA 3’131y

13 Bepecus 2016 poky — peecTpallist JesieraTiB Ta y4acHHKIB 3’131y, CIIOHCOPIB, MapTHEPIB.

14 Bepecnst 2016 poky — ypouucre Binkpurts VIII HamionansHoro 3’131y dhapmaieBtiB YKpainu, miieHapHi
3acifianHs, 0OTOBOPEHHS KOHIICMIIT PO3BUTKY (hapMarieBTHUHOTO CEKTOpa raily3l OXOPOHU 3710poB’s YKpaiHH Ha
2016-2021 pp.

15-16 Bepecns 2016 poky — HaykoBo-TIpakTU4YHa KOH(epeHis «Papmaris XXI cTomiTTs: TeHAeHIIi Ta mep-
CHEKTHBI»: HAyKOBI CUMIIO31yMH, JIEKIIi1 MalicTep-Kiacy, Kpyrii CTOJIN, BOPKIIOIH, TUCKYCIi.

Opranizanilinuii BHeCOK JJIs1 0AHOTO Aejerara/ydacHuka ckiaagae 995 rpu (y romy gucii [1IB — 165 rpa
83 xorr.).

OpranizaniiiHuii BHECOK He Tiepeidadae OIIaTh 3a MPOXKUBAaHHS, ajle OpraHizaliiHuil KOMITET 3000B’ I3y €ThCS
pPO3CENUTH YYaCHUKIB 3’131y, SKIIO Y peecTpariiiniit popmi Bamu Oyme 3pobiena 3asBka. [ndopmarris momo mpo-
JKUBaHHS y TOTEJISIX pO3MIIIeHa Ha CTOPiHIN 3’131y Ha caiiti HDaV.

Oco0wu, sKi HE € Aeneraramu 3’13y, MOXKYThb B3STH y9acTh Y HOT0 poOoTi (06€3 mpaBa ToJIoCyBaHHS) 32 YMOBH
CIUTATH OPTaHi3aI[iifHOTO BHECKY. IM rapaHTy€eThCs yUacTh y BCiX 3aX0/aX i OTPUMAHHS MaTepiaiiB HapiBHi 3 1e-
JIleraramu 3’13my.

OpranizaIiifHuii BHECOK rapaHTye:

*  yYacTh y IUICHAPHUX 3aCiMaHHSIX | HAYKOBO-TIPAKTHIHIN KOH(MEPEHIIiT;

e omeprkaHHS iHPOpPMAIIHHUX 1 poOoUnX MarepiamiB 3’131y,

*  OfIep)KaHHSA JEJEraTChKOTO Keicy;

*  omepkaHHs €KCKIFO3UBHUX BHIIaHb, ImiarotosieHux g0 VIII HamionaasHoTO 3’13y (hapmarieBTiB Ykpainu;

*  TPHUCYTHICTH HA KOHIIEPTHIHN Iporpami;
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*  y4acTh y (pypiierax mija gac poooTu 3°i31y;
* onepxaHHs cepTu(ikary ydacHHuKa 3°131y;
*  y4acTh B €KCKYpPCiHHIH mporpami;
*  TPaHCHOPTHIi MOCIYTH.
st yyacTi TUIbKH Y HAyKOBO-IpakTHYHii koHdepenuii «@apmanis XXI croiTTs: TeHaeHuii Ta nepenex-
THBW» OpPraHizaniifHuii BHECOK /115 0HOTO Aenerara ckiaanae 400 rpu (y Tomy yucii [1JIB — 66 rpu 67 xor.),
110 TapaHTye ofiep kaHHs iHpopMatiiinux matepianiB VIII Hamionansaoro 3’131y ¢apmaneBTiB YKpaiHu, y4acTb y
po0OTi CeKLiHMX 3aciaHb, HAYKOBHX CHMITIO31yMiB, KPYIJIMX CTOJIB, JICKIIX MalCTEP-KIIacy, BOPKIIONAX, a TAKOXK
myOiKaliro Te3 A0MOBiAeH, oepKaHHs cepTudikary yuacCHHKa HayKOBO-IIPAKTUUHOI KOH(EepeHIIii.
CuMno3iyMu HAYKOBO-NIPAKTHYHOI KOHepeHnii
» KoncrpytoBanHsi, cuHTe3 1 Monudikaiis 610JI0T1YHO aKTHBHUX CIOJIYK Ta CTBOPEHHS Ha X OCHOBI JiKap-
CBKHX CyOCTaHIIiH.
» CyuacHi mJIX0Iu A0 CTBOPEHHSI HOBUX JIIKAPCHKUX Ta KOCMETUYHHX 3aC00iB, JIETUYHHUX H00ABOK MPUPOI-
HOTO TTIOXO/KCHHS.
* CyvacHuii apMaleBTUYHHUN aHai3 Ta CTaHAAPTU3ALIS JIiKiB.
* AKTyaJbHI IpoOJIEMH Cy4acHOI TEXHOJIOTI JiKiB, EKCTEMIIOPAIbHOT PELENITYPH, TAKyBaHHS T4 MapPKyBaHHS
JKapChKUX MpeTaparis.
» CyuacHi aclieKTH po3poOKH Ta MIPOMHCIOBOTO BUPOOHHIITBA (DapManieBTHYHUX TpenapartiB. bioTrexHomorii
Ta HAaHOTEXHOJIOTI1 y apMmarrii.
* MexaHi3MH MaTOJIOTIYHUX MPOIIECIB Ta iX GapMaKoIoTigHa KOPEKIIis.
» Kiminigna apmariist: BiJl eKCIIepuMEHTaIBHOI pO3pOOKH JIIKapChKHUX 3ac00iB 0 cTaHmapTHU3allii (hapmaries-
THYHOI JIOIIOMOI'H.
 CormianpHa dapmaris: cTaH, MpoOIeMH Ta IEPCIICKTHBH.
» dapmMareBTUYHA OCBITa B YKpaiHi.
» dapmarrist MOJIOAA.

IIyoaikamis marepiaJjis

Marepiann HayKOBO-TIpaKTHYHOI KOH(epeHIii OyayTs omyoiikoBaHi y 30ipauKy marepianiB VIII Hamionans-
Horo 3’131y apmareBtiB Ykpainu. Tekct moBigomiieHHs (01Ha MOBHA 200 JIBi MOBHI CTOPIHKH) APYKYETHCS HA
apkymri opmatry A 4 (ImmprHa TOJIB: JiBe, MpaBe, BEPXHE — M0 2 cM, HIKHE — 3 ¢M); mpudT Times New Roman,
po3mip mpudty — 12, inrepsan — 1,1. [IpoxanHs 1oTprMyBaTUCS HABEICHOT CTPYKTYPH:

3BepXy M0 MEHTPY 0€3 BIICTYITy MEPILIOTo PsIIKa:

HA3BA IMOBIAOMJIEHHA BEJIMKUMMU JIITEPAMU (xupaUM mprdTom);

Npi3BUILE Ta iHIiLliaJK aBTOPIB; SKIIO aBTOP ab0 OJMH 13 CHIBAaBTOPIB MOB1IOMIICHHS TJIAHY€E BUCTYIIUTH Ha
KoH(DepeHIIii 3 TOMOBI IO, HOTO MPI3BUILE CJIIJ I IKPECITUTH;

Ha3Ba OpraHizailii /HayKOBOi YCTaHOBH.

Uepe3s psiIOK IPYKYETHCS OCHOBHUI TEKCT MOB1IOMIICHHS (a03atiHuii BigcTyn — 1,25 cM; BUPIBHIOBaHHS 110
HIMPHHI, aBTOMAaTHYHE PO3CTABIISIHHSI [IEPEHOCIB).

VYci marepianu noAarThes y 2-X IPUMIpHHUKAX 1 CyNpOBOIKYIOTHCS HAalIPaBJICHHSIM Bij opraHizauii, B sKii
BUKOHAHO POOOTY, EKCIIEPTHUM BHCHOBKOM, IIO JI03BOJISIE BIAKPUTY MyOJTiKallifo, Ta KOMi€l0 KBUTAHLII PO OIJIaTy
myOnikanii Marepiaiis (abo ydacTb y 3’1341 un koH(pepeHwii). pyruil npuMipHUK MiIIHCY€ETHCS BCiMa aBTOPaMH.
Jlo npykoBaHOTo BapiaHTy MarepiaiiB JOAA€TbCS IEKTPOHHA KoIIisl — (aiisl, BUKoHaHu# y penaktopi MS Word 3
posumpenasM RTF. Koxxne noBigomieHHS 0OpMIISIETBCS Y BUIIISAL OKpeMOro (aiiy, Ha3BaHOTO 3a MPi3BUILEM
MIEPLIOTo aBTopa (SIKIO aBTOp IMojae OinblIe oAHIET poOOTH, O MPI3BUILA JOAAETHCS 11 HOpsiakoBUil Homep). Daii-
JM CIIiJ, HAJCWJIATH Pa3oM 3 MarnepoBUM BapiaHTOM a00 eNEKTPOHHOIO MOLITOI0 AOJAHUM (aiaoM, 000B’I3KOBO
BKa3yIO4M y TeMi NoBigomiieHHS « Te3m».

Omnnara 3a nyOuikanito onHiel ctopinku Marepianis ckinagae 100 rpa (y romy yucni [11B 16,67 rph).

Oco0wu, sIKi CIIaTHIN OpraHi3aliifHuil BHECOK 3a y4acTh y 3’13111 a00 HayKOBiH KoH(epeHLii, 3BIIbHAIOTHCS Bij
OILIaTH 3a MyOITiKaIlito MaTepiaiB.

Marepianu Hajgcwinaty He misHime 1 yepBusa 2016 p. Ha anpecy: 61002, m. Xapkis, Byn. Ilymkinceka, 53,
HaykoBuii Bignin H®aV, konrakrauii Tenedon/pakc: (057) 706-30-71, E-mail: conference nauka@nuph.edu.ua
(000B’s13K0BO BKa3yBaTH y TeMi IoBimomieHHs «Te3m»).
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/o ysacu yuacnuxie!
BaHKIBCBHKI PeKBI3UTH JJIs OTUTATH:
p/p 26003060383169
M®O 351533, xox €JIPTIOY 33481466
OnepxyBau:

I'pomajichka opranizaiis «XapKiBcbka oOlacHa acomialis papManeBTHYHNX MPAI[iBHUKIBY.
[Tpu3HaueHHs MIaTexy:

* opranizaniiHuii BHecok 3a ydacth y VIII HamionansHoMy 3’1311 (hapmarieBTiB Yipainu;
*  oprasizauiliHM{ BHECOK 32 Y4acCTb y HayKOBO-IPAKTHYHIH KOH(pEpeHIii;

*  3a myOJiKaIlito Te3 JIOIOBIICH.

[Ipu crinari 000B’sI3KOBO BKazyBaTH «y ToMy 4mcii [TIB».

ITHOOPMANIA JIAA CIIOHCOPIB

3 nmuTaHb HAagAHHS OJaromiHOT TOTIOMOTH 3BEPTATHUCS IO BiAmoBigambHOTO cekpetaps VIII HarionambsHoTro

3’i3my apmaneBTiB Yipainu.

[Ipedepentii cnoHcopaM: MOKJIHMBICTh PO3MOBCIOKEHHS PEKJIAMHOI MpoayKuii ¢pipMu pazom 3 iHdopma-

HIHHUMH Ta poOOYUMH MaTepianaMu 3’i31ly; PO3MIIIICHHS JIOTOTUITY CIIOHCOpa Ha OaHepax Ta B YCIX BHJAHHSIX
VIII HamionanbHoro 3’131y (hapManieBTiB YKpaiHu; MOXKJIMBICTh OpraHi3allil caTe/liTHUX CUMITO31yMiB Ta OCBITHIX
3axO0/1iB; Y4acCTh Y BCIX 3aX0/1ax 1 OTpUMaHHs MaTepiatiB 3’131y.

OPI'KOMITET VIII HAIIOHAJIBHOT'O 3’31V ®APMAIIEBTIB YKPATHM:

61002, m. Xapkis, Byn. [lymkinceka, 53, Hanionansauii apManeBTHUHUN yHIBEPCHUTET,

cekperap oprkomirety npod. 3aituenko ['anna BonoaumupisHa.

Ten.: +38 (057) 706-22-69
Tem./daxc: +38 (057) 706-30-98
E-mail: pharm_congress@nuph.edu.ua

BIAMOBIAAIbHUN
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CUHTE3 TA AHATI3 BIONOrN4YHO AKTUBHUX PEHOBWH

Recommended by Doctor of Chemistry, professor M. Ye. Blazheyevskiy

UDC 547.789:543.51:543.544.5.068.7

OPTIMIZATION OF THE DETECTION CONDITIONS FOR THE
SERIES OF 1,2,4-TRIAZOLE-3-THIONES FOR FIA-ESI-MS AND

HPLC-ESI-MS

B.O.Varynskyi, A.G.Kaplaushenko
Zaporizhzhya State Medical University

Key words: flow injection analysis (FIA), high performance liquid chromatography (HPLC);
mass-spectrometry (MS), electrospray ionization (ESI), 1,2,4-triazole-3-thions; optimization;
polynomial regression

Development of methods for determination of 1,2,4-triazole-3-thiones as intermediate substances in
the synthesis of 1,2,4-triazole-3-thioacetate acids salts as potential drugs is an important task at the
research and production stage. The study of absorption, distribution, metabolism and excretion requires
development of the corresponding methods. The most universal and selective methods used in these
cases is the HPLC-MS. The aim of this study was to optimize the conditions of mass spectrometric
detection for FIA-MS (flow injection analysis with mass-spectrometric detection) and HPLC-MS (high
performance liquid chromatography with mass-spectrometric detection) with the electrospray ionization
of eight 1,2,4-triazole-3-thiones by three factors of full factorial design and polynomial regression equa-
tions. The work has been performed using the technique of direct sample introduction into the ion
source (flow injection analysis - FIA) on an Agilent 1260 Infinity HPLC system with an Agilent 6120
single quadrupole mass spectrometer. The equations of polynomial regression dependence of the sig-
nal intensity of the mass detector on three important factors such as the gas drier temperature, the
fragmentor voltage and the nebulizer gas pressure have been calculated for the substances studied.
Based on the location of the maxima of the functions obtained the optimal values of these factors have been
determined. The choice of optimal conditions of mass spectrometric detection allows to maximize the

signal on the detector and thus to increase the sensitivity and selectivity of determinations.

Currently, there are many derivatives of 1,2,4-tria-
zoles with a high biological activity. They are potential
or already widely used drugs. Development of control
methods of synthetic stages for compounds of this class
at the research and production stage is an important task
for modern pharmaceutical science. Determining the abi-
lity of substances for absorption, distribution, metabo-
lism and excretion (ADME) also needs to create appro-
aches to the analysis of a number of compounds of this
range. The high performance liquid chromatography with
mass spectrometric detection, particularly with the electro-
spray ionization (HPLC-ESI-MS) is undoubtedly one of
the universal and selective methods providing elucida-
tion of the structure, determination of the molecular weight,
quantitative determination of substances. Using the me-
thod HPLC-MS is the subject of many works, in which
the conditions of mass spectrometric detection are given
[5, 6, 8, 9], however, these 1,2,4-triazole-3-thiones have
been studied for the first time, and therefore, the current
study has relevance, scientific novelty and practical sig-
nificance. We have not found papers concerning the use

of polynomial models for choosing conditions of the electro-
spray ionization for mass spectrometric detection.

The aim was to optimize the conditions of ionization
with electrospray for mass spectrometric detection of
HPLC-MS range of 5-R-4-R1-1,2,4-triazoles-3-thiones
as intermediates in the synthesis of the corresponding
1,2,4-triazoles-3-thioacetate acids and their salts, some
of them have been already registered and some are po-
tential medicines. In particular, these conditions are the
gas drier temperature, the fragmentor voltage and the
nebulizer gas pressure.

Experimental Part

The device for LC MS is the Agilent 1260 Infinity
HPLC System (degasser, binary pump, autosampler, an
Agilent 6120 single quadrupole mass spectrometer with
ionization in electrospray (ESI); OpenLAB CDS Soft-
ware. Conditions of the LC-MS study are: 1) the isocra-
tic mode using the buffer solution: A, H,O (HCOOH 0.1%)
and solution of organic modifiers: B, CH,CN (HCOOH
0.1%) — 50:50; 2) the ion source — API-ES; 3) the mode
of selective ion monitoring depending on the molecular
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Table 1
Full Factorial Design for determining the detection
conditions of the test substances using ESI-MS

N The gas drier The The nebulizer

o.of the

experiment tempegature, fragmentor | gas pressure,

T,°C voltage, U,V P, psi

1 100 0 10
2 100 0 30
3 100 0 60
4 100 150 10
5 100 150 30
6 100 150 60
7 100 300 10
8 100 300 30
9 100 300 60
10 200 0 10
11 200 0 30
12 200 0 60
13 200 150 10
14 200 150 30
15 200 150 60
16 200 300 10
17 200 300 30
18 200 300 60
19 300 0 10
20 300 0 30
21 300 0 60
22 300 150 10
23 300 150 30
24 300 150 60
25 300 300 10
26 300 300 30
27 300 300 60

weight, SIM; 4) positive polarity; 5) the gas drier rate
(nitrogen) — 10 L/min.

Materials and Methods

Acetonitrile of the HPLC grade and formic acid (100%)
were supplied by Merck KGaA (Darmstadt, Germany).
Ultrapure water (18 MQ cm at 25°C) was prepared using
a Direct Q 3UV Millipore purification system (Molsheim,
France).

The following compounds 4-(2-methoxyphenyl)-5-
(pyridin-4-yl)-2,4-dihydro-3H-1,2,4-triazole-3-thione (1);
5-(furan-2-yl)-4-phenyl-2,4-dihydro-3H-1,2,4-tria-
zole-3-thione (2); 5-(pyridin-4-yl)-2,4-dihydro-3H-1,2,4-
triazole-3-thione (3); 5-(morpholin-4-ylmethyl)-4-phenyl-
2,4-dihydro-3H-1,2,4-triazole-3-thione (4); 4-methyl-5-
(morpholin-4-ylmethyl)-2,4-dihydro-3H-1,2,4-tria-
zole-3-thione (5); 4-ethyl-5-(morpholin-4-ylmethyl)-2,4-
dihydro-3H-1,2,4-triazole-3-thione (6); 5-(morpholin-4-
ylmethyl)-2,4-dihydro-3H-1,2,4-triazole-3-thione (7); 5-
(2-methoxyphenyl)-2,4-dihydro-3H-1,2,4-triazole-
3-thione (8) were used. They were synthesized at the de-
partments of Physical and Colloidal Chemistry (the head
of the Dept. — Doctor of Pharmacy, associate professor
Kaplaushenko A.G.), Toxicological and Inorganic Che-

mistry (the head of the Dept. — Doctor of Pharmacy, pro-
fessor Panasenko O.1.) at the Zaporizhzhya State Medical
University; their composition was confirmed earlier [1-4].

Preparation of Solutions

The sample of the substance solution was prepared
by dissolving 1.0 mg of compounds 2, 4-7 in 1.0 mL of
50% acetonitrile. Analytes 1, 3 and 8 were dissolved in
dimethyl sulphoxide (DMSO). The study was conduc-
ted by flow injection analysis (direct introduction of the
sample into the ionization chamber without chromato-
graphic separation). The injection volume was 2 pl.

Statistical Analysis

The statistical analysis of the results was performed
on a personal computer employing Statistica Package v. 8.0
(StatSoft, USA) based on the values of full factorial de-
sign and the corresponding peak areas. The polynomial
regression equations were determined. The optimal va-
lues of factors were found from the equations using Solver
(optimization tool for Excel, Frontline Systems, Inc., USA).

Results and Discussion

Taking into account the opinions of developers in the
research sector of hardware and software (Agilent Techno-
logies company) presented in the recommendations of
the OpenLAB CDS software system some of the factors
of ionization for the mass detector were selected with-
out optimization. According to these data we selected the
flow rate of the eluent — 400 ul/min, the flow rate of the
gas drier — 10 L/min, the capillary voltage — 4000 V be-
fore planning the experiment.

The objects under research are new derivatives of
1,2,4-triazoles, they have a specific structure, elemental
composition, chemical bonds strength. Thus, we decided
to optimize the factors affecting the value of the mass
detector signal for each compound individually.

To achieve aim of the work the full factorial design
by 3 factors was used. The interval for each factor was
selected according to the recommendations of the OpenLAB
CDS software package. Since the gas drier temperature
recommended by the software is 300°C, but it also de-
pends on the flow rate, the boiling point of the eluent,
the gas drier rate and thermal stability of the sample. The
eluent contained water, therefore, the temperature of 100°C
was chosen as minimal. The nebulizer gas pressure was
proposed by the software from 20 to 60 psi, depending
on the flow rate of the eluent. As the minimal value 10 psi
was chosen to study a broader range and determine the
best value. The fragmentor voltage may vary depending
on the nature of chemical bonds, so we varied it from 0
to 300 V. The flow-injection analysis (the method of the
sample direct introduction) was used. The full factorial
design is shown in Tab. 1. The factors were considered
to be the best if they corresponded to the maximal value
of the signal peak area of the mass detector. For each new
compound of 1,2,4-triazole-3-thione series 27 combina-
tions of factors (3°) were studied. All in all 216 experi-
ments were conducted. Each combination was repeated
three times. Therefore, 648 measurements were done.

The equations of polynomial regression for depen-
dence of the mass detector signal intensity on three fac-
tors, such as the gas drier temperature, the fragmentor
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Table 2

The regression equations and the optimal conditions for mass spectrometric detection of the substances

Subst SIM, R . " R R? Feal . Optimal conditions
ubstances | egression equations \ calc 0 T 0 b
S=4118250.98 — 12777.609-T + 0975171
1 285 |53.8893833 T + 359928.242 - U — oroais | 646 | 303 | 300 | 143 | 60
1260.7575 - U2 +104089.817 - P :
S=1565874.72 — 18586.382 - T + 0955808
2 244 |517684279-T + 624107234 - U - o200 | 352 | 303 | 300 | 144 | 60
216.66037 - U? +47798.1473 - P :
S =-2634692.0 + 231926314 -T
+62.112728 - T + 637928.295 - U 0.964899
3 179 | 22053596 - U2 +517198.506 - P - 0031030 | 42 | 303 | 187 ) 145 | 53
48914904 - P
S =341090031 - 42541.095 - T +
111.018572 - T2 + 122595.835 - U 0.894853
4 277 | _ 458.85424 - U? +285964.863 - P - 0.800762 | 134 | 303 | 300 | 134 | 49
2930.0861 - P?
S =2929281.14 + 5097.55089 - T
+17.001536 -T2 + 59439.8118 - U 0.872500
3 215 125238307 U? +133239.578 - P - 0761255 | 106 | 303 | 150 | 118 | 43
1550.2213 - P2
S =2421565.82 - 6703.0294 - T +
16.2619500 - T2 + 37001.4610 - U 0.871407
6 229 115009844 - U? +68908.2841 - P - 0759350 | 102 | 303 | 100 | 116 | 60
551.18155 - P
S =-279018.59 + 9838.26968 - T
+20.735148 - T2 + 59972.0000 - U 0.975704
7 201 1 516.85533 - U? +56634.5387 - P - 0951998 | 61 303 | 237 ) 138 | 51
555.88194 - P
S =5354847.93 - 55171.225-T+
143.746231 -T2 + 432318132 U 0.728245
8 208 1 13009561 - U? +36117.971-P + 0530340 | 376 | 303 | 300 | 155 | 10
496.813383 - P2

voltage and the nebulizer gas pressure, were calculated.
The adequacy of the models obtained was checked using
Fisher criteria. The calculated value of Fisher’s statis-
tics F_,,. for all compounds is more than F_, of tabular
values for f, =3, f, =23, .= 0.05, and equals 3.03 indi-
cating the significance of the polynomial regression equa-
tion. The coefficients of determination (R?) for seven com-
pounds are in the range of 0.76-0.95.

When calculating with the help of “Solver” for Ex-
cel the optimal values of the factors in determining the
maxima of the functions were obtained, the search was
converged in probability to a global solution.

The effect of the gas drier temperature on the mass
detector signal intensity is generally described as fol-
lows: higher temperatures lead to more effective crea-
tion of ions, but at the definite temperature the thermal
decomposition of molecules and ions of a substance in-
creases [7]. Therefore, it is likely that the maximum in-
tensity must be observed at the appropriate temperature.
We found confirmation of this in practice.

Analysing the optimal temperature of the gas drier
(Tab. 2) we note the following. Most compounds, which
optimal temperature is 300°C, have the methoxyphenyl
or phenyl radical (compounds 1, 2, 4) in position 4 of

the 1,2,4-triazole cycle, the exception is compound 8,
which has no substituents in position 4 of the 1,2,4-tria-
zole cycle. It can be explained by the fact that introduc-
tion of the phenyl radical leads to - conjugation of the
1,2,4-triazole cycle, and it stabilizes the molecule as a
whole. This fact correlates with the data obtained in the
analysis of compounds 1 and 3 differing only by the pre-
sence of the 2-methoxyphenyl substituent in position 4 of
the 1,2,4-triazole cycle of compound 1 and its absence
for compound 3, the optimal temperatures are 300°C and
187°C, respectively (the optimal temperature for com-
pound 3 is below than that for compound 1).

As for the results of the experiment with the sub-
stances containing morpholinomethylene substituents in
position 5 of the 1,2,4-triazoles nucleus (compounds 4,
5, 6, 7) it should be noted that the high temperature of
300°C is optimal for the compound containing phenyl
in position 4 (compound 4). For thione without substi-
tuent in N4 the best temperature is 237°C. Replacement
of the methyl substituent to the ethyl one (compounds
5, 6) creates conditions for reduction of the optimal tem-
perature (from 150°C to 100°C). It can be explained by
the fact that the phenyl radical stabilizes the compound
through m-m conjugation with the 1,2,4-triazole cycle.
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The absence of the substituent is characterized by the zero
effect (7). The electron-donor properties of alkyl radicals in-
crease (from thione 5 to 6), and it destabilizes compounds.

Researchers from the Agilent technologies company
carefully studied the correlation of the fragmentor vol-
tage and the mass detector signal intensity [10]. It can
be assumed that with increase in the fragmentor voltage
the mass detector signal intensity should decrease because
ions break up into fragments more actively. But, as we
see from the data obtained by the authors [10], the signal
intensity first increases, passes through the maximum,
and then it decreases. The voltage on the capillary and
the fragmentor applied to the inlet and outlet of the capil-
lary significantly affect transmission of ions into the detec-
tor. The voltage also leads to fragmentation of the sample
ions. Generally, the higher fragmentor voltage helps trans-
mission of ions through the area of a relatively high pres-
sure between the outlet of the capillary and the inlet to
the skimmer. High fragmentor voltage can cause frag-
mentation that provides the structural information. For
compounds that are fragmented with difficulty the increase
in voltage usually results in better transmission of ions.

As can be seen from Table 2, the optimal conditions
of fragmentation are in the range from 116 to 155 V. This
factor depends on the structure of the compound. Thus,
for morpholinomethylene derivatives (4, 5, 6, 7) the lo-
west optimal fragmentor voltage is observed, namely from
116 to 138 V. It can be seen that when shortening the
alkyl chain alkyl chain on the methylene group (com-
pounds 6, 5, 7) the increase in the optimal fragmentor
voltage can be observed, i.e. electron donor substituents
reduce the stability of molecules. The presence of aromatic
substituents stabilizes the molecule as a whole due to n-n
conjugation with the triazole cycle (compounds 1-3, 7, 8).

Prospects for further research. The next step is to
study the chromatographic retention of these substances,
as well as 1,2,4-triazole-3-thioacetate acids and their salts,
as desired products.

CONCLUSIONS

1. The polynomial regression equations demonstra-
ting dependence of the signal intensity of the mass de-
tector on three important factors such as the gas drier tem-
perature, the fragmentor voltage and the nebulizer gas pres-
sure have been calculated for eight 1,2,4-triazole-3-thiones.

2. Based on the regression equations the optimal con-
ditions of mass spectrometric detection of eight compo-
unds have been calculated by three factors.

3. It has been determined that introduction of phe-
nyl and methoxyphenyl substituents in position 4 of the
1,2,4-triazole cycle leads to greater stability of the com-
pounds to temperature (the recommended temperature
of the gas drier is 300°C). Introduction of the electron-
donor alkyl substituent in position 4 reduces thermal sta-
bility when increasing the chain length; therefore, for
ethyl derivatives the lowest temperature (100°C) is recom-
mended.

4. Reduction of the methylene group in the alkyl chain
(compounds 6, 5, 7) increases the optimal fragmentor vol-
tage, i.e. electron-donor substituents reduce the stability
of molecules. The presence of aromatic substituents (com-
pounds 1-3, 7, 8) stabilizes the molecule as a whole due
to -7 conjugation of the triazole cycle.

5. Determination of the optimal conditions for mass
spectrometric detection is necessary to maximize the sig-
nal intensity on the detector and thus increase the sensi-
tivity and selectivity of the methods. Since these condi-
tions are somehow specific, the partial separation of the
analyte signal from the signal of impurities is possible.
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ONTUMI3ALIA YMOB OETEKTYBAHHA PAAY 1,2,4-TPUA3O0I-3-TIOHIB ANA MNIA-ECI-MC TA
BEPX-ECI-MC

Bb.0.BapuHcbkut, A.lKannayweHko

Knroyoei cnoea: npomoyHo-iHxXekuitiHut aHanis ([IA); sucokoeghekmueHa piduHHa
xpomamoepadpisi (BEPX); mac-cnekmpomempis (MC); ioHizauis enekmpopo3nuneHHsam (ECI);
1,2,4-mpua3son-3-mioHu; onmumi3ay,isi; nosiiHoMianbHa pespecis

Pospobka memodie susHaq4eHHs1 1,2,4-mpua3osn-3-mioHie sik Hariernpodykmie cuHmesy conel 1,2,4-mpu-
ason-3-mioayemamHux KUCiom rnomeHuitiHUX JlikapCcbKuX rpenapamie Ha cmadii 00crnioxeHb i 8u-
pobHUYMEa € 8axnueoto 3adaqeto. BusHadyeHHs1 noanuHaHHs, po3nodiny, Memaborniamy ma eugedeH-
Hs1 nompebye po3pobku aHanimuyHux Mmemodis. Halibinbw yHieepcanbHUMU i CeIeKMU8HUMU Memo-
damu, sukopucmaHumu 8 uux surnadkax, € BEPX-MC. Mema ubo2o 0ocnidxeHHs rnossieana 8 onmu-
misaujii mac-criekmpomempuyHoi 0emexuji 0risi MNMIA-MC (MpomoyHo-iHXeKUiUHUG aHarni3 3 Mac-CrieKmpo-
mempuyHoro demekuiero) i BEPX-MC (sucokoeghekmugHOi piOuUHHOT xpomMamoepadii 3 Mmac-criekmpo-
Mempu4HOr demeKuiero) 3 ioHI3aujiero erieKmpopPOo3nuUIeHHsIM 80CcbMu 1,2,4-mpua3son-3-mioHie rno mpbox
ghakmopax rnogHoO20 ¢hakmopHO20 eKcriepuMeHmy i NoriHoMianbHUX Pi8HSHHSIX peegpecii. Po6omu ripo-
800urnucs 3 UKopucmaHHsIM MemoQdy rnpsiMo20 88e0eHHs1 rPobu 8 ioHHe Axeperio 3a dortomozoro BEPX
cucmemu Agilent 1260 Infinity 3 0OHokealpynonbHUM Mac-criekmpomempom Agilent 6120. Bynu pospa-
X08aHi Pi8HSIHHS MOIHOMIaIbHOI pe2pecii 3anexHocmi iHmeHcusHoOCMI cugHarsy mac-0emekmopa 8io
mMpbOX BaXIUBUX (hakmopie: memrnepamypu 2a3y-ocywiyeada, Harpyau Ha chpasMeHmamopi, mucky
2asy-poasnurnoeada. Ha nidcmasi makcumymie QyHKUil Byriu ompumMaHi onmumaribHi 3Ha4eHHS Yux
ghakmopis. Bubip onmumarnbHUX yMO8 Mac-criekmpomempuyHoi demekuyii 00380s1s€ Makcumidysamu
cueHarn 0emekmopa [ makum YUHOM Mid8uWUMU Yymaugicme | CeNeKmMu8HICmMb 8U3HaYEHHS.

ONTUMU3ALMA YCNTOBUN OETEKTUPOBAHUA PALA 1,2,4-TPUA30N-3-TUOHOB ANA
MAA-3CU-MC U BIXKX-3CU-MC

B.A.BapuHckut, A.I.KannayweHko

Knroyeenble cnoga: npomoYyHO-UHXEKUUOHHBIU aHanu3 (MNA); ebicokoaghgbekmueHas XKUOKOCMHasi
xpomamoepacpusi (BOXKX),; macc-cnekmpomempusi (MC); uoHusauusi anekmpopacrbineHuem (OCH);
1,2,4-mpua3sorn-3-muoHbl; onmumu3sayusi; noiuHOMUaibHasi pegpeccusi

Paspabomka memoduk ornpedeneHust 1,2,4-mpua3orn-3-muoHo8 Kak MPOMEXYMOYHbIX eeLyecms rpu
cuHmese conel 1,2,4-mpu3onmuoauemamHbixX KUC/I0m omeHyuarbHbIX J1eKapCmeeHHbIX 8eliecms
Ha uccriedogamesibCKOM U rpou38o0CmMeeHHOM amarie sensemcs 8axHou 3adadel. ViccnedosaHue
adcopbuuu, pacnpederneHusi, Memaboruama U IKcKpeyuu mpebyem co3daHusi Coomeemcmayujux
memoOduk. Haubonee yHugepcarnbHbie U CerieKmueHbie Memoohbl, MPUMEHSIEeMbIE 8 3MUX Crly4asix, 3mo
B3XXX-MC.Lernbto amoeo uccriedosaHusi bbinna onmumu3ayusi ycrioeuli Macc-CrieKmpomMempu4yecKko2o
demexkmuposarusi Onsi [MNA-MC (mpomoYHO-UHXEKYUOHHBIU aHanu3 ¢ Macc-criekmpomempuyeckol
demexkyuel) u BOXKX-MC (sbicokoathghekmusHas xpomamoepaghusi ¢ Macc-criekmpomempuyeckol
Odemekuyuell) ¢ uoHu3ayuel 8 anekmpocrpee (3CU) eocbmu 1,2,4-mpua3on-3-muoHos rno 3 ¢ghakmo-
pam MosIHO20 (haKmMoOPHO20 IKCrEepUMeHma U MouUHOMUAabHbIM ypasHeHUsM pezspeccuu. Paboma
bbiria npodenaHa MexHUKOU npsiMo20 8eoda obpasua 8 UOHHbIU UCmOoYHUK Ha Agilent 1260 Infinity
HPLC system ¢ oO0HokeadpyronbHbIM Macc-criekmpomempom Agilent 6120.6bin1u paccyumanbi ypas-
HEeHUS MonuHOMUarnbHOU pespeccUOHHOU 3a8UCUMOCMU CugHana Macc-0emeKmopa om mMpPex 8aXHbIX
ghakmopos: memriepamypbl 2a3a OCyWUMersi, HanpskKeHUst Ha ghpaeameHmamope, 0asreHus 2asa
Hebynatizepa. OnmumaribHble 3Ha4eHUs1 3mux ghakmopos bbinu paccHumaHbl Ha OCHO8e orpederieHuUs
MaKCUMyMO8 rory4eHHbIX ¢byHKyUU. Bbibop onmumaribHbIX ycrioguli Macc-CrieKmpomMempu4eckol
demeKyuu ro38ossiem MakcuMu3uposams cueHan Ha demekmope u makum obpa3om yeenuyume
4yyecmeumeribHOCMb U CesIeKmueHocmsb orpedeneHud.
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THE REACTIVITY OF AROMATIC AND HETEROCYCLIC
DERIVATIVES OF HYDRAZINE. VII. THE ACID-BASE
PROPERTIES OF SUBSTITUTED 5,7-DICHLORO-9-HYDRAZINE
ACRIDINE
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National University of Pharmacy
Kharkiv National Pedagogical University named after G.S.Skovoroda

Key words: substituted 5,7-dichloro-9-hydrazine acridine; reactivity; Hammet correlation equation

The reactivity of substituted 5,7-dichloro-9-hydrazine acridine that exhibit various pharmacological ac-
tivity by studying acid-base equilibria in the ethanol-water binary solvent (50 Mol % ethanol) at 25°C
using the method of potentiometric titration has been investigated. The values pK of the corresponding
conjugate acids obtained for 7 compounds indicate that these compounds are very weak bases. Ana-
lysis of the impact of the nature and position of substituents in the heterocycle on the strength of the
corresponding conjugate acids has shown that the acceptor substituents weaken basicity of 5,7-dli-
chloro-9-hydrazine acridine, and donor substituents cause the opposite effect. The quantitative asses-
sment of the influence of substituents in the molecule by the Hammett equation within the principle
of linearity of free energies with convincing statistical parameters has shown a low sensitivity of the
reaction centre to structural changes in the molecule of 5,7-dichloro-9-hydrazine acridine. Using the
correlation equation and the value pKg,+ experimentally obtained for 1-CH, substituent the o-constant
of this substituent: o(1-CH,) = 0.056 has been determined. The Hammett correlation equation is used
to predict the acid-base properties of substituted 5,7-dichloro-9-hydrazine acridines and the molecular
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design of more active pharmacophores.

Substituted 9-hydrazine acridines exhibit the antimic-
robial, antihypoxic, analgesic activity [3, 5, 6, 9-11] and
are precursors for the synthesis of their various deriva-
tives with new pharmacological properties. Therefore,
the study of their reactivity is of undoubted scientific and
practical interest since it allows optimizing the ways of
their synthesis and predicting the biological activity.

Materials and Methods

The synthesis of substituted 5,7-dichloro-9-hydrazine
acridine (1-7) was carried out according to the method [11],
their physicochemical parameters are shown in Table.

The ionization constants of the compounds under re-
search were determined by the method of potentiometric
titration [1, 7, 17] in the ethanol-water binary solvent
(50 Mol % ethanol) at 25°C. These constants are given
in Table.

