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J10 75-PI9495 PEKTOPA HAIL[IOHAJIBHOT O
DPAPMAIIEBTHYHOI O YHIBEPCHTETY,
JIIHCHOI'O YJIEHA (AKAJIEMIKA)
HAIIIOHAJIbHOI AKAJTEMII HAYK YKPAIHH,
JIAYPEATA JIEPKABHOI IIPEMII YKPAIHU,
JOKTOPA ®APMAIIEBTHYHHX HAYK,
JOKTOPA XIMIYHHUX HAYK, TPO®ECOPA
BAJIEHTHHA IIETPOBHYA YEPHHX

5 ciuns 2015 poky BunoBHuiocs 75 pokiB pexkropy HaiioHanbHOro papmMaieBTHUHOTO YHIBEPCUTETY
Banentuny IlerpoBuuy UepHux, ailicHomy wieHy (akaaemiky) HarmionanbHoi akagemii Hayk YKpaiHu,
naypeary Jlep>xaBHoi mpeMii YkpaiHH, JOKTOpY (hapMaleBTUYHHUX HayK, JOKTOPY XIMIYHMX HayK, IpoO-
decopy. 2015 pik 3Hamennuit ;uis Banentuna [lerpoBuua mie i TiM, 110 BUMOBHIOETHCS 50 pOKiB HOTO
HAyKOBO-TIE/IAaTOT1YHOI Ta TPOMAJICHKOT AIsUTBHOCTI 1 35 pokiB mepeOyBaHHS Ha TIOCAl peKTOpa.

[TiBCTOMITTS KUTTS BIAAAHO CIYKIHHIO OJIarOpoHiN Micii — miaroTosii (axiBIiliB s GpapMaleB-
TUYHOI raiy3i, HiATOTOBLI HAyKOBUX 1 HAyKOBO-TIEAAroriyHUX KajpiB, nepedynoBi Ta peopranizauii Ha-
[[IOHAJIBHOTO (hapMaIeBTUYHOTO YHIBEPCUTETY — TOJIOBHOTO (hapMalleBTUYHOTO BUIIOTO HABYAIBLHOTO
3aKaaay YKpaiHu 3 ICTOpi€ro, sika mounHanacs y nanekomy 1805 porri, peopmyBanHIO BUIIO1 (hapmaries-
TUYHOT OCBITH Ta (apMarieBTUYHOI raimy3i YKpaiHu.

B.I1.YepHux npoiioB mUIsX BiJ CTyAEHTA, acipaHTa, aCUCTEHTa, JIOLIeHTa, podecopa, 3aBiayBa-
ya kadeapu, AeKaHa, IPOPEeKTopa 3 HaBYaIbHOI poOoTH 10 pekropa HamioHansHOTO (hapMareBTUIHOTO
YHIBEPCUTETY.

[Tix xepiBaunTBOM B.I1.Uepnnx XapkiBcbkuii (papManieBTUUHUN THCTUTYT MPOKUIIOB CKJIAHI €Talu
peoprasisariii BiJl HEBEJIMKOT0, MaJIOBIIOMOro 1HCTUTYTY /10 HarioHanbHOTO (hapManeBTUYHOIO yHiBep-
CHUTETY, SIKUI BIIMOBiIa€ HAWBUIIUM JIEP’)KaBHUM 1 MDKHAPOAHUM KPUTEPIsIM.

CpborojiHi KOJIEKTHUB YHIBEPCUTETY Haiiuye noHas 20 Tucsy criBpoOITHUKIB 1 cTyneHTiB. [l kepiB-
HUIITBOM BUJATHOTO OpraHizaTtopa XapKiBCbKUH (hapMarleBTUYHHUKA 1HCTUTYT, B sikoMy HaBuaymcs 1600
CTYJICHTIB 32 OJIHI€IO crienianbHICcTIO «Papmaltish» Ta npaloBaiu 6 JOKTOPIB HayK 1 73 KaHAMIATH HAYK,
BUPIC B YHIKaJIbHMUI HAyKOBO-OCBITHIN KoMIiekc — HanioHanbHMiA (papMalieBTHYHHUIA YHIBEPCUTET, B
SAKOMY CcbOroJiHI HaB4aroThcst 17 500 cTyneHTiB 3a 14 crnenianbHOCTSIMU Ta 31HCHIOIOTH HayKOBO-II€/1a-
roriuny aisutbHICTEH 110 mokropiB Hayk 1 500 kaHAMIATIB HAyK, CEPEAHIN BIK SKUX CTAHOBUTH 45 POKIB.
VY 1991 p. XapkiBcbkuil papMalleBTHUHUN THCTUTYT OAHUM 13 nepiux cepea 900 BH3 orpumas cratyc
aKpEeIUTOBAHOTO Ha COr03HOMY piBHI. Y 1999 p. y nepuriit i’ stipui BH3 Ykpainu Bin HaOyB cTarycy Ha-
LIOHAJILHOTO 1 cTaB ApyruM HaiioHansHuM BH3 y M. Xapkosi.

[Tix xepiBauirrBom B.I1.Yepuux 3niiicHeHuit kaaposuii «mpopuBy» y HDaV: 3 1980 poky miarorosie-
Ho Oinbine 130 qokropiB Hayk 1 650 kanaunaris Hayk. 3a peiituarom FOHECKO cepen 200 kpamux yHi-
BepcuteTiB Ykpainn H®ay mae oiuH 13 HaWBUIUX MOKA3HUKIB SIKOCTI HAYKOBO-TIEAATOTIYHOTO MTOTEH-
uiany — 94%. 3a octanHi 15 pokiB y H®aV Binkputo 13 HOBHX crniemiaibHOCTEH, [HCTUTYT MiIBULIICHHS
kBajiikamii ciiemianicTi dapmarii, kosemk. [IpoTarom ycroro mnepioay ynpasiiHHS YHIBEPCUTETOM
B.I1.YepHux cripuss 3abe3ne4eHHI0 Horo cTabiibHOro (iHaHCOBOTO CTAHOBUINA, CTBOPEHHIO €(heKTHB-
HOI CHCTEMH COIIaJbHOTO 3aXHCTy CHIBpPOOITHUKIB 1 cTyaeHTiB. HDaV mocinae nigepcbki mo3uiii B
VYkpaiHi, B HalllOHAJTbHOMY PEUTHHTY BIH 3HAXOJUTHCS Ha 2-My Micli cepes 18 MeAMUHUX HaBYaIbHUX
3aKJIa/iB 1 Ha TPEThOMY Cepel XapKiBChKUX YHIBEPCUTETIB. YHIBEPCHUTET € (uiarMmaHoM (papMarieBTUIHOT
OCBITH cepesl HaBuaibHUX 3aknafiB kpain CHJI. H®aV naropomxenuit [TouecHoro rpamororo Kabinery
MinicTpiB YkpaiHu 3a Baromuii BHECOK y pO3BUTOK MEIUUYHOI Ta (hapMalleBTUYHOT HayKH 1 ocBiTu. Lle
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YHIBEPCHUTET €BPONEHCHKOTO PiBHS, BA3HAHUHN Y CBITI, SIKUH € TIHCHIM YJICHOM MI>KHApOIHUX (hapmaries-
TUYHUX Ta OCBITHIX acouiauiid. ¥ 2013 p. H®aV npuennascs no Benukoi Xaprii yniBepcuteTiB. bynyun
crnertiaimizoBaanM BH3, BiH 3a0e3neuye KOMIUIEKCHY MiATOTOBKY (haxiBIliB BUCOKOT SIKOCTI 3a BCiMa Ha-
npsMaMu (papMareBTUYHOT rainy3i. Y Horo ayauTopisix oTpuMaliu BUILY (hapMaleBTUYHY OCBITY MOHAJ
50 tucsu (axiBuiB, cepen SIKUX MOHAA 6 THCSY MaricTpiB ¢apmanii 1is 82 kpain csity. [ligroroska
(baxiBuUiB )1 3apyO1#OKs — 11€ BArOMUIN YMHHUK M1JBUIIEHHS MI>KHAPOJHOTO 1IM1/IKY HaIIol Iep>KaBu Ta
OCBITH.

3 MeToro pearizanii AepKaBHOI MOJTITHUKU KaJIpoBoro 3abesnedeHHs ranysi B.I1.UepHux 3amporo-
HYBaB CUCTEMY MiJrOTOBKH (PaxiBIliB «HA MICISX» IUISIXOM BIIKPUTTS Mepexi 3 20 ¢papManeBTHIHUX
¢dakynpreriB pu MeanuHux BH3 1 3a0e3neueHHs iX HayKOBO-NEJAaroriyHUMM KaJpamMH Ta HaBYaJIbHO-
METOAUYHOIO JIITepaTyporo. B yHIBEepCUTETI 3A1HCHIOETHCS TIITOTOBKA HAyKOBO-TIEAATOT1YHUX KaApiB
s papmaneBTuuHuX (hakynasretiB BH3, mpaktuunoi dapmarii Ykpainu Ta 3apyOiKHUX KpaiH.

VYrepuie B cuctemi (papManeBTHUHOT OCBITH YKpaiHU CTBOPEHI HaBYaTbHO-METOAMYHI KOMILIEKCH
HaBYaJIbHOI JITEpaTypH 3 yCIX AUCIUIUIIH 00CIroM moHaja 2 THC. HailMeHyBaHb. HaBuanbHuUil nporec
Ha 100% 3a0e3neueHunil HaBUYaIbHO-METOJUYHOIO JITEPATYPOIO AEPKABHOIO Ta IHO3EMHUMHU MOBaMH,
sIKa BUKOPUCTOBYETBCS Ha BCiX (papmarneBTMUHUX (akynbTeTax Ykpainu Ta aeskux kpain CH/I. Hayko-
Ba CIA/IIMHA YHIBepcUTeTy — 1e nonan 490 miapy4yHukiB i HaBuanbHUX MOCciOHMKIB, 300 MoHOTpadiii,
outbme 1500 oxopoHHUX AOKyMeHTIB Ha BUHaxoau. Buenumu HdaV po3pobieHo 1 BpoBaKeHO Y BU-
poOHHUITBO 261 HOBHUIA JTIKAPCHKUI Mperapar.

B.I1.YepHux € iHILIaTOPOM 1 OTHUM 3 aBTOpiB po3poOku Konuemniii po3BUTKy (hapMarieBTUYHOI ra-
Ty3i Ta OCBITH YKpaiHH, pO3MIMPEHHS CIEKTpa CHeIiaIbHOCTEH sl (papMarieBTUYHOI rairy3i, OCHOBO-
MOJIOXKHUKOM HOBITHBOTO HampsiMy B (apmanii: (hapManeBTUYHOI OMIKH XBOPUX, CUCTEMH KOHTPOJIIO
SIKOCTI JTIKIB, Y T.4. BIPOBAKEHHsI 010€KBIBAJICHTHOCTI Ha 3acajaxX HaJEKHOI KITHIYHOT TPAKTHUKH BiJl-
MIOB1/THO JIO CBITOBUX BUMOT.

JUnist iBUILEHHS aBTOPUTETY Ta BU3HAHHS Ha JIEp>)KaBHOMY piBHI (papMarnieBTHUHOI raixy3i 3a iHili-
aruBH Ta 6e3nocepeanboi yyacti B.I1.Uepuux B Ykpaini BctaHOBIEHO npodeciiine cBaTo — JleHb dap-
MAalEeBTHUYHOTO MpamiBHUKa (3 1999 p.), 3anpoBaakeHO HOBY JIep>KaBHY HAropoJy — IMOYECHE 3BaHHS
«3acmyxeHui npaiBHUK ¢apmaritii Ykpainu» (2005 p.), npuitasaro ETuununit konekc ¢papmMalieBTHIHOTO
npaniBHuKa Ykpainu (2010 p.), ctBopeHo nepury B cBiti @apmaneBTHYHY €HIUKIIONE A0 (Tepiie Bu-
nanus — 2005 p., npyre — 2010 p.). I1ix 6e3nocepennim kepiBuunTBoM B.I1.UepHux KynbTypHa ckapOHU-
111 XapKiBIIMHK 30araTuiiacs yHIKaJIbHOI CKYJIBITYPHOI KOMITO3HINE0 «Dapmariist y Bikax» — MepIIuM
y CBITI nam’siTHUKOM (papmarieBty. B.I1.HepHuxX cTaB 11€0J10roM 3MILHEHHS rajly3i Ta OpraHi3aTopom
npoBeneHHs Ha 0a3i yniBepcurety V, VI i VII HanionaneHux 3’13118 (hapmanieBTiB YKpaiHu i CTBOpEHHS
dapmarneBTHYHOI acoriarii Ykpainu.

B.I1. YepHux — BUmaTHU BUYEHUI B Tay3i OpraHivHoOi XiMii, mpaili SKOTO IMTUPOKO BiIOMI HAyKOBiH
CHUIBHOTI YKpaiHu 1 3apyOixks, € aBTopoM 1260 HayKOBHX Mpallb, Cepel] IKUX NepIIMi TiAPYIHUK JUIs
BUIIOI (hapMarieBTUIHOI OCBITH YKpainu «OpraniyHa ximisi» B 3-X ToMax, yaoctoeHuii JlepxaBHoi npe-
Mii Ykpainu B raiy3i Hayku 1 TexHiku B 2000 p. 3a ioro iHiliaTUBY 3aCHOBaHUI HOBUI HAyKOBHM HaNpsiM
— cHHTe3 010JI0T1YHO AaKTUBHUX PEYOBUH — MOXITHUX AUKAPOOHOBUX KHUCIIOT, CTBOPEHHS Ha iX OCHOBI
PI3HUX TeTePOLUKIIYHUX CTPYKTYp 1 JOCIIKEHHS NUISXIB IUKIi3alii MoTi(pyHKIIOHATBHIX peareH-
TiB B aHcaMOJ1i reTepounkiiiB. HOBU3HY 1 IpiOpUTETHICT HAYKOBHUX JOCIIHKEHb MIATBEPKYIOTh 126
nateHTiB Ykpainu ta Pocii, 341 aBTopcrke cBigonTBo. binbiie 40 pokiB BiJIaHO MiATOTOBII TOKTOPIB 1
KaH/IWUJIATiB HAyK JJIs BUIIOI IIKOJIM 1 MPaKTHYHO1 (papMmaiiii, CTBOpeHa BITUYM3HIHA ITKOJIA XIMIKiB-CHH-
TETHKIB, y paMKax sIKOi BUCHUM ITiATOTOBJIEHO 1MOHA 60 TOKTOPIB 1 KaHAMIATIB HayK, a TAKOX (0COOUCTO
Ta 3 YYHSIMHU) CTBOPEHO 16 JIiKapChKHUX Mpenaparis.

3a mijicyMKaM# 0araTopiqyHUX HAYKOBUX JOCIIHKEHB B 00JIaCTI CUHTE3y 010JIOT1YHO aKTUBHHUX PEUO-
BUH Yy 1997 p. mpodecop B.I1.Uepuux Oy oOpanuii wienom-kopecrnonaeaToM HAH Vkpainu. B ictopii
dapmarii YkpaiHu 115 mojis cTajia nepiuM MIpUKIaIoM IpeACcTaBHUITBA dhapMallii B akaIeMidHii HayIl.
3a HaykoBi nocsrueHHs [pe3unis akagemii Hayk Ykpainu Haropoauiaa B.I1.Uepuux B 2013 p. mouecHum
3HakoM HAHYV.

B.I1. YepHux — BioMuii aep>kaBHUHN 1 TPOMAJICHKHI Ais4, 1HIIIATOP BUIAHHS 7 HayKOBHX YKYpPHAIIiB
BAK VYkpainu. Briponosx 30 pokiB BiH npamtoBas B Excriepraux pagax BAK CPCP ta Ykpainu. Ha Te-
nepinHiii yac BiH ouomtoe ExcrieprHy npoonemuy komicito «@apmartisi» MO3 ta HAMH VYkpainwy, € ro-
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noBoro HaykoBo-MeToandHo1 KoMicii 3 ¢papmartii MiHicTepcTBa OCBITH 1 HAyKH YKpaiHu, uieHoM Buenoi
paau JII «/lepxaBHuii papmaxonoriunuii nentp» MO3 Ykpainu, unenom [Ipesunii @apmakorneitHoro
Komitery MO3 Vkpainu, unenom Buenoi meauunoi pagu MO3 Ykpainu, uieHom 6ropo [leprxkaBHOTO
dapmaxonorigysoro 1eHTpy 3 peectpauii JI3 1 JIIT, unenom cekuii ximii Ta XiMigHO1 TexHoorii Komitery
3 JlepkaBHUX MpeMill B ray3i HAyKH 1 TEXHIKH, YICHOM KoJierii J[epKIHCTIeKIiT 3 KOHTPOJIIO SKOCTI JTi-
kapcpkux npenapariB MO3 Ykpainu. B.I1.Uepaux — Bine-npesuaent @apmaneBTuyHoi acomianii Ykpa-
iHu, npe3uneHt @apmareBTHuHOI acomiaiii XapkiBmuau. O6upaBcs nemyrarom KuiBchbkoi pailoHHOT
panu HapoIHUX JemyTariB M. XapkoBa (1986 p.) i micbkoi Paau Haponnux nemyratis (1985-1987 pp.).
VY 1999 p. Mixknaponuuii 6iorpadivyHuii HeHTp Ta AMEpUKaHChKUI OiorpadiuHui IHCTUTYT BU3HAIN
B.I1.Yepuux oguum i3 500 HalO11b1I BIIMBOBUX 1 BUJATHUX YUEHUX CBITY, SIKUM 31HCHIOE aKTUBHY
MDKHApOJHY Ta MPOCBITHHUIILKY MISUTBHICTb.

[TnigHa mpans Ta BUAATHI 3aCIyTH BIIOMOTO BUEHOTO, MeJlarora, opraHisaropa, Aep>KaBHOTO 1 Irpo-
MaJICBKOTO Jiisiua Oyl HEOJHOPA30BO BiJ3HAYCHI JEP)KaBOIO: BiH HATOPOIKEHUH OpAeHAaMU «3HaK I0-
manny, « TpynoBoro Yepsonoro I[Ipanopay, opaenamu Ykpainu «3a 3aciayruy I, 11, 111 crynenis, kus3s
SpocmnaBa Mynporo IV 1V crynenis, [TouecHoro rpamoToro BepxosHoi Pagu Ykpainu, mouecHumu rpa-
motamu Ta BimzHakamMu MO3 ta MOH VYkpainu «BiaMiHHUK OXOpOHHU 370pOB’s1», « BIiIMIHHUK OCBITH
VYkpainny, «Bunaxigauk CPCP», «Ilerpo Morunay, Bin3Hako XapKiBChbKOi oOnaepkaamiHicTpanii
«CnobokaHChbKa cllaBay, HOMY OyJTu MPUCBOEH] MTOYECH1 3BaHHS «3acimyxeHuit BuHaxiiHuK Y PCPy», «3a-
cy>keHu# nisd Hayku 1 TexHikn Y PCPy». XapkiBcbka rpomajcbkicts oopana B.I1.Uepuux [TouecHum

IPOMAJTHUHOM M. XapKoBa.

Haykoeo-neoazoziuna ma akademiuna zpomaocvkicmeo, konexkmue i cmyoenmu Hauionano-
HO20 (hapmayeemuunozo ynigepcumemy, Koaezu, Opy3i, y4Hi 6i0 Wupozo cepysa eimaroms 6i-
00M020 64€H020, MATIAHOBUNO20 NE0A202a, UOAMHO20 OP2aHizamopa i pegpopmamopa uwyoi
dapmayeemuunoi oceimu, HeemomHo20 enmysiacma i nampioma apmauii, AKUIL € ACKpa-
UM NPUKIAOOM BI0OAHO20 CIAYHCIHHA IHmMepecam 0ceimu, HAyKu, 300p08’°a Jitooeil, inmep-
ecam Hawioi cnasHoi YKpainu.

Hoeéux Bam, Banenmumne Ilempoeuuy, 3éepuienv i 31emis, HeGUUEPNHO20 MEOPUO20
HamxHeHHsa ma 006201imms!

Konu eepcmaeca nomep!

6 O6epe3ns 2015 poky Ha 3aranpHuX 300pax HAH VYkpainu pexropa HamionameHoro dap-
MaIeBTUYHOTO yHiBepcuteTy npodecopa Yepuux B.I1. 6yno oOpano nificHuM wieHoM (axase-
mikom) HAH VYkpainu 31 cierianibHOCT1 XiMis JIiIKapchKuX crioiyk. [le 3HakoBa mojis B ®KUTTI
yHIBepcUTETY 1 hapmarlii B IiIOMY.

IHlanosenuii Banenmune Ilemposuuy! @apmayeemuuna cninoHoma, 6UK1IA0a4i ma cmy-
oenmu Hauionanvnozo ghapmayesmuunozo ynieepcumemy wupo eimarwoms Bac 3 uiero 3na-
MEHHOI0 NOJIEI0 | Daxcaromov 000p020 300P06°a, HOBUX O0CACHEHb ma 6IOKpummie!
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CUHTE3 TA AHATI3 BIONOIrNYHO AKTUBHUX PEHOBUH

Recommended by Doctor of Pharmacy, professor S.V.Kolisnyk

UDC 547.732:547.853:547.39°054.4:66.095.253

SYNTHESIS AND THE STUDY OF THE ANTIMICROBIAL
ACTIVITY OF 3-AMINO-5S-METHYL-2-(ALKYLTHIO)-
4-0X0O-N-ARYL-3,4-DIHYDROTHIENO|2,3-d]PYRIMIDINE-
6-CARBOXAMIDES

S.V.Vlasov, S.M.Kovalenko, T.P.Osolodchenko, V.P.Chernykh

National University of Pharmacy
Institute of Microbiology and Immunology named after [.I.Mechnikov at NAMS of Ukraine

Key words: thiophene, pyrimidine; amides; alkylation

By alkylation of 3-amino-5-methyl-4-oxo-N-aryl-2-thioxo-1,2,3,4-tetrahydrothieno[2,3-d]pyrimidine-
6-carboxamides with substituted benzyichlorides and chloroacetic acid the series of novel derivatives
of 3-amino-5-methyl-2-(alkylthio)-4-oxo-N-aryl-3,4-dihydrothieno[2,3-d]pyrimidine-6-carboxamides
have been obtained. The structures of these compounds have been confirmed by '"H NMR spectral
data and the elemental analysis. For all of the products obtained the 'H NMR spectra contain the
signals of the amino group as the sharp singlet in the region of 5.75-5.84 ppm, the signal of the
methyl group at position 5 of the thieno[2,3-d]pyrimidine system (2.68-2.75 ppm); the signal of the
carboxamide NH group, which position varies from 9.67 ppm to 10.61 ppm depending on the struc-
ture of the substituent of the amide aromatic cycle, is also observed. In the spectra the signals of
the benzyl CH, group protons are located in the region of 4.23-4.29 ppm, while the same signal for
the derivative of thioacetic acid is observed at 3.82 ppm. The antimicrobial activity screening for the
compounds obtained has been performed by the agar well diffusion method. In general, it has been
found that all of the compounds tested appeared to be more active than the reference drugs against
the strains of both Proteus vulgaris and Pseudomonas aeruginosa; 3-amino-2-(benzyithio)-5-methyl-
N-(4-methylphenyl)-4-oxo-3,4-dihydrothieno[2,3-d]pyrimidine-6-carboxamide was the most active
compound, which moderately inhibited the growth of all test-strains of microorganisms, and showed
even higher activity than the reference drugs streptomycin and metronidazole against Bacillus subtilis

and Candida albicans fungi.

It was reported that some derivatives of thieno[2,3-d]
pyrimidin-4(1H)-one showed the antimicrobial activi-
ty [1-4, 6, 8-10]. The compounds with modified amino
and thioxo groups at positions 2 and 3 of the core heter-
ocyclic system [3], as well as the derivatives containing
these groups included into the other fused heterocyclic
system [1, 6, 9] are known among them. Our special at-
tention was paid to the derivatives containing the carb-
oxamide group at a-position of the thiophene ring. Ear-
lier we reported about the triheterocyclic systems con-
taining similar heterocyclic fragments as the effective
antimicrobials [1, 9]. However, the simpler compounds
with the free amino group at position 3 were not pre-
pared previously and were not used for antimicrobial
trials. Therefore, the synthesis and study of the anti-
microbial activity of derivatives of 3-amino-5-methyl-
2-(alkylthio)-4-oxo-N-aryl-3,4-dihydrothieno[2,3-d|pyri-
midine-6-carboxamide were the aim of our research work.

Materials and Methods

Chemical Part

All of the solvents and reagents were received from
the commercial sources. Melting points (°C) were de-

termined with a Kofler (Hotbench) melting point ap-
paratus. '"H NMR spectra were recorded using a Varian
Mercury (200 MHz) spectrometer in DMSO-d, with
TMS as an internal standard. Chemical shifts (5) are
reported in ppm. Elemental analysis was performed by
Kjeldahl method.
3-Amino-5-methyl-4-oxo-N-phenyl-2-thioxo-1,2,3,4-
tetrahydrothieno[2,3-d[pyrimidine-6-carboxamides (1)
were obtained by the methods previously reported [1, 9].

The general method for the synthesis of 3-amino-
5-methyl-2-(alkylthio)-4-oxo-N-aryl-3,4-dihydrothieno
[2,3-d[pyrimidine-6-carboxamides (2)

To the suspension of 0.00045 mol of the starting com-
pound 1 in dimethylformamide add 0.0005 mol of triethyl-
amine and 0.0005 mol of the corresponding chloroderiva-
tive. Heat the reaction mixture (70°C) with stirring for 5-8
hours. After cooling the reaction mixture dilute it with wa-
ter. Filter the precipitate of compound 2 formed and wash
with water. Purify the products by boiling in 2-propanol.

The study of the antimicrobial activity

The microbiological experiment was performed at
the premises of the laboratory of Biochemistry of Mic-
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1a: Ar = 2-Pyridyl; 1b: Ar = 2-MeC¢H,; 1c: Ar = 4-MeCH,; 1d: Ar = 4-FC,H,; 1e: 4-CH,OC¢H,; 2a: Ar = 2-Pyridyl, R = C4H;CH,;
2b: Ar = 2-Pyridyl, R = 4-CH,C4H,CH,; 2c: Ar = 2-MeC4H,, R = C,H,CH,; 2d: Ar = 4-MeC4H,, R = CsH,CH,;
2e: Ar = 4-MeC¢H,, R = 4-CH,C¢H,CH,; 2f: Ar = 4-MeC4H,, R = HOOCCH,; 2g: Ar = 4-FC,H,, R = C;H,CH,;
2h: Ar = 4-FC¢H,, R = 4-CH,C:H,CH,; 2i: Ar = 4-CH,OCH,, R = C;H;CH,; 2j: Ar = 4-CH,0C4H,, R = 4-CH,C,H,CH,.

roorganisms and Nutrient Media at the Institute of Mi-
crobiology and Immunology named after I.I.Mechnikov
at NAMS of Ukraine. According to the WHO recom-
mendations [5, 7] such test-strains as Staphylococcus
aureus ATCC 25923, Escherichia coli ATCC 25922,
Pseudomonas aeruginosa ATCC 27853, Proteus vul-
garis ATCC 4636, Bacillus subtilis ATCC 6633, Can-
dida albicans ATCC653/885 were used. Bacterial con-
centration was 10’ CFU/ml (determined by McFarland
standard). Overnight cultures kept for 18-24 h at 36°C+1°C
were used. The bacterial suspension was inoculated onto
the entire surface of a Mueller-Hinton agar (Dagestan
Research Institute of Nutrient Media). The compounds
were introduced to the wells in the form of DMSO so-
lution in concentrations of 100 pg/ml; the open wells
were filled with 0.3 ml of the solution.

Scheme

Results and Discussion

The target compounds 2 (scheme) were obtained
by alkylation of 3-amino-5-methyl-4-oxo-N-aryl-2-thi-
oxo0-1,2,3,4-tetrahydrothieno[2,3-d|pyrimidine-6-carb-
oxamide derivatives 1 with the substituted benzyl chlo-
rides and chloroacetic acid. Starting compounds 1 a-e
were obtained by the methods previously reported [1,
9], and their purity appeared to be sufficient for further
transformations. All of the compounds 2 were isolated
as crystalline solids (Table 1).

The structure of the compounds obtained was con-
firmed by '"H NMR spectroscopic method (Table 2). For
all of the compounds 2 their '"H NMR spectra contain
the signals of the amino group as the sharp singlet in
the region of 5.75-5.84 ppm, the signal of the methyl
group at position 5 of the thieno[2,3-d]pyrimidine sys-

Table 1
Physico-chemical properties of 3-amino-5-methyl-2-(alkylthio)-4-oxo-N-aryl-
3,4-dihydrothieno[2,3-d]pyrimidine-6-carboxamides (2a-j)
. ) o)

Compd. A Mol. formula Y.|eld %, M.p., N%
No r R Mow in the oC calc
. o alkylation step found
Do CyH;N:O,S, ) 16.54
2a 2-Pyridyl CH.CH, 232 79 264-266 | g2
o ] C,,H,,N;0,S, ] 16.01
2b 2-Pyridyl 4-CH,C,H,CH, ey 83 216-217 | g3
] C,,H,oN,0,5, ] 12.83
2c 2-MeCH, C,H.CH, 2% b 77 25-256 350
] C,,H,N,0,5, ] 12.83

2d 4-MeCH, C.H.CH, 2% ie 69 240-241 505
- - C23H22N4OZSZ _ 1243
2e 4-MeCH, 4-CH,C,H,CH, 22 4 83 256-258 | <533
] C,H,N,0,S, ] 13.85

2f 4-MeCH, CH,COOH v 53 189-190 | 133
] C,,H,,FN,0,S, ] 12.72

29 4-FCH, CH,CH, 0.5 69 278279 | 1572
- ) C,HsFN,O,S, i 12.33
2h 4-FCH, 4-CH,CH,CH, aincs 75 297-299 | <572
. ] C,,H,N,0.S, ] 12.38
2i 4-CH,OCH, CH,CH, 2 i 83 252-253 | =579
. ] ] C,.H,,N,0,S, ] 12.01
2 4-CH,0CH, 4-CH,C,H,CH, ais i 88 289291 | 573
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Table 2

Data of "H NMR-spectra of 3-amino-5-methyl-2-(alkylthio)-4-oxo-N-aryl-
3,4-dihydrothieno[2,3-d]pyrimidine-6-carboxamides (2a-j)

Chemical shift, §, ppm.
Compd. NH Thiophene NH
, . . .
No. (2H. 5) CH, (1H, br.s) Aliphatic protons Aromatic protons
(3H,s)

. 7.16 (1H, t); 7.29 (3H, m); 7.43 (2H, m);
2a 5.76 2.72 10.59 |4.29 (2H,s, CH,); 7.82 (1H. 1) 8.05 (1H. d); 8.36 (1H, d)

. . 7.13 (3H, m); 7.31 (2H,d); 7.82 (1H, t);
2b 5.76 2.72 10.61 |2.25(3H,s, CH,); 4.24 (2H, s, CH,); 8.05 (1H. d): 8.36 (1H, d)

. . 7.14 (2H, d); 7.29 (3H, m);
2c 5.76 2.68 10.08 |2.26 (3H, s, CH;); 4.28 (2H, s, CH,); 7.44 (2H. m); 7.53 (2H, d)
2d 5.76 2.75 9.67 |2.23(3H,s, CH,);4.29 (2H, s, CH,); 7.09-7.48 (9H, m)
2e 5.76 2.68 10.10 |2.25(6H, s, 2CH.); 4.23 (2H, s, CH,); 7.13 (4H, m); 7.31 (2H, d); 7.54 (2H, d)
2f 5.84 2.68 10.07 |2.25(3H,s, CH,); 3.82 (2H, s, CH,); 7.12 (2H, d); 7.52 (2H, d)
29 5.76 2.70 10.22 |4.29 (2H, s, CH,); 7.09-7.50 (6H, m); 7.68 (2H, m)
2h 5.75 2.70 10.21 |2.25(3H,s, CH,); 4.24 (2H, s, CH,); 7.15 (4H, m); 7.31 (2H, m); 7.67 (2H, m)

. . . |6.90(2H, d); 7.29 (3H, m);
2i 5.76 2.69 10.03 |3.72(3H, s, OCH,); 4.28 (2H, s, CH,); 7.44 (2H. m): 7.56 (2H, d)
. 2.25(3H, s, CH,); 3.72 (3H, s, OCH,) 6.90 (2H, d); 7.10 (2H, d); 6.32 (2H, d);

2j 5.76 2.69 10.04 423 2H, s, CH.); 7.56 (2H, d):

tem (2.68-2.75 ppm); the signal of the carboxamide NH
group, which position varies from 9.67 ppm to 10.61 ppm
depending on the structure of the substituent of the ami-
de aromatic cycle, is also observed. In the spectra the
signals of benzyl CH, group protons are located in the
region of 4.23-4.29 ppm, while the same signal for the
derivative of thioacetic acid is observed at 3.82 ppm.
As to the spectrum and efficacy of antimicrobial
properties, the highest activity in the range of com-
pounds 2 (Table 3) was revealed by compound 2d, which

moderately inhibited the growth of all test-strains of mic-
roorganisms and showed even higher activity than the
reference drugs against Bacillus subtilis and Candida al-
bicans fungi. All of the 4-methylphenyl amides 2e and
2f tested also exhibited a moderate antimicrobial acti-
vity. Its noteworthy that most of the compounds studied,
namely 2a, 2d-2g and 2i appeared to be more active than
the reference drugs against Proteus vulgaris and Pseu-
domonas aeruginosa; it agreed with the previously re-
ported typical manner of thieno[2,3-d|pyrimidines [10].

Table 3
The antimicrobial activity of 3-amino-5-methyl-2-(alkylthio)-4-oxo-N-aryl-
3,4-dihydrothieno[2,3-d]pyrimidine-6-carboxamides (2a-j)*

Compnd. Stap ZZ Irzzc;ccus Escherichia coli | Proteus vulgaris P;e;zl;mgg;s Bacillus subtilis g;z;gclffs]

No. ATCC25923 | ATCC25922 | ATCC4636 | arccozgs3 | ATCC6633 | arccess/sss

2a ++ ++ + + ++ +

2b ++ + - + ++ +

2c - - - - - -

2d ++ ++ ++ ++ ++ ++

2e ++ ++ ++ ++ ++ +

2f ++ ++ ++ ++ ++ +

29 + + + ++ ++ +

2h - - - - - -

2i ++ ++ ++ ++ ++ +

2j + + - - + +

Metr.** + + - - ++ +

Strept.*** ++ ++ - - ++ -

*“_"_ diameter of the growth inhibition zone is less than 10 mm; “+

"— diameter of the growth inhibition zone is 10-14 mm; “++" - diameter

of the growth inhibition zone is 15-20 mm; “+++" - diameter of the growth inhibition zone is more than 20 mm. ** Metr. - Metronidazole,
DMSO solution (the concentration is 30 pg/ml); *** Strept. — Streptomycin, H,O solution (the concentration is 30 pug/ml).
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CONCLUSIONS

1. The synthesis of novel derivatives of 3-amino-5-
methyl-2-(alkylthio)-4-oxo-N-aryl-3,4-dihydrothieno
[2,3-d]pyrimidine-6-carboxamides has been performed by
alkylation of 3-amino-5-methyl-4-oxo-N-aryl-2-thioxo-1,2,
3,4-tetrahydrothieno[2,3-d]pyrimidine-6-carboxamides.

2. Their antimicrobial activity screening has shown
that almost all of the compounds obtained appeared to

be more active than the reference drugs against both
Proteus vulgaris and Pseudomonas aeruginosa strains.
Compound 2d — 3-amino-2-(benzylthio)-5-methyl-N-
(4-methylphenyl)-4-oxo0-3,4-dihydrothieno[2,3-d|pyrimi-
dine-6-carboxamide has been identified as the most ac-
tive one, which moderately inhibited the growth of all
of the test strains and showed the high activity against
Bacillus subtilis and Candida albicans fungi.
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CUHTE3 TA AOCNIOXEHHA AHTUMIKPOBHOI AKTUBHOCTI 3-AMIHO-5-METWU-2-
(ANKINTIO)-4-OKCO-N-APUN-3,4-AUTAPOTIEHO[2,3-d]NIPUMIANH-6-KAPBOKCAMIAIB
C.B.Bnacos, C.M.KosaneHko, T.I[1.0Ocosod4yeHko, B.I1.YepHux

Knroyoei crioea: miogheH; nipumiOuH; amiou; arkinyeaHHsi

Llinsixom arnkinysaHHs1 3-amiHo-5-memurn-4-okco-N-apus-2-miokco-1,2,3,4-mempaziopomieHo[2, 3-d]
nipumiduH-6-kapbokcamidie 3amiwyeHUMuU 6eH3unxmaopudamMmu ma X0poUMmMo8oH Kuciomor bynu
odep>kaHi Ho8i roxiOHi 3 psdy 3-amiHO-5-memurn-2-(ankinmio)-4-okco-N-apun-3,4-0ueidpomieHo[2,3-d]
nipumiouH-6-kapbokcamiois. Cmpykmypa odepxaHux crionyk 6yna nidmeepdxeHa daHumu 'H SAMP
criekmpockonii ma enneMeHmMHo20 aHarnisdy. [ns ecix odepxaHux criornyk y cnekmpax 'H 5SIMP criocme-
piearombcs cugHanu npomoHig amiHogpynu y euansdi 4imkoz2o cuHenemy 6 diana3oHi 5.75-5.84 m.u.,
CueaHarn MemurbHOI 2pynu y nornoxeHHi 5 mieHo[2,3-d]nipumiduHoeoi cucmemu ripu 2.68-2.75 M.4. ma
cueHan npomoHy NH kapbokcamidHOI 2pynu, rnonoxxeHHs1 sikoeo eapitoe 8id 9.67 m.4. 3o 10.61 m.u. 8
3anexHocmi 8i0 npupodu 3amiCHUKI8 y apoMamu4HoMy s0pi amidy. Takox y criekmpax rnposiensitomb-
¢ cueHanu npomodis 2pyn CH, 6eH3urnbHUX 3amicHUKig y diarna3oHi 4.23-4.29 m.4., 0551 noxidHo20
miooumoeoi Kucriomu yel cuaHarn 3Haxodumscs rpu 3.82 m.4. CKpuUHIiHe aHMUMIKpobHOI akmueHOC-
mi o0epxaHux criofyK npoeodunu wiissxom Ougysii 8 azap, 8UKOPUCMOBYOYU «Memod KO0053i8x.
BcmaroeneHo, wo binbwicmse 3i CrionyK susigusiacb akmueHIWOo 3a rperapamu riopieHsHHS odpasy
rno eiOHoweHHro 0o Proteus vulgaris ma Pseudomonas aeruginosa, Halbinbw akmugHOK Crosy-
Koro gusigucs 3-amiHo-2-(6eH3unmio)-5-memun-N-(4-memurngbeHin)-4-okco-3,4-0ucidpomieHo[2, 3-d]
nipumiduH-6-kapbokcamio, KUl MOMIPHO MpuU2HIdy8as picm ycix mecm-wmamie MiKkpoopaaHismie ma
rnepesuwue akmusHicms rpenapamie rnopieHsIHHSA CmpenmomiyuHy ma MempoHida3ony rno 8idHo-
weHHro 0o Bacillus subtilis ma epubie Candida albicans.