The study of acid-base equilibria was carried out by
the method [8]. The titrant was 0.01 M aqueous solution
of HCI. The concentration of the titrated solutions was
0.005 Mol-dm™ at the semineutralization point. Poten-
tiometric titration was performed on an EB-74 ionomer
with glass (ESP-43-074) and silver-silver chloride elect-
rodes at 25°C. The experiment was performed in tripli-
cates and processed in accordance with the requirements
of'the SPhU [2]. The correlation analysis was conducted
by the method of mathematical statistics (the confidence
probability — 0.95) [2, 8].

To prepare the mixed solvent the CO,-free bidistil-
late and ethanol were used.

Results and Discussion

The reactivity of substituted 5,7-dichloro-9-hydra-
zine acridine of this isostructural series was studied in re-
versible conditions. lonization of NH-acids conjugated
with substituted 5,7-dichloro-9-hydrazine acridine was
studied according to the equation (Scheme).

The preliminary experiments have proven that on the pH —
f (V) plot there is only one point of intersection that coin-
cides with the literature data [4, 12-15] about protonation of
9-hydrazine acridine only on the heterocyclic nitrogen.

The data in Table indicate that the compounds studied
are very weak bases in contrast to substituted 9-amino-
acridines [12]. This suggests the lack of resonance stabi-
lization of the cation of 9-hydrazine acridine due to the
isolating effect of the imino group. The introduction of
acceptor substituents increases the positive charge at the
reaction centre, therefore, the strength of conjugate acids
with the acceptor substituent (2-NO,, 4-NO,) regularly
increases compared to the unsubstituted acid (the strength
of the corresponding base reduces). Donor substituents
cause the opposite effect.

NHNH,

cl Cl

Scheme
where: R = -H, 1-CH,, 2-CH,, 3-CH,, 4-CH,, 2-NO,, 4-NO,,.
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Table
The properties of substituted 5,7-dichloro-9-hydrazine acridine
NHNH,
cl NN
—R
NT
cl
e
S ) Found,% Calc.,%
o Yield, o .
g. R % M. p., °C Mol. formula pKsy
S C N C N H
1 H 78 175-178 | 56.37 15.18 2.92 C,3HgCLN, 56.34 | 15.16 | 2.91 4.11%£0.02
2 | 1-cH, | 75 | 190-193 | 5753 | 1440 | 377 | C,H,CIN, | 5755|1438 | 3.79 | 4.15+0.03
3 | 2cH, | 77 | 204205 | 5758 | 1441 | 380 | C,H,CIN, | 5755 | 1438 | 3.79 | 4.15+0.02
4 | 3cH, | 74 | 214217 | 5759 | 1436 | 378 | C,H,CIN, | 5755 | 1438 | 3.79 | 4.14+0.01
5 | 4CH, | 75 | 185-188 | 5751 | 1433 | 377 | C,H,CLN, | 5755 | 1438 | 3.79 | 4.13+0.01
6 | 2No, | 72 | 238241 | 4829 | 1738 | 250 | C,H,CLN,O, | 4832 | 17.34 | 2.49 | 3.74+0.02
7 | 4NO, | 73 | 220-223 | 4830 | 1737 | 248 | C.H,CLN,O, | 4832 | 17.34 | 249 | 3.79+0.02
The quantitative assessment of the influence of sub- 4,2
stituents in the molecule of 5,7-dichloro-9-hydrazine acri- 415
dine was carried out by the Hammett equation within the it
principle of linearity of free energies. '
Correlation occurred with all data except pKy,;+ (1-CH,). 4.05 1
For this substituent the -constant is absent. The corre- 41
lation equation obtained has reliable statistical parame- 3,95 -
ters, indicating the reliability of prediction: 390
pKgy = (4.11+0.04) — (0.72+0.01) - © 3,85 -
n=6 r=0.998 s=0.054. 38
The reaction constant p in the equation is small by 3,75 - .
the absolute value (p = 0.72), and it indicates the low —37 : : 2:NO, .
sensitivity of the reaction centre to structural changes in 0.2 0 0,2 0,4 0,6
the molecule of 5,7-dichloro-9-hydrazine acridine. Fig. The plot of pKg,+ — f(o) for substituted 5,7-dichloro-9-hydrazine
The plot of pKy,;+ — f(o) is linear (Fig.) acridine.

Using the correlation equation and the value pKj,+
experimentally obtained for 1-CH, substituent the 6-con-
stant of this substituent (Table) — 6(1-CH,) = 0.056 was
determined.

It is interesting to note that the reaction constant p
for substituted 5,7-dichloro-9-hydrazine acridine within
the experimental error coincides with p for substituted
9-aminoacridine [16], it indicates a single mechanism of
electronic effects of substituents on the reaction centre.

CONCLUSIONS

1. The reactivity of substituted 5,7-dichloro-9-hydra-
zine acridine has been studied in reversible conditions by

investigating acid-base equilibria of conjugate acids in the
mixed ethanol-water solvent (50 Mol % ethanol) at 25°C.

2. The impact of the nature and position of substi-
tuents in the heterocycle on the strength of the corres-
ponding conjugate acids has been analyzed.

3. It has been proven that the acceptor substituents
weaken basicity of 5,7-dichloro-9-hydrazine acridine, and
donor substituents cause the opposite effect.

4. The Hammett correlation equation with convin-
cing statistical characteristics has been determined, it is
used to predict the acid-base properties of substituted
5,7-dichloro-9-hydrazine acridines.
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PEAKUIAHA 30ATHICTb APOMATUYHUX TA FTETEPOLUMKNIYHUX NOXIAHUX TAPA3UHY.
VII. KWCITOTHO-OCHOBHI BIIACTUBOCTI 3AMILWLEHUX 5,7-AUXINTOPO-9-NAPASUHOAKPUANHY
A.O.feessmkiHna, O.M.CeeyHikoea, C.B.KonicHuk, H.l1.Ko63ap, O.®.BiHHUK

Knroyoei crioea: 3amiwieHi 5, 7-0uxrnopo-9-eidpa3uHoakpuduHy; peakyitiHa 30amHicme; KopensuyiiHe
pieHsHHS [ammema

LocnioxxeHa peakuiliHa 30amHicmb 3amilieHux 5, 7-0uxiopo-9-2i0pa3uHoakpuduHy, WO Mposiesiomab
Pi3HOMaHIMHy QhapmMakono2iyHy akmugHICMb, WITSIXOM 8UBYEHHST KUC/I0MHO-OCHOBHUX pigHosagz y biHap-
HOMY PO34UHHUKY emaHor-eoda (50 mornbHuUx % emarory) rnpu 25°C memodom nomeHyiomempuy-
Ho20 mumpysaHHs1. O0epikaHi 3Ha4yeHHs1 pK 8i0nogidHUX cripsixxeHuUX Kucaom 015 7 criofnyk cgidyams,
Wo Yi criornyku € seribMu criabkumu ocHosamu. AHani3 ernnusy rnpupodu i MornoxeHHs 3aMiCHUKIg y
2emepoyuKIi Ha cusy 8i0no8iOHUX CIIPSXKEHUX KUCIIOm floKa3as, Wo akuernmopHi 3aMiCHUKU rocsia-
6s11010Mb OCHOBHICMb 5, 7-0UxI10p0-9-2i0pa3uHoakpUdUHy, a OOHOPHI YUHSIMb MPOMUIIEXHUU 8r1/1u8.
KinbkicHa ouiHka ernusy 3aMiCHUKI8 y MOMeKy i 3a pieHSIHHSAM [amMmema y Mexxax npuHyuny niHidHoc-
mi 8inbHUX eHepeaili 3 NEPEKOHIUBUMU CMamuCmuYHUMU rapamMempamu rokasasna HU3bKy 4ymiiu-
sicmb peakuiliHo2o yeHmpy 00 cmpyKkmypHUX 3MiH y Monekysi 5,7-0uxiopo-9-2idpa3uHoakpuOuHy.
3 sukopucmaHHsM 00epxaHO20 KOPEerAauiliHo20 PiBHSIHHS | eKcriepuMeHmarbHO 00epXaHo20 3Ha-
yeHHs1 pKg,+ Onsa 1-CH, 3amiujeHo20 su3Ha4yeHa O-KoHCmaHma Upoeo 3amicHuka: o(1-CH,) = 0,056.
KopensuitHe pieHsHHSI [amMmMema sukopucmogyembcs 015 MPO2HO3y8aHHS KUC/IOMHO-OCHOBHUX
ernacmueocmel 3amiweHux 5, 7-0uxnopo-9-2idpa3uHoakpuduHie ma MOeKynspHo20 dusaliHy binbuw
aKkmueHux ¢hapmakocghopis.

PEAKUMOHHAA CNOCOBHOCTb APOMATUYECKUX U TETEPOLIMKITUYECKUX
NMPOU3BOOHBLIX TMOPA3UHA. Vil. KWCITOTHO-OCHOBHBLIE CBOVUCTBA 3AMELLEEHHbIX
5,7-AUXINOP-9-TMOPA3NHOAKPUOUHA

A.A.[JeesimkuHa, E.H.CeeyHukoea, C.B.KonecHuk, H.I[1.Ko63apb, A.®.BUHHUK

Knroveenle criosa: 3ameweHHblIe 5, 7-0uxiop-9-eudpa3uHoakpuduHa; peakyuoHHasi criocobHOCMb;
KoppersyuoHHoe ypasHeHue avmema

UccredosaHa peaKyUoHHas criocoObHOCMb 3amMeueHHbIX 5, 7-0uxnop-9-eudpa3uHoakpuduHa, rnposis-
nAWUX pa3HoobpasHyo hapMaKko102u4ecKyo akmugHOCMb, ymem U3y4YeHusi KUC/I0MHO-0CHO8-
HbIX pagHogecull 8 bUHapHOM pacmeopumersie amaHosn-8oda (50 monbHbIX % samaHorna) npu 25°C
MemoOOM NMomMeHyUoOMempu4ecko2o mumposaHusi. [lony4yeHHble 3Ha4yeHUs1 pK coomeemcmeyowjux
COMPS>KEHHbIX Kucrnom 0nsi 7 coeQuUHeHUU ceudemeriscmayrom, 4Ymo 3mu COeOUHEeHUs S6MsIiomcs
crabbiMu OCHOBaHUSIMU. AHaruU3 rusiHUSI pupoObl U MOMIOXKEHHS 3aMecmumeriell 8 2emepoyuKrie Ha curly
coomeemcmeyowux COMnPsKeHHbIX KUCI0m r1oKa3arl, Ymo akyenmopHble 3amecmumernu ocriabns-
rom ocHogHocmb 5,7-0uxsiop-9-audpa3uHoakpuduHa, a dOHOPHbIE OKa3bi8arom MPOoMuUBOIOIOXHOE
enusiHue. KornudyecmeeHHasi oyeHka enusiHusi 3amecmumerieli 8 Morieky e rno ypasHeHuro [ammema 8
pamMkax npuHyuna auHelHocmu c80600HbIX 3Hepaull ¢ ybedumeribHbIMU cmamucmu4ecKuMU rnapa-
Mempamu riokasarsna HU3KyH 4y8CmeumesibHOCMb PeaKUUOHHO20 UeHmpa K CmMpyKmypHbIM U3MeHe-
HusiM 8 Mornekyrne 5,7-0uxnop-9-eudpasuHoakpuduHa. C ucronb308aHUEM 07TyYEHHO20 KOppensayu-
OHHOZ0 ypasHeHUs U IKcrepuMeHmaribHO orpedeneHHo20 3Haq4eHusi pKy,+ 0nsa 1-CH, 3ameweHHo20
onpedeneHa 0-KoOHcmMaHma amozo 3amecmumerns: o(1-CH,) = 0,056. KoppensyuoHHoe ypagHe-
Hue Mammema ucnonb3yemcs 0715 PO2HO3UPOBaHUS KUC/TOMHO-OCHOBHbIX €80LUCM8 3aMeleHHbIX
5, 7-0uxrop-9-2udpal3uHoakpuOUHO8 U MOJeKysspHo20 Ou3aliHa boree akmueHbIX chapmMakoghopos.
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Fluorides are the most important treatment and preventive additive in the composition of any form;
they prevent development of caries by increasing the resistance of enamel, as well as production of
acids by bacteria of dental plaque. At the Odessa National Medical University the work on searching for
fluorine-containing compounds in a series of quaternary bases and their subsequent use in dentistry
is conducted. The pharmacological studies have shown that “onium” hexafluorosilicates have a higher
caries-preventive effectiveness compared to sodium fluoride. Cetylpyridinium hexafluorosilicate has
been found to be the most active in the dose of 15 mg/kg when used in the form of oral applications
of the gel; its mechanism of action is in activation of alkaline phosphatase and lysozyme of the pulp
of the teeth. Development of reliable methods for identification and quantitative determination is a
prerequisite for further use of this compound in medical practice. The aim of this work was to develop
the method for quantitative determination of cetylpyridinium hexafluorosilicate. For further use of the
method proposed for analysis of the compound under research its validation characteristics have
been studied. According to the results of the research conducted it has been found that the method for
quantitative determination of cetylpyridinium hexafluorosilicate in the substance corresponds to the
following parameters: accuracy, precision, linearity (A, = 0.50<smax A, = 0.53, 6 = 0.17<max 6 = 0.32,
a =0.80smax a = 1.60, r = 1.0000zmin r = 0.9993).

Over the past decade there is a significant increase
of affected teeth by caries in the population [8]. Caries
is a disease, in which under the effect of bacteria the
process of demineralization of teeth occurs. The risk of
caries is associated with a number of causes, among them
there is deficiency of fluorine in food and drinking water,
which leads to brittleness and thinning of the enamel;
the excess of carbohydrate food and sugar; dental plaque
formed from decomposition of food debris; and it is also
a stimulus for bacterial growth. In turn, excessive amounts
of fluoride lead to binding of calcium salts in the inert
calcium fluoride and the hepatotoxic action. Hexafluo-
rosilicates (SiF,) are one of the fixed forms of fluorine;
moreover, they are almost completely free of drawbacks
of fluorides [7]. In order to find substances with the caries-
protective and antibacterial properties the work on se-
arching for new biologically active substances among
hexafluorosilicate derivatives is conducted at the Odessa
National Medical University [5, 6].

One of the most active compounds in this series is
the salt of the quaternary base — cetylpyridinium hexafiu-
orosilicate; development of methods of the quality control
is the necessary condition for its further application. The
basic physical and chemical properties of cetylpyridi-
nium hexafluorosilicate have been studied, and the me-
thods for its identification have been proposed [4].

Continuing the research on the standardization of the
compound it was necessary to develop a method for its
quantitative determination.

Materials and Methods

The experiments were carried out using the chromato-
graphic grade sample of the compound (the content of
impurities — 0.5%). During the work the measuring glas-
sware of class A, reagents meeting the requirements of
the State Pharmacopoeia of Ukraine (SPhU) and “AXIS”
analytical balances were used.

The quantitative determination method. Dissolve
2.000 g in distilled water and dilute to 100.0 ml with the
same solvent. Transfer 25.0 ml of the solution to a sepa-
rating funnel, add 25 ml of chloroform, 10 ml of 0.1 M so-
dium hydroxide and 10.0 ml of a freshly prepared 50 g/I
solution of potassium iodide. Shake well, allow to separate
the chloroform layer and discard chloroform extracts.
To the aqueous layer add 40 ml of hydrochloric acid,
cool and titrate with 0.05 M potassium iodate to a deep-
brown colour that does not disappear. Add 2 ml of chlo-
roform and continue to titrate, shaking vigorously, until
the chloroform layer no longer changes its colour. Simul-
taneously carry out the blank titration of a mixture of
10.0 ml of the freshly prepared 50 g/l solution of potassium
iodide, 20 ml of water and 40 ml of hydrochloric acid.

One ml of 0.05 M solution of potassium iodate cor-
responds to 37.56 mg of (C,,H;N),SiF,, which must be
from 99.0% to 101.0%.

Results and Discussion

Cetylpyridinium hexafluorosilicate is a quaternary
ammonium salt, the residue of the pyridine cycle is in the
basis of its structure. Cetylpyridinium hydrochloride is
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L?H2]15CH3 ;?H2]15CH3
N 2- N\ -
| SiF, + o2k NaOH | I” + K,SiF,
= 2 /
2KI + KIO3 + 6HCI — 3ICI + 3KCI + 3H,0
Scheme 1
‘[(3H2]1SCH3 [?H2]15CH3
N N ]
‘ 1™+ AgNO; — = Q NO,  + Agl
P> =
Scheme 2
Table 1
Accuracy and convergence of the results of quantitative determination
N The substance Introduced in O/f) to The volume of 0.05 Found in % t? the Found in % to the
o. of the . the concentration - concentration .
i amount in the M solution of KIO,, introduced
model solution sample of th.e refe_rence V, ml (K = 1.0000)3 of the_refere_nce Zi = 100 (Yi/Xi)
solution (Xiact%) ! solution (Yi%)
1 0.1610 80.50 27.00 80.94 100.54
2 0.1708 85.40 26.60 85.27 99.85
3 0.1815 90.75 26.05 91.86 101.22
4 0.1912 95.60 25.65 95.21 99.60
5 0.2018 100.90 25.10 100.66 99.76
6 0.2107 105.35 24.60 105.50 100.14
7 0.2207 110.35 24.05 110.27 99.93
8 0.2309 11545 23.45 115.36 99.92
9 0.2402 120.10 22.85 120.47 100.31
Mean, Z% 100.14
Relative standard deviation, Sz% 0.50
Relative confidence interval A, % =t (95%,7)x5z 0.53
Critical value for convergence of results A, % 1.00
Systematic error 6 0.17
Criterion of the systematic error insignificance 1) §<A,./(g)A0.5 = 0.33, 2) if not satisfied 1),
then 6<0.33 0.32
The overall conclusion of the method correct

analogue by the structure of the compound studied. For its
quantitative assessment the European and British Phar-
macopoeias recommend to use the method of titration
with potassium iodate after the appropriate sample pre-
paration. First, the solution of potassium iodide in the al-
kaline medium was added, and the resulting compound
was extracted with chloroform. The excess of potassium
iodide in the aqueous layer was determined after acidi-
fying the reaction mixture by titration with 0.05 M so-
lution of potassium iodate [2, 3].

We assumed that when adding potassium iodide cetyl-
pyridinium hexafluorosilicate in the alkaline medium for-
med cetylpyridinium iodide having the properties of the
ion associate and being well extracted with chloroform.

We consider that the reaction proceeds by the fol-
lowing mechanism (Scheme 1).

We confirmed that the reaction occurred by the ex-
actly this mechanism in the following way. The chloro-

form layer was carefully evaporated on a water bath to
dryness, suspended with water, acidified by acetic acid
diluted to a yellow-green colour with the bromphenol
blue indicator. While thoroughly stirring the reaction mix-
ture was titrated slowly with 0.1 M solution of silver nit-
rate to an emerald-green colour. In the process of titra-
tion the precipitate was dissolved, and colloidal precipi-
tate of silver iodide was gradually formed (Scheme 2).

Some validation characteristics of the method pro-
posed for titration of the cetylpyridinium hexafluorosili-
cate substance with the indicator fixation of the titration
end point were studied according to the requirements of
the SPhU [1]. To validate the titration method the expe-
rimental batch of the substance was used. The loss on
drying was 2.0%. In calculations the content of the ac-
tive substance was taken equal to 100%.

To reduce uncertainty the titre of 0.05 M potassium io-
dide solution was determined by the method of the SPhU [1].
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Table 2

The results of the linear dependence determination

Parameters Values Criteria (for tolerances Cpnclusion
99-101%,9=9) (satisfied or not)
b 0.9931 - -
Sb 0.0091 - -
a 0.8016 max a = 1.60 satisfied
Sa 0.9255 - -
So 0.3509 max S, =0.53 satisfied
r 1.0000 min r = 0.99926 satisfied
RSD range 13.5805 - -
Ro 0.9997 - -
Sb? 0.0001 - -
Sa’ 0.8566 - -
8 s =100- %Hb—’l) s%maxAAsS 0.6600 03308
a 2
S 120 =100- 120+(b—1) sg-maxAAssO.GGOO 0.0031
DL 3.0748
LOQ 9.3193

120

y =0.9933x + 0.8016

115 - R2= 1

110

T T T T T T
80 85 90 95 100 105 110 115 120

Xi, %
Fig. The linear dependence of 0.05 M solution of potassium iodate
on the concentration of the compound studied.
The mean value of 5 parallel titrations was obtained.
The value of the correction factor to the nominal con-
centration of the titrated solution K, was 1.0000 with the
relative standard deviation RSD = 0.10% and the confi-
dence interval A(titr) = 0.10%. Thus, the results of the
titre determination (<0.2%) comply with the requirements
of the SPhU for convergence [1].

The titration was carried out after adding a certain
amount of potassium iodide solution, hydrochloric acid
and chloroform; therefore, to reduce the error of titra-
tion it was appropriate to conduct the blank titration si-
multaneously.

To determine linearity the samples were taken for
different points (7) of the straight line, they were 80, 85,
90, 95, 100, 105, 110, 115 and 120% from the nominal
weight of 200 mg. To study the reproducibility of the re-
sults for different experiments for studying linearity 5
samples for each point (i) were taken (Tab. 1).

The results obtained were processed by the least squa-
res method. The values X, ¥, and Z are given in Tab. 1.

The results of the linear dependence processing by
the least square method are given in Tab. 2 and Fig.
As can be seen from Tab. 2, the requirement of simulta-
neous statistical insignificance of the values |a| and

| 1-b | is performed for the set of 9 points; it meets the
requirements of the practical acceptance of the linear
dependence.

It should be noted that the systematic error value both
by 80% of the nominal content (Jy, 4,), and by 120% (Jy, ;)
does not exceed the maximal value (Tab. 2). The deter-
mination limit (DL) and limit of quantification (LOQ)
do not exceed 32%, i.e. they do not significantly affect
the quantitative determination (Tab. 2).

From these calculations it is apparent that the maxi-
mum permitted value of the complete predicted uncer-
tainty of the analytical procedure is more than the total
calculated uncertainty of the method developed for quan-
titative determination of the active ingredient in the subs-
tance. Therefore, the method of redox titration can be
used for quantitative determination of cetylpyridinium
hexafluorosilicate with the tolerance of the active sub-
stance content of +1.0%.

CONCLUSIONS

The method for quantitative determination of cetyl-
pyridinium hexafluorosilicate in the substance has been
developed using the redox method. When determining
the basic validation characteristics of the method speci-
fied it has been found that the requirements for linearity,
precision, accuracy are performed, and this method can
be recommended for use.
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PO3POBKA METOAUKU KINIbKICHOIO BUSHAYEHHA HOBOI KAPIEC-MPO®INAKTUYHOI
CNonyku

B.FO.AHicimoe, B.O.Nenbm60510m, H.FO.6ee3, B.A.[eopeisiHy

Knro4voei cnoea: chapmayesmuyHuli aHani3; KiflbKiCHe 8U3HAYeHHSI; eanidauis aHanimu4Hoi
MemoOuKu; uemurnmnipuduHito eekcacgbriyopocuriikam, Kapiec-rpoghinakmuyHul 3acié

@nyopudu € Haleaxueiworo siKysarnbHO-rpoginakmuyHoi 0obaskoro 8 ckadi byOb-sikoi gpopmu i
3arnobiearomb pO38UMKY Kapiecy, nidsuulyrodu cmilikicms emari, ma repewkxkooxarms 8UpOobrIeHH
Kkucniom bakmepismu 3ybHo20 Hanbomy. Y OdecbKoMy HaujoHaribHOMYy MeOUYHOMY yHigepcumemy
rnpogodumscsi poboma 3 nowyKy bsiyopo8MICHUX CrOMyK y psidy 4emeepmuHHUX OCHO8 3 rnodarsib-
wum ix 3acmocysaHHsIM y cmomamorogzii. @apmakonoaiyHi docnidxeHHs1 doseriu, WO «OHIEsi» 2eKca-
riyopocurnikamu mMaromse birbul 8UCOKY Kapiec-rpoghinakmuyHy eqbeKmueHicmb 8 ropieHsIHHI 3 Ham-
pito ¢hriyopudom. Halibinbw akmueHUM 8USI8USCS uemunmipuduHito eekcagbriyopocurikam 8 003i 15 me/ke
rpu euKopucmaHHi y suansidi opasibHUX annikauil 2esro, MexaHiam Oii K020 rornsieae 8 akmusauil
Jy>KHOI gbocgbamasu i nnizouumy nynbnu 3ybie. s nodanbuio2o 3aCmocy8aHHs CrioflyKu 8 MeOuYHil
npakmuuj, HeobXiOHO YMOBOI € PO3pobka HadiliHux MemoduK Uio20 iBeHmudikauii ma KirbKiCHO20
8u3Ha4yeHHs. Memoro pobomu cmana po3pobka MemoOuUKU KiflbKiCHO20 8U3HAYEeHHST uemusnnipudu-
Hito eekcagbryopocurikamy. [ns nodansuio2o 3acmocysaHHs 3arpornoHo8aHoi MemoduKu Orisi aHari-
3y docridxKysaHoi croryku, susdanu eanidauiliHi xapakmepucmuku. 3a pesynbmamamu rnpoeedeHux
0ocidXeHb 8CMaHOBIIEHO, W0 MemMOOUKa KiflbKiCHO20 8U3HA4YEHHS UemusnipudOuHito eekcagsiyo-
pocurnikamy e cybcmanujii gidrnogidae 3a napamempamu:. npagusibHICMb, NpeyusitiHicmsb, MiHIGHICMb
(4,=0.50smax A, =0.53, 6 = 0.177<max 6 = 0.32, a = 0.80<max a = 1.60, r = 1.0000zmin r = 0.9993).

PA3SPABOTKA METOOUKU KOIMTMYECTBEHHOIO OMPEAENIEHNA HOBOIO
KAPUEC-NMPOPUNAKTUYECKOIO COEOUHEHUA

B.FO.AHucumoes, B.O.Nenbm60510m, H.FO.6ee3, B.A.eop2ausiHy,

Knroveenle crioea: hapmayesmudeckull aHanu3; Koru4ecmeeHHoe ornpedeneHue;

ganudayus aHanumu4eckol MemoOuKuU; uemusnupuduHUS 2ekcaghmopocusiukam;
Kapuec-npogunakmu4deckoe cpedcmeo

®mopudkl siensromces 8axxHelwel nedebHo-npogunakmuyeckol dobaekoli 8 cocmase rtboli hop-
Mbi U pedomepaujarom paseumue Kapueca, rnosbiuwiasi cCmolkocmes aMarnu, U fnpensimemeyom ebipa-
6omke kucriom bakmepusamu 3y6Ho20 Harema. B Odecckom HayuoHarnbHOM MeOUUUHCKOM yHUBep-
cumeme rposodumcs paboma no noucky ¢omopcodepxxaujux coeOuHeHUU 8 pssdy YemeepmuyHbIX
OCHOoBaHUl ¢ MociedyWuM Ux NnpuMeHeHUeM 8 cmomamorsioauu. @apmakonoaudeckue uccredosa-
HUSI rToKa3ariu, Ymo «OHUe8bIe» 2eKkcaghmopocusiukambl umMetom 6oree 8bICOKYH Kapuec-rpogurak-
muyecKyr aghghekKmusHOCMb MO CPasHEHUIO ¢ Hampusi pmopudom. Haubornee akmueHbIM OKasascs
uemunnupudOuHusi eekcagphmopocunukam 8 dose 15 ma/ka npu ucronb308aHuUU 8 sude opasibHbIX ar-
nnukayul eensi, MexaHusm delicmeusi KOmopo20 3aK/IYaemcs 8 akmusayuu weno4yHol ¢gpocghama-
3bl U flu3oyuma nynbrel 3y6os. [na danbHelwez20 npuMeHeHUs COeOQUHeHUsT 8 MeQUUUHCKOU rpaK-
muke, Heobxo0UMbIM ycriogueM si8risiemcs paspabomka Ha0eXHbIX MemoOuK e2o udeHmugukayuu
U Koru4ecmeeHHoeo ornpederneHus. Llenbo pabomsi cmarna pa3pabomka MemoOuKuU KOU4eCcmeeH-
HO20 oripedesieHuUs uemunnupuduHusi eekcaghmopocuriukama. [nis danbHelweao UcCrnoib308aHUs
rnpednoxeHHol MemoOuKu 051 aHanusa uccriedyemMozo coeOUHEeHUs, udydarnu eanudayuoHHbIe xa-
pakmepucmuku. 'lo pesynbmamam nposedeHHbIX uccriedosaHull ycmaHo8neHo, 4mo MemooduKa Ko-
JiudecmseHHoO20 onpederneHus: uemusnupuduHUsi eekcaghmopocusiukama e cybcmaHyuu coomeem-
cmeyem o rnapamempam: npasusibHOCMb, MPeyU3UOHHOCMb, NuHeliHocmb (A, = 0.50smax A, = 0.53,
0=0.177max 6 = 0.32, a = 0.80<max a = 1.60, r = 1.0000=zmin r = 0.9993).
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Using on-line services and the ChemBioOffice2014 software package the values of the partition coef-
ficients of some N-R-amine derivatives have been calculated. To identify the quantitative relationships
and select the optimal algorithm of calculations the correlation and regression analysis of the values
obtained has been conducted. Statistically significant values of correlation for the partition coefficients
calculated have been determined. It has been shown that it is advisable to use the value AlogPs for

further application.

Lipophilicity is one of the criteria for assessing the
similarity of synthetic substances and drugs, and it af-
fects the biological activity of substances [9, 13, 14]. The
partition coefficient of n-octanol-water (logP) characte-
rizes physicochemical properties of substances in solu-
tions and is used to simulate their behaviour in the body
[3, 14]. Distribution and redistribution of substances bet-
ween lipophilic (fatty) and aqueous phases are part of
biological processes, in particular transmembrane trans-
port through lipid layers [11]. Hydrophobicity plays an
important role in determining distribution of a substance
in the body after absorption, its metabolic rate and elimi-
nation. The hydrophobic effect is essential for binding
of drugs with their receptors [13].

The ability to predict biological properties of com-
pounds through their lipophilicity allows to optimize the
search for new drugs and is often included in equations
for calculations of the quantitative structure — activity
relationships (QSAR) [16].

The value logP is experimentally determined by the
classical method of measuring distribution of organic com-
pounds between the non-polar phase and water [14] using
chromatographic [ 18], electrochemical [23] and other methods.

However, experimental methods to determine logP
are time-consuming and expensive, and the values ob-
tained often differ due to the influence of many factors.
Therefore, today a significant number of algorithms for
theoretical calculations of values logP implemented us-
ing the appropriate software [5, 6, 8, 17, 24, 25].

The values of the partition coefficients of n-octanol-
water experimentally obtained with the values theore-
tically calculated by different algorithms (AlogPs, IAlogP,
ClogP, miLogP, logP,.win» Xl0gP3, etc.) were compa-
red for 193 substances [19] and more than 96 000 com-
pounds (including databases of Nykomed and Pfizer) [15].
In both studies the experimental data better correlate with
the methods of AlogPs, xlogP3, logP, . win-

Attempts to achieve proportionality of results of the
theoretical calculation methods of prediction and the expe-
rimental determination of lipophilicity of organic compounds
are still relevant in modern scientific studies [1, 16, 22].

The aim of this work is to determine the mutual cor-
relation of the values of the partition coefficients in the
series of some functional derivatives of N-R-amines (1-21)
calculated by different algorithms.

Materials and Methods

Taking into account the data [15, 19] we used the
available free on-line methods xlogP3 [25], AlogPs [6]
for calculations of the partition coefficients, and the
ChemBioOffice2014 software package, in particular
ChemBioDrawUltra 14.0 (CBDU14) and ChemBio3DUltra
14.0 (CB3DU14) [7], for calculations of logP and ClogP
(Table).

In total, the statistical sample included the compari-
son of 6 values of the partition coefficients calculated
for 21 compounds. During the statistical processing of
the research results when analysing the sample with the
length of 21 cases the values of the Pearson correlation
coefficient, which is more than 0.40 (p<0.05), is consi-
dered to be statistically significant [2].

Calculations of correlations of the values of the par-
tition coefficients calculated for compounds 1-21 were
performed using the STATISTIKA 8§ software [4, 21].
According to the requirements of mathematical statis-
tics the correlation coefficient indicates the close rela-
tionship between the values: at values less than 0.3 — the
relationship is absent, in the range of 0.3-0.7 it is me-
dium, more than 0.7 — it is strong [10, 20].

Results and Discussion

As can be seen from Table, almost all compounds are
characterized by negative values of the partition coef-
ficients; probably it is due to the presence of the polar
moiety — substituted Nitrogen atom in their structure.
Increase of numeric values, and hence lipophilicity, is
observed in the case of increase in the number of non-
polar substituents (alkyl substituents or the phenyl nuc-
leus in compounds 19-20). Glycine (12), for which the
calculated values (excluding logP) agree with the expe-
rimental ones [12], and its alkyl substituents (13, 16) are
characterized by the maximum values of hydrophilicity.
It can be also explained by the considerations previously
mentioned.
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Table
Structures and the values logP calculated of compounds 1-21
logP logP ClogP ClogP
No. Structure AlogPs xlogP3 CBDU14 | CB3DU14 | CBDU14 | CB3DU14
1 NH, -0.73 -1.2 1.2
2 CH,NH, -1.06 -0.71 -0.65 -0.57 -0.664 -0.664
3 CH,CH,NH, -0.2 -0.35 -0.32 -0.32 -0.135 -0.135
4 HOCH,CH,NH, -1.53 -1.31 -1.17 -1.31 -1.295 -1.295
5 (CH,),NH, -0.53 -0.20 -0.13 -0.134 -0.518 -0.518
6 (CH,CH,),NH 0.76 0.58 0.54 0.50 0.54 0.54
7 (HOCH,CH,),NH -1.41 -1.43 -1.17 -1.43 -1.463 -1.463
8 (CH,);N -0.14 0.26 0.24 0.27 0.018 0.018
9 (CH,CH,),;N 157 1.45 1.26 1.44 1.605 1.605
10 (HOCH,CH,);N -1.38 -1.00 -1.31 -2.218 -1.228 -1.228
11 (CH,),N* -1.59 0.28 -4.856 -4.856
(0]
12 HZNA[/ -3.34 -3.21 -1.39 3.0 -3.210 -3.210
OH
HN 0
13 J X -3.24 -3.73 -0.97 -2.296 -2.811 -2.811
HO
PN O
O
14 : )NAOI/H 1.76 -3.60 097 3203 1.742 1.742
HO
PN O
15 " /)NAO(H -1.94 -1.30 -3.747 -3.747
HO'
O
16 -3.06 -2.78 -0.87 -1.275 -3.124 -3.124
-NH OH
O
17 N on -1.70 -2.91 -0.49 06 -2.368 -2.368
(0]
18 oy -1.90 0.13 4173 4173
/ ~
19 @J/N_%o 139 1.26 15 15 0.224 0.224
HO
!
20 @_/ o -0.32 -0.93 1.24 124 -0.600 -0.600
s
e
21 ©4| _>=o -1.40 137 -1.755 -1.755
HO

ClogP CB3DU14

Scatterplot: ClogP CBDU14 vs. ClogP CB3DU14
ClogP CB3DU14 = 0.0000 + 1.0000 * ClogP CBDU14
Correlation: r = 1.0000

-6 -5 -4 -3 -2 -1 0 1 2
ClogP CBDU14
~e 95% confidence

Fig. 1. Correlation of ClogP CBDU14 and ClogP CB3DU14.

Analysis of the results of statistical processing indi-
cates that the coefficients of lipophilicity calculated by
different algorithms for compounds (1-21) correlate (%)
with each other in a different way and are statistically
significant (Fig. 1-11).

It can be noted that the algorithms for calculating logP
in ChemBioDrawUltra 14.0 and ChemBio3DUltra 14.0
do not allow to determine a numeric value for ionic com-
pounds (11, 18, 21), and compounds that do not contain
Carbon atoms (in our case NH; — compound 1) (Table).
The latter is observed for calculation of AlogPs. It should
also be noted that the values ClogP calculated by Chem
BioDrawUltra 14.0 and ChemBio3DUltra 14.0 are ab-
solutely the same (r = 1.000) unlike the values logP simi-
larly obtained where the correlation is slightly less
(r=0.91745) (Table, Fig. 1, 2).
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logP CB3DU14

xlogP3

logP CB3DU14

logP CBDU14

Scatterplot: logP CBDU14 vs. logP CB3DU14
logP CB3DU14 = -.3037 + 1.4241 * logP CBDU14
Correlation: r = .91745

-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 15 2.0

logP CBDU14 e 95% confidence

Fig. 2. Correlation of logP CBDU14 and logP CB3DU14.

Scatterplot: AlogPs vs. xlogP3

xlogP3 = .13720 + .92774 * AlogPs
2 Correlation: r = .77988
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Fig. 3. Correlation of AlogPs and xlogP3.
Scatterplot: AlogPs vs. logP CB3DU14
logP CB3DU14 = .12976 + .85092 * AlogPs
Correlation: r = .84752
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Fig. 5. Correlation of AlogPs and logP CB3DU14.
Scatterplot: xlogP3 vs. logP CBDU14
logP CBDU14 = .20729 + .42862 * xlogP3
Correlation: r = .73883
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Fig. 7. Correlation of xlogP3 and logP CBDU14.

logP CBDU14

ClogP CBDU14

ClogP CBDU14

logP CB3DU14

Scatterplot: AlogPs vs. logP CBDU14
logP CBDU14 = ,25179 + ,54474 * AlogPs
Correlation: r =,84219
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Fig. 4. Correlation of AlogPs and logP CBDU14.
Scatterplot: AlogPs vs. ClogP CBDU14
ClogP CBDU14 =-.4043 + 1.0192 * AlogPs
Correlation: r = .82057
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Fig. 6. Correlation of AlogPs and ClogP.
Scatterplot: xlogP3 vs. ClogP CBDU14
ClogP CBDU14 =-1.103 + .48852 * xlogP3
Correlation: r = .46753
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Fig. 8. Correlation of xlogP3 and ClogP.
Scatterplot: xlogP3 vs. logP CB3DU14
logP CB3DU14 = .15632 + .75213 * xlogP3
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Fig. 9. Correlation of xlogP3 and logP CB3DU14.
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Scatterplot: logP CBDU14 vs. ClogP CBDU14
ClogP CBDU14 = -.7367 + 1.0696 * logP CBDU14
Correlation: r =.75615
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Fig. 10. Correlation of logP CBDU14 and ClogP.
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Scatterplot: logP CB3DU14 vs. ClogP CBDU14
ClogP CBDU14 = -.5358 +.71318 * logP CB3DU14
Correlation: r = .78263
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Fig. 11. Correlation of logP CB3DU14 and ClogP.
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Fig. 12. The relationship of values of the partition coefficients calculated by different algorithms.

The maximum values of correlations that are con-
sistent with the published data [15, 19] are observed in
cases of AlogPs and logP CBDU14 (r = 0.84219), as
well as AlogPs and logP CB3DU14 (r = 0.84752) (Fig.
4, 5, respectively). Somewhat smaller values are in the
cases of xlogP3 and logP CB3DU14 (r=0.83523) (Fig. 9),
as well as AlogPs and ClogP (r=0.82057) (Fig. 6). The mi-
nimum correlation was in the case of xlogP3 and ClogP
(r=0.46753) (Fig. 8). Other combinations occupied the
intermediate values within the range of 73-78%: AlogPs
and xlogP3 (r = 0.77988), xlogP3 and logP CBDU14
(r=10.73883), logP CBDU14 and ClogP (r = 0.75615),
logP CB3DU14 and ClogP (r=0.78263) (Fig. 3, 7, 10, 11).

These combinations of the Pearson correlation coef-
ficients and indicators of significance indicate the reli-
ability of the graphs and equations shown in Fig. 1-11.

The position of the curve the values AlogPs theore-
tically calculated in relation to the results of other cal-
culations of the partition coefficients (Fig. 12) may in-

dicate the use of the optimally averaged algorithm of
their determination.

Therefore, the results of our study allow to propose
the values AlogPs obtained for further application when
determining QSAR, as well as the degree of its manifes-
tation among N-R-amine derivatives for planning a targe-
ted search biologically active substances in this series.

CONCLUSIONS

1. Using on-line services and the ChemBioOffice2014
software package the values of the partition coefficients
of some N-R-amine derivatives have been calculated.

2. To identify the quantitative relationships and se-
lect the optimal algorithm of calculations the correla-
tion and regression analysis of the values obtained has
been conducted.

3. Statistically significant values of correlation for
the partition coefficients calculated have been determi-
ned. It has been shown that it is advisable to use the
value AlogPs for further application.
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3 sukopucmaHHsIM OH-naliH cepsicie ma rpoepamHoz2o nakemy ChemBioOffice2014 pospaxoeaHi
3Ha4YeHHs KoegbiujeHmig po3nodiny deskux N-R-amiHOMOXiOHUX ma 3 MemOK BUSIBNIEHHST KillbKICHUX
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HO, Ymo 011 QanbHelule20 Ucronb308aHUs UesiecoobpasHo ucnoib3oeamse 3Haq4eHue AlogPs.
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With the aim of obtaining new biologically active substances the synthesis of amides of 5-R-phenyl-
amino-1,3,4-thiadiazole-2-yl-thioacetate acid and 5-phenylamino-1,3,4-thiadiazole-2-yl-thio-1-phenon
has been conducted. As initial substances 5-R-phenylamino-2-mercapto-1,3,4-thiadiazoles, the cor-
responding analides of chloracetate acid and chloracetate phenon were used. The reaction of alkyl-
ation was conducted in the ethanol medium in the presence of potassium hydroxide. The structure
of the compounds synthesized has been confirmed by the method of '"H NMR-spectroscopy. The
physicochemical properties and the pharmacological potential of the substances synthesized are
discussed. According to the results of calculation methods of prediction of the biological activity
(PASSOnline) the probable types of the biological activity of the substances synthesized have been
estimated. In compliance with the data of the PASSOnline computer-based prognosis the antineoplastic
action (STAT inhibitor of transcription factors) is principally inherent for most compounds of this class.

In the current realities the healthcare requires deve-
lopment and introduction of original medicines into pro-
duction along with manufacture of generic drugs — only
this way can raise the pharmaceutical industry of Ukraine
to the higher level of quality and to rank it together with
the leading European states. In this regard, creation of
new effective medicines is a rather topical issue of modern
pharmacy. Recently, along with the high pharmacological
activity, the simplicity of synthetic methods and avail-
ability of the chemical raw material, which provide a
relatively law prime cost of finished products, become
the most important parameters for the choice of the re-
search objects. With the aim of searching for new bio-
logically active substances we paid attention to the
derivatives of 1,3,4-thiadizole, which had already shown
themselves as high-efficient bioactive substances exhi-
biting various types of the pharmacological action [2, 3,
5, 6,8, 10, 11]. Currently, data on promising applications
of derivatives of 1,3,4-thiadiazole for treating cancer ap-
pear in scientific literature more often [5, 10-11]. At the
moment, the fundamental research of new derivatives
are conducted on the basis of this heterocycle as poten-
tial antimicrobial agents [3, 6] and anticonvulsants [2, §].
Thus, the further search of new bioactive substances among
the derivatives of 1,3,4-thiadizole is one of the promis-
ing directions.

The aim of this work was to extend the range of po-
tential bioactive substances on the basis of 5-R-phenyl-
amino-2-mercapto-1,3,4-thiadiazoles. The synthesis of
derivatives of 5-R-phenylamino-2-mercapto-1,3,4-thia-
diazoles 1.1-1.2 was carried out by the interaction of car-
bonic disulphide and R-phenylthiosemicarbazide in the
dimethylformamide medium at the temperature of 75°C
with satisfactory yields (78-80%) by the known method [§].

The structure of the compounds obtained was confirmed
by modern physical and chemical methods. Formation
of the thiadiazole cycle was proven by the absence of
NH-NH signal in the 'H NMR-spectra of the compounds
synthesized at 6 10.60-10.64 ppm and the presence of a sin-
glet of the mercapto group at approximately 3.40 ppm [1, 9].

The target compounds — anilides of 5-(2,5-dimethoxy)
phenylamino-1,3,4-thiadiazole-2-yl-thioacetate acid 3.1-3.8
and amides of 5-phenylamino-1,3,4- thiadiazole-2-yl-
thioacetate acid 4.1-4.3 were obtained by S-alkylation
with anilidies 2.7-2.8 and alkylamides 2.9-2.11 of chlor-
acetate acid.

5-R-phenylamino-2-mercapto-1,3,4-thiadiazoles
1.1-1.2 were obtained in ethanol in the presence of the
equimolar quantity of potassium hydroxide according to
the Scheme given below.

The research results have proven that application of
the method allows obtaining the target products with satis-
factory yields and sufficient purity (Tab. 1). All compo-
unds obtained after crystallization from ethanol are white
crystalline substances with distinct melting points, soluble
in most organic solvents (Tab. 1). To study the course
of the alkylation reaction when using various alkali rea-
gents the amides of chloracetate acid 2.1-2.11 were subs-
tituted by chloracetophenon 2.12. (Scheme). The change
of the alkylating agent did not affect substantially the
yield of the finish product (5-phenylamino-1,3,4-thia-
diazole-2-yl-thio-1-phenon 5.1 was obtained with the yield
of 78%). The structure of the compounds obtained was
confirmed by physical and spectral methods. The 'H NMR-
spectroscopy was performed, and the melting points of
the compounds synthesized were determined. The com-
position of elements experimentally found corresponds
exactly to the structures proposed.
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Physical and chemical properties of the compounds synthesized
©
3 Id Ch | %
I} Yield, o emica
% R Ry R, Ry % M.p. °C formula
S counted | founded
<R /N—N !
/ > R
N 2
/ \ N/\S \SW
<IH
/ 0]
R Ry
3.1 | OCH, | OCH, 3-CH, 6 - CH, 72 | 112-116 | C,H,N,0,5, | 1301 | 13,03
32 | OCH, | OCH, | 4-COOCH, H 70 | 128-130 | G H,N,05, | 1217 | 12,18
33 | OCH, | OCH, 3-Cl 4-Cl 69 | 136-138 |C,H,.C,N,0,S,| 11,89 | 11,91
34 | OCH, | OCH, |2-COOCH,-CH, H 73 | 128132 | C,H,N,0.S, | 11,81 | 11,82
35 | OCH, | OCH, NHR = naphthyl 69 | 138-140 | C,H,N,0,S, | 12,38 | 12,39
36 | OCH, | OCH, Bn H 73 | 130132 | C,H,N,05, | 1442 | 1443
37 | OCH, | OCH, 2-CH, 4-CH, 73 | 116122 | C,H,,N,0,5, | 13,01 | 13,03
38 | OCH, | OCH, 2-Cl 3-cl 74 | 120-122 |CH,.CI,N,0.S,| 11,89 | 11,90
R 77,\] .
\ ~2
N
”AS)\S/W \R3
o]
R4
4.1 H H CH(CH,), C.H, 79 | 160-162 | C,H,N,0S, | 14,557 | 14,58
4.2 H H H 36-0OCH.CH, | 80 | 140-144 | C,H,N,05, | 1392 | 1394
43 H H H Bn 79 | 148152 | C,H,N,0S, | 1572 | 1573
R N—N 7
SN\ AN
7” S/ s X
— o]
R4
51| H | H H | H | 78 | 148-150 | C,H.N,05, | 1283 | 1284




26 ISSN 1562-7241 (Print) BICHMK ®APMALIII 1(85)2016 ISSN 2415-8844 (Online)

Table 2
Chemical shift (8, ppm) of protons in 1H NMR spectra of the compounds synthesized

Signals of protons
of other functional
groups

SCH,

CONH (1H, s) NH-R(1H,s) | 2xOCH, (6H, s) H-Ar (2H, 9)

Compound

6,45, s, 1H;
6,80, d, 2H;
3.1 9,55 9,35 3,75 7,00,s, 1H; 4,05 2,30 (6H, s, 2xCH,)
7,40,s, TH;
8,05,s, TH.
6,45-6,70, dd, 2H;
7,70,s, 1H;
7,90, s, 3H;
8,05,s, TH.
6,45,s, TH;
6,80, s, 1H;
7,35-7,50, dd, 2H;
7,90-8,05, dd, 2H.
6,45, s, 1H;
6,80-7,00, m, 4H;
8,05,s, TH;
8,15,s, TH.
6,45, s, 1H;
6,85, s, 1H;
3.5 10,10 9,60 3,75 7,40-7,50, m, 3H; 4,20 -
7,85,s,2H
8,15,s, 2H.
6,45-6,85, dd, 2H;
3.6 9,05 8,45 3,75 7,15-7,30, m, 5H; 4,30 3,80 (2H, s, CH,)
8,00, s, TH.
6,45, d, TH;
3.7 9,55 9,35 3,75 6,90-7,00, m, 4H; 4,05 2,90 (6H, s, 2xCH,)
7,30-7,40, m, 1H.
6,45-6,80, dd, 2H;
7,60, s, 1H;
7,90, s, 3H;
8,10, s, TH.
4,80,d, 1H;
6,90, d, TH;
4.1 - 10,15 - 720-7,35, d, 4H; 3,70
7,40-7,55, d, 5H.
6,55,d, TH;
6,90-7,00, d, 2H;
4.2 10,39 9,49 3,7 7,30,d, 2H; 4,14 -
7,55,d, 2H;
7,75,s, TH.
6,90, d, 1H;
4.3 10,29 8,65 - 7,19-7,35, m, 5H; 4,30 3,92 (2H, s, CH,)
7,55, d, 2H.
6,90, d, TH;
7,30, m, 2H;
5.1 10,23 - - 7550-7,70, m, 5H: 4,88 -
8,05, d, 2H.

3.2 10,40 9,55 3,75 4,45 2,50 (3H, s, CH,)

33 10,40 9,55 3,75 4,05 -

4,05 (2H, s, CH,)

34 9,55 9,35 3,75 1,40 (3H, s, CH,)

4,10

3.8 9,58 9,45 3,75 4,10 -

4,80 (1H, s, CH)
1,50 (6H, 5, 2XCH,)

Compounds 3.1-3.8,4.2-4.3, 5.1 that contain the amide =~ NMR-spectra by the shift of the singlet of the methylene
group in '"H NMR-spectra have a general appropriate singlet ~ group protons to the weak field (3.70-4.88 ppm). The
signal of the NH-amide proton in the weak field in the  spectra of compounds 3.1-3.8 have general signals of the
interval of & 9.05-10.39 ppm. The methylene group is aromatic protons of the 2,5-dimethoxyaminophenylic
located near a strong acceptor represented on the '"H  fragment registered in the range of 6 6.45-8.15 ppm.
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Table 3

The PASS-prognosis of the biological activity for 5-substituted derivatives of 2-mercapto-1,3,4-thiadiazole

T 55 55 | 5.% | B 56 5 529 | 58 5 G
S M o= B e - U@ c e = C oOF ®© = = C = O
S |z&28| =828 .5_3%'% S 228 27 586 | 258 S8
£ HF23s|wh23c| 8c c S 23 & 273 s ok 20w o =
S €65 <& €33 j= <& = 25« | £¢° 9
Y =5 =5 = O < =5 = €5 ° =9 = 3
3.1 0,725 0,705 0,673 0,579 0,547 0,541 - - -
3.2 0,734 0,713 0,687 0,588 0,559 - - - -
3.3 0,669 0,635 0,605 0,582 - 0,542 - - -
34 0,677 0,648 0,649 0,529 0,584 0,552 - - -
3.5 0,581 0,563 0,569 0,587 - 0,523 - - -
36 0,604 0,580 - - - 0,546 - - -
3.7 0,713 0,689 0,658 0,564 0,536 0,531 - - -
3.8 0,608 0,577 0,567 0,582 - 0,506 - - -
4.1 - - - 0,545 - - 0,586 0,525 0,525
4.2 0,732 0,780 0,598 0,643 0,597 0,517 - - -
43 0,539 0,581 - 0,571 - 0,533 0,541 - -
5.1 0,568 0,607 - 0,698 0,521 - 0,724 - -

The difference of 'H NMR-spectra of the structures ob-
tained from spectra of the initial compounds is in disap-
pearance of a one-proton singlet of the mercapto group
at & 3.40 ppm and appearance of compounds of the
CONH-group singlet on the spectra (Tab. 2).
According to the results of calculation methods of
prediction of the biological activity (PASS) the probable
types of the biological activity of the substances synthe-
sized have been estimated. In compliance with the data of
the PASS computer-based prognosis the antineoplastic
action (STAT inhibitor of transcription factors) is princi-
pally inherent for most compounds of this class. In this
series of the compounds synthesized the index of pro-
bability of STAT inhibition of transcription factors is in
the range from 0.568 to 0.725, and it indicates the pros-
pects of research for the antitumor activity (Tab. 3) [4, 7].
Experimental Part
Melting points were determined by the capillary me-
thod on the Kofler unit. The elemental analysis of the
nitrogen content was conducted by the Dumas method.
"H NMR-spectra were registered on a Varian Mer-
cury device at the frequency of 200 MHz, the solvent —
DMSO-d,, the internal standard — tetramethylsilane (TMS).
The chemical shifts are presented in the scale & (ppm).
5-Phenylamino-2-mercapto-1,3,4-thiadiazole 1.1.
Dissolve 104.65 g of 5-phenylthiosemicarbazide in di-
methylformamide in the presence of methyl(methoxy)

ammonium salt of 2,5-dimercaptothiadiazole at the tem-
perature of 75°C. Then add 45 of carbon disulphide. Rec-
rystallize from ethanol.Yield — 83.72 g (80%); M. p. —
180-182°C. Chemical formula: C{gH;N,S,; '"H NMR,
DMSO-d,, d, ppm: 3.40, 1H, s, (SH); 7.05-7.64, 5SH, m
(Ar-H); found N % 20.09;calculated N % 20.08.

Compound 1.2 was obtained by the similar method.

3,6-Dimethylanilide of 5-(2°,5’-dimethoxy)phenyl-
amino-1,3,4-thiadiazole-2-yl-thioacetate acid 3.1. To
solution of 2.7 g (0.01 Mole) 5-(2’,5’-dimethoxyphenil-
amino)-2-mercapto-1,3,4-thiadiazole in 50 ml of ethanol
add 0.015 Mole (0.84 g) of potassium hydroxide while
stirring. Then add 2.3 g (0.01 Mole) of 3,6-dimethylani-
lide of chloracetate acid to 30 ml of ethanol. Boil under
reflux the reaction mixture for an hour, after that evapo-
rate to dryness. Triturate a dry extract in 150 ml of water,
filter the precipitate, and dry. Recrystallize from ethanol.

Anilides 3.2-3.8, amides 4.1-4.3, 5-phenylamino-
1,3,4-thiadiazole-2-yl-thio-1-phenon 5.1 were obtained
by the similar method.

CONCLUSIONS

The synthesis of 5-R-phenylamino-2-mercapto-1,3,4-
thiadiazoles, amides of 5-R-phenylamino-1,3,4-thiadia-
zole-2-yl-thioacetate acid and 5-phenylamino-1,3,4-thia-
diazole-2-yl-thio-1-phenon has been carried out. The che-
mical structure of the compounds synthesized has been
proven by 'H NMR-spectroscopy.
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CUHTE3 TA ®ISUKO-XIMIYHI BMTACTUBOCTI HOBUX NOXIAHUX 5-R-®EHINTAMIHO-
2-MEPKANTO-1,3,4-TIAQIA30NY

I.B.Cuu, J1.0.llepexoda, 3.I.€EpbomiHa, J1.0.lpiHeeuy, H.I1.Ko63ap, I.B.[panak

Kmnroyoei cnoea: cuHmes; 1,3,4-miadiazon; 'H SIMP-cniekmpockonis

3 memoro odep:xkaHHSI HO8UX 6i0I02iYHO aKMUBHUX peH08UH 30ilicHEHO cuHme3 amidie 5-R-gpeHinamiHo-
1,3,4-miadia3on-2-in-mioayemamHoi kucromu ma 5-¢peHinamiHo-1,3,4-miadiazon-2-inmio-1-¢heHoHy.
Sk suxiOHi crionyku sukopucmosysanu 5-R-¢gheHinamiHo-2-mepkanmo-1,3,4-miadiazonu, 8i0nogioHi
aHinidu xmopauemamHoi Kucromu ma xropauemogeHOH. Peakuisi ankirlyeaHHs1 nposedeHa 8 cepe-
dosuwi emaHorly 8 npucymHocmi kanito 2idpokcudy. Cmpykmypa CUHMe308aHUX CriosyK rnomeepo-
xxeHa memooom "H SIMP-cnekmpockonii. ObeogopeHi ¢hizuko-ximidHi erracmueocmi ma ¢hapmakorio-
2i4HUl nomeHuyjan cCuHMe308aHUX PEHOBUH. 3a pe3ynibmamamu po3paxyHKosux Memodie rnpo2Ho3y-
saHHs bionoaiqyHoi akmusHocmi (PASSOnline) 6yrnu ouiHeHi 8ipozidHi sudu bionoziyHoi Oif cuHme3o-
8aHUX peqyosuUH. Y 8idnosiOHocmi 3 daHUMU KOMIT'tomepHoeo rpoeHo3y PASSOnline binbwocmi crionyk
UbO&20 Kriacy Hacamreped npumamaHHa rnpomuryxruHHa 0isi (iHeibimop STAT ghakmopie mpaHcKpunuji).

CUHTE3 U ®U3UKO-XUMUYECKUE CBONCTBA HOBbIX MPOU3BOOHbIX
5-R-PEHUINTAMUHO-2-MEPKAINTO-1,3,4-TUAOUA3OINA

WU.B.Cb14, J1.A.lMMepexoda, 3. EpemuHa, JI.A.puHesuy, H.[1.Ko63apb, N.B.[panak

Knroyeenlie cnoea: cuHmes; 1,3,4-muaduason; 'H SAMP-cnekmpockonusi

C uernbto rnonyyeHusi HoBblX BUOI02UYEeCKU aKmMUBHbIX 8eU,ecmes ocywecmeneH cuHmes amuoos
5-R-gpeHunamuHo-1,3,4-muadua3orn-2-un-muoykcycHol Kucrnomsl u 5-¢gpeHunamuHo-1,3,4-muadua-
30r1-2-unmuo-1-gheHoHa. B kayecmee ucxo0HbIX sewecms ucrosb3osanu 5-R-gheHunamuHo-2-mep-
kanmo-1,3,4-muadua3orbi, coomeemcmeayujue aHUIUObl X/I0PyKCYCHOU KUCIOmMbI U X/opayemo-
¢peHOoH. Peakuyusi ankunupogaHusi nposedeHa 6 cpede amaHora 8 npucymcemeuu Kamnusi 2udpokcuda.
Cmpykmypa cuHme3uposaHHbIx coeOuHeHuUl noomeepxdeHa memodom "H SAMP-cnekmpockonuu.
O6cyx0eHbl hu3uKko-xuMuyeckue ceolicmea u ghapmakosiogudeckull momeHyuarn cuHmesuposaHHbIX
sewecms. 1o pe3yrnbmamam pacyemHbIx Memo0o8 MpoeHO3UpPo8aHUsi buooau4yeckol akmugHocmu
(PASSOnline) 6b1ru oyeHeHbl 803MOXHbIe 8UdbI buono2u4ecko2o delicmeusi CUHMEe3UpPO8aHHbIX 8e-
wecms. B coomeemcmeuu ¢ 0aHHbIMU KOMMTbHOMEePHO20 npozHo3uposaHusi PASSOnline s 60orib-
WwUuHcmea coeduHeHUl 3Mmoeao Kracca rpexoe 8ceao xapakmepHo rpomueoonyxonesoe delicmaue
(uHeubumop STAT chakmopos mpaHCcKpunyuu,).
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In the Ukrainian flora such plants as Forsythia europaea Deg. et Bald, Jasminum officinale L., Berberis
thunbergii DC, Weigela hybrida Jaeg., Ligustrum vulgare L., and Corylus avellana L. hold a special
place among shrubs. The aim of our research was to analyse the relationship between the chemical
composition and the anticonvulsant activity of the extracts from leaves of the given shrubs. The highest
content of flavonoids has been determined in aqueous extracts of Forsythia europaea (2.83%) and
Corylus avellana (1.95%) leaves comparing to other extracts. The highest amount of polyphenols has
been determined in Corylus avellana ethanol (96%) extract (1.31%) and Jasminum officinale etha-
nol (50%) extract (1.30%). The dry aqueous extract of Corylus avellana leaves has shown the most
pronounced anticonvulsant activity. Dry extracts of Berberis thunbergii leaves, Weigela hybrida leaves, and
Ligustrum vulgare leaves have not revealed a significant anticonvulsant activity. According to the
strength of the effect the dry aqueous extract of Corylus avellana can be a promising substance for

creating an original herbal remedy with anticonvulsant properties.

Garden plants, both ornamental and edible, are one
of the largest groups of plants [13]. They are widely used
in horticulture both for esthetic territory design and for
protection from noise and dust, as well as for agricul-
tural households.

In the Ukrainian flora such plants as Forsythia eu-
ropaea Deg. et Bald, Jasminum officinale L., Berberis
thunbergii DC, Weigela hybrida Jaeg., Ligustrum vul-
gare L., and Corylus avellana L. hold a special place among
shrubs, mostly due to their unintelligibility and effective
appearance [8, 9]. Therefore, shrubs widespread in Ukra-
ine are promising objects for scientific research since dif-
ferent types of phytochemical and pharmacological ana-
lysis will contribute to their future demand in pharma-
ceutical manufacturing.

Previously, different studies, particularly by scien-
tists of the National University of Pharmacy, devoted to
the phytochemical and pharmacological research of the
Ukrainian flora shrubs were carried out. For instance, the
membrane stabilizing, anti-inflammatory, anticoagulant,
anti-ulcer, and strengthening blood vessel activities of
Corylus avellana L. extracts were determined [3, 7]. The
results of studying Ligustrum vulgare L. have shown the
presence of different groups of compounds, as well as a
pronounced anti-inflammatory and antimicrobial activi-
ty of the tincture from Ligustrum vulgare L. leaves [4].

While analysing publications devoted to the anticon-
vulsant activity of herbs some results concerning the study
of the mechanisms of action for extracts from leaves,
roots or buds of different either ornamental or edible
shrubs, e. g. Forsythia europaea Deg. et Bald, Jasminum
grandiflorum hydroalcoholic extract, Berberis integer-
rima L. (root), Corylus avellana L. (buds), etc., were
found [10, 11, 12, 14, 16, 17]. Earlier, the chemical com-

position of leaves from the Ukrainian flora shrubs was
analysed by the methods of absorption spectroscopy [1].
Nevertheless, during the analysis of the anticonvulsant
activity of extracts of the plants mentioned the study of
their chemical composition became relevant. Therefore,
the aim of the present study was to analyse the relati-
onship between the chemical composition of extracts from
leaves of the Ukrainian flora shrubs and their anticon-
vulsant activity.

Materials and Methods

Reagents from Sigma-Aldrich (USA) and Merck (Ger-
many) were used and prepared according to the require-
ments of the State Pharmacopoeia of Ukraine and Euro-
pean Pharmacopoeia.

Pentylenetetrazole was purchased from Sigma-Al-
drich (USA).

Sodium Valproate was used in the form of syrup,
57.64 mg/1 ml (trade name Depakine, Sanofi-Aventis,
France).

Leaves of Forsythia europaea Deg. et Bald, Jasmi-
num officinale L., Berberis thunbergii DC, Weigela hy-
brida Jaeg., Ligustrum vulgare L., and Corylus avella-
na L. were gathered during the flowering season (in full
bloom) in Ukraine. The herbal material was cleaned and dried.
After complete drying, the dry herbs were kept at room
temperature. Then, herb samples were powdered and used
for further research.

The extracts were prepared as follows. Place 100 g
of the air-dried and powdered leaves into a percolator,
and allow extraction to run using water, or 50% ethanol,
or 95% ethanol as a solvent in the ratio of 1 to 20 at 80°C
for 2 h. Then, filter the extracts and concentrate it in a vacu-
um-evaporation apparatus at 50-60°C and at 80-87 kPa
to a thick consistency. Finally, dry each extract under
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Fig. 1. The content of flavonoids in the extracts analysed.
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Fig. 2. The content of polyphenols in the extracts analysed.
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vacuum in the desiccators to yield a dry extract with a
residual moisture content of 5%.

The assay for flavonoids was carried out according
to the method developed [1, 2]. Flavonoid standard so-
lutions of 100 uM were used.

The assay for polyphenols was carried out by the me-
thod of absorption spectrometry after adding the phos-
phorus molybdenum-tungsten reagent [2]. The reference
solution of pyrogallol was used.

Adult male random-bred albino mice weighing 18-25 g
were received from the vivarium of the Central Rese-
arch Laboratory at the NUPh (Kharkiv, Ukraine). The
animals were treated in accordance with Directive 2010/
63/EU of the European Parliament and of the Council
of September 22, 2010, on protection of animals used
for scientific purposes. The animals were randomly di-
vided into groups of 6-8 mice.

All the experimental protocols were approved by the
Committee of Bioethics of the National University of
Pharmacy.

All tested samples were dissolved (or suspended) in
distilled water and administered into the stomach in the
empiric dose of 100 mg/kg for 2 days [6]. The reference
drug Sodium Valproate was introduced intragastrically
in the dose of 300 mg/kg in a similar mode [5]. The cont-
rol group was treated with distilled water. The seizure
agent pentylenetetrazole was given subcutaneously
(80 mg/kg) on the second day for 30 min after intro-
duction of herbal samples. After that the animals were
observed for 1 h [6].

The anticonvulsant activity was assessed using the
following indicators: the latency period, the number of
clonic-tonic convulsions per 1 mouse, % of mice with
clonic and tonic convulsions, severity of seizures, dura-
tion of the convulsive period, the time of death, lethality.

The statistical analysis was carried out using the STA-
TISTICA 8.0 software package. Differences between expe-
rimental groups were analysed using the Mann-Whitney
U test and the Fisher angular transformation. The level
of statistical significance was considered as p < 0.05.

Results and Discussion

The content of flavonoids and polyphenols in dry ext-
racts from leaves of the Ukrainian flora shrubs was studied
and recalculated. The results are summarized in Fig. 1
and in Fig. 2, respectively.

As shown in Fig, 1, the highest content of flavonoids was
determined in aqueous extracts, in particular, in dry extracts of
Forsythia europaea (2.83%) and Corylus avellana (1.95%).
The lowest content of flavonoids was determined in the dry
ethanol (96%) extract from Corylus avellana leaves (0.41%).

In general, the results presented in Fig. 2 show rather
high amount of polyphenols in the extracts analysed.
Thus, the highest amount of this group of compounds
was determined in ethanol (96%) extract (1.31%) of Cory-
lus avellana, ethanol (50%) extract (1.274%) of Berbe-
ris thunbergii, and ethanol (50%) extract (1.30%) of Jas-
minum officinale. The lowest content of polyphenols was
determined in the dry ethanol (96%) extract from Berbe-
ris thunbergii leaves (0.623%) compared to the rest of
the extracts analysed.

In mice subjected to Pentylenetetrazole-induced sei-
zures [15] the dry aqueous extract of Corylus avellana
leaves, as well as the reference drug Sodium Valproate,
showed the most pronounced anticonvulsant activity, re-
sulting in a significant increase in the latency period of
the first seizure occurrence, reducing lethality and du-
ration of the convulsive period in the group. Both dry
ethanol (50%) and ethanol (96%) extracts from Corylus
avellana leaves did not practically differ from each oth-
er in their anticonvulsant activity. In general, the anti-
convulsant effect of Corylus avellana extracts increased
with the ethanol concentration decrease.

Dry extracts of Berberis thunbergii leaves, Weigela
hybrida leaves, and Ligustrum vulgare leaves did not show
a significant anticonvulsant activity: duration of the con-
vulsive period and severity of seizures increased, as well
as high lethality levels were observed in the groups com-
pared to the control animals.

Therefore, the dry aqueous extract of Corylus avel-
lana leaves has shown high anticonvulsant properties,
which probably depend on the synergism of the effect
of biologically active compounds. According to the strength
of the effect the dry aqueous extract of Corylus avellana
can be a promising substance for creating an original
herbal remedy with anticonvulsant properties.

Conclusions

The phytochemical analysis of dry extracts from the
Ukrainian flora shrubs leaves has been carried out, and
their anticonvulsant properties have been studied. The
results have shown a high amount of polyphenols in the
extracts analysed. The highest content of flavonoids has
been determined in aqueous extracts, in particular, in For-
sythia europaea (2.83%) and Corylus avellana (1.95%)
dry extracts.

The dry aqueous extract of Corylus avellana leaves
has shown high anticonvulsant properties compared to
the other extracts analysed. At the same time, dry extracts
of Berberis thunbergii leaves, Weigela hybrida leaves,
and Ligustrum vulgare leaves have not revealed a sig-
nificant anticonvulsant activity.

REFERENCES

1. Bnusuwok H.A., [lpoxonenxo FO.C., I'eopeiany B.A. // 36. nayx. npays cniepo6. HMAIIO im. I1JI Ilynuxa. —

2015. — Bun. 24, Ne4. — C. 321-325.

2. Mepoicasna papmarones Yxpainu / Jlepoicasne nionpuememeo «Hayrkoso-excnepmuutl (hapmakonetimuil YyeHmpy. —

Jlon. 4. — I-e 6uo. — X.: PIPET, 2011. — 538 c.

3. Ilam. na kop. mooenv 77795 (2006) Vkpaina, MIIK (2006) A 61 K 36/185, A 61 P 1/04, A 61 P 29/00, A 61 P
39/00. Cnoci6é ompumarts Komniexcy 0ion02iuHo aKMUSHUX PEeHo8UH 3 NPOMUBUPAZKOBOIO0, NPOMUANATLHOK)
ma membparocmaoinizyouoro diero / O.11. Xeopocm. — 3asen.: 22.11.2004. Onyon.: 15.01.2007. — Biox. Nel.



32 ISSN 1562-7241 (Print) BICHMK ®APMALIII 1(85)2016 ISSN 2415-8844 (Online)

4. [lam. na xop. mooenv 94496 (2014) Yrpaina, MIIK A 61 K 36/83. Jlixapcoxuii 3aci6 anmumikpo6noi 0ii /
K.C.Mycienko. — 3aasn.: 19.06.2014. Ony6a.: 10.11.2014. — bion. Ne4.

Lueynin B.B., lImpueons C.1O., [Ipoxonenko FO.C. ma in. // Kniniuna chapmayis. — 2012. — T. 16, Ne4. — C. 47-50.
Lueynin B.B., lImpuconv C.IO., [Ipoxonenxo FO.C. ma in. // YBDK. — 2014. — Ne3. — C. 45-49.

IOcighosa /1.10., Manowman JI.M., Llamanosa O.M. // YEDXK. — 2014. — Ne6. — C. 47-50.

Cyoapirosa FO. Exsomuuni 0epesa, Kywi ma nianu 6 ranowagpmax Yrpainu. — K.: Hawt gpopmam, 2011. — 336 c.

O o N DN

Bioecological justification assortment of shrubs for landscaping urban landscapes / A.Semenyutina, S.Kostyukov. —
Montreal, 2013. — 164 p.

10. Gupta R. // Pharmacognos. Res. — 2013. — Ne5. — C. 286-290.

11. Hosseinzadeh H., Ramezani M., Shafaei H. // J. of Acupuncture and Meridian Studies. — 2013. — Ne6. — P. 12-17.
12. lon T. // Farmacia. — 2009. — Ne57. — P. 141-156.

13. Planting: A New Perspective / N.Kingsbury, P.Oudorf. — Portland: Timber Press, 2013. — 280 p.

14. Sandeep P. // Pharmacol. On. News. — 2009. — Ne2. — P. 586-595.

15. Underlying Mechanisms of Epilepsy // Croatia: InTech Publisher, 2011. — P. 269-282.

16. Weici T, Gerhard E. Chinese Drugs of Plant Origin: Chemistry, Pharmacology, and Use in Traditional and
Modern Medicine. — London: Springer, 1992. — 1056 p.

17. Wakeel O.K., Umukoro S., Kolawole O.T. et al. // Asian J. of Biomed. and Pharmac. Sci. —2014. — Ne4. — P. 44-47.

MOPIBHAJNIbHE ®ITOXIMIYHE TA ®APMAKOJIOIN4YHE BUBYEHHA EKCTPAKTIB JIUCTA
YAFAPHUKIB ®ITOPU YKPAIHU

H.A.BnusHrok, FO.C.[IpokoneHko, B.A.leopezisiHy, B.B.LjusyHiH

Knroyoei crnoea: chimoximiyHul aHani3; ghapmakornoeiyHul aHania; ¢ghriopa YKkpaiHu; YazapHUKU;
ekcmpakm

Y ¢briopi YkpaiHu maki pocriuHu, sik Forsythia europaea Deg. et Bald, Jasminum officinale L., Berberis
thunbergii DC, Weigela hybrida Jaeg., Ligustrum vulgare L. ma Corylus avellana L. nocidaroms ocob-
nuse micue ceped YacapHukie. Memoro Hauwio2o 0ocnidxeHHs1 6yro 8UBYeHHS 83aEMO38 93Ky MiX Xi-
MiYHUM cKk1adoM ma npomucyGOMHOI aKmuBHICIMIO eKkcmpakmie 3 nucmsi npedcmaeneHux POCuH.
Y pesynbmami npoeedeHo20 aHani3y 6yro ecmaHoerieHo, Wo 800HI ekcmpakmu Forsythia europaea
ma Corylus avellana xapakmepu3ytombcsi Haubinbwum emicrmom ¢hria8oHOIOI8 y MOPIBHSIHHI 3 iHWU-
MU ekcmpakmamu, wo aHanisysanucb. Cyxul criupmosuti (96%) ekcmpakm Corylus avellana ma cy-
xut cnupmosuti (50%) ekcmpakm Jasminum officinale xapakmepu3ysanuce Halguuwum 8Micmom fosii-
peHonig (1,314% ma 1,301%, eidrnoeioHo). Halibinbw supaxeHum rnpomucyOOMHUM eGheKmMOoM XapakK-
mepu3sysascs cyxuli 600HuUl ekcmpakm nucms Corylus avellana. Cyxi ekcmpakmu nucmsi Berberis
thunbergii, Weigela hybrida i Ligustrum vulgare He nposisunu 3Ha4HUX npomucyOOMHUX 8/1acmueoc-
meu. OmpumaHi pe3ynbmamu 00380/151H0Mb OXapakmepu3ysamu cyxuli 600HuUlU ekcmpakm Corylus
avellana sk nepcriekmusHy cyb6cmaHUujito 015 po3pobku opuziHaibHO20 himomepanesmuyHoO20 3a-
coby 3 npomucydomMHOK Ji€to.