CUHTE3 U UICCNEOOBAHUE MPOTUBOMUKPOBEHOW AKTUBHOCTU 3-AMUHO-5-
METWUN-2-(ANKUNTUO)-4-OKCO-N-APUN-3,4-AUTMOAPOTUEHO[2,3-d]MMPUMNONH-6-
KAPBOKCAMMOOB

C.B.Bnacoe, C.H.KoeaneHko, T.[1.0conod4yeHko, B.I1.YepHbix

Knroueesnie crnoga: muogheH; nupumuduH; amulbl; ankuauposaHue

lymewm ankunuposaHusi 3-amMuHo-5-memuri-4-okco-N-apurn-2-muokco-1,2,3,4-mempac2udpomueHo
[2,3-dJnupumuduH-6-kapbokcamudos 3amewieHHbIMU 6eH3unxnopudamu U Xs1o0pyKcycHol Kucriomou
Obin1U Noy4YeHb! HO8bIe MPOU3800HbIE psida 3-aMuHO-5-memusi-2-(ankumuo)-4-okco-N-apun-3,4-
OuaudpomueHo[2,3-d]nupumuduH-6-kapbokcamudos. Cmpykmypa rosyYeHHbIX coeOuHeHul bbina
rnoomeep:x0eHa 0aHHbIMU "H SIMP cnekmpockonuu u anemMeHmMHo20 aHanu3a. [risi ecex rnonyyeHHbIX
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coeduHeHuli 8 criekmpax 'H SIMP Habntodatomcsi cugHaribl pomoHO8 aMUHO2PY bl 8 8UOE YEemKOo-
20 cuHenema e duanasoHe 5.75-5.84 m.0., cuzHan MemusibHOU epyrrbi 8 NofIoXKeHUU 5 mueHo[2,3-d]
nupumuduHosol cucmemsbi npu 2.68-2.75 m.0. u cueHan npomoHa NH kapbokcamuOHoU epyninbl,
rosioXxeHuUe Komopoeao sapbupyem om 9.67 m.0. 0o 10.61 m.0. 8 3agucumocmu om npupoodbI 3a-
mMecmumernel 8 apoMmamuyeckoM si0pe amuda. Takxe 8 criekmpax nposienisstomcsi cueHasbl fnpo-
moHos epynn CH, 6eH3unbHbIx 3amecmumened 8 duarna3oHe 4.23-4.29 m.d., 0515 npou38o0HO20
muoyKcyCcHOU KUcriombl 3mom cuzgHan Haxooumcs ripu 3.82 m.0. CKpuHUH2 npomueoMUKpobHOU
aKmueHOCMU rory4YeHHbIX cOeOUHEeHUU rnposodusnu rnymem Oughgby3uu 8 azap, Ucronb3ys «Memood
Koroouesy. YcmaHo8/1eHOo, 4mo 60/1bWUHCMB0 cOeOUHEeHUU OKa3alocb akmueHee rpernapamos
cpasHeHuUs cpady 110 OMHOWeHUIo K Proteus vulgaris u Pseudomonas aeruginosa, Haubornee akmus-
HbIM coeQuHeHuUeM sensiemcs 3-amuHo-2-(6eH3unmuo)-5-memun-N-(4-memungeHun)-4-okco-3,4-
OuzudpomueHo[2,3-dJnupumuduH-6-kapbokcamud, KomopbIl yMepPEeHHO y2Hemars pocim 8cex mecm-
wmamMMO8 MUKPOOP2aHU3MO8 U MPeabICUsT aKmueHOCMb fpernapamos cpasHeHusi CmpenmomuyuHa
u MempoHuda3sona no omHoweHuto K Bacillus subtilis u epubam Candida albicans.
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SYNTHESIS AND MODIFICATION OF 2-[8-R,-9-R,-10-R,-3-
R-2-0X0-2H-[1,2,4] TRIAZINO|2,3-c] QUINAZOLINE-6-YL)
THIOJACETIC ACIDS AIMED AT SEARCHING EFFECTIVE
SUBSTANCES WITH THE ANTIBACTERIAL AND

ANTIFUNGAL ACTIVITY

I.S.Nosulenko, O.Yu.Voskoboynik, G.G.Berest, S.I.Kovalenko,

0O.M.Kamyshnyi, N.M.Polishchuk
Zaporizhzhia State Medical University
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In the present paper 50 new derivatives of 2-[8-R,-9-R,-10-R,-3-R-2-ox0-2H-[1,2,4]triazino[2,3-c]
quinazoline-6-yl)thiojacetic acids have been described. It has been shown that alkylation of potassium
8-R;-9-R,-10-R;-3-R-2-0x0-2H-[1,2,4]triazino[2, 3-c]quinazolin-6-thiolates by chloracetic acid, chlor-
acetamide, N-R,-chloracetamides and chloracetonitrile yield the corresponding 2-[8-R,-9-R,-10-R -
3-R-2-ox0-2H-[1,2,4]triazino[2, 3-c]quinazoline-6-yl)thioJacetic acids, their amides and nitriles. For the
corresponding acids and nitriles the alternative synthetic approaches have been developed. Limita-
tions of synthetic approaches concerning the synthesis of the target compounds have been also dis-
cussed. Thus, it has been shown that amides of 2-[8-R,-9-R,-10-R,-3-R-2-ox0-2H-[1,2,4]triazino[2,3-c]
quinazoline-6-yl)thiojacetic acids derivatives can not be prepared by amonolysis of the corresponding
ester due to the low reactivity of the compounds mentioned. It has been also stated that the synthesis
of nitriles via dehydration of proper amides with phosphorous-oxychloride in dichlormethane was not
successful in all cases. This fact was caused by low yields and problems with isolation of the target
compounds from the reaction mixture. The structures of the compounds synthesized have been con-
firmed by 'H, *C NMR, LC—MS analysis. The compounds synthesized have been tested for the anti-
microbial and antifungal activity using standard test cultures: Staphylococcus aureus ATCC 25923,
Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC 27853 and Candida albicans ATCC
885-653. It has been shown that the compounds synthesized exhibit a high antimicrobial activity against
St. aureus (compounds 3.3-3.6, 4.3-4.6, 4.7, 4.8, 4.13-4.16; MIC 12.5-25 ug/ml) and C. albicans (com-

pounds 4.13, 4.14; MIC 12.5 ug/ml). The “structure-activity” relationship has been discussed.

Quinazoline derivatives play an important role in
the present list of medicines. First of all, the compounds
mentioned are known as anticancer (afatinib, vandetanib,
lapatinib, trimetrexate, gefitinib, raltitrexed), antifun-
gal (albaconazol), antibacterial (nifurquinazol) drugs,
etc. [3]. Some recent publications are devoted to the
search of chemotherapeutics among condensed quinazo-
lines, in particular benzimidazo[1,2-c]-, benzthiadiazo-
limidazo[1,2-c]-, triazolo[ 1,5-c]-, imidazo, [1,2,4]triazo-
lo[4,3-c]-, triazino[2,3-c]quinazolines [1, 2, 4, 5, 7, 8§,
10, 13-18]. Highly effective antimicrobial, antifungal,
anticancer agents have been found among the com-
pounds mentioned. Following to the strategy aimed at
the directed search of biologically active compounds
among S-substituted 3-R-6-thioxo-6,7-dihydro-2H-
[1,2,4]triazino[2,3-c]quinazoline-2-ones [6-8, 11, 12],
we were interested in chemical modification of the car-
boxylic group, aryl group in position 3 and introduction
of halogen- and alkyl- substituents in positions §, 9, 10
of the structure of the given compounds and evaluation
of their antimicrobial and antifungal activity. The data
obtained were used to understand the “structure-activi-
ty” relationship.

Experimental Part

1. Chemistry

1.1. General methods

Melting points were determined in open capillary tu-
bes and were uncorrected. The elemental analyses (C, H,
N, S) were performed using an ELEMENTAR vario EL
Cube analyzer (USA). Analyses were indicated by the sym-
bols of the elements or functions within +0.3% of the theo-
retical values. '"H NMR spectra (500 MHz) and *C NMR
spectra (100 MHz) were recorded on a Varian-Mercury
400 (Varian Inc., Palo Alto, CA, USA) spectrometer with
TMS as an internal standard in DMSO-d, solution. LC-
MS were recorded using the chromatography/mass spec-
trometric system consisting of an “Agilent 1100 Series”
high performance liquid chromatograph (Agilent, Palo
Alto, CA, USA) equipped with a diode-matrix and an
“Agilent LC/MSD SL” mass-selective detector (atmo-
spheric pressure chemical ionization — APCI). Electron
impact mass spectra (EI-MS) were recorded on a Varian
1200 L instrument at 70 eV (Varian, USA). The purity of
all compounds was checked by 'H-NMR and LC-MS.

Substances 1.1-1.19 and 2.1-2.19 were synthesized
according to the procedures reported [7, 8]. Other starting
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materials and solvents were obtained from commerci-
ally available sources and used without additional purifi-
cation.

1.2. General procedure for the synthesis of [(8-R,-
9-R,-10-R;-3-R-2-ox0-2H-[1,2,4]triazino[2,3-c]quinazo-
line-6-yl)thio]acetic acids (3.1-3.14).

Method A. Add the solution of 0.94 g (10 mmol)
chloracetic acid with 0.40 g (10 mmol) of sodium hy-
droxide in 5 ml of water to the solution of potassium
of the proper 8-R,-9-R,-10-R;-3-R-2-0x0-2H-[1,2,4]tri-
azino[2,3-c|guinazoline-6-thiolates (2.1-2.18) (10 mmol)
in 20 ml of water, reflux for 1.5 hours to the neutral pH.
Then add 50 ml of water to the resulted mixture and
filter. Acidify a filtrate with hydrochloric acid to pH 3.
Filter the solid obtained and dry. Recrystallize compounds
from dioxane.

Method B. Add the proper 8-R;-9-R,-10-R;-3-R-6-
thio-6,7-dihydro-2H-[1,2,4]triazino[2,3-c]guinazoline-
2-ones (1.1-1.18) (5 mmol) and 0.47 g (5 mmol) of
chloracetic acid to the solution of 0.23 g (10 mmol) of
metallic sodium in 20 ml of ethanol, reflux for 1.5 hours
to the neutral pH. Then add 50 ml of water to the re-
sulted mixture and filter. Acidify a filtrate with hydro-
chloric acid to pH 3. Filter the solid obtained and dry.
Recrystallize compounds from dioxane.

2-[(3-Methyl-2-ox0-2H-[1,2,4]triazino[2,3-c]quinazo-
line-6-yl)thio]acetic acids (3.1). Yield—71.9% (method A),
69.4% (method B). M.p. — 238-240°C; 'H NMR: 6 =2.36 (s,
3H, CH,), 4.06 (s, 2H, -SCH,), 7.68-7.59 (m, 2H, H-8, 10),
793 (t, 1H,J=17.9, H-9), 841 (d, IH, J=7.9, H-11), 12.90
(s, 1H, COOH); *C NMR: & = 18.19 (CH,), 34.21 (SCH,),
118.50 (11a), 126.00 (8), 126.76 (10), 128.01 (11), 136.02 (9),
144.09 (11b), 151.93 (3), 154.41 (6), 155.28 (7a), 160.98 (2),
170.04 (COOH); LC-MS, m/z =303 [M+1], 304 [M+2]; Anal.
Calcd for C,3;H,\N,O;S: C, 51.65; H, 3.33; N, 18.53; S, 10.61;
Found: C, 51.66; H, 3.34; N, 18.52; S, 10.61.

2-[(3-Phenyl-2-0x0-2H-[1,2,4]triazino[2,3-c|quinazo-
line-6-yl)thio]acetic acids (3.2). Yield—75.8% (method A),
70.3% (method B). M.p. — 270-272°C; 'THNMR: 6 =4.14 (s,
2H, -SCH,), 7.66-7.58 (m, 3H, H-3",4", 5"), 7.74-7.68 (m, 2H,
H-8, 10), 798 (t, 1H, J=7.9, H-9), 828 (d, 2H, J= 8.2, H-2',
6'),849(d, 1H,/=7.9,H-11), 12.97 (s, 1H, COOH); LC-MS,
m/z =307 [M+1], 309 [M+3]; Anal. Calcd for C,¢H,,N,O;S:
C,59.33; H,3.32; N, 15.38; S, 8.80; Found: C, 59.33; H, 3.33;
N, 15.37; S, 8.81.

2-[(3-(4"-Methylphenyl)-2-ox0-2H-[ 1,2,4]triazino
[2,3-c]quinazoline-6-yl)thio]acetic acids (3.3). Yield — 84.9%
(method A) and 80.6% (method B). M.p. —234-236°C; 'H
NMR: 6=2.38 (s, 3H, CH,),4.10 (s, 2H, -SCH,), 7.37 (d, 2H, J
=82,H-3,5"),7.71-7.61 (m, 2H, H-8, 10), 7.94 (t, 1H,J=7.9,
H-9),8.20(d,2H,/J=8.2,H-2’,6’),844 (d, 1H,J=7.9,H-11),
12.93 (s, IH, COOH); LC-MS, m/z = 321 [M—CH,COOH]",
379 [M+1], 381 [M+3]; Anal. Caled for C,,H,,N,O,S: C,
60.31; H, 3.73; N, 14.81; S, 8.47; Found: C, 60.32; H, 3.73; N,
14.81; S, 8.49.

2-[(3-(3",4"-Dimethylphenyl)-2-oxo-2 H-[ 1,2 4]triazino
[2,3-c]quinazoline-6-yl)thio]acetic acids (3.4). Yield — 85.4%
(method A), 80.9% (method B). M.p. —226-228°C; '"H NMR:
8=231(d, 6H,J/=4.1,3,4-(CH,),), 4.11 (s, 2H, -SCH,), 7.33
(d, 1H,J=28.1,H-5"), 7.72-7.64 (m, 2H, H-10, 8), 7.95 (t, 1H,

J=19, H-9), 8.04 (d, IH, J/=8.1, H-6"), 8.07 (s, 1H, H-2"),
8.46(d, 1H,J=17.9,H-11),12.99 (s, IH, COOH); LC-MS, m/z
=335 [M—CH,COOH]", 393 [M+1], 395 [M+3]; Anal. Calcd
for C,,H,\N,O,S: C, 61.21; H, 4.11; N, 14.28; S, 8.17; Found:
C,61.23;H,4.13; N, 14.29; S, 8.18.
2-[(3-(4"-Ethylphenyl)-2-0x0-2H-[1,2,4]triazino
[2,3-c]quinazoline-6-yl)thio]acetic acids (3.5). Yield —
75.9%. M.p.—161-163°C; 'HNMR &: 1.31 (t,J=7.5 Hz, 3H,
CH,CH,),2.77(q,J=7.3Hz,2H,CH,CH,),4.07 (s,2H,-SCH,),
7.37(d,J=82Hz 2H, 3-Ph H-3",5"),7.65 (t,/=7.6 Hz, 1H,
H-10), 7.75 (d, J= 8.0 Hz, 1H, H-8), 7.93 (t, /= 7.5 Hz, 1H,
H-9),8.28(d,J=8.0Hz,2H, 3-Ph H-2",6"),8.53 (d,/=7.9 Hz,
1H, H-11), 12.79 (s, 1H, COOH); LC-MS, m/z =393 [M+1],
395 [M+3]; Anal. caled. for C,,H,6N,O,S: C, 61.21; H, 4.11;
N, 14.28; S, 8.17; Found: C, 61.24; H, 4.11; N, 14.27; S, 8.19.
2-[(3-(4’-i-Propylphenyl)-2-ox0-2H-[1,2,4]triazino
[2,3-c]quinazoline-6-yl)thio]acetic acids (3.6). Yield—43.3%.
Mp.—236-238°C; 'HNMR &: 132 (d,/=6.8 Hz, 6H, CH(CH,),),
3.02 (dt,J=13.3,6.5Hz, 1H, CH(CH,),),4.05 (s,2H, -SCH,),
7.38(d,/=8.1 Hz,2H, 3-Ph H-3",5"), 7.63 (t, /=7.5Hz, 1H,
H-10), 7.75 (d, J= 8.0 Hz, 1H, H-8), 7.91 (t,/=7.5 Hz, 1H,
H-9),8.29(d,J=8.1Hz,2H, 3-PhH-2",6"),8.54 (d,J=7.9 Hz,
1H, H-11), 12.82 (s, 1H, COOH); LC-MS, m/z =407 [M+1],
409 [M+3]; Anal. caled. for C,,H,;N,O;S: C, 62.05; H, 4.46;
N, 13.78; S, 7.89; Found: C, 62.07; H, 4.45; N, 13.79; S, 7.88.
2-2[(3-(4"-Methoxyphenyl)-2-oxo0-2H-[ 1,2 4]triazino
[2,3-c]quinazoline-6-yl)thioJacetic acids (3.7). Yield — 77.4%
(method A), 70.3% (method B). M.p. —238-242°C; 'TH NMR:
8=3.84(s,3H, OCH,),4.10(s,2H,-SCH,), 7.11 (d, 2H, J=8.8,
H-3",5"),7.72-7.60 (m, 2H, H-10, 8), 7.93 (t, 1H,J=7.9,H-9),
8.34(d,2H, /=8.8,H-2",6"),8.44 (d, 1H,J=7.9,H-11), 12.89
(s, IH, COOH); *C NMR: 8 = 34.22 (SCH,), 55.94 (OCH,),
114.45(3’,5°-Ph), 118.21 (11a), 124.27 (8), 126.00 (10), 126.84
(1’-Ph), 128.04 (11), 131.70 (2",6"-Ph), 135.90 (9), 144.04 (11b),
148.79 (3), 150.66 (6), 154.63 (7a), 160.20 (2), 162.55 (4-Ph),
170.08 (COOH); LC-MS, m/z =395 [M+1], 397 [M+3]; Anal.
Calcd for C,(H,,N,O,S: C, 57.86; H, 3.58; N, 14.21; S, 8.13;
Found: C, 57.85; H, 3.54; N, 14.20; S, 8.12.
2-[(3-(4"-Ethoxyphenyl)-2-0x0-2H-[ 1,2,4]triazino
[2,3-c]quinazoline-6-yl)thio]acetic acids (3.8). Yield —
83.6%. M.p. — 245-247°C; LC-MS, m/z = 409 [M+1], 411
[M+3]; Anal. caled. for C,,H,,N,O,S: C, 58.81; H, 3.95; N,
13.72; S, 7.85; Found: C, 58.80; H, 3.95; N, 13.74; S, 7.87.
2-[(3-(4"-Fluorophenyl)-2-ox0-2H-[1,2,4]triazino
[2,3-c]quinazoline-6-yl)thio]acetic acids (3.9). Yield —
76.2%. M.p. — 230-232°C; '"H NMR &: 4.09 (s, 2H, -SCH,),
9.46-6.62 (m, 8H, H-8, 9, 10, 11, 3-Ph H-2", 3", 5", 6), 12.83
(s, 1H, COOH); LC-MS, m/z =383 [M+1], 385 [M+3]; Anal.
caled. for C,(H, FN,O,S: C, 56.54; H, 2.90; N, 14.65; S, 8.39;
Found: C, 56.57; H,2.90; N, 14.64; S, 8.38.
2-[(8-Methyl-3-phenyl)-2-ox0-2H-[1,2,4]triazino
[2,3-c]quinazoline-6-yl)thio]acetic acids (3.10). Yield —
78.5%. M.p. —255-257°C; 'TH NMR &: 2.65 (s, 3H, CH,), 4.05
(s, 2H, -SCH,), 7.66-7.41 (m, 4H, H-10, 3-Ph H-3", 4’, 5),
7.76 (d, J= 6.9 Hz, 1H, H-9), 8.46-8.25 (m, 3H, H-11, 3-Ph
H-2, 6"), 12.72 (s, 1H, COOH); LC-MS, m/z = 379 [M+1],
381 [M+3]; Anal. caled. for C,,H,,N,O,S: C, 60.31; H, 3.73;
N, 14.81; S, 8.47; Found: C, 60.34; H, 3.73; N, 14.80; S, 8.45.
2-[(9-Fluoro-3-phenyl)-2-0x0-2H-[1,2,4]triazino
[2,3-c]quinazoline-6-yl)thio]acetic acids (3.11). Yield —
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75.9%. M.p.—238-240°C; "HNMR 0: 4.08 (s,2H, -SCH,), 7.68-
7.39 (m, 5H, H-8, 10, 3-Ph H-3",4",5"), 832 (d, /= 7.0 Hz,
2H, 3-Ph H-2', 6"), 8.60 (dd, J = 8.40, 6.10 Hz, 1H, H-11),
12.94 (s, 1H, COOH); LC-MS, m/z=383 [M +1], 385 [M +3];
Anal. caled. for C,¢H,,FN,O;S: C, 56.54; H, 2.90; N, 14.65; S,
8.39; Found: C, 56.51; H, 2.90; N, 14.64; S, 8.41.
2-[(9-Fluoro-3-(4’-fluorophenyl)-2-oxo0-2H-[ 1,2,4]tri-
azino|2,3-c]quinazoline-6-yl)thio]acetic acids (3.12). Yield
—50.6%. M.p. —247-249°C; 'H NMR &: 4.08 (s, 2H, -SCH,),
7.29 (t, 2H, 3-Ph H-3", 5"), 7.47-7.40 (m, 2H, H-8, 10), 8.42
(t, 2H, 3-Ph H-2", 6), 8.48 (t, 1H, H-11); LC-MS, m/z =401
[M+1], 403 [M+3]; Anal. calcd. for C,;H, ,F,N,O;S: C, 54.00;
H,2.52; N, 13.99; S, 8.01; Found: C, 54.03; H, 2.52; N, 13.98;
S, 8.03.
2-[(10-Chloro-3-phenyl)-2-ox0-2H-[1,2,4]triazino
[2,3-c]quinazoline-6-yl)thio]acetic acids (3.13). Yield -
64.6%. M.p. — 258-260°C; "H NMR &: 4.07 (s, 2H, -SCH,),
7.65-7.39 (m, 3H, 3-Ph H-3" 4, 5"), 7.76 (d, /= 82 Hz, 1H,
H-8),7.91 (d,J=82Hz, 1H,H-9), 8.50-8.22 (m, 3H, H-11, 3-Ph
H-2", 6"), 13.63 (s, 1H, COOH); LC-MS, m/z = 399 [M+1],
401 [M+3], 402 [M+4]; Anal. caled. for C,;H,,CIN,O,S: C,
54.21;H,2.78; N, 14.05; S, 8.04; Found: C, 54.24; H, 2.78; N,
14.03; S, 8.02.
2-[(10-Bromo-3-(4"-fluorophenyl)-2-oxo0-2H-[1,2,4]
triazino[2,3-c]quinazoline-6-yl)thio]acetic acids (3.14).
Yield—70.5%. M.p.—257-259°C; LC-MS, m/z=461 [M]', 465
[M-+4]; Anal. caled. for C,(H,,BrFN,O,S: C, 46.87; H, 2.19;
N, 12.15; S, 6.95; Found: C, 46.88; H, 2.19; N, 12.16; S, 6.93.
1.3. General procedure for the synthesis of N-R [ (8-
R,-9-R,-10-R-3-R-2-0x0-2H-[1,2,4]triazino[2,3-c]
quinazoline-6-yl)thio]acetamides (4.1-4.26). Add 0.93 g
(10 mmol) of chloracetamide or 10 mmol N-R,-chlor-
acetamides to the suspension of potassium of the proper
8-R,-9-R,-10-R;-3-R-2-0x0-2H-[1,2,4]triazino[2,3-¢]
guinazoline-6-thiolates (2.1-2.18) (10 mmol) in 20 ml
of propanol-2 and reflux for 1-1.5 hours. Cool the re-
sulted mixture, filter the solid and dry. Crystallize the
compounds obtained from dioxane—water mixture.
2-[(3-Methyl-2-ox0-2H-[1,2,4]triazino[2,3-c]quinazo-
lin-6-yl)thio]acetamide (4.1). Yield — 87.3%. M.p. — 289-
291°C; 'THNMR &: 2.45 (s, 3H, CH,), 3.93 (s, 2H, -SCH,), 7.08
(s, 1H,NH,), 7.50 (s, IH, NH,), 7.62 (t, /= 8.2 Hz, 1H, H-10),
7.77 (d, J= 8.2 Hz, 1H, H-8), 7.91 (t,J= 7.3 Hz, 1H, H-9),
8.52 (d, /=175 Hz, 1H, H-11); LC-MS, m/z = 302 [M+1],
304[M+3]; Anal. calcd. for C,;H,,N.O,S: C,51.82; H, 3.68; N,
23.24; S, 10.64; Found: C, 51.82; H, 3.69; N, 23.24; S, 10.63.
2-[(3-Phenyl-2-0x0-2H-[1,2,4]triazino[2,3-c|quinazo-
lin-6-yl)thio]acetamide (4.2). Yield — 82.3%. M.p. — 285-
288°C; '"H NMR 6: 3.98 (s, 2H, -SCH,), 7.12 (s, 1H, NH,),
7.61-7.43 (m, 4H, 3-Ph 3,5, NH,), 7.66 (t, /= 7.6 Hz, 1H,
H-10), 7.80 (d, /= 7.7 Hz, 1H, H-8), 7.94 (t, /= 7.1 Hz, 1H,
H-9),8.36 (d,J="7.2 Hz, 2H, 3-Ph H-2,6), 8.56 (d, /= 7.6 Hz,
1H, H-11); LC-MS, m/z = 366 [M+1]; Anal. calcd. for
C,;H;3sN,O,S: C,59.49; H,3.61; N, 19.27; S, 8.82; Found: 59.48;
H,3.61;N,19.27; S, 8.83.
2-[(3-(4-Methylphenyl)-2-ox0-2H-[1,2,4]triazino
[2,3-c]quinazolin-6-yl)thio]acetamide (4.3). Yield—69.3%.
M.p. — 264-267°C; IR (cm™): 3434, 3314, 1682, 1664, 1589,
1561, 1543, 1496, 1469, 1400, 1367, 1341, 1311, 1272, 1240,
1190, 1161, 1135, 1108, 1075, 1021, 991, 940, 885, 833, 784,