CPABHUTEJIbHOE PUTOXUMMNYECKOE U ®APMAKOJITIOMMYECKOE U3YYEHUE
OKCTPAKTOB JINCTLEB KYCTAPHUKOB ®J1OPbl YKPAUHbDI

H.A.BnusHrok, FO.C.[IpokoneHko, B.A.leopzausiHy, B.B.l|bieyHUH

Knrodeeslie crioea: chumoxumuyeckull aHanu3s; chapmakorioaudeckuli aHanus, ¢oriopa YKpauHsbl;
KycmapHUKU; aKcmpakm

Bo ¢priope YkpauHbl makue pacmeHusi, kak Forsythia europaea Deg. et Bald, Jasminum officinale L.,
Berberis thunbergii DC, Weigela hybrida Jaegq., Ligustrum vulgare L., u Corylus avellana L. 3aHuma-
tom ocoboe mecmo cpedu KycmapHUKos. Llenbto Haweezo uccredosaHusi bbisio U3yHeHuUe 83aUuMoCssi-
3U XUMUYECKO20 cocmasa U rpomusocyOopoXxHO20 0elicmeusi 3KCmpakmos u3 fiucmees rnpedcmas-
JIeHHbIX pacmeHuli. B pe3ynbsmame npogedeHHO20 aHasnu3a 6biri0 0O6HapyXeHo, Ymo 800HbIEe 3KC-
mpakmai Forsythia europaea u Corylus avellana xapakmepu3syromcsi HausbiCWUM codepxkaHuem ¢hra-
B80HOUA08 MO CpasHEHU ¢ OpyaumMu aHanusupyembiMu 3kcmpakmamu. Cyxol criupmossiti (96%)
akempakm Corylus avellana u cyxot cnupmosnbit (50%) akcmpakm Jasminum officinale xapakmepu-
3yromcsi Hausbicwum codepxxaHuem ronugheHonos (1,31% u 1,30%, coomeemcmeeHHo). Haubornee
8blpaXeHHbIM MPOMUBOCYO0POXHBIM 3QhGhEKMOM Xapakmepu3yemcsi cyxol 800HbIU 3KCmMpaKm /iuCmMbe8
Corylus avellana. Cyxue akcmpakmbl iucmbes Berberis thunbergii, Weigela hybrida u Ligustrum vul-
gare He nMposiBUIIU 8bIPaXkeHHbIX MPOMUEOCYO0POXHbIX ceolicme. [1ony4YeHHbIe pe3yibmamai 10360-
JI9I0m oxapakmepu3osame cyxol 800HbIlU akcmpakm Corylus avellana kak nepcrnekmugHyro cyb-
cmaHyuro 0r1a paspabomku opuauHaIbHO20 humomepanesmu4yeckoz2o cpedcmesa ¢ npomueocydo-
POXHbBIM delicmeuem.
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THE AMINO ACID AND MONOSACCHARIDE COMPOSITION
OF A DRY EXTRACT FROM SALVIA OF FICINALIS LEAVES
OBTAINED BY COMPLEX PROCESSING
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National University of Pharmacy

Key words: Salvia officinalis, leaves, dry extract; amino acid;, monosaccharide; complex processing

The amino acid and monosaccharide composition of a dry extract from Salvia officinalis leaves ob-
tained by complex processing has been studied. The preliminary determination of amino acids and
monosaccharides has been performed by paper chromatography. The qualitative and quantitative ana-
lysis of free and bound amino acids and monosaccharides in the extract from Salvia officinalis leaves
has been carried out using a high performance liquid chromatograph by Agilent Technologies company
(model 1100) equipped with a flow vacuum degasser G1379A, a 4-channel pump of the low pressure
gradient G13111A, an automatic injector G1313A, a column thermostat G13116A, diode array detector
G1316A. As a result of the chromatographic studies of the amino acid and monosaccharide compo-
sition in the dry extract from Salvia officinalis leaves 10 free and 12 bound amino acids have been
identified, six of which are indispensable — threonine, valine, isoleucine, leucine, phenylalanine and
arginine, and 4 monosaccharides — glucose, galactose, rhamnose and arabinose. In the extract of
Salvia officinalis leaves dominant substances are tyrosine, serine, glutamic and aspartic acid. In the
dry extract of Salvia officinalis leaves the content of free (0.38%) and bound (0.43%) amino acids,

monosaccharides (6.9%) increasing up to 11.2% after hydrolysis has been determined.

The problem of the rational use of the medicinal plant
raw material (MPRM) by the pharmaceutical industry
attracts more and more attention. Industrial waste pro-
ducts are tons of the extraction pomace containing a signi-
ficant amount of biologically active substances and can
be used to create new medicines. Despite the limited na-
tural resources, the task of the modern pharmaceutical
industry is development of methods for complex proces-
sing of MPRM allowing maximum use of its capabilities.

More than 40 drugs, which include biologically ac-
tive substances (BAS) of Salvia officinalis leaves, have
been registered at the market of Ukraine [3]. The com-
position of these drugs mainly includes the essential oil
and tincture from the leaves of Salvia officinalis, i.e. the
complex of lipophilic substances [3, 10, 11]. Previously
the domestic pharmaceutical industry produced “Salvine” —
1% alcoholic solution of the acetone extract from Salvia
officinalis leaves. Since later acetone was attributed to
precursors, manufacturers discontinued the production
of this drug, and “Salvine” disappeared from pharmacy
shelves despite the efficiency of its use for the treatment
of infectious and inflammatory diseases of the oral cavity.
Acetone largely extracts substances of the terpenic origin
(mono-, sesqui- and diterpenes), while the extraction pomace
still contains more polar substances, in particular of the
phenolic nature, amino acids and sugars [1, 4, 9]. In refe-
rence with the abovementioned facts, the method of complex
processing of this raw material with obtaining the dry
extract possessing the anti-inflammatory action has been
developed [4, 5, 12].

Since amino acids and monosaccharides have a sig-
nificant impact on bioavailability and the total therapeutic
effect of the extract, the aim of our further studies is to

investigate the amino acid and sugar composition of the
dry extract from Salvia officinalis leaves obtained.

Materials and Methods

The object of the study was a dry aqueous extract
of Salvia officinalis leaves obtained by complex proces-
sing [5]. The analysis of the extract was carried out ac-
cording to the requirements of the SPhU [2, 6].

The preliminary chromatographic study of the quali-
tative composition of amino acids in a dry extract of Sa/-
via officinalis leaves was conducted by the method of
ascending chromatography on a “Filtrak No. 4” chroma-
tography paper in the system of n-butanol — acetic acid —
water (4:1:2) [1, 9]. For comparison the standard set of
amino acids (TU 6-09-3147-83) in the concentration of
0.1% was used. Chromatograms were treated with 0.2%
ninhydrin solution in acetone and dried in a drying cabinet
at a temperature of 60-80°C. Amino acids were identi-
fied comparing with authentic samples of R; values in
parallel chromatographic procedure.

The qualitative composition and quantitative content
of free and bound amino acids and monosaccharides in
the extract from Salvia officinalis leaves was carried out
using a high performance liquid chromatograph by Agi-
lent Technologies company (model 1100) equipped with
a flow vacuum degasser G1379A, a 4-channel pump of
the low pressure gradient G13111A, an automatic injec-
tor G1313A, a column thermostat G13116A, diode ar-
ray detector G1316A [7, 8].

For chromatography we used: column AA with the
size of 200x2.1 mm and a guard column; as a mobile
phase — solution A (20 mM of sodium acetate and 0.018%
triethylamine adjusted to pH 7.2 with 1-2% acetic acid)
with addition of 0.3% tetrahydrofuran, and solution B
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Table

The amino acid composition of the dry extract from
Salvia officinalis leaves

The content of amino acids
Amino acid (mg per 100 g of a dry extract)
Free Bound

Aspartic acid 234 53.1
Glutamic acid 26.6 442
Serine 87.4 94.1
Valine 8.1 18.4
Arginine 0.0 7.1

Glycine 4.4 4.7
Threonine 9.2 21.1
Phenylalanine 18.0 23.5
Isoleucine 154 28.2
Leucine 20.1 21.7
Cysteine 0.0 51.9
Tyrosine 164.0 62.5

(40% CH,CN, 40% MeOH and 20% of sodium acetate ad-
justed to pH 7.2 with 1-2% acetic acid); the volume flow
rate — 0.450 ml/min; the compressibility of solution A —
50-10 Bar, solution B— 115-10-° Bar; the column tempera-
ture —40°C; detection was performed using an UV detector.

The sample preparation for studying the compo-
sition of free amino acids. In a 10 ml vial (A) add 0.3 ml
of the extract. Then pour 3 ml of 0.1 N aqueous solution
of hydrochloric acid containing 0.2% B-mercaptoethanol
into the vial. Close the vial hermetically and place in an
ultrasonic bath for 2 h at the temperature of 50°C.

The sample preparation for studying the total con-
tent of amino acids. In a vial (B) add 0.20 ml of the extract.
Then pour 3 ml of 6 N aqueous solution of hydrochloric
acid containing 0.4% B-mercaptoethanol into the vial.
Close the vial hermetically and keep for 24 h at the tem-
perature of 110°C.

Centrifuge and filter the vial with samples. Collect
the filtrates into reaction vials: 100 pl from vial A and
20 ul from vial B, place in a vacuum desiccator at a tem-
perature of 40-45°C and pressure of 1.5 mm Hg and keep
to complete removal of hydrochloric acid. Then into the
vial for analysis successively add 200 ul of 0.8 M bo-
rate buffer with pH 9.0, 200 pl of 20 mM solution of
9-fluorenylmethoxycarbonyl chloride in acetonitrile with
an automatic injector, after a 10 min exposure into the
reaction vial add 20 pl of 150 mM solution of amanta-
dine hydrochloride in 50% water acetonitrile [7, 8].

Identification of amino acids was performed by re-
tention time of standards. Calculation of the content of
bound amino acids was carried out by subtracting the con-
tent of free amino acids from their total content.

The preliminary identification of monosaccharides
was performed using paper chromatography by the des-
cending method in the system of n-butanol — acetic acid —
water (4:1:2) with authentic samples of neutral mono-
saccharides. Chromatograms were developed with the so-
lution of aniline phthalate.

The analysis of sugars was carried out using a chromato-
graph by Agilent Technologies company (model 1100)

equipped with a flow vacuum degasser G1379A, a 4-chan-
nel pump of the low pressure gradient G13111A, an auto-
matic injector G1313A, a column thermostat G13116A,
refractometric detector G1316A. To carry out the ana-
lysis a “Supelcogel-C610H” carbohydrate chromatogra-
phic column with the size of 7.8x300 mm was used, and
the following chromatographic mode was set: the rate
of the mobile phase supply — 0.5 ml/min, eluent — 0.1%
aqueous solution of H,PO,, working pressure of the elu-
ent — 33-36 kPa, the temperature of the thermostat co-
lumn — 30°C, the sample volume — 5 pl. Parameters of
refractometric detection were as follows: the scale of mea-
surement —1.0, the scan time — 0.5 s. Identification of su-
gars was carried out according to the retention time of
standards.

To analyze bound sugars the acid hydrolysis was car-
ried out according to the following procedure. Into a 5 ml
glass vial introduce 400 mg of the extract (accurate weight)
add 5 ml of 6 M solution of hydrochloric acid. After that
close the vial hermetically and keep for 24 h at the tem-
perature of 100°C in the oven. After cooling centrifuge
and filter the vial content through a teflon membrane fil-
ter with the pore size of 0.45 pm into a vial for analysis.

Results and Discussion

Using the paper chromatography method, four ami-
no acids have been determined in the extract.

The results of determination of the qualitative com-
position and quantitative content of free and bound amino
acids in the dry extract of Salvia officinalis leaves ob-
tained by complex processing using HPLC are presented
in Table.

As a result of studying the amino acid composition
of the dry extract from Salvia officinalis leaves 10 free
and 12 bound amino acids have been identified, six of
them are indispensable — threonine, valine, isoleucine,
leucine, phenylalanine and arginine. As can be seen from
Table, in the extract of Salvia officinalis leaves dominant
substances are tyrosine, serine, glutamic and aspartic acid.
The content of free amino acids is 0.38%, and the con-
tent of bound amino acids is 0.43%.

Glucose and galactose, and after hydrolysis arabi-
nose, have been identified in the extract.

As a result of determination of the qualitative compo-
sition and quantitative content of sugars in the dry extract
from Salvia officinalis leaves by HPLC four monosac-
charides such as glucose, galactose and rhamnose, and
after hydrolysis arabinose, have been identified. The content
of monosaccharides in the dry extract from Salvia offi-
cinalis leaves is 6.9%, and after hydrolysis it increases
up to 11.2%.

CONCLUSIONS

The amino acid and monosaccharide composition of
a dry extract from Salvia officinalis leaves obtained by
complex processing has been studied; in particular, 10
free and 12 bound amino acids have been identified, six
of them are indispensable — threonine, valine, isoleucine,
leucine, phenylalanine and arginine, and 4 monosaccha-
rides — glucose, galactose, rhamnose and arabinose.

In the dry extract of Salvia officinalis leaves the con-
tent of free (0.38%) and bound (0.43%) amino acids, mono-
saccharides (6.9%) increasing up to 11.2% after hydro-
lysis has been determined.
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AMIHOKVICJ'_I_OTHVIVI TA MOHOLIYKPOBUW CKNAL CYXOIro EKCTPAKTY 3 NIUCTS LUABNII
JIIKAPCbKOI, OTPUMAHOIO LWUNAXOM KOMMJIEKCHOI NEPEPOBKU

I.B.Boek, O.M.Kowoeuti, A.M.KomicapeHko

Knroyoei crioea: waernis nikapcbKa; nucms; cyxut ekcmpakm, aMiHOKUC/ioma; MOHOUYKOP;
KomrisiekcHa repepobka

LocnidxeHo aMiHOKUCIOMHUU ma MOHOUYKPO8UU cKkriad Cyxo2o ekcmpakmy fiucms waerii fikapcbKoi,
00epxKaHo20 WIISIXOM KOMIIEKCHOI nepepobku. NonepedHe susierieHHs aMiHOKUCIOm ma MOHOUYKPI
rpoeodurnu Mmemodom ranepoesoi xpomamozpadii. SkicHull ckrnad ma KinbKicHUl emicm 8iflbHUX ma
38’s1I3aHUX aMiHOKUC/IOM ma MOHOUYKPI8 y eKcmpakmi 3 nucms waersii fiikapceKoi npogoduriu 3a 0o-
[TOMO20I0 8UCOKOE(hEKMUBHO20 PIOUHHO20 Xpomamoepagha ghipmu Agilent Technologies (Moderns 1100),
YKOMI1/1eKM0o8aHo20 MpOomMoYHUM 8aKyyMHUM deea3zamopom G1379A, 4-u kaHarbHUM HacocoMm epa-
dieHma Hu3bko20 mucky G13111A, asmomamuyHum iHxxekmopom G 1313A, mepmocmamom KOfIOHOK
G13116A, dioOHomampuyHum demekmopom G1316A. B pesdynbmami xpomamoepaghidyHo2o 00csid-
JK€HHSI aMiHOKUC/IOMHO20 ma MOHOUYKPOB020 CKiady Cyx020 eKcmpaKkmy fucmsi waersii fiikapCbKoi
ideHmucepikosaHo 10 8inbHUX ma 12 38’aA3aHUX aMiHOKUCIOM, WiCMb 3 IKUX € He3aMiHHUMU — mpeo-
HiH, 8ariiH, i3onelyuH, nedyuH, cheHinanaHi i apaiHiH, ma 4 MOHOUYKpU — a/1t0Ko3a, 2ariakmo3sa, pam-
Ho3a ma apabiHo3a. B ekcmpakmi nucms waernnii riikapcbKoi O0OMIHYHHYUMU aMiHOKUCIomamu € mupo-
3UH, CePUH, 2llymamMiHo8a ma acrapazaiHosa kucromu. B cyxomy ekcmpakmi nucmsi waerii riikapCbKoi
8cmarosrieHo emicm sirbHUX (0,38%) ma 38’sa3aHux amiHokucriom (0,43%), MmoHouykpie (6,9%), emicm
AKuX nicns 2idponisy 36inbuwyemscs 0o 11,2%.

© % N

AMWUHOKUCIIOTHLIX U MOHOCAXAPUOHbLIA COCTAB CYXOro 3KCTPAKTA U3 JINCTLEB
LWAN®EA NEKAPCTBEHHOIO, MONMYYEHHOIO KOMIMIIEKCHOU NEPEPABEOTKOU
I.B.Boek, O.H.Koweeol, A.H.KomuccapeHko

Knroveenble crioea: wargheli niekapcmeeHHbIl; JIUCMbSI; CyXoU 3KCmpakm; aMuHoKUcioma,
MOHocaxapuObl; KOMIIeKcHas nepepabomka

UccnedosaH amMUHOKUCTIOMHbIU U MOHOCaxapUOHbIU cOCmMae Cyx0o20 3KCmpakma u3 lucmbes warsighesi
JiekapcmeeHHo20, Nosy4YeHHo20 nymemM KoMmrrekcHou nepepabomku. lNpedsapumensHoe onpede-
JIleHue aMUHOKUCIIom U MOHocaxapudosg rpogedeHo memodom bymaxkHou xpomamozpacpuu. Kavecm-
BEHHbIlI cocmas U Ko/lu4ecmeeHHoe codepxkaHue C80H600HbIX U C85I3aHHbIX aMUHOKUCIOM U MOHO-
caxapudoe 8 aKcmpakme u3 nucmees warsighesi iekapcmeeHHo20 rpo8odusioCh € MOMOUWbIO 8bICOKO-
aghghekmugHo20 XUAKoCmMHo20 xpomMamozpacha chupmbi Agilent Technologies (modens 1100), ykomri-
JIEKMOB8aHHO20 MPOMOYHbIM 8aKyyMHbIM dez2azamopoM G1379A, 4-x kaHarbHbIM HacoCoM 2padueH-
ma Hu3sko2o OasneHust G13111A, asmomamuyveckum uHxekmopom G1313A, mepmocmamom KOJTOHOK
G13116A, duodHomampuyHbiM Oemekmopom G1316A. B pesyrismame xpomamozpaghuyeckoz0o Uc-
criedosaHusi aMUHOKUCIOMHO20 U MOHOcaxapuOHO20 cocmasa Cyxoe0 SKcmpakma nucmees warigesi
nekapcmeeHHo2o udeHmugpuyuposaHo 10 ce0b600HbIX U 12 cesi3aHHbIX aMUHOKUCIOM, Wecmb U3
KOMmMOopbIX AMSI0MCS He3aMeHUMbIMU — MPEOHUH, 8aluH, U30r1elyuH, nedyuH, heHunanaHuH u ap-
2UHUH, U 4 MoHOocaxapulda — eriroKo3a, eariakmo3da, paMmHo3a u apabuHosa. B akcmpakme nucmees
warighesi nekapcmeeHHoO20 OOMUHUPYWUMU 8eujecmaamu SeIsiomces mupo3uH, CepuH, arnymamu-
Hoeas U acrapasuHosasi KUciomsl. B cyxom akcmpakme nucmbes warsighesi iekapcmeeHH020 ycma-
HoereHo codepxaHue c80b00HbIx (0,38%) u cessaHHbIX amuHokuciom (0,43%), MmoHocaxapudos (6,9%),
codepxaHue Komopbix rnocse eudponusa ysenudusaemcsi 00 11,2%.
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of pharmaceutical production

The introduction of the innovative technological process for industrial production of parenteral dosage
forms by the example of Torasemide, solution for injection has been substantiated in the article. The expe-
rimental studies for improving the manufacturing technology of Torasemide, solution for injection, 5 mg/mi,
the choice of the filter material, the scientific substantiation of the innovative technological process
are presented. In particular, the aseptic conditions of production have been selected using sterile
filtration and thermal sterilization (stabilization), the algorithm of monitoring of the critical parameters
has been developed using the elements of risk management design of pharmaceutical production.

Creation of new effective parenteral dosage forms is
a topical research and practical issue of pharmaceutical
industry. In the context of this problem the innovative
changes of pharmaceutical industrial production of ste-
rile and aseptic dosage forms for injection require spe-
cial attention. New active pharmaceutical ingredients,
which differ in solubility and absorption affecting sub-
stantially bioavailability and therapeutic efficiency of a
medicinal form, are not always stable in the process of
thermal sterilization and further storage after steriliza-
tion. This leads to the necessity to improve the techno-
logy and introduce innovative approaches to sterile and
aseptic production of parenteral dosage forms.

The history of studying and practical application of
synthetic diuretics goes back more than 50 years, the last
decades are marked with appearance of diuretics with
new pharmacological properties [5].

Nowadays diuretics gain importance in treating con-
gestive heart failure (CHF) and arterial hypertension in
many countries, as well as in diseases of the liver and
kidneys accompanied with edema. Diuretics are medi-
cations, which are more similar to those ones that can
be suitable for the prolonged and continuous treatment
of arterial hypertension. Diuretic drugs are used for re-
duction of edemas caused by water and salt retention in
the body occurred in diseases of the heart, liver, kidneys
and lungs. Mild diuretics are used in combination with
other drugs in treating hypertension. Most diuretics of-
ten cause the electrolyte imbalance, washout of potas-

sium salts from the body; therefore, simultaneously a pa-
tient is prescribed drugs, which contain potassium salts,
in order to renew their deficiency in the body. Loop diu-
retics are the most potent; they block activity of special
Na+/2Cl-/K+ transporter in the tubular cells along the
whole ascending segment of the Henle’s loop. The diu-
retic action of these drugs is the strongest (the increase
of diuresis in an adequate dose exceeds 100% of the ori-
ginal value) and remains even in the reduced renal func-
tion (the creatinine clearance is not below 5 ml/min) [1, 5].

Secondary properties of loop diuretics are the ability
to reduce moderately the carbonic anhydrase activity and
stimulate the synthesis of renal vasodilator prostaglan-
dins, first of all, prostaglandin E2 (PGE2). The increase
of synthesis of PGE2 is accompanied by the additional
increase of sodium reabsorption in the ascending part of
the Henle’s loop and decrease of free water reabsorption
in collecting tubules. Thanks to such complex of effects
loop diuretics are considered to be essential in the treat-
ment of severe CHF.

The regular use of active diuretics provokes electro-
lyte disorders (the loss of potassium and magnesium),
development of metabolic alkalosis. Besides, the cons-
tant use of loop drugs reduces their effect. It predeter-
mines replacement of drugs of the same group [5].

Torasemide is the most effective modern loop diu-
retic. Bioavailability of Torasemide is twice as high as
reference drug Furosemide (reaches 80-90% even in CHF).
In comparative studies with Furosemide in 234 patients
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Torasemide lowered the risk of hospitalizations by 52%
related to CHF exacerbation. Moreover, when examining
2303 patients with CHF who received Torasemide or Furo-
semide randomized in the ratio of 1:1 the reliable dec-
rease of cardiovascular (53%, p<0.013) and general (41%,
p=0.035) mortality was shown [1, 2].

The aim is to substantiate introduction of the inno-
vative technological process for industrial production of
parenteral dosage forms by the example of Torasemide,
solution for injection.

Materials and Methods

Innovative implementations are difficult and expen-
sive since development of an innovative molecule, a me-
dicine, a dosage form has a number of difficulties. Some of
them are: the targeted action focused on the physiologi-
cal process, organ, system; the slower or increased ac-
tion as a result of bioavailability; solubility and absorp-
tion; insufficient efficiency of the dosage form selected,
a negative reactivity of the body, side effects; a degree
of danger in use by patients with concomitant patholo-
gies; in pediatric practice and gerontology; instability of
parenteral solutions.

Difficulties related to industrial production are: eco-
nomic costs for modernization of technological equip-
ment and manufacturing processes, transfer of pharma-
ceutical technologies, and high competition.

The active pharmaceutical ingredient (AFI) — Tora-
semide is described in leading Pharmacopoeias (EP 6.0,
USP 31, and British Ph. 2007). The scientific substan-
tiation of the optimal composition of Torasemide, solu-
tion for injection, in the conditions of the technological
laboratory of pharmaceutical production was performed
using Torasemide substance produced by “Hubei Bio-
cause Pharm. Co. Ltd.” firm, China, and it fully comp-
lies with the requirements of EP 6.0.

Torasemide is a white or almost white powder, prac-
tically insoluble in water, slightly soluble in 96% alco-
hol, sparingly soluble in diluted solutions of alkali me-
tal hydroxides and slightly soluble in diluted solutions
of acids. From patented sources it is known that Tora-
semide exists in two forms: crystalline and amorphous.
Torasemide shows polymorphism: there are four crys-
talline forms with different physical and chemical pro-
perties, in particular the melting point. To develop a me-
dicine — Torasemide, solution for injection, 5 mg/ml, a
crystalline substance was used.

Thus, for improvement of the technological process
it was necessary to transform of Torasemide API from
the insoluble form into the soluble one. In turn, it led to
introduction of such excipients into the dosage form as
organic solubilizers, buffer system components for sta-
bilization of the solution, pH adjustor, solvents to form
the solution for injection (Tab. 1). In our study it has
been found that the most stable solutions of Torasemide
for injection are obtained by introducing, in addition to
the organic solvent, physiologically compatible alkaline
buffer solutions of sodium, potassium or ammonia salts,
weak acids, such as carbonates, phosphates, glycinates
or arginase, N-methylglucosamine or other amino acids.
The qualitative composition of excipients required for

Table 1

The qualitative composition of excipients required
for improvement of the manufacturing technology
of Torasemide, solution for injection

Excipients Functional purpose

Organic solvent for preparation

Polyethyleneglycol 400 of injectable dosage forms

Component of the buffer

Trometamol system, stabilizer, pH adjustor

Component of the buffer
system, stabilizer, pH adjustor

Component of the buffer
system, stabilizer, pH adjustor

Solvent for preparation of

Sodium hydroxide

0.2 M sodium
hydroxide solution

Water for injection

injectable forms

Table 2
Physical and chemical properties of Torasemide,
solution for injection, 5 mg/ml, depending on the
filter material

H of the Content of
Filter brand P . Torasemide,
solution
mg/ml
Before filtration 9.34 495
Polyethersulfone “Supor’, Pall 9.30 492
Polyvinylidentetrafluoride
IIVDF", Pall 9-32 4-93
Neylon-66 “N-66’, Pall 9.12 4.65

improvement of the manufacturing technology of Tora-

semide, solution for injection, is given in Tab. 1.

The substance of Torasemide for the model batch of
Torasemide, solution for injection, 5 mg/ml, is micro-
nized with the micronization level of particles — 90% less
than 5 um. The drug substance and excipients are fully
compatible with each other and do not form complexons
that can adversely affect the efficacy of the drug.

To determine the mutual influence of the drug and
filter materials that can cause a change of physical and
chemical properties of the solution the filter materials
widely used in production of solutions for injection were
studied. The type of the filter material has also a consi-
derable effect on indicators of “Sterility” and “Absence
of Particulate Matters” tests. For this purpose, based on
the optimal composition, the drug solution was prepa-
red, filtered through various brands of membrane filters
with particle size of 0.22 um and analyzed according to
the basic physical and chemical parameters. The rese-
arch results are presented in Tab. 2.

According to the research data the filter material ba-
sed on polyvinylidentetrafluoride and polyethersulfone
was chosen for development of the technological process.

The selection of the thermal sterilization method was
conducted in accordance with the requirements for steri-
lization of medicinal products developed by the Com-
mittee for Medicinal Products for Human Use in the Gui-
deline CPMP/QWP/054/98 “Decision of trees for the se-
lection of sterilization methods”.
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Table 3

Quality indicators of the model batch of Torasemide, solution for injection, 5 mg/ml,
and the reference drug Trifas 20

Before sterilization After thermal sterilization (121°C, 15 min)
Impurities Impurities
Model batch /Reference drug | Content, A:not | B:not Content, A:not | B:not
mg/ml more more C | D mg/ml more more C | D
than than % | % than than % | %
0.1% 1.2% 0.1% 1.2%
MC111207
Torasemide, solution for 5.02 - 005 | - | - | 470 | 010 | 467 | - | -
injection, 5 mg/ml|,
(JSC”Farmak”)
61001
“Trifas 20" 4.80 - 0.51 - - 4.44 0.07 5.28 - -
(A. MENARINI MANUFACT. Italy)
63004
“Trifas 20" 478 - 0.70 - - 4.48 0.06 5.57 - -
(A. MENARINI MANUFACT. Italy)
71005
“Trifas 20" 4.84 - 0.64 - - 452 0.05 5.37 - -
(A. MENARINI MANUFACT. Italy)

Thus, to clarify the peculiarities of sterilization the
model batch MC111207 Torasemide, solution for injec-
tion, 5 mg/ml, in ampoules was sterilized at 121°C for
15 min (the pharmacopeial mode of thermal sterilization),
and the changes of the main quality indicators (the quan-
titative content of Torasemide, impurities — decomposi-
tion products of Torasemide) were observed [2, 3, 4].

For comparison ampoules of the reference drug Tri-
fas 20, solution for injection, manufactured by “A. ME-
NARINI MANUFACTURING” company, Italy were also
sterilized at 121°C for 15 min. The results of the experi-
ment are presented in Tab. 3.

On the basis of the experimental results it can be con-
cluded that improvement of the technological process by
transformation of Torasemide in a soluble form, introduction
of the solubilizer in the formulation and the buffer mixture for
solution stabilization positively affect the drug stability, but
the pharmacopeial mode of thermal sterilization causes the
increase of impurities and exceeds their permissible content.

Thus, the necessity of introduction of innovative chan-
ges in the technological process was stated, namely the
optimal method of thermal sterilization according to the
requirements for sterilization of medicinal products in
the Guideline CPMP/QWP/054/98 “Decision of trees for
the selection of sterilization methods”.

The next step of the drug development was the pro-
cess of selection of the temperature conditions for ther-
mal sterilization of the drug in ampoules. For this pur-
pose the solution in ampoules was sterilized at the dif-
ferent modes of sterilization and, based on the results of
the quantitative content of Torasemide and impurities
in the drug (the drug model batch — MC111207 Torase-
mide, solution for injection, 5 mg/ml, in ampoules) after
sterilization the optimal mode of thermal sterilization was
chosen. The results of the experiment are presented in Tab. 4.

Based on the results of the experimental study of the
temperature conditions of thermal sterilization for model
series batch MC111207 Torasemide, solution for injec-
tion, 5 mg/ml, in ampoules, the optimal mode of ther-
mal stabilization of aseptic drug manufacturing — sterile
filtration and thermal sterilization (stabilization) has been
determined; it fully provides the drug quality by the in-
dicator for “Sterility” test.

Taking into account the overall results of the above-
mentioned experiments the innovative changes of the
technological process for manufacturing Torasemide, so-
lution for injection, 5 mg/ml, have been scientifically subs-
tantiated. The aseptic conditions of production have been
selected using sterile filtration and thermal sterilization
(stabilization) at 105°C for 15 min. The algorithm of mo-
nitoring of the critical parameters of the technological
process for manufacturing Torasemide, solution for injec-
tion, 5 mg/ml, has been developed.

The algorithm of monitoring of the critical parame-
ters of the technological process for manufacturing To-
rasemide, solution for injection, 5 mg/ml:

When manufacturing Torasemide solution it is neces-
sary to conduct bubbling of the solution with nitrogen
within the whole period of loading and dissolution of To-
rasemide and before each sampling.

1. Critical parameter — the substance of Torasemide
is easily oxidized, and it affects stability of the product;
therefore, the whole technological process is conducted
under the inert gas flow.

Water for injection is loaded with the temperature of
25°C into the reactor prepared. Polyethyleneglycol 400
and sodium hydroxide are added. They are mixed until
the components become completely dissolved.

2. Critical parameter — duration of mixing is suffi-
cient for dissolution of all components of the drug.
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Table 4

The results of the experimental study of temperature conditions of thermal sterilization in the model batch
MC111207 Torasemide, solution for injection, 5 mg/ml, in ampoules

The quantitative Impurities
No. of the drug batch | content of Torasemide, | A: no more B: no more 0 0
mg/ml than 0.1% than 1.2% C % D, %
After thermal sterilization (110°C, 20 min)
Model batch 4.78 | 0.08 | 1.9 - | -
MC111207 After thermal sterilization (105°C, 30 min)
Torasemide, solution for 5.01 | - | 13 - | -
injection, 5 mg/ml After thermal sterilization (105°C, 15 min)
5.01 | - | o077 | - | -

Torasemide is loaded and suspended by mixing for
30 min at increased speed of the mixer.

3. Critical parameter — the moisture content in the
substance (the loss on drying, %) —not more than 0.5%.

4. Critical parameter — duration of mixing required
for obtaining a homogeneous solution.

Stabilization of the solution (pH 9.25-9.4).

5. Critical parameter — pH of the solution.

6. Critical parameter — duration of mixing.

In-process control of the intermediate product. In case
of positive testing results the solution is filtered in a ste-
rile tank.

7. Critical parameter — the filter membrane material
that can cause the change of physical and chemical pro-
perties of the solution.

8. Critical parameter — leaktightness of filters, test
for leaktightness before and after the filtration stage.

The solution filtered is poured into 2 ml or 5 ml am-
poules made of transparent glass.

9. Critical parameter — the volume of the unit (am-
poules) content checked during the manufacturing process.

10. Critical parameter — providing of hermetic sea-
ling of ampoules.

11. Critical parameter — control of the drug solution
for the absence of particulate matters.

Ampoules with the drug solution are sterilized (stabilized).

12. Critical parameter — temperature and duration
of sterilization affecting physical and chemical proper-
ties of the drug.

CONCLUSIONS

1. In the process of the experimental research it has
been found that the technological process must be im-
proved by transformation of Torasemide API from the
insoluble form into the soluble one. The selection and
introduction of excipients have been carried out. They
are: a solubilizer — Polyethyleneglycol 400; components
of the buffer system, stabilizers, pH adjustors — Trome-
tamol and 0.2 M solution of sodium hydroxide, which
positively affect the drug stability, are fully compatible
with each other and do not form complexons that can
adversely affect the efficacy of the drug.

2. According to the research results the filter mate-
rial based on polyvinylidentetrafluoride and polyether-
sulfone has been chosen.

3. The innovative technological process for manu-
facturing Torasemide, solution for injection, 5 mg/ml, has
been scientifically substantiated. In particular, the aseptic
conditions of production have been selected using ste-
rile filtration, the algorithm of monitoring of the critical
parameters of the technological process for manufactu-
ring Torasemide, solution for injection, 5 mg/ml, has
been developed.
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OBIPYHTYBAHHSA BNPOBAIKEHHSA IHHOBALLIMHOIMO TEXHOJNOMNYHOIO NPOLECY
NMPOMUCNOBOIO0 BUPOBHULTBA NMAPEHTEPATNIbHUX JNNIKAPCbKUX ®OPM HA MNMPUKIALI
MPENAPATY TOPACEMIf, PO34YWH OANA IH’EKUIN

A.M.lNou

Knroyoei crnioea: napeHmeparibHi nikapcbki gpopmu; Topacemiod; po3quH 05is iH’ekuill; iHHosayitlHUU
MexXHOsI02iYHUL MPOUEC; arzopumm; MOHIMOPUH2; KPUMUYHI napamMmempu MexHO102i4H020
rpouyecy; yrnpasiHHs pudukamu ghapmayesmuyHo20 8upobHuymea

BucsimneHo obapyHmysgaHHs1 8r1po8adXeHHs iIHHO8aUlIHO20 MEXHOI02IYHO20 NPOUECY MPOMUCIIO8020
supobHuymea napeHmeparnbHUX fikapcbKux ¢hopm Ha rnpuknadi npenapamy Topacemid, po34uH Orns
iH’ekyit. lNMpedcmaeneHi ekcriepumeHmarbHi 00CHIOXeHHS 3 yOOCKOHaleHHs mexHosoeii npenapamy
Topacemid 5 me/mn po34uH 0115 iH’ekuili, 3 sUbGOPY YinbMpy8saribHO20 Mamepiary, HayKko8o20 0brpyH-
myeaHHs1 iHHo8auiliHO20 MexHOJI02i1YHO20 MPouecy, a came. obpaHi acenmuydHi ymosu supobHuymaea
i3 3acmocysaHHsIM cmepuribHOI hinbmpauii i mepmiyHoi cmepurnisauii (cmabinizauji), anaopumm MOHi-
MOopUHay KpUMUYHUX rnapamempig 3 BUKOPUCMaHHAM efleMeHmIi8 NMpoeKmysaHHs yrnpassiHHs pu3u-
Kamu ¢hapmayesmu4yHo20 8upobHuUUymea.

OBOCHOBAHMWE BHEOPEHUA MHHOBALMOHHOIO TEXHONOIMMYECKOI'O NMPOLIECCA
MPOMBILWITEHHOIO NPOM3BOACTBA NAPEHTEPAJIbHbIX NEKAPCTBEHHbIX ®OPM

HA NPUMEPE NPENAPATA TOPACEMUA, PACTBOP ONA UHBEKUWA

A.M.lNoa

Knroyeesie cnoega: napeHmeparibHble riekapcmeeHHble hopmMbi; Topacemud; pacmeop Onsi
UHBEKUUU, UHHOBAUUOHHbIU MexHOomoau4ecKull npoyecc, aneopumm; MOHUMOPUHa, KpumudecKue
napamempsbl MEeXHO02U4YeCcKo20 Npoyecca; ynpaseHue puckamu ¢hapmayesmu4ecKkoeo
rnpousgodcmea

O60ocHoBaHO 8HEOPEHUE UHHOBAUUOHHO20 MEXHOI02UYECK020 MNPOoYecca npoMbILUIIEHHOZ0 MPou3-
so0cmea napeHmeparsbHbIX JlekapcmeeHHbIX hopM Ha rpumepe npernapama Topacemud, pacmeop
0na uHbekyud. [NpedcmasrneHbl SKcriepuMeHmarbHble Uccriedo8aHus yCco8epUEeHCME808aHUs Mex-
Hosoauu ronyveHus npenapama Topacemud 5 me/mMi pacmeop 01 UHbeKUUU, mexHonoa2uu ebibo-
pa gunbmposanbHo20 Mamepuarsa, Hay4Ho20 060CHO8aHUS UHHOBAUUOHHO20 MeXHOI02Uu4ecKkoeo
npouecca, a UMEHHO. 8bIb6paHbI acenmuyeckue ycrosus npouzeoocmea ¢ rnpuUMeHeHUeM cmepusib-
HoU ¢hunibmpayuu u mepmuyeckol cmepuusayuu (cmabunusayuu), aneopumm MOHUMOPUH2a Kpu-
MmuYecKux napamempos ¢ UCro/ib308aHUEM 37IEMEHMOB MPOEKMUPOB8aHUS yripaeneHusi puckamu ¢ap-
Mauyesmu4yecKoeo rnpoussodcmaea.
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The present work contains the study of stabilizing properties of Aristoflex AVC polymeric viscosity
modifier and stabilizer of the oil/water type emulsion systems. The technological, physicochemical
and rheological studies of emulsions on basis of the Aristoflex polymeric viscosity controller have
been conducted. It has been proven that they are structured disperse systems with certain thixotropic
properties. The results of the research indicate the prospects of using Aristoflex as a monostabilizer in
the concentration of 1-2.5% with the oil phase content of 5-30%, respectively. It has been found that
introduction of Aristoflex to the water or oil phase does not affect their organoleptic, physicochemical

and rheological properties.