772,707,686, 643, 629; 'HNMR &: 2.39 (s, 3H, CH,), 4.00 (s,
2H,-SCH,), 7.30 (s, 1H, -C(O)NH,), 7.39 (d, 2H, J=8.2,H-3’,
5" Ph), 7.78-7.64 (m, 3H, H-8, 10, -C(O)NH,), 7.96 (t, 1H, J =
7.9,H-9),8.22(d,2H,J=8.2,H-2",6" Ph),8.46 (d, 1H,J=7.9,
H-11); LC-MS, m/z= 378 [M+1], 380 [M+3]; Anal. calcd. for
C,,H,;sN;O,S: C, 60.47; H, 4.01; N, 18.56, S, 8.50; Found: C,
5947;H,4.03; N, 18.55; S, 8.52.
2-[(3-(3,4-Dimethylphenyl)-2-ox0-2H-[1,2,4]tri-
azino[2,3-c]quinazolin-6-yl)thio]acetamide (4.4). Yield
—94.05%. M.p. —272-275°C; 'THNMR 6: 2.33 (s, 3H, 3-CH,),
2.37 (s, 3H, 4-CH,), 3.95 (s, 2H, -SCH,), 7.07 (s, 1H, NH,),
7.51 (s, 1H,NH,), 7.28 (d,J=7.9 Hz, 1H, 3-Ph H-5"), 7.63 (t,
J=82Hz, 1H, H-10), 7.76 (d, /= 8.2 Hz, 1H, H-8), 7.90 (t,J
=17.3 Hz, 1H, H-9), 8.03 (d, /= 7.8 Hz, 1H, 3-Ph H-6"), 8.12
(s, 1H, 3-Ph H-2"), 8.53 (d, /= 7.5 Hz, 1H, H-11); LC-MS,
m/z=392 [M+1],394 [M+4]; Anal. calcd. for C,)H,,N,O,S: C,
61.37;H,4.38; N, 17.89; S, 8.19; Found: C, 61.36; H, 4.38; N,
17.89; S, 8.20.
2-[(3-(4"-Ethylphenyl)-2-0x0-2H-[1,2,4]triazino
[2,3-c]quinazolin-6-yl)thio]acetamide (4.5). Yield—86.4%.
M.p. —233-235°C; '"H NMR &: 1.30 (t, ] = 7.4 Hz, 3H CH,),
2.75(dd, J=14.8, 7.2 Hz, 2H, CH,CH,), 3.97 (s, 2H, -SCH,),
7.13 (s, 1H,NH,), 7.35 (d, J=8.0 Hz,2H, 3-Ph H-3, 5), 7.54 (s,
1H,NH,), 7.63 (t,J="7.5Hz, 1H,H-10),7.78 (d,J=8.1 Hz, 1H,
H-8),7.91 (t,J=7.3 Hz, 1H,H-9),8.29 (d,J=8.0 Hz, 2H, 3-Ph
H-2,6),8.53 (d,J=7.8 Hz, 1H, H-11); LC-MS, m/z=392 [M+1],
394 [M+3]; Anal. caled. for C,H,,N.O,S: C, 61.37; H, 4.38;
N, 17.89; S, 8.19; Found: C, 61.39; H, 4.38; N, 17.88; S, 8.18.
2-[(3-(4’~(tert-Butyl)phenyl)-2-oxo0-2H-[ 1,2,4]triazi-
no[2,3-c]quinazolin-6-yl)thioJacetamide (4.6). Yield — 79.5%.
M.p. —265-268°C; '"H NMR &: 1.39 (s, 9H, C(CH,),), 3.97 (s,
2H, -SCH,), 7.13 (s, 1H, NH,), 7.54 (d, /= 7.9 Hz, 3H, 3-Ph
H-3,5,NH,), 7.62 (t,/=7.4Hz, 1H,H-10), 7.77 (d,/=8.0 Hz,
1H,H-8),7.90(t,/=7.3 Hz, 1H,H-9),8.30(d,/=82Hz2H, 3-Ph
H-2,6),8.53 (d,/=7.8 Hz, IH, H-11); LC-MS, m/z=420 [M+1],
422 [M+3]; Anal. caled. for C,,H,,N;O,S: C, 62.99; H, 5.05;
N, 16.69; S, 7.64; Found: C, 62.99; H, 5.06; N, 16.69; S, 7.63.
2-[(3-(4"-Methoxyphenyl)-2-0x0-2H-[1,2,4]triazi-
no[2,3-c]quinazolin-6-yl)thioJacetamide (4.7). Yield — 88.9%.
M.p. —253-255°C; 'TH NMR &: 3.90 (s, 3H, CH,), 3.97 (s, 2H,
-SCH,), 7.07 (d,/=8.2Hz,2H,3-Ph H-3",5"),7.13 (s, IHNH,),
7.55 (s, 1H, NH,), 7.64 (t,J=7.5 Hz, 1H, H-10), 7.79 (d, J =
7.6Hz, 1H,H-8),7.92 (t,/=7.5Hz,1H,H-9),842(d,/=8.2Hz,
2H, 3-Ph H-2,6"), 8.54 (d, /= 7.1 Hz, IH, H-11); LC-MS,
m/z = 394 [M+1], 396 [M+3]; Anal. caled. for C,;H,N;O;S:
C, 58.01; H,3.84; N, 17.80; S, 8.15; Found: C, 58.00; H, 3.84;
N, 17.80; S, 8.16.
2-[(3-(4"-Ethoxyphenyl)-2-ox0-2H-[1,2,4]triazino
[2,3-c]quinazolin-6-yl)thio]acetamide (4.8). Yield—91.6%.
M.p. —288-291°C; '"H NMR &: 1.44 (t, 3H, CH,), 3.96 (s, 2H,
-SCH,),4.14(q,J=6.3Hz,2H, OCH,CH,), 6.99 (d,J=8.0 Hz,
2H, 3-Ph H-3",5"), 7.14 (s, 1H, NH,), 7.53 (s, 1H, NH,), 7.64
(t,J=7.6 Hz, 1H, H-10), 7.80 (d, J=7.6 Hz, 1H, H-8), 7.93 (t,
J=7.6 Hz, 1H, H-9), 842 (d,J= 8.0 Hz, 2H, 3-Ph H-2", 6"),
8.53 (d, J =7.6 Hz, 1H, H-11); Anal. calcd. for C,H,,N.O,S:
C, 5896;H,4.21;N,17.19; S, 7.87; Found: C, 58.96; H, 4.22;
N, 17.19; S, 7.86.
N-(3-Fluorophenyl)-2-[(3-(4"-methoxyphenyl)-2-oxo-
2H-[1,2,4]triazino[2,3-c]quinazolin-6-yl)thio]acetami-
de (4.9). Yield — 87.8%. M.p. —274-276°C; "H NMR &: 3.91
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(s,3H,-OCH,),4.22 (s, 2H, -SCH,), 6.78 (dd, /= 10.7, 8.3 Hz,
1H, 6-Ph H4), 7.08 (d, /= 8.8 Hz, 2H, 3-Ph H-3"5"), 7.44-
7.22 (m, 2H, 6-Ph H-2, 6), 7.69 — 7.54 (m, 2H, H-10, 6-Ph
H-5),7.74 (d,J= 8.8 Hz, 1H, H-8), 7.91 (t, /= 7.8, 1H, H-9),
8.44 (d, J= 8.2 Hz, 2H, 3-Ph H-2",6"), 8.54 (d, /= 7.8 Hz,
1H, H-11), 10.53 (s, 1H, NH); LC-MS, m/z =488 [M+1],490
[M+3]; Anal. caled. for C,;H ;FN;O,S: C, 61.59; H, 3.72; N,
14.37; S, 6.58; Found: C, 61.61; H, 3.72; N, 14.36; S, 6.57.
2-[(3-(4"-Fluorophenyl)-2-ox0-2H-[1,2,4]triazino
[2,3-c]quinazolin-6-yl)thioacetamide (4.10). Yield — 81.1%.
M.p.—284-287°C; 'THNMR 6: 3.95 (s, 2H, -SCH,), 7.12 (s, 1H,
NH,),7.29 (t,/=8.5Hz,2H, 3-Ph H-3",5"),7.55 (s, 1H,NH,), 7.71
(t,J=74Hz, 1H, H-10),7.89 (d,/=8.0 Hz, 1H, H-8), 7.99 (t,
J=73Hz, 1H,H-9),843 (dd,/=7.5,59 Hz, 2H, 3-Ph H-2',
6"),8.59 (d,/=79 Hz, IH, H-11); LC-MS, m/z= 382 [M+1],
384 [M+3]; Anal. calcd. for C,;H,,FN.O,S: C, 56.69; H, 3.17,
18.36; S, 8.41; Found: C, 56.68; H, 3.17; 18.376; S, 8.41.
2-[(8-Methyl-3-phenyl-2-ox0-2H-[1,2,4]triazino
[2,3-c]quinazolin-6-yl)thio]acetamide (4.11). Yield—86.2%.
M.p. —282-284°C; '"H NMR &: 2.75 (s, 3H, CH,), 3.98 (s, 2H,
-SCH,), 7.15 (s, 1H,NH,), 7.62-7.43 (m, SH, H-10, 3-Ph H-3",
4’,5,NH,), 7.82 (d,J= 5.6 Hz, 1H, H-9), 8.30 (d, /= 8.8 Hz,
2H, 3-Ph H-2,6"),843 (d,/=7.8 Hz, 1H, H-11); Anal. calcd.
for C,,H,sN,O,S: C, 60.46; H, 4.01; N, 18.56; S, 8.50; Found:
C,60.45;H,4.01; N, 18.56; S, 8.51.
2-[(8-Bromo-3-(4-fluorophenyl)-2-oxo-2H-[1,2,4]tri-
azino[2,3-c]quinazolin-6-yl)thio]acetamide (4.12). Yield
—79.5%. M.p.—270-273°C; '"H NMR &: 3.94 (s, 2H, -SCH,),
6.60 (t, /= 7.6 Hz, 1H, H-10), 7.15 (s, 1H, NH,), 7.21 (t, J
=7.8 Hz, 2H, 3-Ph H-3",5"), 7.54 (s, 1H, NH,), 7.66 (d, J =
74Hz, 1H,H-9),7.75 (d,J="7.7Hz, 1H,H-11),833 (t, 2H,J =
5.3 Hz,3-Ph H-2",6"); LC-MS, m/z=460 [M]; Anal. calcd. for
C,sH,,BrFN.O,S: C,46.97; H, 2.41; N, 15.22; S, 6.97; Found:
C,46.96;H,241; N, 15.22; S, 6.98.
2-[(9-Fluoro-3-phenyl-2-ox0-2H-[1,2,4]triazino
[2,3-c]quinazolin-6-yl)thio]acetamide (4.13). Yield — 91.2%.
M.p.—286-289°C; 'THNMR 6: 3.95 (s, 2H, -SCH,), 7.13 (s, 1H,
NH,), 7.47-7.36 (t, 1H, H-10), 7.54 (m, 5H, H-8, 3-Ph H-3", 4,
5’,NH,), 8.33 (d, J=5.7 Hz, 2H, 3-Ph H-2",6"), 8.59 (dd, J =
6.2,4.6 Hz, 1H, H-11); LC-MS, m/z=382 [M+1], 384 [M+3];
Anal. caled. for C,(H,,FN.O,S: C, 56.69; H, 3.17; N, 18.36; S,
8.41; Found: C, 56.69; H, 3.16; N, 18.36; S, 8.42.
2-[(9-Fluoro-3-(4"-methoxyphenyl)-2-ox0-2H-
[1,2,4]triazino[2,3-c]quinazolin-6-yl)thio]acetamide
(4.14). Yield — 89.1%. M.p. — 251-254°C; '"H NMR 6: 3.89
(s, 3H, -OCH,), 3.95 (s, 2H, -SCH,), 7.05 (d, /= 8.6 Hz, 2H,
3-Ph H-3",5"),7.14 (s, 1H,NH,), 743 (dd,/=8.6,6.5 Hz, 1H,
H-10), 7.51 (d, /= 8.7 Hz, 1H, H-8), 7.56 (s, 1H, NH,), 8.40
(d,J=8.7Hz, 2H, 3-Ph H-2,6), 8.59 (dd, /= 8.0, 5.4 Hz, 1H,
H-11); LC-MS, m/z =412 [M+1], 414 [M+3]; Anal. calcd. for
C,,H,,FN.O,S: C,5547; H, 3.43; N, 17.02; S, 7.79; Found: C,
55.43;H,3.46;N, 17.01; S, 7.80.
N-(4-Bromophenyl)-2-[(9-fluoro-3-(4-methoxyphe-
nyl)-2-o0x0-2H-[1,2,4]triazino[2,3-c]quinazolin-6-yl)thio]
acetamide (4.15). Yield — 92.6%. M.p. — 304-306°C; 'H
NMR &: 3.90 (s, 3H, -OCH,), 4.20 (s, 2H, -SCH,), 7.08 (d, J
=8.7Hz, 2H, 3-Ph H-3", 5"), 7.51-7.32 (m, 4H, H-8, 10, 6-Ph
H-2",6),7.62 (d,/J=8.5Hz 2H, 6-Ph H-3",5"), 841 (d,J=
8.7Hz,2H, 3-Ph H-2',6"),8.57 (dd,/=8.4,6.3 Hz, |H, H-11),
10.46 (s, 1H, NH); Anal. calcd. for C,sH,,BrFN,O;S: C, 53.01;

H, 3.03; Br, 14.11; F, 3.35; N, 12.36; S, 5.66; Found: C, 53.04;
H,3.03; Br, 14.11; E, 3.35; N, 12.34; S, 5.65.
2-[(9-Fluoro-3-(4-fluorophenyl)-2-oxo-2 H-[ 1,2,4tri-
azino[2,3-c]quinazolin-6-yl)thio]acetamide (4.16). Yield
—71.8%. M.p.—274-276°C; '"H NMR &: 3.96 (s, 2H, -SCH,);
7.17 (s, 1H,NH,), 7.28 (t, /= 8.4 Hz, 2H, 3-Ph H-3",5"), 7.53
(t,J=7.5Hz, 1H, H-10),7.55 (s, 1H,NH,), 7.56 (d,J=9.2 Hz,
1H, H-8), 8.39 (t, /=5.7 Hz, 2H, 3-Ph H-2",6"), 8.65 (dd, /=
8.3,6.0 Hz, 1H, H-11); LC-MS, m/z=400 [M+1], 402 [M+3];
Anal. caled. for C,¢H,,F,N;O,S: C, 54.13; H, 2.78; N, 17.54; S,
8.03; Found: C, 54.12; H, 2.78; N, 17.55; S, 8.03.
2-[(9-Bromo-3-(4-fluorophenyl)-2-oxo-2H-[1,2,4]tri-
azino[2,3-c]quinazolin-6-yl)thioJacetamide (4.17). Yield
—84.62%. M.p.—282-285°C; 'HNMR &: 3.95 (s, 2H, -SCH,);
7.12 (s, 1H, NH,), 7.30 (t, / = 8.4 Hz, 2H, 3-Ph H-3,5), 7.75
(d,J=8.1Hz, 1H, H-10), 7.55 (s, 1H, NH,), 8.00 (s, 1H, H-8),
8.55-8.32 (m, 3H, H-11, 3-Ph H-2,6); LC-MS, m/z = 461
[M-+1]; Anal. caled. for C,(H,,BrFN.O,S: C, 46.97; H, 2.41;
N, 15.22; S, 6.97; Found: C,46.97; H,2.42; N, 15.22; S, 6.96.
N-(4-(Trifluoromethyl)benzyl)-2-[(9-bromo-3-(4-fluo-
rophenyl)-2-oxo0-2H-[1,2,4]triazino[2,3-c]quinazolin-6-
yl)thio]acetamide (4.18). Yield—81.9%. M.p.—273-276°C;
'HNMR &:4.04 (s, 2H, -SCH,), 4.44 (d,/=4.6 Hz, 2H, -CH,),
7.33(t,J=7.7Hz,2H,3-Ph H-3, 5"), 7.57-7.41 (m, 4H, 6-Ph
H-2",3,5,6),7.79 (d, /= 84 Hz, 1H, H-10), 7.90 (s, 1H,
H-8),8.51-8.33 (m, 3H, H-11, 3-Ph H-2",6"), 8.80 (t, /=59 Hz,
1H, NHCO); Anal. calcd. for C,(H,,BrF,N,O,S: C, 50.50; H,
2.61;Br, 12.92; F, 12.29; N, 11.32; S, 5.19; Found: C, 50.53; H,
2.61;Br, 12.92; F, 12.29; N, 11.31; S, 5.17.
2-[(10-Chloro-3-phenyl-2-ox0-2H-[1,2,4]triazino
[2,3-c]quinazolin-6-yl)thio]acetamide (4.19). Yield —
65.9%.M.p.—273-276°C; 'HNMR 6:3.97 (s,2H,-SCH,), 7.13
(s, IH,NH,), 7.66-7.39 (m, 3H, 3-Ph H-3",5",NH,), 7.81 (d,J=
8.7 Hz, 1H, H-8), 7.89 (d, /= 8.7 Hz, 1H, H-9), 836 (d, /=
7.1Hz,2H,3-Ph H-2',6"), 847 (s, IH, H-11); LC-MS, m/z=398
[M+1], 400 [M+3], 401[M+4]; Anal. caled. for C,¢H,,CIN.O,S:
C,54.34; H,3.04; N, 17.60; S, 8.06; Found: C, 54.36; H, 3.04;
N, 17.59; S, 8.05.
N-(4-Methoxybenzyl)-2-[(10-chloro-2-0x0-3-phenyl-
2H-[1,2,4]triazino[2,3-c]quinazolin-6-yl)thio]acetami-
de (4.20). Yield—81.4%. M.p. —242-244°C; 'HNMR &: 3.74
(s, 3H, OCH,), 4.01 (s, 2H, -SCH,), 427 (d, /= 5.5 Hz, 2H,
-CH,), 6.74 (d, /=82 Hz,2H, 6-Ph H-3", 5"), 7.17 (d, /= 8.1
Hz, 2H, 6-Ph H-2", 6"), 7.66-7.46 (m, 4H, H-8, 3-Ph H-3" 4’,
5%, 7.86 (d, J = 8.6 Hz, 1H, H-9), 8.35 (d, /= 7.3 Hz, 2H,
3-Ph H-2', 6"), 8.45 (s, 1H, H-11), 8.60 (t, /= 5.5 Hz, 1H,
NH); LC-MS, m/z =519 [M+1], 522 [M+4]; Anal. calcd. for
C,H,,CIN;O;S: C, 60.29; H, 3.89; Cl, 6.84; N, 13.52; S, 6.19;
Found: C, 60.32; H, 3.89; Cl, 6.84; N, 13.50; S, 6.22.
N-(4-(Trifluoromethyl)benzyl)-2-[(10-chloro-3-
(4-methoxyphenyl)-2-ox0-2H-[1,2,4]triazino[2,3-c]
quinazolin-6-yl)thioJacetamide (4.21). Yield — 93.5%.
M.p. —279-282°C; '"H NMR &: 3.91 (s, 3H, -OCH,), 4.05 (s,
2H, -SCH,),4.43 (d,J/=3.8 Hz, 2H, -CH,), 7.08 (d,/=7.6 Hz,
2H, 3-Ph H-3', 5"), 7.54-7.40 (m, 5H, 6-Ph H-2",3' 4", 5", 6"),
7.64 (d, J=17.8 Hz, 1H, H-8), 7.84 (d, /= 7.9 Hz, 1H, H-9),
8.51-8.33 (m, 3H, H-11,3-Ph H-2",6"),8.82 (t,/=3.8 Hz, 1H,
NH); Anal. caled. for C,,H,,CIF;N.O,S: C, 55.34; H, 3.27; Cl,
6.05; F, 9.73; N, 11.95; S, 5.47; Found: C, 55.36; H, 3.27; Cl,
6.05;F,9.73; N, 11.94; S, 5.46.
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2-[(10-Bromo-3-phenyl-2-ox0-2H-[1,2,4]triazino
[2,3-c]quinazolin-6-yl)thioJacetamide (4.23). Yield — 64.0%.
M.p.—250-253°C; 'THNMR 6: 3.97 (s, 2H, -SCH,), 7.13 (s, 1H,
NH,), 7.65-7.46 (m, 4H, 3-Ph H-3", 4, 5", NH,), 7.74 (d, J =
7.9Hz, 1H,H-8),8.02(d,/=7.8 Hz, 1H,H-9),8.36/(d,/=69 Hz,
2H,3PhH-2",6"),8.63 (s, 1H, H-11); LC-MS, m/z=444 [M+2],
446 [M+4]; Anal. calcd. for C,;H,,BrN,O,S: C, 48.88; H, 2.73;
N, 15.83; S, 7.25; Found: C, 48.87; H, 2.74; N, 15.83; S, 7.25.

2-[(10-Bromo-3-(4-methylphenyl)-2-oxo0-2H-[1,2,4]
triazino[2,3-c]quinazolin-6-yl)thioJacetamide (4.23). Yield
—79.5%. M.p. — 275-278°C; '"H NMR o: 2.45 (s, 3H, -CH,),
3.96 (s, 2H, -SCH,), 6.32 (d, /= 7.9 Hz, 2H, 3-Ph H-3", 5"),
7.13 (s, 1H, NH,), 7.57 (s, 1H, NH,), 7.81 (d, /= 8.6 Hz, 1H,
H-8), 8.07 (dd, J= 8.6, 1.6 Hz, 1H, H-9), 8.23 (d, /= 8.0 Hz,
2H, 3-Ph H-2', 6"), 8.64 (s, 1H, H-11); LC-MS, m/z = 457
[M+1]; Anal. caled. for C,,H,,BrN,O,S: C, 50.01; H, 3.09; N,
15.35; S,7.03; Found: C, 50.02; H, 3.09; N, 15.36; S, 7.03.

N-(2-Fluorophenyl)-2-[(10-bromo-3-(4"-methoxyphe-
nyl)-2-ox0-2H-[1,2,4]triazino[2,3-c]quinazolin-6-yl)
thioJacetamide (4.24). Yield — 87.7%. M.p. — 284-286°C;
'H NMR &: 3.91 (s, 3H, -OCH,), 4.26 (s, 2H, -SCH,), 7.27-
7.08 (m, 5H, 3-Ph H-3",5",6-PhH-3",4',5"),7.70 (d,/=8.8 Hz,
1H, 6-Ph H-6"), 8.10-7.88 (m, 2H, H-8,9), 8.43 (d,/=8.7 Hz,
2H, 3-Ph H-2",6"), 8.61 (s, 1H, H-11), 10.00 (s, 1H, NH); LC-
MS, m/z = 567 [M+1]; Anal. calcd. for C,sH,,BrFN,O;S: C,
53.01; H, 3.03; Br, 14.11; F, 3.35; N, 12.36; S, 5.66; Found: C,
53.04; H,3.03; Br, 14.11; F, 3.35; N, 12.34; S, 5.65.

N-(3-Fluorophenyl-)2-[(10-bromo-3-(4"-methoxyphe-
nyl)-2-ox0-2H-[1,2,4]triazino[2,3-c]quinazolin-6-yl)
thioJacetamide (4.25). Yield — 81.7%. M.p. — 288-290°C;
'HNMR 6: 3.91 (s, 3H, -OCH,), 4.21 (s, 2H, -SCH,), 6.80 (dd,
J=94,78 Hz, IH, 6-Ph H4"), 7.09 (d, /= 7.6 Hz, 2H, 3-Ph
H-2",5"),7.42-7.23 (m, 2H, 6-Ph H-5",6"), 7.59 (dd, /= 11.3,
0.7Hz, 1H, 6-PhH-2"),7.67 (d,J=7.8 Hz, 1H, H-8),8.01 (d,/
=7.8Hz, 1H,H-9),843(d,/=8.0Hz,2H,3-Ph H-2",6"),8.53
(s, IH, H-11), 10.53 (s, 1H, NH); LC-MS, m/z = 568 [M+2];
Anal. caled. for C,;H,,BrFN.O,S: C, 53.01; H, 3.03; Br, 14.11;
F,3.35; N, 12.36; S, 5.66; Found: C, 53.04; H, 3.03; Br, 14.11;
F,3.35;N, 12.34; S, 5.65.

2-[(10-Bromo-3-(4"-fluorophenyl)-2-ox0-2H-
[1,2,4]triazino[2,3-c]quinazolin-6-yl)thio]acetamide
(4.26). Yield — 66.7%. M.p.—289-291°C; LC-MS, m/z =463
[M+3]; Anal. caled. for C,¢H,,BrFN;O,S: C, 46.97; H, 2.41;
N, 15.22; S, 6.97; Found: C, 46.96; H, 2.41; N, 15.22; S, 6.98.

1.4. General procedure for the synthesis of 2-[(8-R -
9-R,-10-R;-3-R-2-ox0-2H-[1,2,4]triazino[2,3-c]quinazo-
line-6-yl)thio]acetonitriles (5.1-5.18).

Method A. Add 0.75 g (10 mmol) of chloroacetonit-
rile to the suspension of the proper potassium 8-R;-9-
R,-10-R;-3-R-2-0x0-2H-[1,2,4]triazino[2,3-c]guinazoli-
ne-6-thiolates (2.1-2.18) (10 mmol) in 20 ml of propa-
nol-2 and reflux for 1-1.5 hours. Cool the resulted mix-
ture, filter the solid and dry. Crystallize the compounds
from DMF-water.

Method B. Stir the mixture of 10 mmol of the pro-
per 2-[(8-R;-9-R,-10-R;-3-R-2-0x0-2H-[1,2,4]triazino
[2,3-c]quinazoline-6-yl)thioJacetamides (4.2, 4.5, 4.8, 4.12),
0.35 g (0.6 mmol) NaCl, 25 ml anhydrous dichloroetha-
ne, 1.0 g (6.5 mmol) phosphorous oxychloride and 1-2
drops of pyridine when heating (84°C) for 50 min. Then

increase the temperature to 88°C and continue to stir for
4 hours. Evaporate the solvent under vacuum, recrystal-
lize the solid obtained from DMA-water.
2-[(3-Methyl-2-ox0-2H-[1,2,4]triazino[2,3-c]quinazo-
line-6-yl)thio]acetonitrile (5.1). Yield—99.3% (Method A).
M.p.—279-281°C; '"H NMR &: 2.44 (s, 3H, CH,), 4.28 (s, 2H,
-SCH,), 7.68 (t,J="7.4 Hz, 1H, H-10), 7.86 (d,/=8.2 Hz, 1H,
H-8), 7.97 (t,J = 8.2 Hz, 1H, H-9), 8.56 (d, /=7.8 Hz, 1H,
H-11); LC-MS, m/z =284 [M+1], 286 [M+3]; Anal. calcd. for
C;HN.OS: C, 55.11; H, 3.20; N, 24.72; S, 11.32; Found: C,
55.10; H,3.20; N, 24.72; S, 11.33.
2-[(3-Phenyl-2-0x0-2H-[ 1,2 ,4]triazino[2,3-c|quinazo-
lin-6-yl)thio]acetonitrile (5.2). Yield—99.6% (Method A);
68.7% (Method B). M.p. — 257-259°C; '"H NMR &: 4.33 (s,
2H, -SCH,), 7.63-7.48 (m, 3H, 3-Ph H-3",4',5"), 7.70 (t, J =
7.5Hz, 1H,H-10),7.87(d,/=7.8 Hz, 1H,H-8),7.98 (/=74 Hz,
1H, H-9), 8.32 (d, /= 7.8 Hz, 2H, 3-Ph H-2", 6"), 8.58 (d, J
=7.8 Hz, 1H, H-11); LC-MS, m/z = 346 [M+1], 348 [M+3];
Anal. caled. for C;H,,N;OS: C, 62.60; H, 3.21; N, 20.28; S,
9.28; Found: C, 62.62; H, 3.20; N, 20.28; S, 9.27.
2-[(3-(3",4’-Dimethylphenyl)-2-ox0-2H-[ 1,2,4]tri-
azino[2,3-c]quinazolin-6-yl)thio]acetonitrile (5.3). Yield
—99.7% (Method A). M.p. — 258-261°C; 'TH NMR o: 2.35 (s,
3H, 3-Ph 3-CH,), 2.38 (s, 3H, 3-Ph 4-CH,), 4.31 (s, 2H, -SCH,),
7.26 (d, J=79 Hz, 1H, 3-Ph H-5"), 7.70 (t, /=74 Hz, 1H,
H-10), 7.87 (d, /= 8.0 Hz, 1H, H-8), 7.97 (t, /=74 Hz, 1H,
H-9), 8.05 (d, /= 7.8 Hz, 1H, 3-Ph H-6"), 8.10 (s, 1H, 3-Ph
H-2"),8.57(d,J=7.8 Hz, 1H,H-11); LC-MS, m/z=374 [M+1],
376 [M+3]; Anal. calcd. for C,,H,sN.OS: C, 64.33; H, 4.05;
N, 18.75; S, 8.59; Found: C, 64.34; H, 4.05; N, 18.74; S, 8.59.
2-[(3-(4"-i-Propylphenyl)-2-ox0-2H-[1,2,4]triazi-
no[2,3-c]quinazolin-6-yl)thioJacetonitrile (5.4). Yield —
99.9% (Method A). M.p.— 176-178°C; 'HNMR 6: 1.32 (d,J=
5.5 Hz, 6H, -CH(CH,),), 2.59-2.53 (m, 1H, -CH(CH,),), 4.32
(s, 2H, -SCH,), 7.37 (d, /= 7.8 Hz, 2H, 3-Ph H-3",5"), 7.69
(t,J=7.3 Hz, 1H, H-10), 7.87 (d, /= 7.9 Hz, 1H, H-8), 7.97
(t,J=72 Hz, 1H, H-9), 825 (d, /= 7.7 Hz, 2H, 3-Ph H-2’,
6"),8.57(d,J=17.7Hz, 1H, H-11); LC-MS, m/z=388 [M+1],
390 [M+3]; Anal. calcd. for C,,H,;N.OS: C, 65.10; H, 4.42;
N, 18.08; S, 8.28; Found: C, 65.10; H, 4.41; N, 18.09; S, 8.28.
2-[(3-(4"-(tert-Butyl)phenyl)-2-ox0-2H-[1,2,4]tri-
azino[2,3-c]quinazolin-6-yl)thio]acetonitrile (5.5). Yield
—96.0% (Method A); 73.7% (Method B). M.p. — 256-258°C;
'HNMR 6: 1.39 (s, 9H, -C(CH,),); 4.32 (s, 2H, -SCH,), 7.53
(d, J=8.0 Hz, 2H, 3-Ph H-3", 5"), 7.69 (t, /= 7.4 Hz, 1H,
H-10), 7.86 (d, J=7.9 Hz, 1H, H-8), 7.97 (t, /=74 Hz, 1H,
H-9),8.26(d,J=8.1Hz,2H, 3-Ph H-2",6"),8.57 (d,J=7.9 Hz,
1H, H-11); LC-MS, m/z=402 [M+1],404 [M+3]; Anal. calcd.
for C,,H,(N,OS: C, 65.81; H,4.77; N, 17.44; O, 3.99; S, 7.99;
Found: C, 65.80; H, 4.77; N, 17.44; O, 3.99; S, 8.00.
2-[(3-(4"-Methoxyphenyl)-2-ox0-2H-[1,2,4]triazi-
no[2,3-c]quinazolin-6-yl)thioJacetonitrile (5.6). Yield —
82.0% (Method A). M.p. —272-274°C; '"H NMR &: 3.90 (s,
3H,-OCH,),4.32 (s, 2H, -SCH,), 7.05 (d,J="7.3 Hz, 2H, 3-Ph
H-3",5),7.70 (t, J= 7.6 Hz, 1H, H-10), 7.88 (d, /= 7.6 Hz,
1H, H-8), 7.98 (d, /= 7.6 Hz, 1H, H-9), 8.39 (d, /= 7.6 Hz,
2H, 3-Ph H-2", 6"), 8.58 (d, /= 7.4 Hz, 1H, H-11); LC-MS,
m/z = 376 [M+1], 378 [M+3]; Anal. caled. for C,;H,;N;O,S:
C,60.79; H, 3.49; N, 18.66; O, 8.52; S, 8.54; Found: C, 60.80;
H,3.49; N, 18.66; O, 8.52; S, 8.53.
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2-[(3-(4"-Ethoxyphenyl)-2-ox0-2H-[ 1,2,4]triazino
[2,3-c]quinazolin-6-yl)thio]acetonitrile (5.7). Yield —99.9%
(Method A). M.p. —268-270°C; 'HNMR o: 1.45 (t,J=5.6 Hz,
3H, -OCH,CH,), 4.15 (dd,J=11.1, 54 Hz, 2H, -OCH,CH,),
4.32 (s, 2H, -SCH,), 7.02 (d, /= 7.6 Hz, 2H, 3-Ph H-3",5"),
7.71 (t,J=17.3 Hz, 1H, H-10), 7.88 (d, /= 7.3 Hz, 1H, H-8),
7.98(t,J=7.3 Hz, 1H,H-9),8.38 (d,/=7.7Hz, 2H, 3-Ph H-2,
6"),8.58 (d,/=7.3 Hz, IH, H-11); LC-MS, m/z= 390 [M+1],
392 [M+3]; Anal. caled. for C,H,.N.O,S: C, 61.68; H, 3.88;
N, 17.98; S, 8.23; Found: C, 61.67; H, 3.88; N, 17.98; S, 8.24.
2-[(3-(4"-Fluorophenyl)-2-ox0-2H-[1,2,4]triazino
[2,3-c]quinazolin-6-yl)thio]acetonitrile (5.8). Yield—99.9%
(Method A); 81.3% (Method B). M.p. — 266-268°C; 'H NMR
d:4.33 (s, 2H, -SCH,), 7.29 (t, /= 8.5 Hz, 2H, 3-Ph H-3",5"),
7.71 (t,J= 74 Hz, 1H, H-10), 7.89 (d, /= 8.0 Hz, 1H, H-8),
7.99 (t,/J=7.3 Hz, 1H,H-9),8.43 (dd,/=7.5,59 Hz,2H, 3-Ph
H-2",6"),8.59 (d, /=79 Hz, 1H, H-11); LC-MS, m/z = 364
[M+1], 366 [M+3]; Anal. calcd. for C ;H,,FN.OS: C, 59.50; H,
2.77;N,19.27; S, 8.82; Found: C, 59.51; H,2.77;N, 19.27; S, 8 81.
2-[(8-Methyl-3-phenyl-2-ox0-2H-[1,2,4]triazino
[2,3-c]quinazolin-6-yl)thio]acetonitrile (5.9). Yield — 98.67%
(Method A). M.p.—255-257°C; 'THNMR &: 2.76 (s, 3H, -CH,),
4.32(s,2H,-SCH,), 7.63-7.46 (m,4H, H-10, 3-Ph H-3",4", 5"),
7.81(d,J=5.6Hz, 1H,H-9),8.31 (d,/=8.8 Hz,2H, 3-Ph H-2",
6"),841 (d,/=7.8 Hz, IH, H-11); LC-MS, m/z= 360 [M+1],
362 [M+3]; Anal. calcd. for C,,H,sN.OS: C, 63.49; H, 3.65;
N, 19.49; S, 8.92; Found: C, 63.48; H, 3.65; N, 19.49; S, 8.93.
2-[(9-Fluoro-3-phenyl-2-ox0-2H-[1,2,4]triazino
[2,3-c]quinazolin-6-yl)thioacetonitrile (5.10). Yield — 88.0%
(Method A); 71.9% (Method B). M.p. —250-253°C; 'H NMR
8:4.33 (s, 2H, -SCH,), 7.63-7.45 (m,J=14.9, 7.7 Hz, 5H, H-8,
10, 3-Ph H-3",4",5"), 8.29 (d, /= 7.2 Hz, 2H, 3-Ph H-2",6"),
8.64(dd,J=8.7,5.9Hz, 1H,H-11); LC-MS, m/z=364 [M+1],
366 [M+3]; Anal. calcd. for C,;H,,FN.OS: C, 59.50; H, 2.77,
N, 19.27; S, 8.82; Found: C, 59.51; H,2.77; N, 19.26; S, 8.82.
2-[(9-Fluoro-3-(4"-methoxyphenyl)-2-ox0-2H-
[1,2,4]triazino|2,3-c]quinazolin-6-yl)thio]acetonitrile (5.11).
Yield — 74.67% (Method A). M.p. — 273-275°C; '"H NMR 6
3.90 (s, 3H,-CH,),4.32 (s, 2H, -SCH,), 7.04 (d,/=8.2 Hz, 2H,
3-PhH-3",5"),7.50(dd,/=8.6, 6.6 Hz, 1H, H-10), 7.57 (d,J=
7.6 Hz, 1H, H -8), 8.36 (d, /= 8.3 Hz, 2H, 3-Ph H-2",6"), 8.63
(dd, J=8.7,5.9 Hz, 1H, H-11); LC-MS, m/z = 394 [M+1],
396 [M+3]; Anal. calcd. for C,,H,,FN,O,S: C, 58.01; H, 3.07;
N, 17.80; S, 8.15; Found: C, 58.02; H, 3.07; N, 17.80; S, 8.14.
2-[(9-Fluoro-3-(4’-fluorophenyl)-2-oxo0-2H-[1,2,4]
triazino[2,3-c]quinazolin-6-yl)thio]acetonitrile (5.12).
Yield — 48.0% (Method A). M.p. — 258-260°C; '"H NMR &:
433 (s,2H,-SCH,), 7.29 (t, /=84 Hz,2H, 3-Ph H-3",5"), 7.51
(t,J=17.5 Hz, 1H, H-10), 7.58 (d, /= 9.2 Hz, 1H, H-8), 8.40
(t,J=5.7Hz,2H, 3-Ph H-2",6"),8.63 (dd,/=8.3,6.0 Hz, 1H,
H-11); LC-MS, m/z=382 [M+1], 384 [M+3]; Anal. calcd. for
C,:H,F,N.OS: C, 56.69; H, 2.38; N, 18.36; S, 8.41; Found: C,
56.68; H,2.38; N, 18.37; S, 8.41.
2-[(10-Chloro-3-phenyl-2-ox0-2H-[1,2,4]triazino
[2,3-c]quinazolin-6-yl)thio]acetonitrile (5.13). Yield —
69.33% (Method A). M.p. — 262-264°C; '"H NMR 0: 4.33 (s,
2H, -SCH,), 7.65-7.37 (m, 3H, 3-Ph H-3", 4', 5"), 7.88 (d, J
= 8.6 Hz, 1H, H-8), 7.95 (d, J = 8.6 Hz, 1H, H-9), 8.31 (d,
J=713 Hz, 2H, 3-Ph H-2', 6"), 8.50 (s, 1H, H-11); LC-MS,
m/z =380 [M +1], 382 [M +3], 383 [M +4]; Anal. calcd. for