An important issue in the industrial production of
therapeutic and cosmetic creams is their stability during
storage; therefore, the rational selection of stabilizing com-
ponents is of current importance at the stage of develop-
ment and planning of the cream production. The tradi-
tional practice of obtaining emulsion systems is based
on the use of surfactants, which role consists in decrea-
sing the interphase tension, as well as in combining sur-
factants with gelling agents that raise the stability of emul-
sions thanks to the ability to form viscous high-tensile
colloidal structures. However, there are data on the irri-
tating effect of creams on the basis of conventional emul-
sifiers on the skin, and it makes the search and study of
new stabilizing additives topical [2, 4, 5].

In recent years a number of publications described
the experience of application of stabilizers combining
electrostatic and steric mechanisms of emulsion stabili-
zation [6]. Such substances have a polymeric nature and
can stabilize emulsion systems as monoemulsifiers. Ha-
ving the properties of anionic surfactants such polymers
prevent the loss of the aggregate resistance of emulsions
due to electrostatic repulsion of disperse phase particles,
and their branched spatial structure provides the steric
stabilization of emulsions with formation of a gelatinous
structure in the zone of overlapping adsorption and sol-
vation layers [3, 6-8].

The aim of this work was to study organoleptic,
structural and mechanical properties of emulsion bases
stabilized by a copolymer of acrylamido-methyl-pro-
pane-sulfonic acid and vinyl-pyrrolidone (Aristoflex AVC,
ClariantSurfactants, Germany), hereinafter referred to
as Aristoflex. Aristoflex belongs to the group of modern
viscosity modifiers and stabilizers of emulsion systems
of the oil/water type where it is used both in combina-
tion with conventional emulsifiers and as a monosta-
bilizer makingdermatologically soft cream-gel systems
known as surfactant-free without the irritating effect on
the skin [9-11].

Materials and Methods

The subjects of the study were two batches of emul-
sion bases of the oil/water type prepared by the cold emul-
sification method with variations of the content of oil
with the constant quantity of the emulsifier in the first
batch and the content of the emulsifier with the constant
quantity of the oil phase in the second batch.

The colloidal and thermal stability were determined
in accordance with the methods of the State Standard
(GOST) for “cosmetic creams”. The type of emulsion
was determined by the dilution method. The pH indica-
tors of the experimental samples were determined by po-
tentiometry in 10% water extraction of the cream by a
MI pH meter (Russia) with pH 150 according to the II ed.
of the State Pharmacopoeia of Ukraine (SPhU) [1]. The
rheological studies were conducted with a BROOKFIELD
HB DV-II PRO viscosimeter (USA) within the range of
the shear rate from 18.6 sec™ to 93 sec™! (SC4-21 spindle
for 8.3 ml chamber) at the temperature of 20°C. Based
on the measurement results the rheograms of the shear
stress (1) versus the shear rate gradient (Dr), as well as
the diagram of the structural viscosity (1) — shear rate
(Dr) relationship were built. The presence of thixotro-
pic properties of the samples was determined by appear-
ance of the fluidity curve.

The microscopic analysis was conducted by a “Ko-
nus-Akademy” laboratory microscope with a ScopeTek
DCMS510 ocular camera. The ScopePhoto™ software
was used for image visualization.

Results and Discussion

Both technologies proposed by the manufacturer were
used while preparing the experimental samples: the preli-
minary introduction of Aristoflex to the oil phase before
its mixing with the water phase and introduction to the
water phase. The samples with the same organoleptic,
technological and tactile indices were obtained, and subjec-
ted to the thermal and colloidal stability tests; as a result,
stable samples were selected for further studies (Table).
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Table

Experimental samples with Aristoflex AVC and their indices

Sample Aristoflex, % | Oil phase, % Sensory characteristics of the sample Structural V',?COS'ty
No. mPa-s
Batch 1
1 2.0 5.0 A matte cream of a white colour and medium consistency 10200
2 2.0 10.0 is absorbed without leaving a trace and stickiness 12000
3 2.0 15.0 A glossy cream of a white colour and thick consistency is 12500
4 2.0 20.0 absorbed without leaving a trace and stickiness 13300
5 2.0 25.0 A glossy cream of a white colour and thick consistency 15600
gives a greasy feeling to the skin when applied, is
6 2.0 300 absorbed without leaving a trace and stickiness 17400
Batch 2
8 1.0 200 A trqnslucent cream—gel'ls quickly absorbed without 4900
leaving a trace and stickiness
A matte cream of a white colour and thick consistency
10 1> 200 is absorbed without leaving a trace and stickiness 9500
4 20 20.0 A glossy cream of a white colour and thick consistency 13300
11 2.5 20.0 is absorbed without leaving a trace and stickiness 15500

It has been found that being within the range of con-
centrations of 1-2.5% Aristoflex is capable of stabili-
zing emulsion systems without introduction of an addi-
tional emulsifier. The attempts to obtain stable emulsions
with 0.5% concentration of Aristoflex and 5% oil con-
centration resulted in their destruction within the first
day after preparation. The samples with the Aristoflex
concentration of more than 2.5% were too viscous indi-
cating their low consumer properties.

It is known that the structural viscosity of disperse
systems formed with the help of polymeric stabilizers
determines their thickening properties. That is why the
next step of our investigation was to study the relation-
ship between the structural viscosity of the samples ob-
tained and the Aristoflex concentration (Fig. 1).

As it is shown by the results of the studies, visco-
sity of the emulsion system under study considerably
increased with the increase of the Aristoflex concentra-
tion from 1.0% to 2.5%. Therefore, the excipient used
as a monostabilizer of the oil/water type emulsions is ef-
fective.

The rheograms of the emulsion samples were also built,
their hysteresis loop area indicated the thixotropic proper-
ties with a different degree of manifestation (Fig. 2, 3).
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Fig. 1. The relationship of the structural viscosity
of the samples and the Aristoflex concentration.

The rheograms built show the uniformity of the flow
of the samples under research, as well as their compli-
ance with the non-Newtonian type with plastic proper-
ties.

The study of the relationship of the structural visco-
sity and the shear rate gradient of the emulsion samples
with Aristoflex in the concentration of 1-2.5% showed
a gradual decrease of the structural viscosity with in-
crease in the shear rate gradient (Fig. 4, 5).

The most intensive decrease of the structural visco-
sity is observed within the shear rate range from 20 s’
to 40 s, then viscosity decrease occurs insignificantly
and almost does not change at the deformation rate of
55 s, It indicates the structure destruction.

The dispersion degree of particles is one of the cri-
teria determining the consistency and stability of emul-
sions. It is considered that an optimal particle size of the
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Fig. 2. The rheograms of emulsion samples No. 1, 2, 4, 6 with Aristoflex
in 2% concentration with 5-30% concentration of the oil phase.



150

Fig. 5. The relationship of the structural viscosity and the shear rate
in the experimental samples with Aristoflex in 1-2.5% concentration
with 20% concentration of the oil phase.
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Fig. 3. The rheograms of emulsion samples No. 1, 2, 4, 6
with Aristoflex in 1-2.5% concentration with 20% concentration
of the oil phase.
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Fig. 4. The relationship of the structural viscosity and the shear rate
in the experimental samples with Aristoflex in 2% concentration with

10-30% concentration of the oil phase.
emulsion cream is 1-2 pm. Thus, our next step was the
microscopic examination of the experimental emulsion
samples; it allowed to determine finally an optimal emul-

sifier concentration in stable samples (Fig. 6a, b, c, d).

Dispersion analysis of the emulsions with different

Aristoflex concentrations has shown that samples No. 1,

2, 6 have a heterogeneous drop size from 1 to 2 pm; in

sample No. 1 there is enlargement of the emulsion par-

ticles indicating coalescence. Monodispersity and high

density of drops in sample No. 4 are the evidence of a

concentrated nature of the dispersed phase and allow to

refer it to the ultramicroheterogeneous system.

Fig. 6. Dispersity of the particles of the oil phase
of the experimental samples where: a — sample 1,
b — sample 2, c — sample 6, d — sample 4.

CONCLUSIONS

The technological, physicochemical and rheological
studies of emulsions on basis of the Aristoflex polyme-
ric viscosity controller have been conducted. It has been
proven that they are structured disperse systems with
certain thixotropic properties.

The results of the research indicate the prospects of
using Aristoflex as a monostabilizer in the concentration
of 1-2.5% with the oil phase content of 5-30%, respec-
tively, the optimal concentration is 2%.

It has been found that introduction of Aristoflex to
the water or oil phase does not affect their organoleptic,
physicochemical and rheological properties.
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BUBYEHHSA BNACTUBOCTEN NONIMEP-CTABINI3OBAHUX EMYJILCIA HA OCHOBI
ARISTOFLEX

T.M.Kosanbosa, H.Il1.lMlonoeko

Knroyoesi crioea: emyrnbcisi; eMyrnbaamop, rnofliMepHi peaynsamopu 8 '93Kocmi; peoroaidyHi
eracmueocmi; CmpyKmypHa 8’sa3Kicmb

Poboma micmumb docrioxeHHs1 crmabifidyrodux ernacmusocmed rosnimMepHo20 Moodugbikamopa 8 ’si3kocmi
i cmabinizamopa emyrnbcitiHuUx cucmem mury onisi/eoda Aristoflex AVC. lNposedeHi mexHOonozaiyHi,
pi3uKO-XiMiYHI ma peosioaidHi OCIOKEHHST eMy bCill Ha OCHOBI MOIMEePHO20 peayrsmopa 8’a3Kocmi
apucmoariekc; 008edeHo, W0 BOHU € CMPYKMYyposaHUMU OuCriepCHUMU cucmemamu 3 MegHUMU MUKCo-
mpornHUMu enacmusocmsamu. Pesyribmamu ripogedeHux 00cridxeHb ceid4ampb fpo nepcrekmugHicmsb
8UKOpuUCMaHHS apucmodgbriekc 8 sikocmi MoHocmabinizamopa 8 kKoHueHmpauii 1-2,5% npu emicmi
MmacnsHol gpasu 5-30% eidnoeioHo. BuseneHo, wjo eeedeHHsi Aristoflex y 600Hy abo macrisHy ghasy He
8riyiueae Ha ix opaaHonenmuyHi, hi3uKo-XiMiYHi ma peosio2ivyHi eracmueocmi.

M3YYEHUE CBOWUCTB NONUMEP-CTABUITU3UPOBAHHbIX 9MYJIbCUA HA OCHOBE
ARISTOFLEX

T.H.Koeaneea, H.I1.[losloeko

Knroveenle crioea: aMysibCusi; IMyibaamop; MouMepHbIe peayrsimopb! 853K0CMu;
peorozuyeckue ceolicmea; cmpyKmypHasi 853K0CMb

Paboma codepxxum uccriedosaHue cmabunuaupyrowux ceolicmes MoiuMepHo20 Modugukamopa 6s3-
Kocmu u cmabunu3amopa 3MyribCUOHHbIX cucmeM muria mMacrio/eoda Aristoflex AVC. NposedeHbl mex-
Horoauyeckue, (hu3UKO-XUMUYECKUe U peosioeudeckue uccrnedosaHusi aMyrbculi Ha OCHO8e rosumMep-
HO20 pezyrnsimopa 853K0cmu apucmodgbriekc, OoKasaHo, Ymo OHU SIBIISIFOMCS CMPYKMYpPUpPOB8aHHbIMU
oucrnepcHbIMU cucmemMamu ¢ orpedenneHHbIMU MUKCOMPOIHbIMU ceolicmeamu. Pe3yrnsmamei npose-
OeHHbIX uccnedosaHuli ceudemesnbCmeayrm O NMepcrnekmuU8HOCMU UCMOMb308aHUS apucmogriekca 8
Kadyecmee MoHocmabunudamopa 8 KoHueHmpauuu 1-2,5% npu codepxaHuu macnsiHol ¢hasbl 5-30%
coomeemcmeeHHO. BbisisrieHo, ymo geedeHue Aristoflex 8 600Hyt0 U6 macrsiHyto ghasy He enusiem
Ha ux opaaHonenmuyeckue, (husuKo-xuMu4eckue U peoroaudyeckue ceolicmea.
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The experimental studies conducted allow determining the critical parameters and their effect on the
manufacturing process of oil extracts of the composition of the herbal raw material with the hepato-
protective action. The influence of the particle size of the raw material, concentration and the amount of
ethanol on moistening of the phytocomposition and the temperature of extraction has been studied. As
a result of the study the optimal parameters of extraction with the oil extractants providing efficiency of
the active substances release from the herbal raw material have been determined. They are grinding
of the herbal raw material by a screw shredder, an extractant for moistening is 70% ethanol in the
amount of 0.6+0.1 ml per 1.0 of the raw material; the swelling time — 2.0+0.5 h; the temperature of
extraction — 55+5°C. According to the certain critical points of the manufacturing process the flowchart
of manufacturing the combined oil herbal medicinal product under the conditional name “Oleosil” has

been developed.

Hepatites with the impaired biliary excretion, as well
as inflammatory diseases of the liver and gallbladder are
the widespread human diseases, first of all among people
of the middle and senior age. The timely treatment of the
pathologies mentioned prevents development of chro-
nic diseases and improves the quality of the patients’ life.
Moreover, synthetic and herbal medicines are used [3].

The data obtained in the previous phytochemical stu-
dies [7], as well as the data of the systematized literary
material [4, 5, 6] have shown the prospects of creating a
herbal medicine with the hepatoprotective action on the
basis of the phytocomposition (wild carrot seeds, flo-
wers of chamomile and corn silks).

The aim of this research is to study the effect of cri-
tical parameters and determine the optimal manufactu-
ring process of oil extracts of the composition of the her-
bal raw material in order to create the combined oil her-
bal medicinal product with the hepatoprotective action
under the conditional name “Oleosil”.

Materials and Methods

The composition of the medicinal herbal raw mate-
rial containing wild carrot seeds, flowers of chamomile
and corn silks in the ratio of (1: 1: 1) was studied. As an
extractant the refined corn oil was used [6].

The basic factors affecting the rate and completeness
of release of biologically active substances (BAS) were
studied. They are the degree of grinding, the type of the
extractant and its concentration, the “raw material — ext-
ractant” quantitative relationship, the extraction tempe-
rature, duration of extraction.

The powdered samples of the herbal raw material
were mixed in equal amounts and moistened with etha-
nol in the concentration from 40 to 96%, stirred to ob-

tain a uniformly moistened mixture of the raw material.
To increase the contact surface with the solvent and pro-
vide its penetration inside the cell the moistened raw mate-
rial was placed into a heated infusion cup, covered with
a lid and allowed to stand for 2 hours.

Then corn oil heated to 50°C was poured to the mois-
tened raw material to obtain a «mirror» effect and allo-
wed to stand on a water bath for 4 hours. Extraction was
conducted at a temperature of 55+5°C. The cooled oil
herbal extract was drained off, the raw material was pres-
sed. The extract was clarified by settling for twenty-four
hours at a room temperature and further filtration.

The qualitative composition and quantitative content
of BAS of the phytocomposition rich in flavonoids, hydro-
xycinnamic acids, carotenoids, chlorophyll, vitamins, or-
ganic and fatty acids was studied by the method of high
performance liquid chromatography [7, 10, 12-15].

The studies of factors affecting the yield of BAS were
conducted according to the method of quantitative deter-
mination of the amount of carotenoids and chlorophylls
previously developed [8]. These substances were selec-
ted since their content among BAS of the lipophilic na-
ture of the composition of the herbal raw material under
research was the greatest [7]. The quantitative content
of carotenoids and chlorophylls in oil phytoextracts was
determined by the method of UV/VIS absorption spectro-
photometry on a “Specord 200" spectrophotometer.

Results and Discussion

During extraction a considerable influence on the speed
of the equilibrium achievement in the herbal raw mate-
rial — solvent system has the degree of the raw material
grinding [1, 2]. First of all, the need of grinding is caused
by the possibility of improving the extractant penetration



46 ISSN 1562-7241 (Print)

BICHWK ®APMALIIT 1(85)2016

ISSN 2415-8844 (Online)

A
A

7.0000 g P R SRR

6.0000 + -

5.0000 |

4.0000 -

3.0000 |

2.0000 4+

1.0000

0.0000 -

350.0 400.0 450.0

Absorbance

\/

500.0 550.0 600.0 650.0 nm

Fig. 1. The absorption spectrum of OE obtained without wetting of the phytocomposition with ethanol.
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Fig. 2. The absorption spectrum of OE obtained after the preliminary wetting of the phytocomposition with 96% ethanol.

into the layer of the material that has a cellular structure.
Cellular coats in seeds are thicker and coarser than in
herb, flowers and leaves; therefore, seeds require finer
grinding. The best results were achieved while grinding
by a screw shredder. Moreover, there was destruction of
cells of the raw material with air displacement [1, 2].

It was previously found by us that fat-soluble sub-
stances were easily react to form oil extracts, but hydro-
philic substances were not practically extracted [4-6]. To
transfer BAS with the diphilic nature from the raw ma-
terial into oil it is reasonable to provide desorption of
substances from cells. Intensification of processing of the
medicinal herbal raw material is possible when using the
system of immiscible solvents [4, 5, 8, 9].

To enrich the oil extract of BAS with the average po-
larity the preliminary wetting of the composition of the

herbal raw material with the water-alcohol solution was
proposed. It contributes to weakening of intermolecular
bonds, additional hydration of polar groups and hydro-
philic compounds. Wetting of the phytocomposition with
ethanol improves penetration of the oil solvent inside the
cells of the herbal raw material, and it allows to intensify
desorption of lipophilic and diphilic BAS. A compara-
tive analysis of absorption spectra of oil extracts (OE)
obtained without the preliminary wetting of the raw mate-
rial and the raw material moistened with ethanol has shown
substantial differences in absorption intensity, and it is
directly related to the content of biologically active subs-
tances (Fig. 1, 2, 3).

It is possible to distinguish three basic absorption ma-
xima in the spectra in Fig. 2 and 3. The first one, at the
wavelength of 280-320 nm, can be referred to absorption
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of the hydrophilic complex of BAS of the phytocompo-
sition; the second one, at the wavelength of 450 nm, is
typical for carotenoids. The third absorption maximum
in the range of 670-685 nm is characteristic for chloro-
phyll and its derivatives.

Thus, the absorption spectra of the samples of the
oil extracts obtained after wetting of the herbal raw ma-
terial with solutions of ethanol in the concentrations of
40, 70 and 96% evidently demonstrate the possibility of
increasing the yield of both diphilic and lipophilic BAS
from the phytocomposition containing wild carrot seeds,
flowers of chamomile and corn silks. The results of the
research indicate that wetting of the phytocomposition
with ethanol in the concentration from 40% promotes pe-
netration of the solvent into the raw material cells, its
swelling and increase of the desorption degree of not only
lipophilic substances (carotenoids, chlorophylls), but po-
lar substances (flavonoids) as well. However, when wetting
with 40% ethanol the raw material considerably increases
in its volume while swelling and becomes more com-
pact, and it requires more oil for extracting.

extraction.

Wetting with 96% ethanol promotes better release of
lipophilic and hydrophilic compounds (Fig. 2), but the
best results were obtained when moistening the phyto-
composition with 70% ethanol (Fig. 3).

To determine the dependence of the release of BAS
from the phytocomposition on the extraction conditions
the lipophilic fraction presented by chlorophyll and its
derivatives with the visible absorption maximum at the
wavelength of 660-680 nm was chosen.

The quantitative content of lipophilic BAS, in par-
ticular chlorophylls and their derivatives, in the samp-
les of the oil extracts obtained depends on the concen-
tration of ethanol used for the preliminary wetting of the
phytocomposition (Sample 1 —with 40% ethanol; Sample 2 —
with 96% ethanol; Sample 3 — with 70% ethanol), and du-
ration of extraction (Fig. 4). As can be seen from Fig. 3,
most BAS react with the extractant for 12-14 hours.

As a result of the research conducted the optimal pa-
rameters for extraction with oil extractants providing ef-
ficiency of release of active substances from the herbal
raw material have been determined. They are grinding
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Fig. 5. The flowchart of manufacturing the combined oil herbal medicinal product “Oleosil”.

of the herbal raw material by a screw shredder, an ext-
ractant for moistening is 70% ethanol in the amount of
0.6+0.1 ml per 1.0 of the raw material; the swelling time —
2.0£0.5 h; the temperature of extraction — 55+5°C.

In order to increase the therapeutic effect of the pro-
duct as a medicine with the hepatoprotective action the
milk thistle oil obtained from milk thistle (Silybum marianum)
seeds by direct compression was added to its composi-
tion. The milk thistle oil is a classic hepatoprotector —
an antioxidant that improves metabolic processes in hepato-
cytes, increases resistance (stability) of hepatic cells to
unfavourable harmful environmental factors.

On the basis of the critical points determined the tech-
nology of the complex herbal medicinal product “Oleosil”
containing the oil extract from the phytocomposition and
milk thistle oil in the ratio of 2:1 and possessing the hepato-

protective action was developed. The flowchart of ma-
nufacturing the combined oil herbal medicinal product
“Oleosil” is presented in Fig. 5.

CONCLUSIONS

1. The effect of conditions for extraction on release of
biologically active substances from the herbal raw mate-
rial has been studied, and the critical parameters for the
technology of the oil herbal extract under the conditional
name “Oleosil” have been determined.

2. The optimal conditions for obtaining the oil ex-
tract from the phytocomposition that contains wild car-
rot seeds, chamomile flowers and corn silks in the ratio
of (1:1:1) have been substantiated.

3. The flowchart of manufacturing the combined oil
herbal medicinal product with the hepatoprotective action
under the conditional name “Oleosil” has been developed.
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BUBYEHHA BNNMBY KPUTUHHUX NAPAMETPIB BAPOBHULITBA HA TEXHONOMNYHUA
MPOLIEC ONNIMHOIO ®ITOEKCTPAKTY FENMATONPOTEKTOPHOI fli

O.10.Tka4yk, JI.I. BuwHeecbka, T.M.3y64eHko

Knroyoei crioea: oniliHi ekcmpakmu; KpumuyHi napamempu; MexHos10e2isi; KOMIo3uujisi POC/TUHHOI
CUPOBUHU,; 2erMamornpomeKmop

lposedeHi ekcriepumeHmMaribHi AOCHIOKEeHHST danu MOXIUSICMb 8USHaYUMU KpUMUYHI napaMempu ma ix
8r1/1U8 Ha MexHOoo2iYHUl rpouec supobHuULUmMea onilIHUX eKcmpakmie KoMo3uuyii flikapcbKoi POCIUHHOT
CUPOBUHU 2enamorpomeKkmopHoi Oil. Bug4eHo eriug po3mipy 4acmuHOK CUPOBUHU,KOHUeHmpauil i
KirlbKOCmi emaHors1y Ha 380510XKy8aHHSs POCIIUHHOI KOMIo3uyii i memnepamypu ekcmpakuii. Y pesyrb-
mami 0ocnidXXeHb 8U3Ha4YeHi onmumMaribHi napamempu ekcmpakuyii ofiiHUMU ekcmpaz2eHmamu, SKi
3abesneyyromb eheKmuBHICMb 8UBINTbHEHHS Oif0HUX PEYOBUH i3 POCITUHHOI CUPOBUHU: MOOPIOHEHHS
POCIUHHOI CUPOBUHU 3 BUKOPUCMAaHHSIM WHEKO08020 NodpibHoeaqa, ekcmpazeHm OJisi 380/10KE€HHST
— 70% emaHon y kinbkocmi 0,610,1 mn Ha 1,0 cuposuHu; Yac 38050xeHHs — 2,0+0,56 200; memrie-
pamypa ekcmpakuii — 55x5°C. 3a eusHadeHUMU KpUMUYHUMU MOYKaMu MeXHO02i4HOo20 rpouecy
po3pobrieHa mexHorioeidyHa cxema eupobHuUUymea KomMbiHo8aHO20 0ritiHO20 himonpenapamy id
YMOBHOI Ha380ro « Oneocurny.

U3YYEHUE BITUAHUA KPUTUHECKUX MAPAMETPOB NPOU3BOACTBA

HA TEXHONNOIM’MYECKUU MPOLEECC MACITAHOIO ®UTO3KCTPAKTA
FENATOMPOTEKTOPHOIO AEUCTBUSA

O.10.Tka4yk, J1. \.BuwHeeckasi, T.H.3y64yeHko

Knroveenble crioea: mMacrisiHbie aKCmpaKkmbl, KoUMUYECKUEe napamMmempbl; MexHOM02usi; KOMIo3uyusi
pacmumeribHO20 CbIpbsi; 2eramorpomeKmop

[posedeHHbIe aKcriepuMeHmarbHbie UuccriedosaHusi 0aom 803MOXHOCMb ONpedenume KpUumu4eckue
napamempsb! U UX 6/IUSSHUE Ha MexHOo/0au4yecKuli npoyecc npouseodcmea MacrisiHbiX 9KCmpak-
moe KOMMo3uyuu 5iekapcmeeHHO020 pacmumeribHO20 Chipbs 2eramornpomeKmopHo2o delicmeusi.
U3yueHo enusiHue pasmepa yacmuuy, Cbipbsi, KOHUeHmMpayuu U Koiu4decmea amaHoria Ha yenaxHeHue
pacmumeribHOU KOMMIo3uyuu U meMrepamypbl sKcmpakuuu. B pesynbmame uccrnedosaHuli onpede-
JIeHbl onmumarbHble napamempbl 3KCmMpaKyuu MacissHbIMU 3KCcmpaz2eHmamu, Komopble obecrnedu-
sarom aghghekmusHocmb 8bIC8060XKAEHUST Oelicmeayrowux 8ew,ecms U3 pacmumesibHO20 ChipbSi: U3-
MeJIbHeHUe pacmumesibHO20 Chipbsi C UCMO/Ib308aHUEM WHEKOBO20 U3MEsTLYUMESIs, 3KcmpageHm Orisi
yenaxHeHus — 70% smaHon 8 konudecmee 0,6+0,2 mn Ha 1,0 cbipbsi; 8pems HabyxaHusi — 2,0+0,5 u;
mewmnepamypa skcmpakyuu — 55+5°C. o onpedenieHHbIM Kpumu4YeCcKUMU moYyKam mexHoroaudec-
Koeo rpouecca paspabomaHa mexHosioeu4eckasi cxema rnpoussoodcmea KOMOUHUPOB8aHHO20 Macris-
Ho20 ¢humonpenapama rnod ycro8HbIM HazsaHueMm « Oneocur».
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The principles of “green chemistry” have been introduced into the procedure of manufacturing syn-
thesis of Amizone. All starting raw materials as solvents have been assessed in accordance with their
human toxicity, danger in production, as well as the possible impact on the environment and cost.
According to the results of the analysis isonicotinic acid has been chosen as a starting substance
for the synthesis at the first step, and the synthetic procedure without solvents has been proposed.
The replacement of acetone with isopropanol has been proposed for the alkylation step according to
the data concerning toxicity and manufacturing safety. AQueous ethanol has been chosen as a sol-
vent for recrystallisation. To reduce the impact on the environment the process of conversion of the
benzylamine excess into less toxic and flammable hydrochloride has been recommended.

The quality of a pharmaceutical drug is affected by
many factors. However, the main of them is the quality of
its components, and above all — the quality of the active
pharmaceutical ingredient/ingredients (APIs). For a long
period manufacturers have had to choose for themsel-
ves the manufacturer of API with reliable results on the
quality of the API. Today, the main suppliers of pharma-
ceutical substances are India and China. In some cases,
they are the monopolists for production of certain sub-
stances.

Unfortunately, only some plants commercially pro-
duce APIs in Ukraine. They are, for example, “Farmak”
JST, “InterChem” JLC PJSC, SIC “Borshchahivskiy CPP”.
As arule, it is the synthesis of the original substances,
which are manufacturers’ “brands”, for example “Thio-
triazoline”, “Amizone” and others. One of the problems
associated with reduction of the API synthesis by indust-
rial enterprises in developed countries is a difficult en-
vironmental situation and high requirements to the pro-
ducers to waste and their control [7, 10, 11].

One of the ways to reduce the impact on the atmos-
phere during the process of API industrial synthesis is
widespread adoption of the principles of “green che-
mistry” by the leading pharmaceutical companies in the
world [5, 8, 9]. These principles can not only reduce the
risk of the environmental pollution, but decrease the ef-
fect of hazardous reagents on the health of employees
engaged in the API manufacture.

The aim of our work was to implement the princi-
ples of “green chemistry” into the industrial synthesis
of Amizone by “Farmak™ JST.

Materials and Methods

The synthesis of Amizone was carried out accor-
ding to the general principles of organic synthesis. When
preparing to the re-registration of Amizone substance
associated with the organization of a new production site
for the API synthesis in Shostka we carried out the pre-

liminary experimental studies to improve the methods
of synthesis allowing to increase the yield of the end pro-
duct and decrease the amounts of related impurities [2, 3].

For evaluation the modern international classifica-
tion — Globally Harmonized System of Classification and
Labelling of Chemicals (GHS) [6] applied all over the
world when working with chemicals was used. The rela-
tive cost of reagents was given according to the data of
the Sigma-Aldrigh company.

Results and Discussion

As aresult of our previous research [2, 3] we recommend
to carry out the synthesis according to Scheme.

When introducing this Scheme into the industrial syn-
thesis we paid attention to the maximum “greening” of
the procedure developed. Due to the main chemical rules
we can use different starting substances such as isoni-
cotinic acid, its esters and chloranhydride and different
solvents during both stages of synthesis. The principles
of “green chemistry” include 12 basic ones [4]. We ana-
lyzed these principles and tried to assess the compliance of
the new methodology, as well as offer additional impro-
vements to meet these requirements.

Firstly, toxicity and properties of possible reagents
and solvents (Tab. 1) were analysed. While developing
the synthetic technology [2, 3] the choice of starting mate-
rials, mainly focusing on their cost and reaction yields,
was evaluated. Due to the combination of ““‘cost-yield-purity”
parameters the advantage was given to the synthesis from
isonicotinic acid. When studying the “greening” synthesis,
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AN 2
‘ —
N
1

Scheme



ISSN 2415-8844 (Online)

NEWS OF PHARMACY 1(85)2016

ISSN 1562-7241 (Print) 51

Eye irritation (2B)

Specific target organ toxicity — single
exposure (3)

Acute aquatic toxicity (2)

H315 + H320: Causes the skin and
eye irritation.

H335: May cause the respiratory
irritation.

H401: Toxic to aquatic life.

Table 1
Information about reagents and solvents
Substance, Toxicit
CAS number (GHS Classiﬁ>clation) Hazard statement(s) Cost/100g

Isonicotinic acid Acute toxicity, Oral (4) H302: Harmful if swallowed. 36

55-22-1 Skin irritation (2) H315: Causes the skin irritation.

Ethyl isonicotinate GHS - None found H315: Causes the skin irritation.

1570-45-2 Xi — Irritant H319: Causes a serious eye irritation. 63.10
H335: May cause the respiratory ’
irritation.

Methyl isonicotinate Flammable liquids (4) H315: Causes the skin irritation.

Skin irritation (2) H319: Causes a serious eye irritation.

Eye irritation (2A) H335: May cause the respiratory 78.10
Specific target organ toxicity - single irritation.

exposure (3), Respiratory system

Isonicotinyl chloride GHS - None found No information 81.90*

Isonicotinyl chloride Skin corrosion (1B) H314: Causes severe skin burns and

hydrochloride Serious eye damage (1) eye damage. 381

39178-35-3

Benzylamine Flammable liquids (3) H314: Causes severe skin burns and

100-46-9 Skin corrosion/irritation (1) eye damage.

221-943-6 Serious eye damage/eye irritation (1) H318: Causes a serious eye damage. 30.70

Health hazards not otherwise classified |H226: Flammable liquid and vapour.
(corrosion) (1)

Benzylamine Acute toxicity, Oral (4) H302: Harmful if swallowed.

hydrochloride Skin irritation (2) H315: Causes the skin irritation.

3287-99-8 Serious eye damage/eye irritation (2) H318: Causes a serious eye damage. 95.10

Specific target organ systemic toxicity (3) | H335: May cause the respiratory
irritation.

lodomethane Acute toxicity (Oral) (3) H301 + H331: Toxic if swallowed or if

74-88-4 Acute toxicity (Inhalation: Vapours) (3) inhaled.

Skin corrosion/irritation (2) H312: Harmful in contact with the skin.
Serious eye damage/eye irritation (1) H315: Causes the skin irritation.
Specific target organ toxicity — Single H319: Causes a serious eye irritation. 38
exposure (3) (drowsiness and dizziness, |H335: May cause the respiratory
respiratory irritation) irritation.
Specific target organ toxicity — Repeated | H351: Suspected of causing cancer.
exposure (2) (thyroid gland, respiratory) |H410: Very toxic to aquatic life with
long lasting effects.

Acetone Flammable liquids (2) H225: Highly flammable liquid and

67-64-1 Skin irritation (3) vapour.

Eye irritation (2A) H316: Causes a mild skin irritation.

Specific target organ toxicity - single H319: Causes a serious eye irritation.

exposure (3) H336: May cause drowsiness or
dizziness.

Propanol-2 Flammable liquids (2) H225: Highly flammable liquid and

67-63-0 Eye irritation (2) vapour.

Specific target organ toxicity — single H319: Causes a serious eye irritation.
exposure (3) H336: May cause drowsiness or
dizziness.

Ethanol Flammable liquids (2) H225: Highly flammable liquid and

64-17-5 Skin irritation (2) vapour.

*For 25 mg.
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Table 2

The principles of “green chemistry” in the synthesis of Amizone

The “green chemistry” principles [4]

The synthetic steps and
parameters controlled

Result and decision

Itis better to prevent waste than to treat or clean
up waste after it is formed.

Development of an optimal
synthetic procedure.

Pharmacopoeial purity after
recrystallization.

Synthetic methods should be designed to
maximize the incorporation of all materials used
in the process into the final product.

The total yield after all
synthetic stages and
recrystallization.

Intermediate yield — 92%
End product yield - 87%
After recrystallisation - 87%

Wherever practicable, synthetic methodologies
should be designed to use and generate
substances that possess little or no toxicity to
human health and the environment.

The choice of the starting
raw materials and solvents.

Safety class of the reagent is taken
into account.

Chemical products should be designed to preserve
efficacy of function while reducing toxicity.

The product is not novel.

The use of auxiliary substances (e.g. solvents,
separation agents, etc.) should be made unnecessary
wherever possible and innocuous when used.

Decrease in use of auxiliary
substances.

Development of the synthetic
procedure without a solvent.

Energy requirements should be recognized for
their environmental and economic impacts and
should be minimized. Synthetic methods should be
conducted at ambient temperature and pressure.

Development of the
procedure at normal
pressure and the minimal
temperature.

Isonicotinic acid as a starting raw
material is more economical; the
synthesis without solvents at normal
pressure (high temperature).

A raw material or feedstock should be renewable
rather than depleting wherever technically and
economically practicable.

Yields are very high. There is

not need in reagents recycling.
Acidifying of the uterine solution
for benzylamine hydrochloride
formation.

Reduce derivatives — Unnecessary derivatization
(blocking group, protection/deprotection,
temporary modification) should be avoided
whenever possible.

An intermediate is not isolated,
blocking groups are not used.

Catalytic reagents (as selective as possible) are
superior to stoichiometric reagents.

Studying the possibility and
expediency of the use of
catalysts in the synthesis.

The synthesis with high yields
without any catalysts (the cost is
reasonable).

Chemical products should be designed so that

at the end of their function they do not persist in
the environment and break down into innocuous
degradation products.

Development of approaches
to waste management.

Convertion of the benzylamine
residue into less toxic hydrochloride.

Analytical methodologies need to be further
developed to allow for real-time, in-process
monitoring and control prior to the formation of
hazardous substances.

Development of in-process
monitoring procedures.

Chromatographic control of
the benzylamine residue when
manufacturing [1].

Substances and the form of the substance used in
a chemical process should be chosen to minimize
potential for chemical accidents, including
releases, explosions, and fires.

Revision of the starting raw
materials and the solvents
according to their fire and
explosion properties.

Replacing of isonicotinoyl chloride
with the acid. Avoiding the

use of acetone in the synthesis
during amidation - carrying out

the synthesis without solvents;
replacing ethanol in recrystallisation
processes by aqueous ethanol.

besides these factors, the attention was paid to the hu-
man toxicity and danger in production, as well as the pos-
sible impact on the environment.

Analyzing the data giving in Tab. 1 concerning toxicity
of reagents and their cost it can be concluded that the
best starting material is isonicotinic acid, and chloran-
hydride is unacceptable in manufacturing even when it
is introduced into the reaction as a hydrochloride. Ethyl
and methyl esters of isonicotinic acid are slightly more
toxic; moreover, they are classified as potentially flam-
mable liquids unlike isonicotinic acid.

The same principles were taken into account when
analysing the choice of solvents for both synthesis and
recrysrallisation. During our previous investigation it was
found that the reaction of amination between isonicoti-
nic acid and benzylamine could be carried out without
any solvents. Previously the conditions for the best yields
and optimal purity were discussed. Such procedure is con-
sistent with the principles of “green chemistry”. The next
step of the synthesis is alkylation of the key intermedi-
ate — isonicotinic acid benzylamide with methyl iodide.
There is no choice of reagents because of the structure
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of the end product. The replacement of acetone with iso-
propanol is reasonable at this stage according to the data
of toxicity and manufacturing safety (Tab. 1). Due to the
“green chemistry” principles water is an optimal rea-
gent for any process. When choosing a solvent for re-
crystallisation of Amizone in its manufacturing, unfor-
tunately, the replacement of aqueous ethanol with water
is not reasonable because it reduces purity and yields to
the limit of pharmacopoeial requirements on the content
of impurities [3].

In addition to achieving high yield of the synthesis
development of methods for unreacted substances recyc-

ling is important to reduce the impact on the environ-
ment. Among reagents used for the synthesis of Amizone
it is necessary to convert benzylamine into less toxic and
flammable hydrochloride.

The summary of the steps for “greening” the syn-
thesis of Amizone is given in Tab. 2.