C,sH,,CIN;OS: C, 56.92; H,2.65; N, 18.44; S, 8.44; Found: C,
56.92; H,2.65; N, 18.43; S, 8.45.

2-[(10-Chloro-3-(4"-methylphenyl)-2-ox0-2H-[1,2,4]
triazino[2,3-c]quinazolin-6-yl)thio]acetonitrile (5.14).
Yield — 64.0% (Method A). M.p. — 250-253°C; '"H NMR &:
246 (s, 3H, -CH,), 4.32 (s, 2H, S-CH,-), 7.33 (d, /= 7.8 Hz,
2H,3-PhH-3",5"),7.87 (d,/=8.6 Hz, 1H, H-8),7.93 (d,J=8.6
Hz, 1H, H-9), 8.24 (d, /= 7.8 Hz, 2H, 3-Ph H-2", 6"), 8.49 (s,
1H, H-11); Anal. caled. for C,(H,,CIN;OS: C, 57.94; H, 3.07,
N, 17.78; S, 8.14; Found: C, 57.93; H, 3.07; N, 17.79; S, 8.14.

2-[(10-Chloro-3-(4"-fluorophenyl)-2-oxo0-2H-[1,2,4]
triazino[2,3-c]quinazolin-6-yl)thio]acetonitrile (5.15).
Yield — 69.33% (Method A). M.p. — 270-272°C; '"H NMR 6
433 (s, 2H, -S-CH,-), 7.29 (t, /= 8.6 Hz, 2H, 3-Ph H-3", 5"),
7.88 (d, J= 8.7 Hz, 1H, H-8), 7.95 (d, J = 8.5 Hz, 1H, H-9),
842 (dd,J=8.0,5.8 Hz,2H, 3-Ph H-2’,6"), 8.49 (s, 1H, H-11);
LC-MS, m/z=398 [M+1], 400 [M+3], 401 [M+4]; Anal. cal-
cd. for C,;H,CIFN.OS: C, 54.35; H, 2.28; N, 17.60; S, 8.06;
Found: C, 54.36; H, 2.27; N, 17.60; S, 8.06.

2-[(10-Bromo-3-phenyl-2-ox0-2H-[1,2,4]triazino
[2,3-c]quinazolin-6-yl)thio]acetonitrile (5.16). Yield —
96.7% (Method A). M.p. — 260-252°C; "H NMR o: 4.33 (s,
2H, -SCH,), 7.66-7.41 (m, 3H, 3-Ph H-3", 4',5), 7.81 (d, J
=8.6 Hz, 1H, H-8), 8.08 (d, /= 8.6 Hz, 1H, H-9), 831 (d, /=
7.3 Hz,2H, 3-Ph H-2', 6"), 8.65 (s, 1H, H-11); LC-MS, m/z=
425 M +1]; Anal. caled. for C,¢H,,BrN.OS: C, 50.96; H, 2.38;
N, 16.51; S, 7.56; Found: C, 50.97; H, 2.38; N, 16.50; S, 7.56.

2-[(10-Bromo-3-(4"-methylphenyl)-2-ox0-2H-[1,2,4]
triazino|2,3-c]quinazolin-6-yl)thioJacetonitrile (5.17). Yield
—77.2% (Method A). M.p. —268-270°C; '"H NMR &: 2.46 (s,
3H, -CH,), 4.32 (s, 2H, -SCH,), 6.32 (d, /= 7.9 Hz, 2H, 3-Ph
H-3",5"),7.80(d,/=8.6 Hz, 1H, H-8), 8.06 (dd,/=8.6, 1.6 Hz,
1H, H-9), 8.24 (d,/=8.0 Hz, 2H, 3-Ph H-2", 6"), 8.63 (s, 1H,
H-11); LC-MS, m/z=439 [M+1]; Anal. calcd. for C,,H,,BiN,OS:
C,52.07;H,2.76; N, 15.98; S, 7.32; Found: C, 52.06; H, 2.76;
N, 15.98;S,7.33.

2-[(10-Bromo-3-(4"-methoxyphenyl)-2-ox0-2 H-
[1,2,4]triazino[2,3-c]quinazolin-6-yl)thio]acetonitrile (5.18).
Yield — 88.0% (Method A). M.p. — 266-268°C; 'H NMR 6:
3.88(s, 3H, -CH,), 4.30 (s, 2H, -SCH,), 7.03(d, 2H, 3-Ph H-3",
57),7.81(d, 1H, H-8), 8.04 (d, 1H, H-9), 8.37 (d, 2H, 3-Ph H-2',
6),8.62 (s, 1H, H-11); LC-MS, m/z=455 [M+1], 456 [M+2],
458 [M+4]; Anal. calcd. for C,,H,,BrN,O,S: C, 50.23; H, 2.66;
N, 15.42; S, 7.06; Found: C, 50.22; H, 2.66; N, 15.43; S, 7.06.

2-[(10-Bromo-3-(4"-fluorophenyl)-2-oxo0-2H-[1,2,4]
triazino|2,3-c]quinazolin-6-yl)thioJacetonitrile (5.19). Yield
—64.0%. M.p. —259-261°C; 'H NMR &: 4.33 (s, 2H, -SCH,),
729 (t,J=84Hz, 3H, 3-Ph H-3",5"),7.81 (d,/=8.6 Hz, 1H,
H-8), 8.07 (d, /=83 Hz, 1H, H-9), 842 (dd, J=7.3, 5.8 Hz,
2H,3-Ph H-2",6"),8.64 (s, 1H,H-11); LC-MS, m/z=446 [M+4];
Anal. caled. for C,H,BrFN;OS: C,48.88; H,2.05; N, 15.84; S,
7.25; Found: C, 48.89; H, 2.05; N, 15.84; S, 7.24.

2. Pharmacology

Antimicrobial and antifungal test

Sensitivity of microorganisms to the compounds syn-
thesized was assessed according to the methods descri-
bed [9]. The assay was conducted on the Mueller-Hin-
ton medium by two-fold serial dilution of compounds in
1 ml. After that 0.1 ml of microbial seeding (106 cells/ml)
was added. The minimal inhibitory concentration of com-
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Scheme. Synthesis of [(8-R;-9-R,-10-R,-3-R-2-ox0-2H-[1,2,4]triazino[2,3-c]-quinazoline-6-yl)thio]acetic acids

pounds was determined by the absence of visual growth
in the test tube with the minimal concentration of the
substance, the minimal bactericidal/fungicidal concen-
tration was determined by the absence of growth on agar
after inoculation of the microorganism from transparent
test-tubes. Dimethylsulfoxide was used as a solvent, the
initial solution concentration was 1 mg/ml. For preliminary
screening the standard test cultures such as Staphylococ-
cus aureus ATCC 25923, Escherichia coli ATCC 25922,
Pseudomonas aeruginosa ATCC 27853 and Candida al-
bicans ATCC 885-653 were used. All test strains were
received from the bacteriological laboratory at the Za-
porizhzhya Regional Laboratory Centre of the State Sa-
nitary and Epidemiological Service of Ukraine. Nitro-
fual, trimetoprim and ketoconazol were used as referen-
ce compounds with the proved antibacterial/antifungal
activity. Additional quality control of the culture me-
dium and solvents was conducted by the methods com-
monly used.

Results and Discussion

1. Chemistry

As initial compounds, 3-R-6-thio-6,7-dihydro-2H-
[1,2,4]triazino[2,3-c]-quinazolin-2-ones (1) and their po-
tassium salts were used; the salts were obtained accor-
ding to the known protocols of 6-R-3-(3-R-4-R,-5-R;-2-
amnophenyl)-1,2.4-triazin-5(2H)-ones with carbon di-
sulfide, potassium hydroxide in the ethyl alcohol me-
dium and potassium ethylxanthate in propanol-2 [7, 8].

The synthesis of [(8-R,-9-R,-10-R,-3-R-2-0x0-2H-
[1,2,4]triazino[2,3-c]quinazolin-6-yl)thio]acetic acids (3)
was conducted via alkylation of potassium thiolates with
chloroacetic acids in propanol-2 or propanol-2 — water
in the presence of the equivalent amount of sodium hy-
droxide (Scheme). After acidification of the reaction mix-
ture (pH 3-4), the solids of the corresponding acids were

and the functional derivatives.

formed with high yields. Amides 4 were synthesized by
alkylation of potassium thiolates 2 with chloracetamide
or N-R,-chloracetamides in propanol-2. Unfortunately,
we failed to obtain amides 4 by amonolysis of the cor-
responding ester because of low reactivity of the com-
pounds mentioned.

Synthesis of nitriles 5 by dehydratation of the pro-
per amides 4 with phosphorous-oxychloride in dichlo-
rmethane was not successful in all cases. The fact men-
tioned was caused by low yields and problems with iso-
lation of the target compound from the reaction mixture.
Thus, nitriles 5 were synthesized by interaction of po-
tassium thiolates with chloroacetonitrile in propanol-2.

We noted that thions 1 were also alkylated by chlo-
roacetic acid and their derivatives in propanol-2 in the
presence of sodium hydroxide. The reaction easily flows
for 1-1.5 h., elongation of the process did not lead to the
increase of the yields.

The purity of the compounds synthesized was con-
firmed by LC-MS, the structure by elemental analysis,
'H and “C NMR-spectrometry.

In LC-MS spectra of compounds 3, 4 and 5 in most
cases the positive ions [M+1] and [M+3] were observed,
the m/z values of the ions mentioned corresponded to the
molecular weight of the target compounds. In LC-MS
spectra acids 3.2-3.4 we have found the signals, which
according to their m/z value belong to the fragmentary
ion [M—CH,COOH]", and it additionally confirms the
structure of the acids synthesized.

In '"HNMR-spectra of compounds 3, 4 and the sin-
glet signal of the SCH,-group at 4.33-3.89 ppm, the che-
mical shift of the signal was caused by the nature of the
substituent at the carbonyl group. The signal of the pro-
ton mentioned was observed in the lower field of '"H-NMR
of the corresponding nitriles 5 (4.33-4.32 ppm). The pro-
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Table
The antimicrobial and antifungal activity of the compounds synthesized
Comp. E. coli S. aureus P. aerugenosa C. albicans
No. R¥* R, R, R, MIC, | MBC, | MIC, | MBC, | MIC, | MBC, | MIC, | MFC,
pg/ml | ug/ml | pg/ml | pg/ml | pg/ml | pg/ml | pg/ml | ug/ml
3.3 4-(Me)C,H, H H H 100 100 25 100 50 100 50 50
34 3,4-(Me),CH, H H H 100 200 12.5 100 50 100 50 100
3.5 4-(Et)C,H, H H H 100 200 12.5 50 100 200 50 100
3.6 4-(i-Pr)-C,H, H H H 100 200 12.5 25 100 100 50 100
3.14 4-F-CiH, H H Br 200 200 12.5 50 100 200 100 100
4.1 Me H H H 50 100 100 200 200 200 25 100
45 4-(Et)C,H, H H H 100 100 25 100 100 200 50 100
4.6 4-(tert-Bu)C,H, H H H 100 200 25 100 100 200 50 100
4.7 4-(MeO)CH, H H H 100 200 25 25 100 200 25 50
4.8 4-(EtO)C,H, H H H 100 100 12.5 50 100 200 50 100
411 Ph Me H H 100 100 50 100 50 100 25 100
412 4-F-CH, Br H H 100 100 50 200 100 200 25 50
413 Ph H F H 100 200 12.5 100 100 200 12.5 12.5
414 4-(MeO)CH, H F H 200 200 12.5 25 200 200 12.5 25
416 4-FCH; H F H 100 200 25 50 200 200 25 50
4.26 4-F-CH, H H Br 50 100 100 200 200 200 25 100
5.10 Ph H F H 100 200 50 100 100 200 12.5 25
5.11 4-(MeO)CH, H F H 100 200 50 100 100 200 25 50
5.13 Ph H H Cl 25 100 100 200 50 100 50 100
5.14 4-MeCH, H H Cl 25 100 100 200 50 100 50 100
Nitrofural 1.5 - 6.25 - 6.25 - 25.0 -
Trimethoprim 50 50 31.2 62.5 62.5 125 62.5 125
Ketoconazole - - - - - - 25 -

* — compounds 3.1, 3.2, 3.7-3.13, 4.2-4.4, 4.9, 4.10, 4.15, 4.17-4.25, 5.1-5.9, 5.15-5.19 exhibit the antibacterial activity <50 ug /ml.

ton of the carboxylic group of acids was observed at
13.92-12.90 ppm. Protons of the primary amide group
of compounds 4 as result of the C=0 group effect were
observed as two non-equivalent one-proton singlets at
7.30-7.08 ppm and 7.58-7.53 ppm. For the secondary
amides 4 the amide protons were observed as a singlet
at 10.59-10.00 ppm (for 4.9, 4.16, 4.24, 4.25) or 8.82-
8.5 ppm (4.19, 4.21, 4.22). Compounds (4.19, 4.21, 4.22)
were also characterized by a two-proton doublet of the
NCH, fragment in "HNMR spectra. Aromatic protons of
the non-substituted triazinoquinazoline cycle of com-
pounds 3, 4, 5 formed systems with two one-proton
doublets H-8 and H-11 and two one-proton triplets H-9
and H-10. Signals of aromatic protons of the para-sub-
stituted phenyl moiety in position 3 of compounds 3, 4
and 5 were observed as the A,B,-system consisting of
two-proton doublets (H-3, H-5 and H-2, H-6), at the same
time, signals of the unsubstituted one were observed as
a multiplet (H-3, H-4, H-5) and a two-proton doublet.
Signals of sp’-hybrid carbons belonging to CH,
(18.19 ppm), SCH, (34.21-38.94 ppm), CH,O (55.94 ppm)
were observed in the high field of *C NMR-spectra of
some compounds. According to'*C NMR spectra the most
deshielded carbons were located in the -COOH-group
(170.04-170.08 ppm) and positions 2 and 6 of [1,2,4]tri-
azino[2,3-c]quinazoline system.

2. Antimicrobial and antifungal activities

The antimicrobial assay has shown that the com-
pounds synthesized exhibit the antibacterial and anti-
fungal activity against the strains studied. Thus, 2-[(3-
methyl-2-ox0-2H-[1,2,4]triazino[2,3-c]quinazoline-6-
yDthioJacetic acids (3.1, MIC 50-200 pg/ml) exhibit a
moderate action against E.coli, S. aureus and P. aerugino-
sa, but a high activity against C. albicans (MIK 50 pg/ml,
Table). Chemical modification of compound 3.1 via chan-
ging the methyl group in position 3 into the phenyl mo-
iety (3.2) did not lead to the activity increase. Introduc-
tion of fluorine (3.9) and alkoxy groups (3.7, 3.8) in the
phenyl moiety also did not lead to the increase of the
antibacterial and antifungal activity. At the same time
4-alkylphenyl derivatives (3.3-3.6) exhibit a high inhi-
biting effect against S. aureus (MIC 12.5-25 ug/ml). We
noticed that the increase in activity was observed in case
of introduction of the additional methyl group (com-
pound 3.4), elongation (3.5) and branching (3.6) of the
alkyl group in the phenyl substituent (Table). Introduc-
tion of the addition substituent (fluoro-, chloro-, bromo-
and methyl group) in position 8, 9, 10 did not cause essen-
tial changes of the antimicrobial and antifungal activity.
Only compound 3.14 containing bromine in position 10
and (4-fluoro)phenyl in position 3 exhibits a high acti-
vity against S. aureus (MIC 12.5 pg/ml).



ISSN 1562-7241

NEWS OF PHARMACY 1(81)2015 19

Following modification of the carboxylic group (com-
pounds 3.1-3.14) in the amide fragment (4.1-4.26) re-
sulted in increasing the antibacterial and antifungal ac-
tivity against the strains studied. We noticed that some
amides (4.1, 4.3, 4.4, 4.9, 4.15, 4.17. 4.18, 4.20, 4.21,
4.26) unlike acids (3.1-3.15) exhibited the antibacterial
activity against E. coli (MIC 50 pg/ml) at the same le-
vel as trimetoprim (MIC 50 ug/ml). Moreover, amides
4.1-4.26 showed a high antifungal action against C. al-
bicans (MIC 12.5-50 pg/ml) exceeding the activity of
trimetoprim (MIC 62.5 pug/ml) and was comparable to
nitrofural (MIC 25.0 pg/ml, compounds 4.1, 4.7, 4.11,
4.14, 4.16, 4.26). A considerable attention as to antifun-
gal agents should be paid to compounds 4.13 and 4.14
(MIC 12.5 pg/ml) exceeding the activity of ketocona-
zol (MIC 25 pg/ml).

We noted that as in case of acids amides 4.1-4.26
were more active against S. aureus (MIC 12.5-100 pg/ml).
The modification of compound 4.1 was conducted via
changing the methyl group in position 3 of the triazino-
quinazoline system into phenyl (4.2), 4-alkylphenyl
(4.3, 4.5-4.6), 3,4-dimethylphenyl (4.4) and 4-alkoxy-
phenil (4.7, 4.8) results in the activity increase. Unlike
acids (3.11, 3.12), amides (4.13-4.16) containing a fluo-
rine atom in position 9 were more active against S. au-
reus. Substitution of fluorine (4.13-4.16) into bromine
(4.17) caused insignificant decrease in activity (MIC 50
ug/ml). The complete loss of activity was observed in
case of translocation of bromine from 9 to 10 position
(compounds 4.22, 4.23, 4.26; MIC 50-100 pg/ml) and
introduction of chlorine (4.19 MIC 50 pg/ml). Intro-
duction of the N-substituted amide group (compounds
4.9, 4.15, 4.18, 4.20, 4.21, 4.25, 4.26) irrespective of
the substituent and its location in the molecule did not
affect or cause insignificant decrease of action against
S. aureus.

Nitriles (5.1-5.19) unlike acids (3.1-3.15) and ami-
des (4.1-4.26) were active against P. aeruginosa (MIC

50-100 pg/ml). Among all the compounds studied only
compounds 5.13 and 5.14 revealed a high antimicrobial
action against £. coli (MIC 25 pg/ml). At the same time
the inhibitory activity of nitriles (5.1-5.19) against S. aure-
us comparing to acids and amides were insignificant (MIC
50-200 pg/ml). Nitriles (5.1-5.19) also exhibited a high in-
hibitory action against C. albicans (MIC 12.5-100 pg/ml).
Among the compounds studied our attention was fo-
cused on compound 5.10 (MIC 12.5 pg/ml) exceeding
ketoconazole (MIC 25 ug/ml) in its activity.

Thus, the antimicrobial and antifungal activity of
2-[8-R,-9-R,-10-R;-3-R-2-0x0-2H-[1,2,4]triazino[2,3-¢]
quinazoline-6-yl)thio]acetic acids studied and their de-
rivatives was caused by the nature of substituents in po-
sition 6, substituents of the phenyl moiety in position
and substituents in positions 8, 9, 10 of the triazino-
quinazoline system. We have found that the presence of
4-alkylphenyl (compounds 3.3-3.6, 4.3-4.6; MIC 12.5-
25 ng/ml), 4-alkoxyphenyl (4.7, 4.8; MIC 12.5-50 pug/ml)
substituents in position 3 and fluorine in position 9 4.13-
4.16; MIC 12.5-25 pg/ml) contributes positively to the
high activity against S. aureus, the presence of fluorine
in position 9 also promotes the activity against C. albi-
cans (4.13, 4.14; MIC 12.5 pg/ml).

CONCLUSIONS

In the present paper 50 new derivatives of 2-[8-R -
9-R,-10-R;-3-R-2-0x0-2H-[ 1,2 4]triazino[2,3-c]quinazo-
line-6-yl)thioJacetic acids have been described. The com-
pounds synthesized have been tested for the antimicro-
bial and antifungal activity using standard test cultures:
Staphylococcus aureus ATCC 25923, Escherichia coli
ATCC 25922, Pseudomonas aeruginosa ATCC 27853
and Candida albicans ATCC 885-653. It has been shown
that the compounds synthesized exhibit a high antimic-
robial activity against St. aureus (compounds 3.3-3.6, 4.3-
4.6,4.7, 4.8, 4.13-4.16; MIC 12,5-25 pg/ml) and C. al-
bicans (compounds 4.13, 4.14; MIC 12,5 pg/ml). The
“structure-activity” relationship has been discussed.
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CUHTE3 TA MOOUDIKALIA 2-[(8-R,-9-R,-10-R,-3-R-2-OKCO-2H-[1,2,4]TPUA3NHO[2,3-c]
XIHA3OI1IH-6-1J1)TIO]OLUTOBUX KUCINOT, CNPAMOBAHI HA MNOLUYK CIMONYK

3 AHTUBAKTEPIAIIbHOIO TA MPOTUITPUBKOBOIO OIEO

I.C.HocyneHko, O.FO.Bockob6oliHik, I.I.Bepecm, C.l.KoeaneHko, O.M.KamuwHuldi,
H.M.IMoniwyk

Knrodoei crioga: cuHmes; xiHas3oniHu, mpua3uHu; aHmubakmepianbHa akmueHiCmb;
npomuzpubkosa akmugHicmb

B npedcmasrneniti pobomi onucaHo cuHme3 50 Hosux roxioHux 2-[8-R,-9-R,-10-R;-3-R-2-okco-2H-
[1,2,4Jmpua3suHo[2, 3-c]xiHa3oniH-6-irn)mioJoymosux kucrom. [Noka3aHo, Wo arsnkinysaHHs Kasit 8-R,-
9-R,-10-R,-3-R-2-okco-2H-[1,2,4]mpua3uHo[2, 3-c]xiHa30siH-6-mioniamie Xsiopoymosoro KUC10moro,
xnopauyemamioom, N-R ~xrnopauemamidamu ma xmnopauemoHimpusiom eede 00 ymeopeHHs1 8idnoeio-
Hux 2-[8-R,-9-R-10-R;-3-R-2-okco-2H-[1,2,4]Jmpua3uHo[2, 3-cxiHa3oniH-6-in)mioJouymosux Kucrom, ix
amidie ma Himpurnis. [r1s1 8idnogidHuUXx kucriom ma Himpuriie 6ynu onpayb08aHi arlbmepHamueHi CUH-
memuyHi nidxodu. Takox 6ynu 062080peHI OBMEXEHHST y cCUHMe3i Uinbosux cronyk. Tak, 6ysio rno-
KasaHo, wo amiou 2-[8-R,-9-R,-10-R,-3-R-2-okco-2H-[1,2,4Jmpua3uHo[2, 3-c]xiHa3o:iH-6-irl)mioJoy-
moeux Kucriom He MOXymb bymu o0epxaHi aMOHOIi30M 8idrno8iOHUX ecmepig 8HACTiO0K HU3bKOI
peakuyitiHoi 30amHocmi ocmaHHiX. 3asierneHo, wo cuHme3s Himpurig dezidpamauieto 8i0rMogidHUX ami-
die xropokucom ¢hocghopy y duxriopomemani bys ycriwHUM He 8 ycix sunadkax. 3asHavyeHul ¢hakm
06ymo8reHo 8Kkpali HUSbLKUMU 8uxo0amu Yiribo8UX CrOMYK, WO 108’a3aHo 3i 3Ha4HUMU ripobrnemamu
npu ix eudineHHi 3 peakyitHoi cymiwi. Cmpykmypy cuHme3osaHuXx crionyk 6yrno guzHa4yeHo 3a 00-
[MOMO20t0 KOMII/IEKCY CyYacHuUX ¢bisuko-ximivHux memodis ('H, *C NMR, LC-MS-cnekmpamu). CuH-
me3oeaHi crionyku 6ynu eunpobysaHi Ha aHMUMIKPOOHy ma npomuepubkosy Jito 3 BUKOPUCMAHHSIM
cmaHOapmHux mecm-kynbmyp: Staphylococcus aureus ATCC 25923, Escherichia coli ATCC 25922,
Pseudomonas aeruginosa ATCC 27853 ma Candida albicans ATCC 885-653. Noka3aHo, wo crionyku
3.3-3.6,4.3-4.6, 4.7, 4.8, 4.13-4.16 nposiensome supaxxeHy akmugHicmab o 8i0HoWeHHr 00 St. aureus
(MIC 12,5-25 ug/ml), a cnonyku 4.13, 4.14 makox o sidHoweHHro 0o C. albicans (MIC 12,5 ug/ml).
B pamkax cmammi 062080peH0 83aEM038’5130K «cmpykmypa-bionozaidyHa 0isi».

CUHTE3 U MOOUPUKALINA 2-[(8-R,-9-R,-10-R,-3-R-2-OKCO-2H-[1,2,4]TPUA3NHO[2,3-c]
XUHA3OJIUH-6-UN)TUO]YKCYCHbIX KUCNOT, HAMPABNEHHbIE HA MOUCK COEOVHEHUN
C AHTUBAKTEPUATITbHbIM U MPOTUBOINPUBKOBbLIM OEUCTBUEM

U.C.HocyneHrko, A.FO.BockoboliHuk, I.I.Bepecm, C.h.KoeaneHko, A.M.KambiwHbIL,
H.M.lMonuwyk

Knroyeensie cnoga: cuHme3; XUHa30/uUHbI; mpuasuHbl;, aHmubakmepuarsbHas akmugHOCMb;
rnpomugoepubkogasi akmugHoOCMb

B npedcmasnerHol pabome onucaH cuHme3 50 HoabiX rpou3sodHbix 2-[8-R,-9-R,-10-R,-3-R-2-okco-
2H-[1,2,4Jmpua3uHo(2, 3-c]xuHa3onuH-6-umn)muo]ykcycHbix Kucrom. [NokaszaHo, Ymo anKuuposaHue
kanut 8-R,-9-R,-10-R,-3-R-2-okco-2H-[1,2,4]mpua3uHo[2, 3-c]xuHa30r1uH-6-muomamoe XfiopyKcycHoU
Kucriomol, xnopauyemamudom, N-R -xnopayemamudamu u XsopauemoHumpuiomM npueodum K ob-
pasosaHuro coomeemcmayrouux 2-[8-R,-9-R,-10-R,-3-R-2-okco-2H-[1,2,4]mpua3uHo[2, 3-C]xuHa30muH-
6-urn)muoj]ykcycHbIX Kucriom, ux amudos u HUMpuUos. [ns coomeememeyrowux KUciom u Humpu-
1108 bbInu paspabomaHs! anbmepHamueHble cuHmMemudeckue rnodxodsl. Takxe bbiiu 062080peHbLI
OegpaHuUYeHuUst 8 CUHMe3e yeresbix coeOuHeHuUl. Tak 6bi1o nokasaHo, Ymo amudbi 2-[8-R,-9-R,-10-
R;-3-R-2-0kco-2H-[1,2,4]mpua3uHo[2, 3-c]xuHa30muH-6-usn)muo]JyKCcyCHbIX KUCIIom He moa2ym bbimb
Mo51y4eHbl aMOHOMU30M COOMBemcmaeyruux 3¢hupos 88udy HU3KOU peakKyUuOHHOU akmueHOCmu Mo-
crnedHux. 3aseneHo, Ymo cuHme3 HUmpuio8 0ecudpamauyuel coomeememasyruwux amudos8 X1opo-
Kucbkto ghochopa 8 duxriopmemaHe bbir ycrieweH He 80 8cex criydasix. [aHHbilt gpakm bbii 06ycros-
JIeH KpaliHe HU3KUMU 8bixodamu ueresbix coeQuHeHuUl ecriedcmeue 3HadumerbHbIX rnpobnem npu
ux 8bl0efieHUU U3 peakyUOHHbIX cmecel. CmpyKkmypa CUHMe3upo8aHHbIX COeOUHEHUU Modmeepx-
OeHa C NMoMoulbio COBPEMEHHbIX (hU3UKO-xumudeckux memodoe ('H, *C NMR, LC-MS-crnekmpesli).
CuHme3suposaHHbie coeQuHeHUs1 bbinu uccrnedosaHbl Ha MPOMUSOMUKPOBOHYIO U pomugo2pubKo-
8Yr0 aKMUBHOCMb C UCMOIb308aHUEM cmaHOapmHbIx mecm Kynbmyp: Staphylococcus aureus ATCC
25923, Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC 27853 u Candida albicans
ATCC 885-653. NokazaHo, Ymo coeduHeHus1 3.3-3.6, 4.3-4.6, 4.7, 4.8, 4.13-4.16 nposiensitom 8bI-
PaxXeHHY0 akmueHoCcmb Mo omHoweHuto K St. aureus (MIC 12,5-25 ug/ml), a coeduHeHus 4.13,
4.14 makxe no omHoweHur K C. albicans (MIC 12,5 ug/ml). Takxe 6 pamkax cmambu obcyx0eHa
83aumMocesi3b «cmpykmypa-6buonoeudeckoe delicmeauey.
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VOLTAMMETRIC DETERMINATION OF CEFOTAXIME
USING POTASSIUM PEROXOMONOSULFATE

Yu.Yu.Labuzova

National University of Pharmacy

Key words: voltammetry, cefotaxime,; potassium peroxomonosulfate

The presented article is devoted to development of a new procedure for quantitative voltammetric
determination of Cefotaxime powder for preparing the solution for injection in the form of the corre-
sponding S-oxide in a weak acidic medium using potassium hydrogenperoxomonosulfate (KHSO;)
as an analytical reagent. Voltammogramms of Cefotaxime S-oxide solutions for different concentra-
tions of cephalosporins have been scanned. There are two peaks on the voltammetric curve of the
Cefotaxime S-oxide solution: at -0.65 V (that corresponds to potassium peroxomonosulfate) and -1.3 V
(the peak height was rising proportionally to Cefotaxime concentrations increase) that has been cho-
sen as analytical. The calibration curve method can be easily applied. Linearity has been studied
over the drug concentration range from 1-10#to 1-10° mol L-". The correlation coefficient is r = 0.999.
Precision and accuracy have been studied by analyzing five replicates of the sample solutions at
three concentrations levels. The relative standard deviations calculated were below 1.75%, §<-1.1%
indicating the excellent precision of the procedure proposed. The Limit of Detection (LOD) and the
Limit of Quantification (LOQ) were calculated (LOD = 1.2-10°°* mol L'" and LOQ = 4-10° mol L"'). The
voltammetric method proposed is sensitive enough, accurate, precise, replicable and linear to enable
determination of lower amounts of a drug. These advantages encourage the application of the method

in the routine quality control of Cefotaxime in control and research laboratories.

Cefotaxime (CFTM), which structure is presented
in Scheme, is the second generation cephalosporin de-
rivative widely used in clinical therapy of severe infec-
tions. Chemically, it is (6R,7R,Z)-3-(Acetoxymethyl)-
7-(2-(2-aminothiazol-4-yl)-2-(methoxyimino)acetamido)-
8-0x0-5-thia-1-azabicyclo[4.2.0] oct-2-ene-2-carboxylic
acid [5].

Extensive literature survey reveals that a lot of ana-
lytical methods are reported for analysis of Cefotaxime
like HPLC [13, 14], Capillary electrophoresis [6], Spec-
trophotometry [1, 11, 12] and Spectrofluorimetry [10].

Polarography, especially differential pulse polaro-
graphy, and other voltammetric techniques become in-
creasingly important when determining compounds of
biological and pharmaceutical significance [8, 9].

Literature dealing with the electroactivity of cepha-
losporins and resulting analytical applications can be
divided into two parts: papers concerning the direct po-
larographic activity of cephalosporins and papers deal-
ing with polarography of their degradation products af-
ter intensive acidic, or alkaline hydrolysis [2-4, 7]. The
main electrode reaction responsible for the direct polaro-
graphic activity of cephalosporins has been shown to be
reduction of the A* double bond of the cephem nucleus,
which is dependent on the presence and nature of the
substituent at position 3 [15]. So, Cefotaxime belongs to
cephalosporins with a reducible group in the side-chain
on C-7 and R' in 3-CH,R". But the indirect method of
determination of cephalosporins as the corresponding
derivatives requires special conditions (heating, inten-
sive alkali or acidic medium) and are long-lasting. It
is supposed that the method of cephalosporin deriva-

tives produced by S-oxidation reactions determination
1s more informative. So, voltammetric determination of
Cefotaxime by the reaction of S-oxidation by means of
potassium peroxomonosulfate in a weak acidic medium
was optimized and proposed for the first time.

Materials and Methods

Reagents and Chemicals

All materials were of the analytical reagent grade, and
the solutions were prepared with double-distilled wa-
ter. Cefotaxime, powder for injection, 1.000 g, was pro-
duced by “Pharmaceutical company “Zdorovie” (Khar-
kiv, Ukraine) Ltd, batch No. 41008.

Peroxomonosulfate (Sigma-Aldrich) was employed
as received. The solution of peroxomonosulfate was prepared
by dissolving its potassium salt (K,SO,-KHSO,-K,SO,)
in double-distilled water.

Equipment

Electrochemical behaviour of cefotaxime S-oxide
by differential voltammetry using carbositall electrode
(CE) (Russia) as an indicating (working) electrode was
studied.

Electrochemical measurements were carried out in
an ABC-1.1 analyzer (Volta, St. Petersburg) with a three-
electrode scheme by the alternating current mode with
the square wave modulation in the potential range of
—0.4...-1.8' V, W=1000 rpm, amplitude 40 mV, v =65 Hz.
CE was used as a working and an auxiliary electrode,
and Ag, AgCI/KCI (sat) electrode type EVL-1M4 as a
reference electrode.

Preparation of Standard Solution

Standard solution of Cefotaxime (1-102 mol L):
transfer 47.74 mg of cefotaxime into a 100 mL volu-
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Scheme. The mechanism of Cefotaxime chemical transformations by means

metric flask and dilute to the volume with double dis-
tilled water at 293 K.

Standard solution of hydrogenperoxomonosulfate
(2:10? mol L"): transfer 68.30 mg of 2KHSO,KHSO, K,SO,
into a 100 mL volumetric flask and dilute to the volume
with double distilled water at 293 K. The solution of
peroxomonosulfate was standardized iodometrically.

Procedure

Pipette aliquots of 0.5-5.00 mol L' of the Cefotaxi-
me test solutions studied into several 50 mL volumetric
flask containing 3.5 mL of 0.02 mol L' KHSOj, solution
and 1 mL of 0.1 mol L' Na,SO, solution (pH=3.3). Mix
the content of each flask well, transfer the electrolyser
and record the voltammetric curve.

Results and Discussion

Cefotaxime is rapidly oxidisable to its sulfoxide in
a quantitative yield by the excess of potassium peroxo-
monosulfate (KHSO;) (Scheme). Sulfoxide is reducible
at the CE with the consumption of two electrons.

of potassium peroxomonosulfate in the acidic medium.

Voltammogramms of Cefotaxime S-oxide solutions
for different concentrations of cephalosporins were scan-
ned. There are two peaks on the voltammetric curve
(Fig. 1) of the Cefotaxime S-oxide solution: at -0.65 V
(that corresponds to potassium peroxomonosulfate) and
-1.3 V (the peak height was rising proportionally to
CFTM concentrations increase). This peak was chosen
as the analytical one.

The calibration curve method is simple in proce-
dure, precise and provides a reliable way to calculate
the uncertainty of the concentration calculated from the
calibration curve (using the statistics of the least squares
line fit to the data). These advantages allow to apply the
calibration curve method for the assay results calcula-
tion (Fig. 2) given in Table.

Linearity

Linearity was studied over the small drug concen-
tration range from 1-10 to 1-10~* mol L. The correla-
tion coefficient r = 0.999 obtained for the regression

L L L

1 1 1 »

-0.8

-1.0

»

1.2 14  EV

Fig. 1. The voltammetric curve of Cefotaxime S-oxide by means of potassium peroxomonosulfate, ¢ (KHSO;) = 0.126-102 mol L,
¢ (Cefotaxime): 1=2-104, 2 = 4-10%4, 3=6-10%, 4 =8:10%4,5=1-10°mol L ; ¢ (Na,SO,) = 0.02 mol L"; pH 3.3.
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Table

Estimation of accuracy and precision of the initial rate method for determination
of Cefotaxime powder for injection

Amount taken, Amount found Recover
(mol L, 10%) (mol L, 10%) (965D RSD (%) 3 (%)
3.96 3.92+0.10 98.52+0.61 1.75 -1.01
5.94 5.95+0.12 100.18+2.00 1.61 -0.17
9.90 9.84+0.15 99.37+1.51 1.22 -0.63
1,10° A The Limit of Detection (LOD) and Limit of Quan-
10 1=000871 ¢ + 0.510° tification (LOQ) were calculated based on the standard
r=0.999 deviation of response and the slope of the calibration
or curve and expressed as:
8 L
7 LOD =3xS /b, LOQ = 10xS /b,
0 N where: S, is the standard deviation of the response;
5 b is the slope of the calibration curve.
4r LOD =1.2-10°mol L' and LOQ =4-10° mol L.
3 The characteristics of the corresponding electrode
ok reaction and its analytical parameters are presented and
;S 1 1 1 1 J discussed. Optimum pH-ranges for determination of ce-
0 2 4 6 8 10 12 fotaxime are given.
4 Py CONCLUSIONS
C,10 7, mol L

Fig. 2. The calibration graph for voltammetric determination of
Cefotaxime in a pure substance. ¢ (KHSO;) = 0.126-102 mol L;
¢ (Na,S0O,) = 0.02 mol L"; pH 3.3.

line showed a good relationship between the I, pA and
the molar concentration of Cefotaxime (Fig. 2).