CONCLUSIONS

The procedure for “green” manufacturing synthesis
of Amizone has been developed. The use of the starting
raw materials and solvents has been substantiated in ac-
cordance with their safety and toxicity, as well as recyc-
ling of residues of the reagents.
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«O3ENEHEHHA» CUHTE3Y AMI3OHY B NMPOLIECI MPOMUCITIOBOIro BUPOBHULITBA

B.A.leopezisiHy, B.M.KywHipyk, I1.0.be3yanut

Knroyoei crioea: ami3oH; npomMuciioguli CUHMe3; «3eieHa Ximisi»

TpuHyunu «3eneHoi Ximii» ariposadxeHi 8 MPOYEC MPOMUCII08020 CUHMe3y cybcmaruii AMi3oH. OujHro-
BaHHS 8CiX BUXIOHUX pe4oB8UH ma PO34YUHHUKI8 30ilicHro8asu y 8i0nogidHOCMI 3 iX MOKCUYHICmMio Oris1
JII0OUHU, HE6E3MEeKor y 8UPOBHUUMEI, @ MaKoX MOX/IUBUM 8171UBOM Ha HaBKOULWIHE cepedosule ma
gapmicmio. 3a pe3ynbmamamu aHanidy 01 cuHme3sy Ha rnepwiti cmadii ik euxiOHul peazeHm 6ymno
06paHo i30HIKOMUHOBY KUC/I0mMYy ma 3arporioHogaHa cuHmemu4yHa mMmemoouka 6e3 suKopucmaHHs
PO3YUHHUKIB. Y 8i0rnogidHOCMi 3 daHUMU PO MOKcu4Hicmb 05151 cmadil ankirlyeaHHs 3arnpornoHoeaHa
3aMiHa auemoHy i30rponaHosIoM. 5K PO34YUHHUK OJ1s1 mepekpucmanidayii aMizoHy-cupuro 3arpornoHo-
8aHO 800HUU emaHon. [nsi 3MeHWEeHHS 8ugy Ha HasKoUWHE cepedosuLye pekomeHO08aHo rnepe-
meopeHHs HadnuwkKy 6eH3unamiHy Ha MeHW MOKCU4YHUl ma 3alimucmud 2i0poxopud.

«O3ENEHEHUE» CUHTE3A AMU3OHA B NPOLIECCE NMPOMBbILUNEHHOIO NPOU3BOACTBA

B.A.leopausiHy, B.H.KywHupyk, .A.Be3yanbii

Knroveenble crioea: aMu30H; MPpOMbIWIIEHHbIU CUHME3; «3eieHast XUMUSI»

lMpuHyunb «3eneHol xumMuuy 8HEOPEHbI 8 MPOUECC NPOMbILUIEHHO20 CUHMe3a cybcmaHuyuu AMU3OH.
OueHusaHue 8cex UCX0OHbIX seulecms U pacmeopumerieli OCcywecmessisisiu 8 COomeememeuu ¢ Ux
MOKCUYHOCMbIO 01151 Yeroeeka, 0nacHOCMbIO 8 IPou3800CMee, a MakxXe 803MOXHbIM 8/1USIHUEM Ha
oKpyxarouwyto cpedy u cmoumocmeto. 1o pesynsmamam aHanusa 05151 cuHme3a Ha riepeoli cmaouu
8 Kadecmee UCcxo00H020 peazeHma bbina ebibpaHa U30HUKOMUHOBas Kucroma u rpedroxeHa cuHme-
mudeckass memoouka b6e3 ucrnonb30e8aHusi pacmeopumerel. B coomeemcmeuu ¢ 0aHHbIMU O MOK-
cu4yHocmu u Onss cmaduu ankuaupoeaHusi npednoxeHa 3amMeHa ayemoHa usonponaHonom. B ka-
yecmee pacmeopumersi 0111 nepekpucmanaudayuu aMmusoHa-cbipya npedroxeH 800HbIU 3MmaHorl.
Lna CHUXeHUSsT 8rUsIHUST Ha OKpy»Karowyro cpedy pekoMeHO08aHo rpespauwieHue u3bbimka 6eH3ur-
amMuHa 8 MeHee MOKCUYHbIU U 80CrIaMeHsIrouulicss 2udpoxsiopud.
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ANALYSIS OF OROMUCOSAL MEDICINAL PRODUCTS IN
SOLID DOSAGE FORMS FOR THERAPEUTIC DENTISTRY

L.I.Shulga, K.A.Chikhladze, S.M.Rolik, S.O.Povetkin

National University of Pharmacy

Key words: dental medicinal products with the local action; solid dosage forms, marketing research;

pharmaceutical market

In order to determine the necessity of creating dental medicinal products the oromucosal dosage
forms of the Ukrainian pharmaceutical market have been analysed. Tablet drugs are increasingly
used in the treatment of periodontal diseases. Based on the results of the analysis of 35 drugs it has
been found that the share of drugs produced in Ukraine (23%) ranks second after Germany (31%)
among manufacturer countries. According to the data of the marketing research 54.3% of solid do-
sage forms are tablets, 25.7% — lozenges and 20% — pastilles. It has been determined that 34.3% of
drugs are two-component products, 25.7% — three-component, 20% are one-component and 20%
are multi-component. Distinguishing the concept of active substances it has been shown that 77.1%
of drugs contain antiseptics, 14.3% — antibiotics, 20% — essential oils, 17.1% — anesthetics. Natural
substances as a component are in 8.6% of medicinal products, e.g. phenolic hydrophobic propolis
preparation in “Proalor” (LLC “Pharmaceutical company “Zdorovie”, Ukraine), a thick sage extract in
“Shavlia” (Natur Product Europa BV, Netherlands) and a solid chlorophyllipt extract in “Chlorophyllipt”
tablets (LLC “Pilot Plant “State Scientific Centre on Medicinal Products”, Ukraine). It has been found
that there is dominance of combined drugs and a small share of drugs based on natural substances;
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therefore, creation of oromucosal herbal medicinal products in a solid dosage form is expedient.

One of the most pressing problems in Ukraine is the
health status of the population, including such compo-
nent as dental health, which low level has a negative im-
pact on the general health condition during all periods
of life [4]. Dental service is growing rapidly in Ukraine.
Physicians prescribe drugs to patients in different dosage
forms for therapeutic purposes [5]. Scientific works of
domestic and foreign researchers focus on pharmaco-
therapeutic issues of oral inflammatory diseases outlin-
ing the ways to create new drugs for dental practice,
defining the prospects for new research based on the as-
sessment of the range of dental drugs at the Ukrainian
pharmaceutical market, etc. [6, 8, 11].

Dental medicinal products can be solid (tablets, lozen-
ges, pastilles, herbal teas), soft (pastes, gels) or liquid
(solutions for rinsing the mouth, tinctures) drugs.

Pharmacotherapy of inflammatory periodontal dis-
eases increasingly offers solid dosage forms, such as oral-
ly disintegrating (mouth dissolving) tablets, sublingual
tablets, lozenges or pastilles that are easy to administer
and have pleasant organoleptic properties for a patient
[7, 14]. Each of these solid dosage forms has its own spe-
cific characteristics. This is primarily due to the advan-
tages in use, dosage of this form, the absence of diffi-
culties with swallowing or discomfort of passage through
the gastrointestinal tract, the possibility of combining

several active substances with addition of flavouring agents
to enhance organoleptic properties, and it is achieved by the
technology of manufacturing the abovementioned me-
dicinal form [3]. Oral pills are usually represented by un-
coated tablets with the composition providing slow re-
lease and the local action of the active substance or sub-
stances, or release and absorption of the active substance
or substances in certain parts of the mouth [9, 12, 13].
Lozenges and pastilles are solid single-dose drugs dis-
solving in the mouth for the local effect, containing one
or more active ingredients; they are usually aromatic or
sweet-based. They are prescribed for slow dissolution
or dispersion in the oral cavity as a result of disintegra-
tion, i.e. they are at the site of inflammation for a long
period of time, and it allows prolonging the local expo-
sure of active substances [1].

The aim of the research is to carry out the compre-
hensive assessment of the range of solid drugs used in
dental practice in treating diseases of the oral cavity and
to determine the expedience of developing new dental
products of this dosage form.

Materials and Methods

The study involved medicinal products for dental prac-
tice of the following groups according to the ATC classifi-
cation [1]: AAO1 — Stomatological preparations (AO1 AB53 —
Chlorhexidine, combinations; AO1A D — Other agents for
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Ukraine (23%)

Germany (31%)

R
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Bosnia and Herzegovina
(3%) France (3%)

Netherlands (5.7%)

Russia (8.6%)

Poland (5.7%)

Fig. 1. Manufacturer countries of medicinal products for dentistry in solid dosage forms.

local oral treatment, including group AO1A D11 — others);
RO2 A — Throat preparations (R02A A — Antiseptics:
RO2A A05 — Chlorhexidine, RO2A A06 — Cetylpyridinium,
RO2A A020 — Various antiseptics, RO2A A50** — Chlo-
rhexidine, combinations; RO2A B — Antibiotics: RO2A
B30 - Gramicidin, R02A B52 —Tyrothricin, RO2A B53** —
Other preparations) and DO8 — Antiseptics and disinfec-
tants (DOSA X — Other antiseptics and disinfectants:
DO8A X10 — other preparations).

Using the concentric method the information search
was conducted, and 35 drugs labeled for “inflammation
of gums and oral mucosa, periodontitis, stomatitis, gin-
givitis” in the solid dosage form were analysed [2].

Results and Discussion

A detailed analysis of drug manufacturers has shown
that Ukraine as a supplier of medicinal products for dental
practice ranks second after Germany since the number
of solid dosage forms produced by this country amounts for
almost one third (31%) of the total amount. The rest of
drugs are supplied by such manufacturer countries as Slo-
venia, Russia, Poland, Netherlands, France and Bosnia
and Herzegovina. It is shown in Fig. 1.

Fig. 2 shows distribution of solid drugs in therapeutic
dentistry. It has been determined that among the medi-
cinal products studied pills (including orally disintegra-
ting tablets, oral tablets) are 54.3%, lozenges — 25.7%
and pastilles — 20%.

A separate study was performed to assess the amount
of active drug substances: 34.3% of the segment under
research belonged to two-component drugs, 25.7% — three-
component, 20% — one-component and 20% — multi-com-
ponent. Most of the drugs are combined (Fig. 3). They
comprise several antimicrobial components with diffe-
rent mechanisms of action and include the following com-
binations: antiseptic + vitamin, antiseptic + anesthetic,
antiseptic + vitamin + anesthetic, antibacterial compo-
nent + antiseptic, antiseptic + essential oils, antiseptic +
extracts of medicinal plants, products of the natural ori-
gin + vitamin.

Number of
medicinal
products,%

100

80 1

60

40 1

20 -

- .....‘ D...

Tablets

Lozenges Pastilles

Fig. 2. The types of solid dosage medicinal products for therapeutic
dentistry.

Number of medicinal
products, %

40 1
351
30 1
251
20 1
151
101

34.3 %

20.0 %

Relative groups by number of
active substances

Fig. 3. The number of components in solid medicinal products used
for treating inflammatory periodontal diseases, where: 1-4 — groups
by the number of active substances. 1 — one-component drugs;

2 — two-component drugs; 3 — three-component drugs; 4 — multi-
component drugs.
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Antiseptics
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Natural substances %% 8.6

Drugs containing oils [s%%%%%] 20
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Fig. 4. The active components of solid medicinal products for dental
practice.

Such combinations allow obtaining the desired thera-
peutic effect. Addition of various components of essen-
tial oils (menthol, anethole, thymol, etc.) to the antimic-
robial component gives a mild local anaesthetic effect,
while essential oils or extracts of medicinal plants (pep-
permint, sage, eucalyptus) enhance the antimicrobial and
anti-inflammatory effect.

Medicinal products with a strong anesthetic action
contain local anesthetics (benzocaine hydrochloride, lido-
caine hydrochloride, oxybuprocaine chloride, etc.). Drugs
for ulcerative necrotic lesions of the oral mucosa are found
to contain enzyme components, such as lysozyme hydro-
chloride with antibacterial properties and ability to sti-
mulate the body’s non-specific reactivity by splitting nec-
rotic tissues.

The total number of drugs includes 77.1% of drugs
with antiseptics as the main components (Fig. 4), namely
chlorhexidine, dichlorbenzyl alcohol, cetylpyridinium,
decamethoxin, dequalinium, benzalkonium, amylmeta-
cresol, biclotymol. Some drugs (Neo-angin® sugar-free,
Neo-angin, Neo-angin® Sage, Neo-angin® Cherry (Di-
vapharma GmbH Klosterfrau Berlin GmbH, Germany)
combine several antiseptics, such as amylmetacresol and
dichlorbenzyl alcohol. Antibiotics are components of 14.3%
of drugs. These are such active ingredients as tyrothrisin
Trachisan (Engelhard Arzneimittel GmbH & Co.KG,
Germany), dorithricin (RIEMSER Specialty Production
GmbH, Germany) and gramicidin (Grammidin® with
anesthetic Neo, Grammidin® Neo) and Grammidin®
(JSC “Valenta Pharmaceuticals”, Russian Federation).

Natural substances as a component are in 8.6% of
medicinal products, e.g. phenolic hydrophobic propolis
preparation in “Proalor” (LLC “Pharmaceutical company
“Zdorovie”, Ukraine), a thick sage extract in “Shavlia”

(Natur Product Europa BV, Netherlands) and a solid chlo-
rophyllipt extract in “Chlorophyllipt” tablets (LLC “Pilot
Plant “State Scientific Centre on Medicinal Products”,
Ukraine).

The antibacterial agent and lysozyme are contained
in 14.3% of drugs (Hexalyse (Laboratoires BOUCHA-
RA-RECORDATI, France) Lysobact® (Bosnalijek dd,
Bosnia and Herzegovina), Lizak® (3 names) JSC “Farmak”,
Ukraine), and 14.3% of drugs, e.g. (Septalor (LLC “Terno-
pharm”, Ukraine), Lysobact (Bosnalijek dd, Bosnia and
Herzegovina), Proalor (LLC “Pharmaceutical company
“Zdorovie”, Ukraine), Sebidin and Sebidin Plus (Glaxo
SmithKline, Poland), etc., have vitamin components (ascorbic
acid and pyridoxine hydrochloride) in their composition.
More than 50% of the abovementioned drugs contain
ascorbic acid in combination with chlorhexidine. It has
been noted that 20% of drugs combine components of
essential oils (menthol, levomenthol, anethole, thymol)
or essential oils themselves (peppermint oil, eucalyptus
oil) with antiseptics (benzalkonium chloride — Septolete,
Septolete D (KRKA, Slovenia), dichlorbenzyl alcohol —
Angi-Sept (5 names) Dr. Theiss Naturwaren GmbH,
Germany).

The anesthetic component (active substances — ben-
zocaine, oxybuprocaine chloride, tetracaine hydrochlo-
ride, lidocaine hydrochloride) are in 17.1% of the drugs
under study (Septolete® Plus Menthol, Septolete® Plus
Honey and Lime (KRKA, Slovenia) Anti-Angin Formula
(HERKEL BYV, Netherlands), Grammidin® with anes-
thetic Neo (JSC “Valenta Pharmaceuticals”, Russian Fe-
deration) Trachisan (Engelhard Arzneimittel GmbH &
Co.KG, Germany), Dorithricin (RIEMSER Specialty Pro-
duction GmbH, Germany)).

CONCLUSIONS

The range of solid medicinal products that are available
at the domestic pharmaceutical market and used in den-
tal practice in the treatment of inflammatory periodon-
tal disorders and oral diseases has been analysed.

Medicinal products have been characterized depen-
ding on the manufacturer country, the type of a solid do-
sage form and structured according to the amount and
content of active components and their combination.

It has been found that the segment of natural oromu-
cosal drugs for therapeutic dentistry is too small.

It has been determined that creation of a new oro-
mucosal herbal medicinal product in a solid dosage form
is based on natural substances can be considered to be
a relevant and up-to-date task for pharmaceutical tech-
nology.
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AHATI3 OPOMYKO3HUX MPENAPATIB AN TEPANEBTUYHOI CTOMATONOrII Y BUrnaal
TBEPOUX ®OPMOBAHUX NIKAPCbKUX ®OPM

Jl.I.Wlyneea, K.A.Yixnadze, C.M.Ponik, C.O.[loeemkiH

Knroyoei crioea: cmomamornoziyHi npenapamu micyeesoi Oii; meepdi nikapchbKi ¢hopmu;
MapKemuHa08i 00CiOXeHHS; chapmayeemuyvyHuUll PUHOK

3 memoro su3Ha4yeHHs1 HeObXiOHOCMIi CMBOPEHHS CMOMamosio2iYHUX fikapcbKux 3acobie (f13) npo-
aHarizogaHi OpoOMyKO3HI nikapcbKi popmu (J1®) cbapmauyesmuyHo20 puHKy YkpaiHu. lNpu rnikyeaHHI
3axeoprogaHb napodoHmy dedani yacmiwe 3acmocosytoms mabrnemosaHi J13. 3a pedynsmamamu
aHarnisy 35 J13 3a3Ha4eH020 ceaMeHmy 8CMaHOoB/IEHO, WO Yacmka fpernapamis 8im4u3HsIHO20 8Upob-
Huka (23%) nocmynaembcs ceped KpaiH-eupobHukie nuwe Himeyyuri (31%). Mapkemu+Heosum aHa-
nisom meepdux chopmosaHux J13 susHaqdeHo, wo 54,3% — ye mabnemku, 25,7% — nb00siHUKU, 20% —
nacmuriku. lNidpaxosaHo, w0 3a KirbKicmto komroHeHmie 34,3% J13 € dsokomrnoHeHmHumu, 25,7% —
mpukomrnoHeHmHi, no 20% — 0dHO- ma ba2amoKOMIMOHEeHMHI npernapamu. Po3mexxosyrodu noHammsi
rpo Oitoyi cybecmaHuil, Mu 8usisunu, Wo aHmucenmuy4Ha ckradosa 3ycmpiyaemscs 'y 77,1% npena-
pamis, anmubiomuku —y 14,3%, ecpipHi onii — y 20%, aHecmemuku —y 17,1%. [NpupodHi cybcmaHuii
e y cknadi y 8,6% J13. Lle cpeHonbHul 2idpogpobHuli npenapam npornonicy y J13 «lNpoanops» (TOB
«®apmayesmuyHa KoMmaHis «300poe8’si», YkpaiHa), ekcmpakm waernii cyxud y J13 «Lllaenis» (Natur
Product Europa B.V., HidepnaHdu) ma xmopogininmy ekcmpakm 2ycmud y ckiadi mabnemok «Xro-
pogpininmy» (TOB «ocnioHuti 3a600 «HLI/13», YkpaiHa). Bug4yeHHsIM niOKpecrieHo OOMiHYy8aHHST KOM-
6iHosaHux J13 i 3amany yacmky J13 Ha ocHoei npupodHUX cybcmaHruyit, wo niomeepdxxye OouinnbHICMb
CMBOPEHHS OPOMYKO3HUX pocriuHHUX J13 y euansdi meepdux JI® Onsi crmomamornoeiyHol npakmuku.

AHAIU3 OPOMYKO3HbIX MPEMAPATOB 119 TEPANEBTUYECKOW CTOMATONOIMMU

B BUOE TBEPObIX ®OPMUPYEMbIX IEKAPCTBEHHbIX ®OPM

J1.U.LUynbea, E.A.Yuxnadse, C.H.Ponuk, C.A.lloeemKuH

Knroueenie crioea: cmomamorioaudeckue rpenapamsl MecmHozo deldcmeusi; meepdble
JlekapcmeeHHbIe (hopMbI; MapKemuHa08bie Uuccriedo8aHusi; hapmayesmuyecKull PbIHOK

C uenbto onpedeneHusi HE0bxodumocmu co30aHuUs CMoMamorio2u4ecKUX fieKapCcmeeHHbIX cpedcms
(/1C) npoaHanu3uposaHbl OPOMYKO3HbIE flekapcmeeHHble hopmbl (JIP) chapmayesmuyecko2o pbiHKa
YkpauHbl. [Npu nedeHuu 3abornesaHull napodoHma ece Hauwe npumeHsirom mabnemuposaHHsbie JIC.
o pe3ynbmamam aHanu3a 35 JIC ebilueyrnoMsiHymo20 HarpaeneHusi yCmaHOo8/1eHo, 4mo 00oris rpe-
rapamog ome4ecmeeHHo20 rpoussodumers (23%) ycmyrnaem cpedu cmpaH-rpoussodumeriell mosibKo
FepmaHuu (31%). MapkemuHzaoebim aHannu3om meepdbix popmupyembix JIC ommeveHo, 4mo 54,3% —
amo mabniemku, 25,7% — nedeHupl, 20% — nacmuriku. [NodcyumaHo, Ymo 1o Koru4ecmeay KOMIOHEHMo8
34,3% JIC sensiromcs 08yXKOMIMOHEHMHbIMU, 25,7 % — MpexXKoMnoHeHmHbIe, 1o 20% — 0OHO- U MHO20-
KOMMOHEeHMHbIe ripenapamal. PasepaHu4ueasi noHamus o delicmeyrouwux cybcmaHyusix, 8bISi8NeHo,
Ymo aHmucenmuyeckas cocmaernsoujas ecmpedaemcs y 77,1% npenapamos, aHmubuomuku — y
14,3%, agpupHbie macna — y 20%, aHecmemuku — y 17,1%. NpupodHble cybcmaHyuu ecme 8 co-
cmaese 8,57% JIC. Omo ¢peHonbHbIU 2udpogobHbIl npenapam npononuca e J1C «lNpoanop» (OO0
«@apmauyesmuyeckasi KomrnaHusi «30oposke», YKpauHa), akempakm warsghes cyxol e JIC «LLangpel»
(Natur Product Europa B.V., HudepnaHObI) u xmiopoghusiiunma aKcmpakm 2ycmol 8 cocmase mab-
nemok «Xnopogpunnunmy (OO0 «OnbimHbil 3aeod «HLI/IC», YkpauHa). N3yyeHuem nod4YyepKkHy-
mo OoMuHuUposaHuUe KoMbuHupoeaHHbIx JIC u manasi dons JIC Ha ocHoge npupoOHbIX cybcmaHyud,
ymo nodmeepxxdaem yesiecoobpasHocmb co30aHUsT OPOMYKO3HbIX pacmumerbHbix JIC e sude meep-
Obix J1® 0ris cmomamorioau4deckoli npakmuku.
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Many deaths in consequence of road traffic accidents could be prevented if first aid was given to the
victim prior to the arrival of ambulances. This will require the presence of a first aid kit in a vehicle, the
contents of which can provide aid in case of road traffic accidents and other injuries. First aid is the aid
provided to the person, who suffered from sudden injury or illness. It includes a set of skills that have
theoretical support and require some training. Today there are two regulations such as Order No. 187
and DSTU 3961-2000, and there are differences in the contents of the car first aid kit in Ukraine. The
normative documents have been studied, and the difference between the contents of the car first aid
kits in Ukraine and Great Britain has been determined. A comparative analysis has shown that citizens of
Ukraine are more prepared for adverse situations that may arise in case of a road traffic accident. It
is shown by the presence of drugs needed in case of emergency, while the British first aid kit contains
mostly plasters and bandages. It has been also found that there is a difference in labelling of storage
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cases.

Every year hundreds of thousands of people are se-
riously injured or killed in consequence of road traffic
accidents (RTA). Taking into account the increasing num-
ber of vehicles such statistics in the future will increase
[7, 10]. To prevent this, the General Assembly of UN (da-
ted 02.03.2010) adopted the resolution, which declared
the years of 2011-2020 as Decade of Action on Road Sa-
fety [6]. It should be noted that many deaths in conse-
quence of road traffic accidents could be prevented if
first aid was given to the victim prior to the arrival of
ambulances. This will require the presence of a first aid
kit in a vehicle, the contents of which can provide aid in
case of road traffic accidents and other injuries.

First aid is the aid provided to the person, who suffe-
red from sudden injury or illness. It includes a set of skills
that have theoretical support and require some training.

For this purpose the British Red Cross, for example,
offers video training sessions on first aid in situations
such as heavy bleeding, heart attack, fractures and many
others. In training on first aid the teams of St John’s Am-
bulance help to the British. They have a wide variety of
training courses, including many sections, throughout
the country.

There are countries where one must have the car first
aid kit by law, e.g. in Austria, Croatia, Great Britain, and
there are countries where its presence in the car is not
regulated by law, but highly recommended, e.g. in Bel-
gium, Denmark, and Germany.

The aim of the work was to carry out analysis of nor-
mative documents regulating completeness of the car first
aid kit in Ukraine and Great Britain, compare and charac-
terize their contents.

Materials and Methods

The contents of the car first aid kit for compliance
with the Order of the Ministry of Public Health of Uk-

raine No. 187 dated 07.07.1998 and DSTU 3961-2000 da-
ted 01.07.2000 “Car first aid kit. General requirements”
and the EU kit with the contents regulated by the stan-
dard DIN13164 dated 01.01.1999, including the car first
aid kit of Great Britain by the standard BS8599-2 dated
01.02.2014 have been studied [3, 5, 12].

Results and Discussion

The car first aid kit is a complex of medical devices
used to provide first aid to victims of the accident and in
the current operation. The list of the contents of the car
first aid kit in Ukraine is given in Tab. 1 [4].

According to the Order No. 187 there are two types
of kits: car kit-1 — for passenger cars and trucks (up to 9
passengers); car kit-2 — for passenger vehicles — buses
(the carriage of more than 9 passengers) [5].

Car first aid kits are manufactured according to DSTU
3961-2000. It should be noted that currently, in the Order
No. 187 and DSTU 3961-2000, there are differences in
the contents of the car first aid kit regarding the avail-
ability of nitroglycerin, bactericidal plasters, scissors, glo-
ves, pins and the amounts of butorphanol tartrate, which
are not regulated at the state level [1].

Kits must be enclosed in separate sealed plastic bags,
which have an information sticker indicating the purpose
of the car first aid kit (car first aid kit-1 or car first aid
kit-2); number of the kit, medical products included in
the bag, and their number [3].

The state register of medical equipment and medical
products includes several producers of car first aid kits:

» Private Joint-Stock company ““Viola” pharmaceutical
factory, Ukraine;

*  Private Joint-Stock company “AV-Farma”, Ukraine;

* Limited liability company “Kyiv Pharmaceutical So-
ciety”, Ukraine;

»  Private Joint-Stock company “Eximed”, Ukraine [2].
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Table 1
The list of the contents of the car first aid kit in Ukraine
Group Name Number Purpose

Medical products for
bleeding control and
applying a bandage in

Arresting bleeding
tourniquet

Applied for temporary hemostasis from vessels
in the limbs in the case if the bleeding can not be
stopped in other ways

iodine - 10 ml

injuries

Sterile bandage, . . .
5 mx10 cm Used for bandaging, fixation of wipes
Wipes with Applied on an open wound as a pain reliever,
chlorhexidine, 6x10 cm have the antiseptic effect
Styptic wipes with Applied on an open wound as a pain reliever,
Furaginum 6x10 cm have a pronounced hemostatic effect

. . Consists of a gauze bandage, gauze and cotton
Sterile dressing pack swabs. Used for bleeding control
Plasterinaroll 5cmx5m Used for fixation of wipes
Bactericidal plaster S R
23%7.2 cm Applied in minor skin injuries

. . Used for fixation of the extremities for fractures,
Medical dressing ; . .

: dislocations, as well as for bandaging and for
kerchief 50x50 cm .
bleeding control
. . 5% Solution of Provides the antimicrobial and
Antiseptics

anti-inflammatory action

0.2% Butorphanol
tartrate— 1 mlina
unit-dose syringe

Analgesics and cardiac
medicines

Synthetic opioid analgesic. Effectively prevents
a painful shock after injury

Nitroglycerin 1% in
capsules (0.0005)
20 tablets

Provides the vasodilatory effect, and is mostly used
for relieving pain during angina attacks

Additional medical

products Scissors with blunt ends

Used for cutting bandages in the process
of bandaging

Medical gloves No. 8
of polyethylene

Used for short time protection of the skin from the
aggressive environment

Film (valve) for artificial
ventilation of lungs

Used to protect the rescuer and the casualty
when carrying out artificial lung ventilation by the
“mouth-to-mouth method.” Helps to avoid direct
contact with mouth, nose (saliva or blood)

of the victim

20% Sulfacyl sodium —
1 mlin a unit-dose

Eye drops. Applied to disinfect eyes if they are dirty

syringe

English pins Used for fixation of bandages, kerchief

Instructions for the car Used for available and comprehensive information
first aid use about the application of each component of the kit

A case for the first aid kit

Used for storage

Manufacturers offer two types of packaging for kits:
a fabric case (cotton satin weave) or a plastic case.

The car kits under study are marked by these manu-
facturers and contain information about the purpose (car
first aid kit-1, car first aid kit-2); they are not damaged
and are fully packaged. Of all the drugs that are in the
car kit butorphanol tartrate, nitroglycerin and solution of
iodine have shorter shelf life. Because of this fact the
recommended shelf life of car kits is 2 years. Such kit
components as bandage, tourniquet, dressing kerchief
have the longest shelf life — up to five years. Therefore,
it is recommended to renew promptly or replace medi-
cines after use or expiration.

In the UK the content of the car first aid kits is regu-
lated by the British standard — BS8599-2 developed by
the British Standards Institute (BSI) in 2014. The new
national standard for first aid in cars became effective
from February of 2014. This document aims to improve
safety for all motorists in the UK.

Standard BS 8599-2 specifies the requirements to the
content of components of the car kit and is presented in
three sizes (small, medium, large). The size of the car
kit required for a certain type of a motor vehicle is de-
termined by the size and number of passengers. A small
kit BS8599-2 is for moped, motorcycle and all-terrain
vehicle (ATV) (maximum 3 passengers). The medium
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kit BS8599-2 is for cars, taxis, vans and trucks (up to 8 pas-
sengers). The large kit BS8599-2 is for vans (maximum
16 passengers). If the number of passengers exceeds 17 or
more, it is recommended to have two large kits BS8599-2.
The list of the contents of the car kit in the UK is given
in Tab. 2 [12].

There are several rules for labelling. It is allowed to
put a white cross on a green background, or a green cross
on a white background on the kit. The International Orga-
nization for Standards adopted this standard to facilitate
the search of the kit for anyone who needs first aid. Some-
times kits are marked by a red cross on a white back-
ground, but the use of this emblem is permitted only to
the International Committee of the Red Cross [11]. Other-
wise it is considered as a violation of the terms of the
First Geneva Convention adopted by the European Union.

CONCLUSIONS

Today there are two regulations such as Order No. 187
and DSTU 3961-2000, and there are differences in the
contents of the car first aid kit in Ukraine. The normative
documents have been studied, and the difference between
the contents of the car first aid kits in Ukraine and Great
Britain has been determined. A comparative analysis has
shown that citizens of Ukraine are more prepared for

Table 2
The list of contents of the car first aid kit in the UK
Contents Small | Medium | Large
Instructions for use 1 1 1
Medium trauma dressing 1 1 2
Large trauma dressing - - 1
Triangular kerchief - 2
Bactericidal plaster 5 10 20
Plaster in a roll - 1 2
Sterile wet wipes 5 10 20
Sterile dressing - 1 2
Medical gloves — pair 1 2 5
Face shield 1 1 2
Foil blanket - 1 3
Burn dressing 10x10 cm 2 4
Clothing shears 1 1 1

adverse situations that may arise in case of a road traffic
accident. It is shown by the presence of drugs needed
in case of emergency, while the British first aid kit contains
mostly plasters and bandages. It has been also found that
there is a difference in labelling of storage cases.
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AHATI3 ANTEYKU MEOUYHOI ABTOMOBINIbHOI YKPATHU TA BEJIUKOI BPUTAHIT
BIANOBIAHO 0O HOPMATUBHOI JOKYMEHTALII
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HopmamuegHa OOKyMeHmauisi

bacambom sunadkam 3acuberni 8 pesynbmami 4TI moxHa 6yno 6 3arnobiemu, skbu nepwa medudyHa
doromoza nomepniniomy Hadaeanack we 00 npubymms kapemu weudkoi dornomoau. g ybo2o
HeOobXIOHOK € HasiBHICMb y mpaHCcrnopmHoMy 3acobi anmedyku MeduyHOI a8momMobirbHOI, emicm sSKOI
do3eornsie Halasamu doriomoay 5K y pasi 4TI, mak i npu ompumaHHi mpaem 8 iHWuXx surnadkax.
lMepwa meduyHa doromoea (IMNML) — ue donomoea, wio Hadaemscs MOOUHI, ika nocmpaskdana eid
panmoeoi mpasmu abo xeopobu. MM/ ekrrouae 8 cebe KOMIIEKC HABUYOK, SIKi Maomb meopemud-
He nidKpinneHHs | suMazarome MeeHoI nid2omosku. BcmaHo8neHo HasieHicmb 080X HOPMamMuUeHUX
dokymeHmis, makux sik Hakas Ne187 ma [CTY 3961-2000, 8 sikux iCHytomb po36ixxHocmi w000
emicmy aemomobinbHOI anmeyku 8 YKpaini. [JocnidxeHo HopmamueHy OOKyMeHmauito ma ecma-
HOBr1eHO 8iOMIHHICMb 8micmy aemoMobinibHUX MedUYHUX anmeyoK YkpaiHu ma Benukoi bBpumaHii.
lNopieHsinbHUU aHasi3 rnokasas, Wo epomMadssHU YKpaiHu 6inbw rnideomoerieHi 00 Hecripusimiugux cu-
myauit, sKi MoXXymb 8UHUKHymu 8 pa3i JTTI1. [1po ye ceidyumpb HasigHicmb nipenapamie, HeobXiOHUX
8 ekcmpeHux surnadkax, 8 moul Yac sk 6pumaHcbka arnmeyvka HarlogHeHa 30ebinbwoeo nnacmu-
pamu ma rog’siskamu. Takox ecmaHoerieHa 6iOMIHHICMb y MapKyeaHHI pymirisipie 051 36epicaHHs.

AHANU3 ANTEYKN MEOAULIMHCKON ABTOMOBEWUNbHOW YKPAUHBLI U BENTUKOEPUTAHUU
COINMACHO HOPMATUBHOW OOKYMEHTALIUMN

T.B.[Jsi0t0H, C.A.Mamedoea

Knroveenble crioea: anmeyka MeduyuHcKass asmomoburibHas; nepeasi MeOUyUHCKasi MoMouWwb;
MapKuposka; HopmamugHasi OOKyMeHmauis

MHoeux crniyyaes aubenu e pesynsmame LTI MoxHO 6b1r10 6b1 usbexxams, ecriu 6bl nepsast Me-
QuyuHckasi MoMowb nomepreswemMy okasbiganachb ewe 0o npubbimusi Kapemal CKOPOU MOMOWU.
Lng amo2o Heobxo00uUMbIM S8MeMCs Hau4yue 8 mpaHCcrnopmHom cpedcmee anmeyku MeoduyUuHCKoU
asmomobursibHoU, cocmas KomopoU M0380sIiem OKa3bleamb MOMOWb Kak 8 criydae 4TI, mak u npu
rony4YyeHUU mpaem 8 UHbIX criy4asx. [lepeas meduyuHckas nomows (MM/L) — amo nomouwis, kKomopas
rnpedocmaernsiemcsi 4es108eKy, Komopbil nocmpadasn om eHe3arnHou mpasmbl unu 6onesHu. MM
gKrroyaem 8 cebsi KOMIMIIEKC HaBbIKO8, KOMOpbIe UMEem meopemudeckoe rnookperieHue u mpeby-
tom ornpedernieHHoU Mod20moeKu. YcmaHoeneHo Hanudue 08yx HopMamueHbIx OOKYMEHmMos, maKkux
kak lNpuka3 Ne187 u [JCTY 3961-2000, 8 KOmopbIx Cyuw,ecmayrom pacxoxo0eHuUs: 8 COOepXUMOM as-
momoburnbHoU anmeyku 8 YkpauHe. ViccriedogaHa HopmMamugHasi doKyMeHmauyusi U ycmaHo8/1eHo
omnu4ue co0epuMo20 asmoMobuibHbIX MEOUUUHCKUX anmeYyek YKkpauHbl u Benukol BpumaHuu.
CpasHumerbHbIU aHanu3 riokasas, Ymo epaxdaHe YKkpauHbl 6ornee nodeomoerneHsl K Hebnazonpu-
SAMHbBIM cumyayusiM, Komopble Mo2ym 803HUKHymb & criydyae TI1. O6 amom ceudemernbcmayem
Hanu4yue npenapamos, Heobxo0UMbIX 8 SKCMPEHHbIX C/y4Yasix, 8 Mo epeMsi kak bpumaHckas ar-
meyka co0epXXum 8 OCHOBHOM y1acmbIpu U Mossi3KU. Takxe ycmaHo8IeHo omiuyue 8 MapKuposKke
ymrnspos 05 XxpaHeHUs.
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Derivatives of 4-oxo-3,4-dihydroquinazoline are known as a promising class of compounds due to
their wide spectrum of the pharmacological activity. Taking into account the PASS data for the substi-
tuted anthranilamides synthesized, as well as derivatives of 4-oxo-3,4-dihydroquinazoline containing
an “in-built” fragment of amino acid glycine as a pharmacophore, the decision to study their central
neurotropic effects was made. While studying the hypnotic, anticonvulsant and antidepressant activities
the highest antidepressant properties of N-(1,1-diphenyl-1-hydroxyet-2-yl)-N’-diphenylhydroxyacetyl-
anthranilamide (compound 4) have been determined, this compound is slightly inferior the reference
drug Imipramine. N-(phenylhydrazidoacetyl)-N’-succinamidoanthranilamide (compound 1) reveals high
anticonvulsant properties and is not inferior the classical anticonvulsant drug Depakine. When stu-
dying the hypnotic effect the antagonism with Barbamyl for 2-(4-oxo-3,4-dihydro-3-quinazolinyl)aceto-
hydrazide (compound 5) has been found. Methyl-(2-methylcarbonyloxymethyl-4-oxo-3,4-dihydro-3-
quinazolinyl)acetate (compound 8) decreased the latent period of “falling asleep” for animals in 1.6
and 1.7 times in the doses of 20 and 200 mg/kg, respectively (the same level with the reference drug),
and therefore, it is a promising compound for further research of the hypnotic activity. The analysis of the
“structure-activity” relationship gives the possibility to assume that such pronounced pharmacological
activity is due to the presence of substituents in position 2 of the quinazoline nucleus. Therefore, the
data obtained prove that the study of these derivatives is promising for further search of new biologically

active substances with hypnotic, anticonvulsant and antidepressant properties.

Derivatives of 4-oxo-3,4-dihydroquinazoline are known
as a promising class of compounds due to their wide spect-
rum of the pharmacological activity. In particular, depen-
ding on the substituents in the quinazoline nucleus de-
rivatives of this heterocyclic structure reveal the hypno-
tic, anticonvulsant, antibacterial, anticholinesterase, vaso-
dilating activities [3, 4, 6, 9, 10]. Previously, derivatives
of quinazoline and substituted anthranilamides (used as
starting materials for quinazoline synthesis) containing
an “in-built” fragment of amino acid glycine as a phar-
macophore were synthesized [7, 8] (Fig.).

According to the data of the PASS software for com-
pounds 1-8 the determination of some types of the phar-
macological activity with probability higher than 0.75
was expected. Among them central neurotropic effects,
namely antidepressant and anticonvulsant effects (for anthra-
nilamides 1-4) and hypnotic effect (for quinazolines 5-8)
prevailed. Therefore, the aim of this study was to conduct
the pharmacological research of derivatives of 4-0x0-3,4-
dihydroquinazoline and starting anthranilamides in vivo.

Materials and Methods

The antidepressant activity of compounds 1-4 was
determined in white mice. For the depressive behaviour
simulation the Porsolt behavioural despair test was used
[5]. The test substances were injected intragastrically as
water suspensions in the doses of 20 and 200 mg/kg 30 min
prior to the experiment. Melipramin (Imipramine) was
selected as a reference drug. It was injected intraperito-
neally in the dose of 25 mg/kg. The control group re-
ceived intragastrically the same volume of purified wa-
ter. The total time of animal’s immobile fixation and the
number of immobility acts observed for 6 min were used
as indicators of the antidepressant activity. The results
obtained are given in Tab. 1.

The anticonvulsant activity was determined in white
mice under conditions of experimental pentylenetetra-
zol convulsions [1]. The test substances were injected
intragastrically as water suspensions in the doses of 20
and 200 mg/kg 30 min prior to the experiment. Depakine
(sodium valproate) was selected as a reference drug.
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Table 1
The effect of the test substances on the depressive behaviour of mice in the fixation test
Group of animals / Dose, . . . : . -
Duration of immobile fixation, s Number of immobility acts
test compound mg/kg
Control - 114.14+/-16.06 19.71+/-3.01
Compound 1 20 71.20+/-10.26 15.40+/-1.40
P 200 120.80+/-59.56 17.004/-3.15
Compound 2 20 99.20+/-29.57 13.60+/-2.62
P 200 75.00+/-23.71 13.40+/-2.58
Compound 3 20 94.40+/-37.85 17.60+/-2.29
P 200 71.80+/-19.20 16.60+/-1.50
Compound 4 20 80.20+/-20.23 14.00+/-2.07
P 200 60.00+/-12.40% 18.20+/-3.32
Melipramin 25 64.30+/-14.10% 7.60+/-1.71%

Note: *significant differences in relation to the control (p<0.05).

It was injected intragastrically in the dose of 300 mg/kg.
The control group received intragastrically the same vo-
lume of purified water. The aqueous solution of penty-
lenetetrazol (Sigma) in the dose of 80 mg/kg was in-
jected subcutaneously. The anticonvulsant activity was
assessed by the following indicators: the latent period
of clonic or tonic convulsions, the number of clonic and
tonic paroxysms per 1 mouse and mortality. The results
obtained are given in Tab. 2.

The hypnotic activity of compounds 5-8 was asses-
sed using the model of Barbamyl anesthesia in mice [2].
The test substances were injected intragastrically as water
suspensions in the preventive mode in the doses of 20
and 200 mg/kg 30 min prior to the experiment. Animals
of the comparison group received intragastrically the aqueous
solution of Donormyl (doxylamine hydrochloride) in the

dose of 20 mg/kg. The control group received intragas-
trically the same volume of purified water. Barbamyl in
the dose of 50 mg/kg was injected intraperitoneally. The
hypnotic activity was estimated by the following indi-
cators: the latent period of anesthesia beginning (“fal-
ling asleep”), duration of the anesthesia sleep and the num-
ber of mice that were anesthetized. The results obtained
are given in Tab. 3.

Results and Discussion

When studying the antidepressant activity only N-(1,1-
diphenyl-1-hydroxyet-2-yl)-N’-diphenylhydroxyace-
tylanthranilamide (compound 4) in the dose of 200 mg/kg
reliably decreased the general duration of immobile fi-
xation of animals in 1.9 times compared to the control
group (at the same level as Imipramine). However, it had
no effect on the number of immobility acts. The results ob-
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The effect of the test substances on pentylenetetrazol convulsions in mice

Table 2

Group of animals / Dose, The latent period, min Number of clonic and tonic Mortality, %
test compound mg/kg paroxysms per 1 mouse

Control - 6.34+/-0.79 2.86+/-0.51 71

Compound 1 20 6.43+/-0.71 2.60+/-0.81 40
200 11.05+/-1.97* 1.40+/-0.25* 20%*

Compound 2 20 6.12+/-1.03 2.80+/-0.49 60
200 4.14+/-0.44 3.00+/-0.55 80

Compound 3 20 4.40+/-1.03 2.40+/-0.75 80
200 5.56+/-1.41 2.00+/-0.32 80

Compound 4 20 5.45+/-0.64 2.20+/-0.58 60
200 5.55+/-0.95 2.60+/-0.40 60

Depakine 300 12.16+/-1.88* 1.20+/-0.41* 17%*

Note: significant differences in relation to the control (p<0.05): * — by the Student’s t-criterion; ** — by the Fisher angular transformation.

Table 3
The effect of the test substances on the Barbamyl anesthesia in mice
Group of animals / Dose, . . . . % of mice
test compound ma/kg The latent period, min Duration of anesthesia, min that were
anesthetized

Control - 21.56+/-2.38 45.50+/-4.44 100
Compound 5 20 - 0.00+/-0.00*** 0*
200 32.20 11.25%* 20%
Compound 6 20 18.53+/-1.69 15.95+/-3.12%** 100
200 9.47+/-0.48** 15.40+/-6.00** 100
Compound 7 20 14.46+/-3.46 25.02+/-6.36* 100
200 12.00+/-2.72* 34.11+/-6.08 100
Compound 8 20 13.68+4/-2.02* 45.82+/-7.54 100
200 12.61+/-2.80* 43.60+/-6.75 100
Donormyl 20 11.72+/-1.46* 50.36+/-5.27 100

Note: significant differences in relation to the control: * - by the Student’s t-criterion (p<0.05); ** — by the Student’s t-criterion (p<0.01);

*** _ by the Student’s t-criterion; # — by the Fisher angular transformation (p<0.05); # — by the Fisher angular transformation (p<0.01).

tained confirm significant and dose-dependent antide-
pressant properties of this compound; they are slightly in-
ferior the reference drug Imipramine.

Compounds 1-3 in both doses (except for compound 1
in the dose of 200 mg/kg) revealed a tendency to de-
crease the total duration of immobile fixation and the num-
ber of immobility acts. However, this difference did not
reach the level of statistical significance because of high
depression of data. The high activity of compound 4 can
be associated with the presence of two fragments of ben-
zylic (diphenylhydroxyacetic) acid in the structure of a
molecule.

The results of the anticonvulsant activity study pre-
sented in Tab. 2 show that N-(phenylhydrazidoacetyl)-
N’-succinamidoanthranilamide (compound 1) in the dose
of 200 mg/kg revealed significant anticonvulsant pro-
perties: against the background of its administration there
was a statistically significant lengthening of the latent
period of the clonic and tonic convulsions in 1.7 times,
decrease in the number of paroxysms per 1 mouse more
than twice, and also reduction of the animals’ mortality

by 51% (p<0.05) compared to the control group. The anti-
convulsant effect of this compound is dose-dependent:
in the dose of 20 mg/kg compound 1 does not affect the
latent period and the number of convulsions per 1 mouse,
and it only insignificantly reduces the mortality index in
the group by 31% compared to the control group. In ge-
neral, the anticonvulsant effect of this compound in the
dose of 200 mg/kg is not inferior the classical anticon-
vulsant drug Depakine in the dose of 300 mg/kg. It cau-
sed a significant prolongation of the latent period of the first
paroxysm development in the group in 1.9 times, as well as
decrease in the number of convulsions in 2.4 times and the
mortality index (54%) compared to the control group.

As can be seen from Tab. 3, a well-proven hypnotic
drug Donormyl (doxylamine hydrochloride) in the dose
of 20 mg/kg statistically significantly reduced the latent
period of animals’ anesthesia beginning in 1.8 times com-
pared to the control group; however, it had no effect on
the sleep duration.

Compound 5 revealed the antagonism to Barbamyl:
in the dose of 20 mg/kg none of the animals were anes-
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thetized, behavioural indicators were in the normal range,
visual signs of retardation and depression of the CNS were
not found. In the group of animals received the water so-
lution of compound 5 in the dose of 200 mg/kg the de-
velopment of classic drug-induced sleep was observed
only in one animal. The results obtained indicate the sti-
mulating effect of compound 5 on the CNS, and it re-
quires the additional study.

Compounds 6 and 7 in the dose of 20 mg/kg had no
significant effect on the latent period of animals’ anes-
thesia beginning. However, they decreased duration of
anesthesia, and it could be the evidence of the sleep struc-
ture disorder. Against the background of administration
of compounds 6 and 7 in the dose of 200 mg/kg there
was a significant reduction of the latent period of anes-
thesia beginning in 2.3 and 1.8 times compared to the
control group. At the same time compound 6 showed statis-
tically significant decrease of the sleep duration in 2.6 times.

Compound 8 in both doses reliably decreased the la-
tent period of “falling asleep” of animals in 1.6 and 1.7 ti-
mes, respectively, at the same level as the reference drug.
However, it has no effect on duration of anesthesia and re-
mained at the level of the similar value in the control group.

Therefore, it is methyl-(2-methylcarbonyloxymethyl-
4-0x0-3,4-dihydro-3-quinazolinyl)acetate (compound 8)

that is a promising compound for further research of the
hypnotic activity since it substantially decreases the time
of “falling asleep” and does not affect duration of sleep.
The analysis of the “structure-activity” relationship gives
the possibility to assume that such pronounced pharma-
cological activity is due to the presence of substituents
in position 2 of the quinazoline nucleus.

CONCLUSIONS

1. For N-(1,1-diphenyl-1-hydroxyet-2-yl)-N’-diphenyl-
hydroxyacetylanthranilamide (compound 4) the highest
level of the antidepressant activity has been determined,
it is slightly inferior than that for the reference drug Imi-
pramine.

2. N-(phenylhydrazidoacetyl)-N’-succinamidoanthra-
nilamide (compound 1) reveals high anticonvulsant pro-
perties and is not inferior the action of the classical anti-
convulsant drug Depakine.

3. It has been found that 2-(4-0x0-3,4-dihydro-3-qui-
nazolinyl)acetohydrazide (compound 5) shows the an-
tagonistic effect in relation to Barbamyl.

4. Methyl-(2-methylcarbonyloxymethyl-4-oxo-3,4-
dihydro-3-quinazolinyl)acetate (compound 8) decreases
the latent period of “falling asleep” for animals, and there-
fore, it is a promising biologically active substance for
further research of the hypnotic activity.
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PAPMAKOJIOIN4YHA AKTUBHICTb NOXIAHUX 3,4-O0UTOPO-4-OKCOXIHA3OIHY
TA AHTPAHINTAMIAIB, WO MICTATb 3ANULWIOK rMiUuHY

F0.0.0ecsiHukoea, [].B.Jlesawoe, B.M.Kpas4eHko, B.I1.YepHux, J1.A.LLlemyyk
Knroyoei cnoea: xiHa3or10H; aHmpaHinamio; aHmudernpecusHull eghekm; npomucydoMHa

aKkmuseHicms,; cHOOiliHa akmueHicmb

loxidHi 3,4-0u2iOpo-4-okcoxiHa3orniHy 8i0oMi SIK nepcrnekmueHUl Kriac XiMidHUX CrOSyK, SIKUM rpu-
mamaHHUl WwupoKul criekmp ¢hapMakonoziyHoi akmusHocmi. Bpaxosyrouu 0aHi PASS-npoeHo3y ons
o0epxKaHUX Hamu 3amilieHUx aHmpaHinamioie ma rnoxiOHux 4-okco-3,4-0uziépoxiHa3osiHie, Wo mic-
msamp «8bydoeaHuli» 3anulioK aMiHOKUCIIomu aniyuHy 8 sskocmi chapmakoghopy, 8UHUKIIa rnidcmasa
05151 0oCcniOKeHHs UeHmparibHUX HelpomporHux eghekmis. [pu sug4eHHi cHOOIlIHOI, npomucydom-
HOI' ma aHmudernpecusHOI aKmMuU8HOCMIi 8CmaHOo8&sIeHI 8UCOKI aHmuodenpecusHi enacmusocmi N-(1,1-
OucbeHin-1-zidpokciem-2-in)-N’-OugherineziopokciauemunaHmparinamioy (crionyka 4), skuti dewo rno-
cmyrnaembscsi npenapamy rnopisHsHHSA iminpamiHy. N-(¢beninzidpasudoauemun)-N’-cykyuHamidoaHmpa-
Hinamid (crioryka 1) susiensie sucoki npomucydoMHi eracmusocmi i He nocmynaemscs Oil Knacuy-
Ho20 npomucydomMHo20 3acoby OenakiHy. [Npu eus4yeHHi CHOOIIHO20 egheKkmy 8CmaHOB81EeHO, WO 2-
(4-okco-3,4-0uziopo-3-xiHa3oniHin)ayemoeiopa3ud (crionyka 5) susernse aHmazoHicmu4YHUUl ernue eio-
HOCHO 6apbawminy. Memun-(2-memurnkapboHirokcumemuri-4-okco-3,4-0uzidpo-3-xiHa3oniHin)ayemam
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(crionyka 8) e 0o3ax 20 ma 200 me/ke OOCmMOBIPHO Ha pieHi npernapamy MOpI8HSIHHS 3MeHWyesas fa-
meHmHuU rnepiod «3acuHaHHsI» meapuH y 1,6 ma 1,7 pa3u 8idrnosiOHO i € nepcriekmusHoto BAP 0ns
nodanbuwiux 0ocnidxeHb CHOOIUHOI akmueHocmi. AHani3 38’a3Ky «cmpykmypa-0isi» dae MOXugicmab
npunycmumu, Wwo supasHul rposie hapmMakosio2idyHoi akmueHocmi 0bymoerneHuli Hasi8HICM0 3amic-
HUKI8 y MOMOXeHHi 2 XiHa305iHo8o20 sidpa. OmpumaHi 0aHi 003807151H0Mb 3Pp06UMU 8UCHOBOK, W0 00-
CITIOXeHHS 3a3Haq4eHUX MoxiOHUX € repcrieKmusHUM 01151 Nodarnbwozo rowyKy Hosux 6ios102iyHoO akK-
MUBHUX Pe4Y08UH 3i CHOOIUHOK, MPOomMuUcyOOMHOK ma aHmMuOenpPecUsHO 81acmugoCcmsamMu.

PAPMAKOJNTOMMYECKAA AKTUBHOCTb NMPOU3BOAHLIX 3,4-AUTOPO-
4-OKCOXUHA3OJIMHA U AHTPAHUITAMWOOB, KOTOPbIE COOEPXXAT OCTATOK NMULUUHA
FO.A.OecsiHukoea, [].B.Jleeawoe, B.H.Kpas4eHko, B.I1.YepHbix, JI.A.LLlem4yk

Knrovesnbie criosa: xuHa3ornoH; aHmpaHunamud; aHmudernpeccusHbll 3ghghekm;
rpomueocy0opoXXHasi akmueHOCMb;, CHOMBOPHas1 aKmueHOCMb

lNpou3eodHbie 3,4-0uaudpo-4-0KCoxuHa30UuHa U38eCmHbl KaK rnepcrieKmueHbIl Kracc XUMUYecKuXx
coeduHeHUU, NMpossIsWUX WUPOKUU crekmp gapmakonoaudeckoli akmusHocmu. C ydemom O0aH-
Hbix PASS-ripoeHo3a 0518 nony4YeHHbIX HaMu 3aMeu,eHHbIX aHmpaHuinamudos U rnpou3eo0OHbIX 4-0Kco-
3,4-0u2udpoxuHa3ouHo8, KOmopbie codepKam «8CMPOEHHbIU» OCMAamMOoK aMUHOKUCIOMbI efuyuHa
8 Kadecmee ¢hapmakoghopa, 803HUKIIU OCHOB8aHUSI 01151 uccriedosaHusi UeHmparsbHbIX HelpOmpOrnHbIX
agbgbekmos. lNpu usydeHUU cCHoOmM8opHoOU, MPOMUBOCYOOPOXHOU U aHmMudernpeccugHol akmueHocmu
ycmaHoerieHbl 8biCoKue aHmuderipeccusHble ceoticmea N-(1,1-0ugbeHur-1-audpokcuam-2-ur)-N’-Ou-
geHuneudpokcuauyemunaHmpaHunamuoa (coeduHeHue 4), Komopbili HECKO/ILKO ycmyrnaem rpena-
pamy cpasHeHusi umurnpamuHy. N-(cbeHuneudpasudoayemurn)-N’-cykyuHamudoaHmpaHuiamud (coe-
OuHeHue 1) nposieriiem 8bICOKUE MPOMUBOCYOOPOXHbIE ceolicmaa U He ycmyrnaem Kiaccu4yecKomy
npomugocydopoxxHoMy cpedcmay OenakuHy. [pu usy4yeHuUU CHOmM8opPHO20 3¢hghekma ycmaHO8/1eHO,
4mo 2-(4-okco-3,4-0ucudpo-3-xuHa3onuHust)ayemoaudpasud (coeduHeHue 5) nposersiem aHmazo-
HuUcmuu4eckoe enusHuUe omHocumesibHo bapbamurna. Memurn-(2-memurkapboHunokcumemusi-4-okco-
3,4-0uzudpo-3-xuHazonuHus)ayemam (coeduHeHue 8) 8 do3ax 20 u 200 ma/k2 00CMO8eEPHO Ha ypOsHe
npernapama cpasHeHuUsl yMeHblaem gameHmHbIU nepuod «3achklnaHusi» XueomHbix e 1,6 u 1,7 pasa
€coomeemcmeeHHO U s18r1siemcsi nepcriekmusHbiM bAB 05151 danbHelwux uccrnedogaHUl CHOM8OPHOU
akmuesHocmu. AHanu3s ces3u «cmpykmypa-oeticmauey» daem 803MOXHOCMb MPednonoXumsp, Ymo
8blpaxkeHHoe rnposisrieHUe hapmakoo2u4eckol akmusHocmu 0bycrioeneHo Hanu4yuem 3amecmume-
nied 8 nonoxeHuuU 2 XuHa3ouHogoeo sidpa. lNonyyeHHble OaHHbIe 10380s1st0om coeslame 8b1800, YMO
uccriedosaHusi 0aHHbIX MPOU3BOOHbLIX SBIAOMCS MepCcrieKmMueHbIMU 011 danbHeliwea0 noucka Ho-
8bIXx BUOI02UYECKU aKMUBHbIX 8EUECME CO CHOMBOPHLIMU, MPOMUBOCYO0POXHbLIMU U aHmuoernpec-
CUBHbIMU ceolicmeamul.
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The results of screening of 2-(benzoyilamino)(1-R-2-oxoindolin-3-ylidene)acetic acid derivatives on
the antihypoxic activity are presented in the article. It has been determined that under the conditions
of acute hypobaric hypoxia compounds 4, 14 and 15 have shown the increase of the integral index
of the antihypoxic activity of substances — the overall lifetime of animals at the “high-altitude plateau”.
However, the mortality rate of animals reached 20% for compound 4, and it significantly exceeded
the control data. At the same time, compound 14 by its antihypoxic activity significantly increased the
overall lifetime of animals by 150% compared to the control data, but its effect was significantly weaker
than the effect of the reference drug mexidol, which increased the lifetime of animals by 197% (p<0.05). For
compound 15 the overall lifetime of animals increased by 186% compared to the control data (p<0.05)
and did not differ significantly from that of the reference drug. The data obtained indicate that most
of the substances studied — derivatives of 2-(benzoyilamino)(1-R-2-oxoindolin-3-ylidene)acetic acid —
demonstrate certain antihypoxic properties, as well as derivatives of 2-(2-oxoindolin-3-ylidene)acetic
acid previously researched. Moreover, only compound 15 corresponds to the antihypoxic efficacy of
the reference drug, and by the index of recovery of the animals’ physical activity after their staying at
the “high-altitude plateau” (the posture recovery time) it exceeds the effect of the antihypoxant drug

mexidol.

Hypoxia is a pathological condition that occurs when
there is an insufficient supply of oxygen to tissues or dis-
order of oxygen uptake during the process of oxidation.
It occurs under the conditions of oxygen deficiency in
the environment, and as a result of various pathological
processes and diseases associated with disorders of the
respiratory and cardiovascular systems, the blood trans-
port function or metabolism [1, 4]. In addition, very high
“hypoxic risk” is related to certain professions, such as
pilots, astronauts, mountaineers, alpine tourists, divers
and submariners, i.e. such working conditions that are
associated with the low partial pressure of oxygen in the
inhaled air. In everyday life people are influenced by the
physiological hypoxia. Under the physiological condi-
tions hypoxia develops during an intense muscular work,
mental activity, significantly enhanced physiological acti-
vity of the liver, kidneys and gastrointestinal tract, fe-
tal development and in old age. Consequently, practical
medicine regularly faces the problem of protecting the
body from complications arising from oxygen deficien-
cy [9]. In this regard, drugs affecting the metabolism du-
ring hypoxia — antihypoxants, which are agents that im-
prove oxygen consumption by the body and reduce oxy-
gen demand of tissues and organs, thereby increasing the
body’s resistance to oxygen deficiency, are of particular
interest. A wide choice of medicines with the antihypoxic
activity is presented at the pharmaceutical market of Uk-
raine; mexidol is considered to be one of the most active

and widely used drugs [3, 7], however, in many cases
its action is not sufficiently effective. Thus, the search
and introduction of new effective antihypoxants into cli-
nical practice is a topical issue of medicine and pharmacy.

The aim of the current study was to conduct scree-
ning of the antihypoxic activity among 2-(benzoyilami-
no)(1-R-2-oxoindolin-3-ylidene)acetic acid derivatives
under the conditions of acute hypobaric hypoxia.

Materials and Methods

24 Biologically active substances (BAS) — derivatives
of 2-(benzoyilamino)(1-R-2-oxoindolin-3-ylidene)ace-
tic acid — synthesized at the Department of Analytical
Chemistry of the National University of Pharmacy by
professor S.V.Kolisnyk were selected for study (Fig.).
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Fig. The structural formula of 2-(benzoyilamino)(1-R-2-oxoindolin-3-
ylidene)acetic acid derivatives (compounds 1-24).
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Table 1

The life parameters of rats with acute hypobaric hypoxia of the critical level and when introducing
2-(benzoyilamino)(1-R-2-oxoindolin-3-ylidene)acetic acid derivatives and mexidol (M+m, n=6)

G ) The lifetime till the second Time of the posture
roup Time of the posture loss, s o

agonal inspiration, s recovery, s
Control 64.9+9.6 15.348.3 398.8+9.2
Mexidol 132.8+5.8% 25.6+8.6* 225.3+9.4*
Compound 1 66.7+4.7 25.0+3.2* 244.7+5.8*
Compound 2 43.8+10.7 15.0+2.5 654.0+£7 4% /**
Compound 3 31.5+11.4 19.7+11.8 295.0+13.4%
Compound 4 131.3+18.7* 27.5+12.5 363.2t14.4
Compound 5 60.0+10.6 14.0+5.2 240.0+£10.9%
Compound 6 57.5£7.8 27.5£5.2 263.6+6.9*
Compound 7 19.4+10.4% 9.6+7.2 333.0+10.0
Compound 8 23.0+5.9 9.248.3 257.3+4.2*
Compound 9 42.5+7.8 51.3£3.9%/** 278.2+6.2*
Compound 10 23.0+£10.5 28.0+9.8 264.2+10.0%
Compound 11 27.5+4.3 12.8+5.8 215.4+6.3*
Compound 12 39.0+10.3 29.249.2 310.8+7.5*
Compound 13 23.0+£9.5 14.0£10.3 205.2+8.8*
Compound 14 69.5+8.2 51.4+7.6%/** 265.4+5.7*
Compound 15 126.0+10.5* 23.5+5.7* 146.3+8.5%/**
Compound 16 13.4+8.4% 17.4+9.3 262.5+7.4%
Compound 17 15.54+5.4* 9.8+3.8 312.8+4.2*
Compound 18 61.0+6.7 37.8+4.8* 241.0+10.6*
Compound 19 52.249.3 24.4+7.3 308.0+10.7*
Compound 20 25.2+4.8 19.0+5.2 276.2+9.4*
Compound 21 53.8+7.4 17.4+6.4 289.8+9.7*
Compound 22 19.843.9*% 3.0+0.5* 345.8+9.4
Compound 23 65.0+7.4 42.0+4.6* 341.4+8.7
Compound 24 70.046.5 28.0+7.5 309.8+7.3*

Note: * - significance compared to the control (p<0.05); ** - significance compared to mexidol (p<0.05).

2-(Benzoyilamino)(1-R-2-oxoindolin-3-ylidene) ace-
tic acids (compounds 1-4), and their phenyl- (compounds
5-11), naphthalen- (compounds 12-14) phenethyl- (com-
pounds 15-17), hydroxynaphthalenamides (compounds 23-24)
and ethyl esters of N-[2-(benzoyilamino) (2-oxoindolin-
3-ylidene)acetyl]glycine (compounds 18-22) were studied.

The animals were kept under the standard vivarium
conditions at a constant temperature and humidity with
free access to food and water. All manipulations were
carried out in accordance with the European Union Di-
rective 2010/63/EU on the protection of animals used for
scientific purposes.

The research was conducted under the conditions of
acute hypoxia on 156 nonlinear white mature male rats
weighing 180-200 g aged 3 months and moderately resis-
tant to hypoxia. The resistance of animals to hypoxia was
determined 2 weeks prior to the research by the known
method [2]. Acute hypobaric hypoxia was simulated in
the modified flow pressure chamber by imitation of the
lifting of rats to an altitude of 12000 metres. “Ascent”
and “descent” of animals were carried out at a speed of
50 m/s. At the “high-altitude plateau” rats were main-

tained until the second agonal inspiration, and then the
“descent” to the previous zero altitude was performed
[11]. The substances studied were administered intrape-
ritoneally 35 min before hypoxia modelling in the dose
of 15 mg/kg in the form of an aqueous suspension sta-
bilized by polysorbate 80 (Tween 80) (AppliChem GmbH,
Germany) [6, 8]. The reference drug — antihypoxant me-
xidol (ethylmethylhydroxypyridine succinate) was ad-
ministered in the dose of 100 mg/kg [10]. The animals
of the control group were injected with an equivalent
amount of an aqueous suspension with polysorbate §0.
Doses of substances were selected according to the pub-
lished data concerning the antihypoxic activity in expe-
rimental studies.

The antihypoxic activity of substances was assessed by
the animals’ survival indices at the “high-altitude plateau”:
the time of the posture loss; the lifetime — the time till
the second agonal inspiration; the posture recovery time
after termination of hypoxia and a gradual return of ani-
mals to the previous zero altitude; and the overall life-
time of animals — summation of the time of the posture
loss and the lifetime [5].



ISSN 2415-8844 (Online)

NEWS OF PHARMACY 1(85)2016

ISSN 1562-7241 (Print)

69

Statistical analysis of the results was performed using
SPSS Statistics 17.0 and Microsoft Excel 2013 software.
Statistical significance was assessed using parametric Stu-
dent’s t-test (for normal distribution) and non-paramet-
ric Mann-Whitney U-test (in case of non-normal distri-
bution). The critical level of significance was accepted
as p<0.05.

Results and Discussion

The results of the antihypoxic activity screening of
the compounds studied compared to the control group
and the action of the reference drug mexidol are presen-
ted in Tab. 1.

Analysis of screening 2-(benzoyilamino)(1-R-2-oxo-
indolin-3-ylidene)acetic acid derivatives have shown that
the most significant prolongation of life parameters in
acute hypobaric hypoxia of the critical level according
to the highest index of the lifetime at the “high-altitude
plateau” after the loss of posture till the second agonal
inspiration (p<0.05) have animals treated with compo-
unds 1, 4, 9, 14, 15, 18, 23 and 24 (Tab. 1). The highest
index of the time of the posture loss at the “high-alti-
tude plateau” was for 2-(benzoyilamino)(1-propyl-2-oxo-
indolin-3-ylidene)acetic acid (compound 4) and for phe-
nylethylamide 2-(benzoyilamino)(1-methyl-2-oxoindolin-
3-ylidene)acetic acid (compound 15), it exceeded the cont-
rol data by 2 and 1.9 times (p<0.05), respectively. The
index of the posture recovery time after the beginning of
the “descent” of animals from the “high-altitude plateau”
was significantly lower compared to the control data for
almost all BAS under research except compounds 2, 4,
7,22,23. In the group of phenylethylamide 15 this index
was the lowest, and it significantly exceeded the antihypo-
xic efficacy of the reference drug mexidol by 1.5 times.

After administration of compounds 4, 9, 18, 23 and
24 such adverse reactions as convulsions and cyanosis of
the skin and mucous membranes were observed. It was
also found that among substances exhibiting the signi-
ficant antihypoxic activity only compounds 14 and 15
did not cause any external signs of side effects after their
administration when modelling hypoxia.

Compounds 4, 14 and 15 demonstrated the increase
of the integral index of the antihypoxic activity of sub-
stances — the overall lifetime of animals at the “high-al-
titude plateau” (Tab. 2). However, the mortality rate of
animals reached 20% for compound 4, and it significantly
exceeded the control data. At the same time, amide 14 by
its antihypoxic activity significantly increased the ove-
rall lifetime of animals by 150% compared to the cont-

Table 2

The integral antihypoxic activity of some
2-(benzoyilamino)(1-R-2-oxoindolin-3-ylidene)
acetic acid derivatives under the conditions of acute
hypobaric hypoxia compared to the action of mexidol

(M+m; n=6)
Activity in | Activity in
Group .Ov.erall relation to relatipn to
lifetime, s the control, | mexidol,
% %
Control 80.2+17.9
Mexidol 158.4+14.4* 197 100
Compound 4 158.8+31.2* 198 100
Compound 14 | 120.9+15.8*/** 150 76
Compound 15| 149.5£16.2* 186 94

Note: * — significance compared to the control (p<0.05);
** _ significance compared to mexidol (p<0.05).

rol data, but its effect was significantly weaker than the
effect of the reference drug mexidol, which increased the
lifetime of animals by 197% (p<0.05). For compound 15
the overall lifetime of animals increased by 186% com-
pared to the control data (p<0.05) and did not differ sig-
nificantly from that of the reference drug.

The data obtained indicate that most of the substances
studied — derivatives of 2-(benzoyilamino)(1-R-2-oxo-
indolin-3-ylidene)acetic acid — demonstrate certain anti-
hypoxic properties, as well as derivatives of 2-(2-oxoin-
dolin-3-ylidene)acetic acid previously researched [8]. Mo-
reover, only compound 15 corresponds to the antihypoxic
efficacy of the reference drug, and by the index of reco-
very of the animals’ physical activity after their staying
at the “high-altitude plateau” (the posture recovery time)
it exceeds the effect of the antihypoxant drug mexidol.

CONCLUSIONS

1. The results of screening have shown that deriva-
tives of 2-(benzoyilamino)(1-R-2-oxoindolin-3-ylidene)
acetic acid are a promising class of compounds for crea-
ting antihypoxic medicines on their basis, and it is the
basis for further pre-clinical studies of pharmacological
properties of these compounds.

2. Compound 15 corresponds to the action of the re-
ference drug mexidol by its antihypoxic activity, and sig-
nificantly exceeds its effect by the index of recovery of
the physical activity after the animals’ staying at the “high-
altitude plateau”.
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CKPUHIHI NOXIAHUX 2:(BEH30'I'J1AMIH9)(1 -R-Z-QKCOIH,.IJ,OHIH-3-IJ1IJJEH)OLI,TOBO'I'
KUCINOTU NPU TOCTPIN NNOBAPUYHIU TINMOKCII

I.I.3amopcsukuli, KO.C.Bykamapy, E.Jl.JlleHza, C.B.KonicHuk, O.0.Anmyxoe

Knrovoei criosa: aHmueinokcaHmu; 2inobapuyHa 2iroKcisi;

MoxioHi 2-(6eH3oinamiHo)(1-R-2-okcoiHdoniH-3-inideH)oymosoi kucriomu, Mekcudor

HasedeHi pesyrnsmamu CKpUHiHay roxioHux 2-(6eH3oinamiHo)(1-R-2-okcoiHAoniH-3-irnideH)oumosor
Kucriomu Ha aHmueirokcaHmHy akmueHicms. BcmaHoeneHo, wo 3a ymos eocmpoi einobapuyHoi ai-
MOKCIi 36iNbWeHHsT iIHmeeparnbHO20 MoKa3HUKa aHmMu2inoKcaHmMHOI akmu8HOCMi PeYO8UH — 3a2allb-
Hul Yac Xummsi meapuH Ha «8UCOMHOMY riamox» — OeMOHCMpy8asiu PeyosuHuU rid Homepamu 4, 14
i 15. [pome 0Onisi pe4yosuHU 4 pieeHb CMepmMHOCMIi MmeapuH fpu nPo8edeHHi 00CNiIdKeHb cmaHo8u8
20%, wo 3Ha4yHO nepesuulysano KoHmporsbeHi daHi. Npu ybomy crionyka nid Homepom 14 3a aHmMu-
2imoKcaHMHOK akmuegHicmio 00CcmoegipHO 36inbWyeana 3a2alibHy mpueasnicmb Xumms meapuH Ha
150% w000 OaHuXx KOHMPOJIIO, asne 8ipo2iOHO nocmynarnacek fpernapamy fMopieHsIHHA Mekcudosy: uel
nikapcbKul 3acib 36inbuwysas Yac xumms meapuH Ha 197% (p<0,05). [ns pe4oguHuU ni0 HOMEpPoOM
15 3acanbHa mpuearsnicmb Xumms meapuH 3pocmara Ha 186% y nopieHsIHHI 3 daHUMU KOHMPOITHO
(p<0,05) i 8ipociOHO He sidpisHsnacs 8id nokasHukie peghepeHc-npenapamy. OmpumaHi OaHi ekasy-
tomb Ha me, wo binbwicms A0CidXy8aHUX PEY08UH, MOXiOHUX 2-(6eH3oinamiHo)(1-R-2-0KCcoiHOOMIH-
3-inideH)ouymoesoi Kucriomu rnposiensaoms neeHi aHmueairnokcaHmHi enacmusocmi. BoOHodac minbku
peyosuHa 3a Homepom 15 He nocmynaembcs 3a aHmMu2inoKcaHmMHow eghekmusHicmio dii npenapa-
my MOpPI8HSIHHS, a 3a MOKa3HUKOM 8iOHOBTEHHST (Yi3UYHOI akmueHOCMi meapuH icsisi ix nepebysaHHs
Ha «8UCOMHOMY r/1amoy (4Yacom 8i0HO8eHHs Mo3u) nepesepuiye Git0 8i0oOMO20 aHmMuzirnokcaHma
mekcudory.

CKPUHUHI NPON3BOAHbIX 2-(BEH30UNNAMUWHO)(1-R-2-OKCOUHOONUH-3-UNUOEH)
YKCYCHOW KUCNOTbI NPU OCTPON TMNOBAPUYECKOW TMNOKCUN

U.N.3amopckul, FO.C.Bykamapy, 3.J1.JleHza, C.B.KonecHuk, A.A.Anmyxoe

Knroveenle crioea: aHmuaunokcaHmsl; 2uriobapuyeckasi 2UrioKcuUsi; npou3eo0HbIe
2-(6eH3ounamuHo)(1-R-2-0KcouHOOMUH-3-UnuUOeH)yKCyCHOU KUCIOMbI; MEKcUoos

lpusedeHbi pe3yribmambl CKpUHUH2a rpou3so0HbIx 2-(6eH3ournamuHo)(1-R-2-0KkcouHOOMUH-3-unudeH)
YKCYCHOU KUC/I0Mbl HA @aHMU2UrnoKCaHMHY akmugHOCMb. YcmaHOo8eHo, 4mo 8 ycriogusix ocmpou
aurnobapuydeckoli 2UroKcuU ysenu4deHue uHmezpanbHo20 rnokasamersisi aHmuauriokcaHmHouU akmue-
Hocmu seujecmes — obljee 8peMs XU3HU XXUBOMHbIX Ha «8bICOMHOM 1/1amo» — 0eMOHCmMpuposasnu
seujecmsa nod Homepamu 4, 14 u 15. OdHako, Ons sewecmea 4 ypo8eHbL CMEPMHOCMU XKU80M-
HbIX ripu nposedeHuu uccnedosaHuli cocmasusi 20%, 4mo 3Ha4umesibHO MPeabILano KOHMPOsIbHbIE
OaHHble. [Mpu amom coeduHeHue nod Homepom 14 o aHmMuaurnokcaHmMHoU akmugsHocmu 0ocmosep-
HO ygenu4ugarso obuyr npodosmKUMeEIbHOCMb XU3HU XUB0MHbIX Ha 150% omHocumernbHO OaHHbIX
KOHMPporis, HO 0CMO8ePHO ycmyrnarso npenapamy cpasHeHUss MeKkcudorly: 3mo fieKkapCcmeeHHoe
cpedcmeo ysenu4yueario 8peMs XUu3Hu XueomHbix Ha 197% (p<0,05). [ns eewecmesa nod Home-
pom 15 obwasi NPodormKuMebHOCMb XU3HU XUBOMHbIX eo3pacmarna Ha 186% no cpasHeHuUr ¢
OaHHbIMU KOoHmporns (p<0,05) u docmosepHoO He omru4anack om rokasamerneul peghepeHc-npe-
napama. loryyeHHble 0aHHbIe yKa3biearom Ha mo, 4mo 60MbWUHCMEO uccriedyembix eewecms, rnpo-
U3800HbIX 2-(6eH3ounamuHo)(1-R-2-0KkcouHOOMUH-3-unudeH)yKCyCHOU KUCIomabl MPOsi8istom orpe-
OerieHHble aHMuUaunoKcaHmMHble ceolicmea. B mo xe epemsi mornbko sewecmeo nod Homepom 15
He ycmyrnaem o aHmuauriokcaHmHou sghghekmusHocmu delicmeauro riperapama cpasHeHus, a ro
rokazameJsto 80CCMaHoB/IeHUS] (hU3UYECKOU aKmuUBHOCMU XUBOMHbIX rocsie ux rpebbisaHusi Ha
«8bICOMHOM M1amo» (8peMsi 80CCMaHOBIIEHUS MO3bl) npesocxodum delicmeue u3eecmHO20 aHmMu-
eurnokcaHma mekcuoona.
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THE EFFECT OF MEDICINES WITH GOUTWEED
(AEGOPODIUM PODAGRARIA L.) ON THE PHYSICAL
ENDURANCE, COGNITIVE FUNCTIONS AND THE LEVEL
OF DEPRESSION IN ANIMALS
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The effect of the extract (100 mg/kg and 1 g/kg) and the tincture (1 and 5 mi/kg) of the goutweed
(Aegopodium podagraria L.) aerial part on the physical endurance, the level of depression and cog-
nitive functions has been studied using the weight-loaded forced swimming test, the extrapolation
escape test, and the reserpine-induced depression model. The goutweed extract in the dose of 100 mg/kg,
but not in the dose of 1 g/kg, significantly increases the exhaustive swimming time (10% and 20%
load) in male mice. In female mice the augmentation of exhaustive swimming time is registered with
20% load against the background of the extract in both doses. The goutweed tincture does not change
the results of this test. Goutweed medicines have the ambiguous effect on the results of the extra-
polation escape test: the extract and the tincture do not change the percentage of mice that succeed
in completing the task, still the average time spent for the task performance is significantly decreased
in these animals (but not within the whole group) against the background of the extract in the doses
of 100 mg/kg and 1 g/kg. The extract in the dose of 100 mg/kg significantly reduces the number of
rats capable of completing the task, the extract (1 g/kg) and the tincture (1 mi/kg) increase the time
spent for performing the extrapolation escape task by rats. The extract and the tincture do not change
the body temperature reduction and blepharoptosis induced by reserpine in rats. Thus, the goutweed
extract is able to increase the physical endurance, exert a moderate positive effect on cognitive func-
tions in mice (but not in rats) without any significant changes in the level of depression. The goutweed
tincture worsens the results of the extrapolation escape test in the dose of 1 mi/kg, does not change
them in the dose of 5 mi/kg and does not influence on the level of depression and physical endurance

in both doses.

According to the WHO forecast, in 2020 depression
will become the second leading cause of disability, there-
fore, considerable efforts are directed towards the im-
provement of the methods of its treatment [15], inclu-
ding the study of the promising herbal drugs. Besides anti-
depressants of the plant origin traditionally used (such
as Hypericum perforatum L., Clusiaceae), herbal drugs
(HD) combining a favourable metabolic activity and a
mild psychotropic effect have arisen a great interest. On
the one hand, the complex composition of crude HD is a
prerequisite enabling useful concomitant effects, among
which the psychotropic action may be supposed. On the
other hand, for the HD that are used or planned to be used
in chronic diseases for a long time the safety verification,
including effects on the CNS, is particularly relevant.

Our research focuses on the verification of pharma-
cological properties of goutweed (4degopodium podag-
raria L. Apiaceae, GW) since the drugs obtained from
this plant have long been used in folk medicine for the
treatment of kidney diseases and metabolic disorders [3].
The dry extract and the tincture were obtained from the
GW aerial part, their favourable effect on the purine meta-
bolism, the carbohydrate metabolism, as well as a sig-
nificant nephroprotective and hepatoprotective activity

of the extract and its ability to counteract the effects of
ethanol were shown [2, 4, 7]. The study of the psycho-
tropic effects of these medicines in intact mice was star-
ted [17], and the antidepressant action of the extract (in
the dose of 100 mg/kg, but not in the dose of 1 g/kg in
female mice) with worsening of the results of the pas-
sive avoidance response (PAR) test was registered. The
tendency towards reduction of anxiety signs in animals
of both sexes against the background of the extract in
the dose of 100 mg/kg (in males also against the back-
ground of the extract in the dose of 1 g/kg and the tinc-
ture in the doses of 1 and 5 ml/kg) was also registered.
As evidenced from the foregoing, it is expedient to con-
tinue the study of the effect of GW medicines on the le-
vel of the animals’ depression, as well as on the cogni-
tive processes. Taking into consideration the favourable
metabolic activity of GW medicines [2, 7] and the ext-
ract ability to decrease duration of immobility of ani-
mals [17] it is also efficient to determine the effect of
these herbal medicines on the physical performance.

The aim of this study was to evaluate the efficacy of
medicines with 4. podagraria L. in the weight-loaded
forced swimming test, the extrapolation escape test, as
well as reserpine-induced depression.
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Materials and Methods

The dry extract and the tincture were obtained from
A. podagraria L. aerial part using the standard method
described previously in accordance with the requirements
of the State Pharmacopoeia of Ukraine [2, 7].

All the experiments were conducted according to the
principles of bioethics as required in the “Directive 2010/
63/EU of the European Parliament and of the Council of
September, 22, 2010 on the protection of animals used
for scientific purposes.” Albino male rats with the body
weight of 180-220 g and albino male mice with the body
weight of 16-22 g were kept in the Central Research
Laboratory of the National University of Pharmacy un-
der standard conditions. As the gender specific effect of
GW medicines on the immobility time was registered [17],
female mice with the body weight of 18-24 g were also
used in the weight-loaded forced swimming test.

In all the experiments discussed GW medicines, na-
mely the extract as a water solution in the doses of 100 mg/kg
and 1 g/kg and the tincture, from which ethyl alcohol was
previously removed, in the doses of 1 and 5 ml/kg were
administered to mice or rats intragastrically in the pre-
ventive mode. The animals of the intact control groups
received the same amount of water. The last dose of these
medicines (or water) in all the experiments was admin-
istered 40 min before beginning of the tests or reserpine
administration.

The weight-loaded forced swimming test was con-
ducted after the course of administration of GW medi-
cines (10 doses). The metal load (10% of the body weight)
was fixed on the tail root of each mouse, and the ani-
mals were placed individually into the pool with water
at 22-23°C. The pool was filled with 60 cm water, the
pool ledges equalled 15 cm over the water level without
allowing the rest of the animal on them. The swimming
time to exhaustion was recorded by the criterion of head
dip under water without coming to the water surface for
10 s [1]. To determine the stability of the effect and its
limits one day after the test was repeated with 20% load.
In this test additional groups of mice were used. They
received such reference drugs as the extract of St. John’s

wort (Hypericum perforatum L., Clusiaceae) (“Deprivit”
from Kyiv Vitamin Factory, Ukraine) as a herbal drug
being effective in the experimental pharmacology [14]
with the proven ability to stimulate the CNS in the dose
of 100 mg/kg intragastrically, and the extract of Passi-
floraincarnata L. (Passifloraceae) as “Alora” syrup (NOBEL
ILAC Sanayii ve Ticaret A.S., Turkey) being effective
according to the data [12] in the dose of 300 mg/kg in-
tragastrically. The latter was used as a reference drug be-
cause in the previous experiments the reduction of anxi-
ety signs in animals receiving the GW extract and the
passionflower extract appeared to be similar [17]. Be-
sides, along with the extract of H. perforatum L., which
mainly leads to the CNS activation [14], it is expedient
to use other well studied and practically applied refe-
rence drug, which main psychotropic effects are anxio-
lytic and sedative [12].

The cognitive functions of mice and rats receiving
GW medicines (the course lasted 7 days) were assessed
by extrapolation escape test registering the latency of es-
cape (avoidance through diving) of the animal placed to
the cylinder with the edge under water as described in
[11]. The test period was limited to 120 s (mice) and 180 s
(rats), and the number of animals performed the task was
recorded. In these experiments 5 groups of mice and 5
groups of rats were used (the control group and animals
receiving GW medicines in the doses mentioned).

In the experiments in rats the efficacy of GW medi-
cines (the course of preventive administration lasted 7
days) was also determined under the conditions of a single
intraperitoneal administration of reserpine in the dose of
4 mg/kg. The depressogenic effect of reserpine was as-
sessed in 7 h using the criteria of the decrease in the body
temperature (rectal measurement) and the blepharopto-
sis rate (the degree of ptosis was rated according to the
following rating scale: 0 — complete absence of ptosis,
1 —eyes are half closed, 2 — the eye closure is more than
on Y4, 3 — eyes are completely closed) [6, 9].

Proceeding from the modern requirements for medi-
cal and biological data analysis [15], medians, 25% and
75% percentiles (upper and lower quartiles) were calculated.

Median; Box: 25%-75%; Whisker: Non-Outlier Range
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Fig. 1. The effect of medicines with Aegopodium podagraria L. and reference drugs on the physical endurance of male mice in the weight-
loaded (10% of the body weight) forced swimming test, seconds. * — statistically significant differences compared to the intact control group,
p<0.05; ** — statistically significant differences compared to the group receiving the extract of Aegopodium podagraria L. in the dose of

100 mg/kg, p<0.02; *** — statistically significant differences compared to the group receiving the extract of Passiflora incarnata L., p<0.05.
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Fig. 2. The effect of medicines with Aegopodium podagraria L. and reference drugs on the physical endurance of male mice
in the weight-loaded (20% of the body weight) forced swimming test, seconds. ** — statistically significant differences

compared to the intact control group, p<0.02.
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Fig. 3. The effect of medicines with Aegopodium podagraria L. on the physical endurance of female mice in the weight-loaded

Traditionally used means =+ standard errors of the mean
(SEM) are also presented (M+m). Central tendencies of
the independent samples were compared using the Mann-
Whitney U test, intergroup differences (the body tem-
perature before and after reserpine administration) were
analysed using the Wilcoxon matched pairs T test, and
the Fisher’s angular transformation was used for com-
paring data represented in alternative forms.

Results and Discussion

The weight-loaded forced swimming test is a ge-
nerally accepted test for the study of physical endurance
of animals [1], but its results can be changed signifi-
cantly in animals receiving psychotropic drugs (such as
stimulation of motor activity against the background of
medicines that activate the CNS, and decrease in physi-
cal performance after administration of sedative and anxio-
lytic drugs [8]). As shown in Fig. 1 and Fig. 2, the GW
extract in the dose of 100 mg/kg, but not in the dose of
1 g/kg, significantly increased duration of swimming to
exhaustion in male mice for both regimens used. In fe-
male mice receiving the GW extract in both doses the
effect was manifested only when 20% load was used
(Fig. 3, Fig. 4, with 10% load only drastic augmentation
of physical performance in certain animals was seen af-
ter administration of the extract in the lower dose and
the tincture in the high dose). The mechanism of action

(10% of body weight) forced swimming test, seconds.

of the extract (which requires further research) can be
associated with favourable peripheral metabolic effects
(hypoazotemic action, optimization of the glucose me-
tabolism, cytolysis counteraction, etc., though they are
more marked against the background of the extract in
the high dose [2, 7]), as well as with the psychotropic
activity of this medicine. The latter assumption is indi-
rectly supported by the data about the decrease in dura-
tion of immobility and a tendency towards reduction of
anxiety signs in mice receiving this herbal medicine in
the dose of 100 mg/kg [17] and the presence of the ext-
ract effect during the second session of swimming in mice
since it is known that the effect on the level of depres-
sion is revealed just in the repeated tests [16]. As to the
reference drugs H. perforatum L. extract did not signifi-
cantly affect duration of swimming in male mice, while
P incarnata L. extract increased this value (statistically
significant increase in the test with 10% load and a ten-
dency in the test with 20% load). In most studies availa-
ble the effect of these well-studied herbal drugs was de-
termined in the forced swimming test with registration
of the swimming and immobilization time for a certain
period, but not with the general duration of swimming.
According to these data both reference drugs increased
duration of swimming in the doses similar to those used
in our study, namely 70 mg/kg for the extract of H. per-
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1 - Intact control

2 - A. podagraria extract, 100 mg/kg

3 - A. podagraria extract, 1 g/kg
4 - A. podagraria tincture, 1 mi/kg

5 - A. podagraria tincture, 5 ml/kg

Fig. 4. The effect of of medicines with Aegopodium podagraria L.

on the physical endurance of female mice in the weight-loaded (20% of

body weight) forced swimming test, seconds. * — statistically significant differences compared to the intact control group, p<0.05.

foratum L. (but after a single administration) [10], 200
and 400 mg/kg for the extract of P. incarnata L. [13].
The extrapolation escape test characterizing the ability
of an animal to find a way out in the acute stressful situ-
ation [11] was conducted to broaden the data about psy-
chotropic effects of the medicines studied since previ-
ously it was shown that there was a worsening in PAR
test results in female (but not in male) mice against the
background of the extract in the dose of 100 mg/kg; exactly
in this dose the extract decreased duration of immobi-
lity and tended to reduce the signs of anxiety [17]. As
shown in Tab. 1, GW medicines did not influence on the
results of this test in mice (only a tendency towards wor-
sening of the results was observed against the backgro-
und of the tincture in the lower dose); however, after ad-
ministration of the extract in the dose of 100 mg/kg in
rats there was a significant reduction in the number of
animals that were able to escape. In addition, augmenta-
tion of the time spent for performing the task was regis-

tered in rats under the influence of the extract in a high
dose and the tincture in a low dose. However, the time
spent for performing the task in animals that were able
to escape tended to decrease in rats receiving the extract
in the dose of 100 mg/kg (with the opposite change in
animals treated with this medicine in the dose of 1 g/kg)
and also was significantly reduced in groups of mice re-
ceiving the extract in both doses. Thus, summarizing the
experimental data of the present and previous works [17]
shows that the lowering of anxiety signs and emotional
reactions (grooming) in male mice receiving the GW
extract is not accompanied with negative changes in the
results of both PAR and extrapolation escape test.

The extrapolation escape test is widely used for the
research of nootropic drugs under complicated conditions
(stressful situation, trauma, effect of toxins, etc.), but
there is no information in the available literature about
the effect of herbal biologically active substances on the
results of this test. Taking into account interspecies diffe-

Table 1
The effect of medicines with Aegopodium podagraria L. on the results of the extrapolation
escape test in male rats and male mice, M+m; Q,, (Q,5-Q.5)
Rats Mice
Latency of escape, s Number of Latency of escape, s Number of
A animals that A animals that
Group In the whol : mcl)n% were able in the whol : mcl)n% were able
nthewhole | animalsthat | ooone nthewhole | animalsthat | o ooone
group were able to % (absolute group were able to % (absolute
escape number) escape number)
Intact control, 44417 28+13 15+2
n=9, n=8 21 (15-26) 100(9/9) 15 (14-18) 15 (13-16) 88(7/8)
A. podagraria extract, 101436 2149 % 29+15 1618
100 mg/kg, n=6,n=8 | 110(21-180) | 15(1228) | °>°©/® 9(7-26) 8 (7-12)* 88 (7/8)
A. podagraria extract, 99129 59+22 3618 8+2
1 g/kg, n=6, n=8 89 (41-166)* | 46 (33-73) 67 (4/6) 10 (6-40) 6 (6-11)% 75 (6/8)
A. podagraria tincture, 114136 71145 59+20 23+16
1 ml/kg, n=5, n=8 160 (27-180)* | 27 (26-94) 60 (3/5) 47 (8-120) 8 (6-8) 63 (5/8)
A. podagraria tincture, 45+23 23+5 23114 9+2
5 ml/kg, n=7, n=8 26(1637) | 22(15-33) 86 (6/7) 10 (5-16) 9(5-13) 88 (7/8)

Notes: * — statistically significant differences compared to the intact control group, p<0.05; ** — statistically significant differences

compared to the intact control group, p<0.01.
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Table 2

The effect of medicines with Aegopodium podagraria L. on the body temperature decrease
and blepharoptosis in reserpine-treated rats, M+m; Q,, (Q,s—Q.s)

Body temperature, °C
G 4 hours after Body temperature | Blepharoptosis,
roup ) 0 :
basal level reserpine decrease, °C points
administration

Intact control. ng 38.9+0.08 38.140.21 0.7+0.3 2.0+0.4
' 38.9(38.8-39.0) | 38.2(38.0-38.4)** 0.7 (0.2-1.0) 2.0 (1.8-3.0)

. ~ 39.3+0.09 38.3+0.18 1.0+0.2 1.8405
A. podagraria extract, 100 mg/kg, n=6 | 353739 1'395) | 382 (38.0-38.4)* 1.1(0.9-1.3) 2.0(1.3-2.8)

A vodaararia extract. 1 a/ka. ne7 39.3+0.12 38.3+0.30 1.0+0.3 1.4+0.4
-podag + 1 9/Kg,N= 39.4(39.2-39.5) | 38.4(37.8-39.1)* 1.0 (0.3-1.6) 2.0 (0.5-2.0)

A bodadraria tincture. 1 mi/ka, ne7 39.3+0.10 38.240.20 1.140.2 12404
-bodag 4 9 39.2(39.2-39.3) | 38.1(37.9-38.6)* 12(1.1-1.3) 1.0 (0.5-2.0)

A vodagraria tincture. 5 mi/ka. ne 39.140.20 38.3+0.11 0.8 +0.1 0.9+0.3
-podag ' 9, n= 39.1(39.1-39.3) | 38.3(38.1-38.5)** 0.8 (0.6-1.0) 1.0 (0-1.5)

Notes: * — statistically significant differences compared to the basal level, p<0.05; ** - statistically significant differences compared to the

basal level, p<0.02.

rences and the possible absence of correlation between
the results of different psychopharmacological tests, in-
cluding PAR and extrapolation escape test (and the con-
cept about the dependence of PAR results on the overall
strategy of animal’s behaviour [5], that is likely to be
changed under the influence of herbal drugs eliminating
anxiety and depression signs), further studies of psycho-
tropic effects of GW medicines are expedient (especially
in female animals because of more significant changes
in their behavioural reactions [17]).

The test of interaction with reserpine that causes de-
pletion of catecholamines is commonly used for eluci-
dation of the mechanism of action of psychotropic drugs
from different groups despite the absence of high selec-
tivity of reserpine [6]. As can be seen from Tab. 2, reser-
pine significantly reduced the body temperature of ani-
mals and caused blepharoptosis, the results obtained were
comparable with the data in the literature [9]. There were
no intergroup differences in the parameters studied (only
a tendency towards blepharoptosis reduction was present
against the background of the GW tincture). Hence, the
effect of GW biologically active substances is probably
not related to catecholaminergic mechanisms. Since the
GW extract can decrease duration of immobility of ani-
mals, further studies of its mechanisms of action are
expedient.

CONCLUSIONS

1. In the weight-loaded forced swimming test the
extract of Adegopodium podagraria L. in the dose of
100 mg/kg, but not in the dose of 1 g/kg, significantly
increases the physical endurance in male mice (with
10% and 20% load used). In female mice this effect
is registered with 20% load against the background of
the extract in the doses of 100 mg/kg. The tincture of
Aego-podium podagraria L. does not cause a favourable
effect on the physical endurance.

2. The extract and tincture of Aegopodium podagra-
ria L. do not change the percentage of mice that suc-
ceed in completing the extrapolation escape task; however,
among these animals (but not within the whole group)
the extract in the doses of 100 mg/kg and 1 g/kg sig-
nificantly decreases the latency of escape, indicating mo-
derate nootropic properties. However, the extract in the
dose of 100 mg/kg, in contrast, significantly reduces
the number of rats capable of completing the task; the
extract in the dose of 1 g/kg and the tincture in the
dose of 1 ml/kg increase the time spent for the task
performance in rats.

3. The extract and tincture of Aegopodium podagra-
ria L. do not influence on the decrease in the body tem-
perature and blepharoptosis caused by reserpine in rats,
and therefore, do not exhibit antidepressant properties.
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BMNNUB NPENAPATIB ArMuLi 3BUYANHOI (AEGOPODIUM PODAGRARIA L.) HA ®I3UYHY
BUTPUBANICTb, KOTHITUBHI ®YHKUII TA AENPECUBHICTb TBAPUH

O.B.Toesyueza, C.KO.LLimpuzosb

Knroyoei cnoea: sanuys 3suyvatiHa (Aegopodium podagraria L.); ekcmpakm; Hacmouka;
ueHmparsnbHa Hepgoea cucmema; izudHa sumpueasnicms

HocnidxeHo erinus ekcmpakmy (100 ma/ke ma 1 e/ke) ma Hacmouku (1 ma 5 mr/ke) Had3emHoi yacmuHu
senuui 3su4aliHoi Aegopodium podagraria L. Ha giduyHy rpaue3damHicmb, OernpecusHIiCmb, KO2HIMUBHI
rpouecu y mecmax rsagaHHs1 3 HaBaHMaXXeHHSIM, eKCmparorsiyitiHo20 no3baerneHHs i pe3eprniHogor
Oenpecii. Ekcmpakm senuui 8 003i 100 ma/ke, ane He 1 e/ke, 00CcmOo8IipHO nidsuwlye Yac nnasaHHs 3
HasaHmaxeHHAM (10% ma 20%) y muwedl-camuig. Y muweli-caMoK Yac rnasaHHs 36inbuyemscs 3a
8uUKopucmaHHs1 HasaHmaxeHHs 20% Ha mii ekcmpakmy 8 0box 0o3ax. Hacmolika sienuyi He 3MiHHe
pesynbsmamu 0aHo2o mecmy. [Npenapamu senuyi HEOOHO3HaYHO 8MUBarMb Ha pe3yrbmamu mec-
my ekcmparnosnsyiliHo2o no3baeneHHs: ekcmpakm ma Hacmolika He 3MIHIMb KirnbKicms muwed, wo
YCriwWHO 8UKOHYOMb mecm, 00HaKk 00CMOBIPHO 3HUXYEMbCS Yac ro3baesneHHs1 ceped yux meapuH
(ane He cepe0d yciei epynu) Ha mri ekcmpakmy 8 dosax 100 me/ke ma 1 e/ke. Ekcmpakm (100 me/ke)
00CMOBIPHO 3HUXYE KirlbKicmb Wypis, sIKi 30ilICHIOIOMb MipHaHHS, ekcmpakm (1 a/ke) ma Hacmolka
(1 mri/ka) 36inbLyroms Yac 8UKOHaHHSI 0aHo20 mecmy wypamu. Ekcmpakm ma Hacmouka He 3MiHIORMb
sUpaXkeHicmb 3HUXEHHs meMrepamypu mira ma 6rnegapornmoasy, CripuUdUHeHUX pe3epriHoM y ulypie.
Omxe, ekcmpakm si2nuui 30ameH nidsuwysamu iduyHy rpauye3damHicmp, YUHUMU MOMIPpHULU Mo3u-
mueHuUU 8ryiu8 Ha Ko2HIMuU8HI npouecu 8 muwel (ane He y wypig) 6e3 cymmesux 3MiH OernpecugHoCMi.
Hacmolika sanuui noeipwye pesynsmamu mecmy eKkemparonsyitiHo2o no3baeneHHsi 8 003i 1 mi/ke, He
3MiHIOE iX y 003i 5 Mi/ke, He srnueae Ha OernpecusHicmb ma bi3u4Hy rpaue3damHicmb 8 060x 0o3ax.

BITMAHME NPENAPATOB CHbITU OBEbIKHOBEHHOW (AEGOPODIUM PODAGRARIA L.) HA
PU3NYECKYIO BbIHOCITMBOCTb, KOTHUTUBHBIE ®YHKLIMW U AENPECCUBHOCTbL XKUBOTHbLIX
O.B.Toegu4uea, C.FO.lLImpbizonb

Knroyeenie cnoega: cHbimb 0b6bikHOBeHHas (Aegopodium podagraria L.); akcmpakm, Hacmoluika;
ueHmparsbHas HepeHasi cucmema; gusudeckasi pabomocrnocobHocmeb

UccriedosaHo enusiHue akempakma (100 me/ke u 1 2/ke), a makke Hacmouku (1 u 5 mr/ke) Had3emHoU yYa-
cmu cHbImu 0bbIKHOB8eHHOU Aegopodium podagraria L. Ha ¢husudeckyro pabomocriocobHocme, Oernpeccus-
HOCMb, KO2HUMUBHbIE MPOUECChl 8 mecmax rnnagaHusi ¢ Hagpy3Kol, SKCmparonsayUuoHHO20 u3baesneHust
u pesepriuHosol Oerpeccuu. Skcmpakm cHbimu 6 0o3e 100 me/ke, HO He 1 a/ke, dOCMO8EPHO yeenu4u-
gaem OnumesibHOCMb rriasaHusi ¢ Hagpy3kol (10% u 20%) y Mbiwel-camyos. Y Mbilueli-caMoK 8o3pacma-
Hue drumeribHOCMU MriasaHus 3apeaucmpupo8aHo fpu Ucronb30eaHuu Hagpy3ku 20% Ha ¢hoHe sKkcmpak-
ma 8 obeux do3ax. Hacmolika CHbiImu He u3meHsiem pe3syribmamsi 0aHHO20 mecma. [lpernapamsi CHbIMuU
HEOOHO3HaYHO &IUSIOM Ha pe3yribmaimb| Mecma 3KCmparosiyUOHHO20 u3baseHuUst: 3Kcmpakm u Hacmou-
Ka He enusitom Ha Koriu4ecmeo Mbiwel, Komopble YCrewHO 8bINOIHSIOM mecm, HO cpedu 8bIOSIHUBLIUX
mecm XXU8OMHbIX 8peMsi U3basrieHuUsi 0CIMOBEPHO CHUXXAemcsi Ha GhoHe akcmpakma 6 do3ax 100 me/ke
u 1 a/ka (6e3 usmeHeHul riokazameris gcell epyrbi). kempakm 6 do3ze 100 ma/ke docmosepHO yMeHbWwaem
KOnu4ecmeso KpbiC, KOmopble ocyuiecmersitom rnodHbipusaHue, akcmpakm (1 a/ke) u Hacmodka (1 mr/ke)
ysernu4uearom epems, Heobxooumoe 07151 8bIMOMTHEHUST Mecma SKCmparonsiyUOHHO20 usbaesreHusi Kpbicamu.
OKcmpakm u Hacmouka CHbIMU HE USMEHSIFOM 8bIPaXXeHHOCMb MOHUXeHUST memMrepamypbl mesia u bre-
¢haponmosa, 8bi38aHHbIX PEIEPIUHOM Y KpbiC. Takum 06pasoM, KCmpaKm CHbIMU CriocobeH nosbiuiame
gpusuyeckyro pabomocriocobHOCMb, OKa3bI8amMb YMEPEHHOE MO3UMUBHOE &/IUSIHUE Ha KO2HUMUBHbIE 1po-
uecchl y Mbiwel (HO He y Kpbic) be3 cyu,ecmeeHHbIX UsMeHeHul derpeccusHocmu. Hacmolika cHbimu
yxyowaem pe3yribmamel mecma 3KCmparossiyuoHHO20 u3baereHusi 8 0o3e 1 Mi/ke, He U3MEeHsiem ux 8
0o3e 5 mn/ke, He enusiem Ha OernpeccusHOCMb U (hu3uHecKyro pabomocrnocobHocme 8 obeux 003ax.
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Asinzoa IO.H. —
Amicimos B.1O. —
bapanosa LI. —

Barioyenxo LI. —
Bers H.IO. —
Bepesnsakosa H.JI. —
Bepect I'T". —
Bonnapesa [.B. —
Bopmescokwmii I'1. —
Bakynenxo /I.B. —
Bracos C.B. —

BonkoBoii B.A. —

Bockoboiinik O.10. —

TaneBa O.M. —
T'ensmOo0mbaT B.O. —
Teopristan B.A. —
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Tonouenko O.C. —
Tonixk M.1O. —
TonrtoBa TM. —
I'pineBuu J1.O. —
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Jlemuenko A.M. —
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Jpoznosa A.O. —
Hamron T.B. —

€BrideeBa O.A. —

€prymenko O.M. —
Kepuosa I'O. —
Kunkosa T.M. —
Kyx O.B. —
Kypasens A.B. —
3apiukoBa M.B. —
3nopuk O.A. —
IBuyk B.B. —
Inpinceka H.I. —
Inpuenxo A.B. —
Icaenxo O.10. —
Kabauna A.B. —
Kabaunuii O.I". —

Kamumaunit O.M. —
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J10 60-PI9Y95 3ABI/IYBAYA KADEJIPH

b | OPIrAHIYHOI XIMII HAIIIOHAJILHOI' O
i
A

3 DPAPMAIIEBTUYHOI'O YHIBEPCHUTETY,
J/IOKTOPA XIMIYHHUX HAYK, ITPODOECOPA
HIEMYYKA JIEOHI/IA AHTOHOBHYA

15 smrororo 2016 poxy BUITOBHWIIOCH 60 pOKIB 3 JTIHSI HAPODKSHHS 3aBiTyBava Kadenpu
opraniyHoi ximii HarioHanpHOTO (hapMaIieBTUYHOTO YHIBEPCHTETY, JOKTOPA XiMIYHHX
Hayk, podecopa lllemuyka Jleonina AHTOHOBHYA.

JI.A.Illemuyk HapoauBest y M. UynHiB JKutomupcebkoi obnacti. [Ticns 3akiHdeHHS
y 1973 p. cepeHbOi MIKOIU BCTYMHB 10 XapKiBCHKOTO (papManeBTUHUHOTO iIHCTUTYTY,
SKUI 3aKiHUUB 3 Bif3HaKo y 1978 p. Llle y CTyAeHTChbKI pOKU 3aXOMUBCS OPTaHIuHUM
CHUHTE30M 1 OB’ A3aB CBOE KUTTS 3 Haykoro. [Ticist ciayx0u B apmii (1978-1980) mosep-
HyBcs 10 X®OI Ha kadenpy opraniyHoi ximii, e 3 1 Bepecust 1980 poky mpairoBaB Ha
1oca/ii acCUCTEHTa 1 3a04HO HaBuaBcs B acipanTypi (1980-1984), 3 1986 no 2001 p. — nouenr, 3 2001 xo 2015 p. — npo-
(becop, 3 6epesnst 2015 p. — 3aBiayBad kadeapu opraHiqHol Ximil.

VY 1985 p. JILA.llleMmuyk 3aXHUCTHUB TUCEPTAIIIO HA 3400y TTS HAYKOBOTO CTYIICHS KaHIUIATa papMaIieBTHIHIX HAyK
Ha TeMy «CHHTE3, CBOIICTBa M OMOJIOTHYECKAsl aKTUBHOCTH 3(DUPOB apeHCYIb(POHMIOKCAMUHOBBIX KUCIIOT U ITPOIYKTOB
WX TIPEBpAICHUS 1T KepIBHUIITBOM JI-pa XiM. HayK, mpo¢. [1.0.Ilettonina. ¥ 1999 p. 3aXUCTHB JOKTOPCHKY AMCEPTA-
mito «CHHTE3 Ta XIMiYHI IEPETBOPEHHS IMOXIJTHUX TIIYTapaMiHOBHUX KHCIJIOT 1 TETEPOIUKIIIYHAX CIIOJIYK Ha iX OCHOBI,
HayKOBUH KOHCYIBTaHT — akafgeMik HAH Ykpainwm, n-p dpapm. Hayk, 1-p Xim. Hayk, mpod. B.I1.Uepnux. Y 6epesni 2004 p.
JL.A.Illemuyky Oym0o IpHUCBOEHE 3BaHHS Npoecopa.

[Ipodecop Ilemuyk JI.A. — Biomuii BueHUiA B 0011acTi CHHTE3Y 010JI0TTYHO aKTUBHHX PEYOBHH, ITiJ] KEPIBHUIITBOM SKOTO
MIPOBOJISTHCS AOCIIHKEHHS CHHTE3Y TETEPOLUKIIIYHUX CHOMYK HA OCHOBI HITPOT€HOBMICHUX OiHYKJI€0(]iniB Ta AUKapOo-
HIJTBHUX MOX1JHUX, A0CTIIKEHHS B3aeMoii (DyHKI[IOHAII30BaHUX FeTEPOLUKIIYHIX CUCTEM 3 peakTUBOM [ puHbspa,
BUBUCHHS 1X XIMIYHUX BIACTUBOCTEH, KIHETHYHHUX Ta TCPMOJMHAMIUHHX MapaMeTpPiB peakiliif, BCTAHOBIICHHS BILIHBY
CTPYKTYPHHUX OCOOIMBOCTEH Ta yMOB IIPOBEICHHS PEaKIIii reTepoIMKIIi3aliii Ha ii HanpsiMOK, JOCIDKEHHS (papMakoIo-
TYHOT aKTUBHOCTI CHHTE30BAaHHX CIIOJYK Ta CTBOPEHHS Ha IX OCHOBI BUCOKOS()EKTHBHUX 1 MaJIOTOKCHYHHX JTiIKAPCHKUX
pedoBuH. BiH € aBTOpoM monaj 250 myOutikaiii, 3 HuX noHaa 90 craTeil y HayKOBHX JKypHallaX, Ma€ 2 aBTOPCHKHX CBi-
nourea CPCP, 5 nmarentiB Ykpainu. [lingroryBas 6 KaHIUIaTiB HayK, OyB KEPIBHUKOM 7 MariCTepChKux Ta 13 AUIIOMHUX
poOIT, Ha CHOTOMHI TIiJT HOTO KePIBHUIITBOM BUKOHYETHCS 4 KaHIUIATCHKI JUCEPTAIlii.

Sk 3100yTOK y HaBYAJIBHO-METOJMUHIN poOoTi — moHa 30 BUaaHb. BiH € cliBaBTOPOM HaBUAIBHUX MOCIOHUKIB:
«PyKOBOZICTBO K JTaOOPAaTOPHBIM M CEMUHAPCKUM 3aHATHSM TI0 OPTaHIMYCCKON XUMHID) TSI CTYACHTIB (hapMaIieBTHIHUX
BH3 (dpaxynsreriB) (1989 — poc., 1991 — ykxp. moBamu), «Organic chemistry tests collection» (2008), «Organic chemistry.
Short lecture course», «Opranivyna ximist. Tectu 3 nosicueHHAMIY, «IIpuknanna [Y-cnexrpockomisny, «Applied infrared
spectroscopy» (2014); «Opranuueckas xuMmusi. TecTsl ¢ osicHeHUusIMUY, «Organic chemistry. Tests with explanations»
(2015).

[Mpodecop JI.A.lllemuyk € unenom Buenoi paqu HDaV, wienom Crenpaau J[ 64.605.01 3 mpaBoM IpHAHSITTS 10
O3Sy Ta MPOBEICHHS 3aXUCTY AUCEPTALii Ha 3000y TTS HAYKOBOTO CTYICHS TOKTOpa (KaHauaaTa) (papMarieBTHIHIX
Hayk 3a crnemianpHicTio 15.00.02 «®apmarieBTHUHA XiMis Ta (hapMakorHO3isD», KypaTopoM cekiiii «PapmareBTHIHA Xi-
Mis» [Ipo6nemuoi komicii HdDaV, wienoM oprkoMiteTiB BeeykpaiHChKUX Ta MIXKHAPOIHUX KOH(DEPEHITIH, MPUCBIUCHUX
cunTe3y bAP.

3a cyMIIiHHY TIpaIfto, 3HAYHUKA 0COOMCTUI BHECOK Y IMIJITOTOBKY CHEIiaicTiB Gapmarrii YkpaiHu Ta po3BUTOK dap-
MAaIeBTUYHOI 1 XIMIUYHOT HayKH, IpoQeciiiHy epyauIlito, akTUBHY KUTTEBY mo3utlito JI.A.Illemuyk ynocToeHud 3BaHHS
«3Bacayxennit Buknagad H®aVy», naropomxennii [Touecarnvu rpamoramu MO3 Ykpainu, YKpaiHCBKOTO XiMi9HOTO TO-
BapucTBa, HanionaapHOTO (hapManeBTUIHOTO YHIBEPCUTETY, BiH € AUIUIOMAaHTOM OOJIACHOTO KOHKYypcy «Burma mxona
XapkiBimHu — Kparii imeHa» (2001, 2002). ¥V 2015 p. 3100yB Juriom ctunientiata B rany3i Hayku iMm. M.O.Bansmka
(3 papmarii).

Jleonin AHTOHOBHY — YyiiHa, iHTETIr€HTHA, TAJAHOBUTA, €PY0BaHAa JIFOAMHA, AKIM MpUTaMaHHi HAalKpalli JIOACHKI
pHUCH — YyHHICTb, CKPOMHICTB, J0OpOTa, MOCTIHHE CAMOBJOCKOHAJICHHS 3HAHb 1 TOTOBHICTD MOIUIMTUCH HUMH 3 KOJIe-
raMu i MOJIOJIJTIO, BiH BHCOKONIPO(ECiOHaTbHUN BUKJIaqad OPTaHIuHOI XiMil i 3HAHUH HAYKOBEIb, SIKUH KOPUCTYETHCS
3aCIy»KEHO0 IMOBAror0 i aBTOPUTETOM Cepell CTYACHTIB 1 CIIBPOOITHUKIB YHIBEPCHUTETY.

Aominicmpauia Hayionanvnozo gpapmayeemuunozo ynigepcumemy, KoieKmue Kagheopu opzaniunoi ximii,
cmyodenmu, acnipanmu, Kojiezu ma Opy3i WUPo eimaiomos 108iNApa, 6axrcaromo 1LOMy MIUHO20 300P08’°s, 6E/IUKO20
AI00CbK020 ujacms, cimeiinozo 006pooymy. Hexaii 110606 00 sicumms, CRpasicHill maianm ma dezmedxncna epyou-
yis i naoani edyms 11020 00 YCHIXi8, 00CAZHENHA 3A0YMAHO20 MA HOBUX MEOPUUX 31€Mi6 Y HAYKOBO-Ne0azo2iuniil
dianbHoCHI,
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