Accuracy, Precision Limit of Detection and Quan-
tification

The validity of the method proposed was determined
by performing recovery studies. Precision and accuracy
were studied by analyzing five replicates of the sample so-
lutions at three concentrations levels. The relative stan-
dard deviations calculated were all below 1.75% indica-
ting the excellent precision of the procedure proposed.

For the first time voltammetric determination of Ce-
fotaxime by the reaction of S-oxidation by means of po-
tassium peroxomonosulfate in a weak acidic medium
has been optimized and proposed.

The calibration curve method can be easily applied
for determination of Cefotaxime in the powder for in-
jection that does not require the elaborate treatment and
expensive materials. The method proposed is sensitive
enough to enable determination of lower amounts of
a drug; these advantages encourage the application of
this method in the routine quality control of Cefotaxime
in control and research laboratories. Finally, the method
provides advantages of improving selectivity, it is quick
and easy in performance.
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BONbTAMNEPOMETPUYHE BUBHAYEHHA LEDPOTAKCUMY 3A YHACTIHO KATIHO
rAPOrEHOMEPOKCOMOHOCYIIb®ATY

F0.F0.J1aby308a

Knrovoei crioea: sonbmamrepomempis; yeghomakcum, Karsil 2idpo2eH0ornepoKCoOMOHOCYMbgham
Poboma npucesiyeHa po3pobui HO8OI 8oribmamnepoMempuyHOi MeEMOOUKU KillbKICHO20 8U3Ha4YeHHS
uegomakcumy 8 rnopowKy 051 npu20myeaHHs1 PO34UHy O iH’ekuid 3a rnPodyKmMOoOM nepoKCOKUC-
JIOMHO20 OKUCHEHHS1 y 8uearnisidi S-okcudy 8 criabkokuciomy cepedosulli 3 BUKOPUCMAaHHSAM Kasil
eidpoeeHornepokcomoHocynbhamy (KHSO,) sik aHanimu4Hoeo peazeHma. bynu 3Hsmi eornsmamrie-
pozpamu posquHie S-okcudy uegomarkcumy Oris pi3HUX KOHUeHmpauil ueganocropuHy. KamodHa
einka sonbmamrepozpamu po3quHy S-okcudy yegomaxcumy mae 0ea niku: rpu -0,65 B (w0 sidrnosidae
Kanit eidpoeeHornepoKkcoMoHocynbthamy) ma -1,3 B (gucoma niky 3miHioganacst npornopuyitiHo 3MiHi
KOHUeHmpauii yegbomakcumy), ioeo obpaHo sk aHanimuyHul. byna nokasaHa MoXugicme 3acmo-
cyeaHHs1 Memody kanibpysasnbHoeo epaika. JliHitiHicmb 6yna eusyeHa 6 Oiana3oHi KOHUeHmpauit
8i0 1-10* 0o 1-10° monw/n. KoegpiyieHm kopensuii r = 0,999. ToyHicmb ma eidmeoprosaHicme 8u-
8YEHI WAXOM M’'SMUKpamHo20 ro8mopeHHs1 aHanidy Ors mpbox KOHUeHmpaujid. Po3paxosaHe cmaH-
OapmHe 8i0xuneHHs 0ns ycix KoHueHmpauiti 6yno meHwe 1,75%, 8<-1,1%. Mexa susieneHHsi (MB) i
Mexxa KirnbKicHo2o susHavyeHHs (MKB) 6ynu po3paxosaHi (MB = 1,2-10° mons/nn i MKB = 4-10° monb/n).
BcmaHoeneHo, ujo 3anpornoHogaHa 80/ibmamMiepomMempuyHa Memoouka O0nsi BUSHaYEHHS JlikapCbKO20
npenapamy y HU3bKil KOHUeHmpauii € docums 4ymiiueor, MOYHOH, PasusibHOK, 8i0MEOPHBaHON i
niHiGHor. Lli nepesazu do38onsitomb 3acmocosysamu il 01151 KiflbKiCHO20 8U3HaYeHHS ueghomakcumy
8 KOHMPOIIbHO-A0CTIOHUX Tabopamopisix.

BONBTAMINEPOMETPUYECKOE ONPEQENEHUE LE®OTAKCUMA C YYACTUEM KANUA
rTMOPOMNEPOKCOMOHOCYIIb®ATA

FO.FO.J1aby308a

Knroveesnle crioea: sorismamnepomempusi; ueghomakcum; Kausi 2u0p0o2eHONepoOKCOMOHOCYIbgham
Paboma nocesieHa paspabomke HOB0U 80rIbMaMnepoOMempu4ecKoll MeMOOUKU KOITUYECMBEHHO20
ornpedenieHuUs yeghomakcuma 8 ropowke 0715 npu2omoesieHuUs1 pacmeopa 07151 UHbeKyul ro npo-
AyKmy repOKCOKUCITIOMHO20 OKUCeHUs 8 sude S-okcuda 6 criabokucrioli cpede ¢ ucrnonb3o08aHUueM
audpornepokcomoHocyrbthama Kanusi (KHSO;) kak aHanumuyeckozo peageHma. bbiru cHMbI 8071bM-
ammnepoepaMmMbi pacmeopos S-okcuda yeghomaxcuma 0718 pasnuyHbIX KOHUeHmpauul yeghanocro-
puHa. KamodHasi eemka eonilbmamnepozpambl pacmeopa S-okcuda ueghomakcuma umeem 08a rnuka:
npu -0,65 B (umo coomeemcmeayem a2udponepoKCOMOHOCynbghamy Kanusi) u -1,3 B (ebicoma nuka
MeHsi1acb MponopUUOHanbHO USMEHEHU KOHUeHmpauyuu yegomakcuma), Komopsbil ebibpaH Kak
aHanumudeckul. bbina nokasaHa 803MOXHOCMb MpUMEHEHUs Memoda Kanubpo8oyHoO20 epagpuka.
JluneliHocmeb 6bina udydeHa e duanal3oHe KoHueHmpauut om 1-10# do 1-103 mons/n. KoaghcbuyueHm
Kkoppenauyuu r = 0,999. ToyHoCcmb U 80CMPOU3B0OUMOCMb U3YHEHb! MymeM MSmuKpamH{Hoa0 nosmo-
peHuUs1 aHanu3a 015 mpex KoHUeHmpauut. PaccdyumaHHoe cmaHOapmHOe OmMKIIoHeHUe Or1s 8CeEX KOHUEH-
mpauyut 6b11o meHbwe 1,75%, 8<-1,1%. Npeden obHapyxeHus (I10) u npedes Konu4eCmM8eHHO20
onpedeneHusi (MKO) bbinu paccyumansi (MO = 1,2-10° monwk/n u MNKO = 4-10° mornb/n1). YemaHoerneHo,
4Ymo rpedsioxeHHasi 8ofibmamMrnepomempuyeckass Memoduka Os1s1 orpedesieHUs IeKapCmeeHHO20
npenapama npu HU3KoU KOHUeHmpayuu si8/isiemcs 4yecmeumesibHoU, moYyHoU, npasusibHou, 80C-
rpou3eo0uMoU U TUHelHOU. Amu npeumMywecmeaea no3eossom NPUMeHsIMe ee 07151 KOUYeCMBEHHO-
20 onpederieHust yeghomakcuma 8 KOHMPOIrbHO-UCcCc1iedo8amesibCKUX labopamopusix.
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Currently a great number of generic drugs have been registered in Ukraine. The advantage of generic
drugs is a relatively low cost compared to innovative medicines since creation and registration of gene-
rics require less research and, consequently, less material costs for development, research and market
penetration of a new drug. Because of creation of the second edition of SPhU and inclusion of articles
on the finished products, we have set ourselves the goal to analyze the validation characteristics of the
quantitative chromatographic determination of nifedipine in tablets and to verify the analytical proce-
dure. Linearity of the method was determined in the range of 80-120% of the nominal concentration.
Linearity of the method has been confirmed within the whole range of concentrations studied (b = 1.0031,
S, =0.0007816, a =-0.11, S, = 0.07891, S, = 0.03055, r = 1.0000). It has been proven that the method
suggested is characterized by sufficient convergence and accuracy over the entire range of concentra-
tions (A, = 0.06, 6% = 0.2). The intermediate precision has been confirmed by the fact that the value
of the relative confidence interval for five parallel measurements of one batch of the drug meets the
acceptance criterion (Az = 0.22%<1.6%). Thus, according to the results of determining the validation
characteristics of the methods for quantitative determination it has been substantiated and experimen-
tally proven that this analytical procedure can be correctly reproduced, gives accurate results and is
suitable for the analysis of nifedipine tablets. In the process of verification of the method for quantitative
determination of nifedipine in tablets such validation characteristics of the chromatographic method as
accuracy, linearity, precision, specificity and intermediate precision have been studied. The validation
characteristics of the method do not exceed the critical value of error (1.6%) and are characterized by
qualitative analytical indicators. This method can be correctly reproduced in the laboratory conditions.

Nifedipine is the main representative of calcium an-
tagonists, derivatives of 1,4-dihydropyridine, which is
widely used in medical practice. It blocks voltage-de-
pendent calcium channels and prevents the penetration
of calcium ions into smooth muscle cells of blood ves-
sels. Nifedipine lowers blood pressure, improves the co-
ronary blood flow, and exhibits the anti-anginal, hypo-
lipidemic and antisclerotic effect. It is produced in the
form of powder, solution for injections, capsules, tab-
lets, ointment, drops and other medicinal forms [5].

The scientific literature describes methods for quan-
titative determination of nifedipine by cerimetric titra-
tion in the non-aqueous medium [8] and HPLC [13, 16,
17], voltammetry [12, 14], polarography [7] and UV
spectrophotometry [1, 6, 10]. Besides, the method of
highly sensitive kinetic determination of nifedipine us-
ing the luminol-persulfate chemiluminescence system
is known [11]. For the quantitative determination of
nifedipine USP37-NF32 [15] the use of the method of
liquid chromatography is recommended.

Because of creation of the second edition of SPhU
and inclusion of articles on the finished products, we have
set ourselves the goal to analyze the validation charac-
teristics of the quantitative chromatographic determina-
tion of nifedipine in tablets and to verify the analytical
procedure.

Materials and Methods

When conducting the research the substance of nifedi-
pine meeting the SPhU requirements was used.

The following analytical equipment was used: a 2695
chromatograph with a 2996 diode matrix detector of Wa-
ters Corp. firm, USA; XTerra RP18 column 250x4.6 mm
with the particle size of Sum, a ER-182 balance of AND
company, Japan; glassware for measuring of class A.

We made a chromatogram of standard sample (SS)
solution receiving from 2 to 6 chromatograms. The injection
volume was 25 ml. The relative standard deviation (RSD)
was calculated for peak areas of the chromatograms ob-
tained. Chromatography (n,) was discontinued when reach-
ing the values (RSD) specified in the requirements for
suitability of the chromatographic system.

Chromatography was performed on a liquid chro-
matograph with a UV detector under the following con-
ditions:

» mobile phase: acetonitrile for chromatography — me-
thanol — water (25:25:50) degassed by ultrasound;

* detection: at the wavelength of 265 nm;

» the rate of the mobile phase: 1.0 ml/min.

Preparation of Test Solution

Place 5 tablets in a 50 ml volumetric flask, add 40 ml
of the mobile phase, shake for 20 minutes, dilute to the
volume with the mobile phase, mix and filter through a
glass filter.

Preparation of SS solution

Place 20 mg of nifedipine USP RS in a 20 ml volu-
metric flask, add 10 ml of the mobile phase, shake to dis-
solve and dilute to the volume with the mobile phase,
mix and filter through a glass filter.
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Before the main tests were validated, the presence
of documents certifying the suitability of the equipment,
raw material and chemicals was controlled.

Validation of the method was carried out in accord-
ance with the requirements of the SPhU [2-4].

Results and Discussion

For elaboration of the method the chromatograms
of the Standard solution of nifedipine (Fig. 1) and the
Test solution of nifedipine (Fig. 2), as well as the de-
pendence of the intensity peaks on the retention time
were obtained and analysed.

The results of the analysis are considered reliable
if the requirements of the System Suitability Test are
performed. The chromatographic system is considered
suitable if the following conditions are performed:

» the effectiveness of the chromatographic column
calculated by the peak of nifedipine in the chroma-
togram of nifedipine SS must be not less than 4000
theoretical plates;

» the peak symmetry factor calculated by the peak in
the chromatogram of nifedipine SS should be from
0.8to 1.5;

T
10.00

Vo ]
12.00 14.00 16.00 18.00 2000 22.00

t, min

Fig. 1. The chromatogram of the Standard solution of nifedipine.

» the relative standard deviation (RSD) for peak areas
of nifedipine from the chromatogram obtained with
the reference solution for 3 parallel measurements
should be not less than 1.0%.

Our results of quantitative determination of nifedi-
pine in the drug according to the method indicate its
reproducibility.

Verification of the method for quantitative determina-
tion of nifedipine in tablets was performed by such vali-
dation characteristics as specificity, linearity, convergence,
precision, accuracy and the intermediate precision.

To assess the accuracy of the sample preparation of the
model solutions and standard sample solution the theo-
retical uncertainties of the analytical procedure that was
A, =1.07% < B - 0.32 = 1.6% were calculated. Thus,
the uncertainty of sample preparation calculated and ana-
lysis in general should provide sufficient accuracy.

Since high performance liquid chromatography (HPLC)
used in the method is specific, then to prove that the
method is specific it is sufficient to perform all require-
ments of the criteria for linearity, accuracy, precision
and the intermediate precision.
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Fig. 2. The chromatogram of the Test solution of nifedipine.
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Fig. 3. The linear dependence of the peak area on the concentration of nifedipine in normalized coordinates.

Solutions for chromatography were prepared by the
methods listed.

Evaluation of linearity was performed on the entire
range of application of the method using the standard
method. The study of dependence of absorbance on the
concentration was conducted using 9 model solutions
for analysis of the sample concentrations accurately
weighed: 80, 85, 90, 95, 100, 105, 110, 115 and 120%.

The results obtained were statistically processed by
the least squares method according to the requirements
of the SPhU. The calibration graph was constructed in
normalized coordinates (Fig. 3). For each of the nine
test solutions the average values of the peak area (S))
were calculated. The results obtained were processed by
the least squares method for line Y = b x x + a (Fig. 3).
The statistical quantities b, S,, a, S, S, (final standard

Table 1

Characteristics of the linear dependence

The slope of the linear relationship b 1.0031
Sy 0.0007816

The constant term of the linear dependence a -0.11

S, 0.07891
The residual standard deviation S, 0.03055
The correlation coefficient method r 1.0000

deviation) calculated and r (correlation coefficient) are
shown in Fig. 3 and in Table 1.

Requirements for the parameters of the linear de-
pendence in this case are carried out within the whole
range of the method application (80-120%).

Table 2
The results of analysis of model solutions and their statistical analysis
No. of the Introduced i_n % to the Found in % to the Found in % to the
model concentration of the Average peak areas (S)) concentration of the introduced
solution reference solution (S, = 1395946) reference solution (Z=Y /X, %)
X.=C/C, %) (Y;=S,/S,, %) i
1 80.00 1117874 80.13 100.16
2 84.75 1223965 84.93 100.22
3 90.25 1309677 90.39 100.16
4 95.00 1346390 95.20 100.21
5 100.00 1375007 100.22 100.22
6 105.50 1465743 105.68 100.17
7 110.00 1535541 110.26 100.24
8 115.00 1612457 115.28 100.25
9 120.50 1669691 120.74 100.20
Mean, Z, % 100.20
Relative standard deviation, RSD,, % 0.0324
Relative confidence interval, AZ(%) = t(95%, n-1)xRSD, = 1.860xRSD,, % 0.06
Critical value for convergence of the results AAs, % 1.6
Systematic error § = |Z - 100| 0.2
Criterion of the systematic error insignificance
1) 8%<1.03/3 = 0.34 (0.20>0.348), is not satisfied
ifit is not satisfied 1), then 6%<0.32x1.6 = 0.51%(0.20<0.51) satisfied
The overall conclusion of the procedure correct
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To measure and calculate the metrological evalua-
tion of convergence and accuracy of the method three
values of peak areas for the reference solution and 27
values of peak areas for model solutions were obtained.
The actual values (Xi_,), the ratio of the average values
of peak areas for each of 27 solutions were calculated to
the mean peak area of the reference solution, the values
X, = (C/C,)x100%, Y; = (S/S,)x100%,, as well as the
value Z, = (Y/X)x100%, the concentration found in %
to the concentration introduced were determined. The
calculation results are shown in Table 2.

To assess the intermediate precision the relative
confidence interval for 5 parallel measurements of the
quantitative content of substances, which should be less
than the maximum permissible uncertainty analysis re-
sults (A, < 1.6%), was used. Tests were carried out us-
ing one batch of the drug by different drug analysts on

the same chromatograph in different days using differ-
ent measuring vessels.

Intermediate precision has been confirmed by the
fact that the relative size of the confidence interval for
five parallel measurements of one batch of the drug
meets the acceptance criterion (A, = 0.22% < 1.6%).

CONCLUSIONS

1. In the process of verification of the method for
quantitative determination of nifedipine in tablets such
validation characteristics of the chromatographic method
as accuracy, linearity, precision, specificity and inter-
mediate precision have been studied.

2. The validation characteristics of the method do
not exceed the critical value of error (1.6%) and are
characterized by qualitative analytical indicators. This
method can be correctly reproduced in the laboratory
conditions, and independent of the excipients.
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BEPU®DIKALIA BEPX METOOUKU KINIbKICHOMO BUSHAYEHHA HI®EOUNMIHY B TABNETKAX
L.J1. Komapuuybkult, B.A.XaHiH, H.FO.Bee3, B.A.leopeisiHy,

Knroyoei cnoea: HicheduniH; eepudbikauis; BEPX

Y menepiwHil Yac 4yac 8 YKpaiHi 3apeecmpo8aHo 8eIUKY KiflbKicmb 8i0meopeHUX JliKapChbKUX 3aco-
b6ie (/13). MNepesaza sidmeopeHoeo J13 nonsizac y 8iIOHOCHO HEBUCOKIU 8apmocmi y rOPI6HSIHHI 3 Opu-
eiHanbHUM J13, ockinbKu (i020 CMBOPEHHS | peecmpauis sumMazaromb MEHWo20 0bcsigy AoCTiOXeHb
i, 8i0M0BIOHO, MeHWUX MamepiarnbHUX sumpam 051 po3pobKu, OOCiOXKeHHs ma 8rposadXeHHsT Ha
PUHOK HO8020 J13. Y 383Ky 3i cmeopeHHsIM Opy20oe20 sudaHHs1 @Y i eknodeHHsIM 00 Hei cmamedl
Ha 2omoei nikapcbKi 3acobu mMu rnocmasusnu cobi 3a Memy npoaHanidyeamu easidauiliHi xapakme-
pucmuku MemoduUKU KilbKiCHO20 XpoMamozpaidyHO20 8U3Ha4YeHHS HigbedurniHy 8 mabremkax ma
nposecmu ii gepucbikauiro. JliHitiHicmb memoduku susHadanu 8 mexax 80-120% 6i0 HOMIiHarIbHOT KOH-
ueHmpadii. JliHitiHicmb memoduku rnidmeepdxyembcs y 8CboMy Oiarna3oHi A0CsliOXy8aHUX KOHUEH-
mpauit (b = 1,0031, S, = 0,0007816, a = -0,11, S, = 0,07891, S, = 0,03055, r = 1,0000). JosedeHo,
w0 3arpornoHosaHa Memoduka xapakmepu3dyembcsi 00CmamHbOK 36iKHICMIO | MpasusibHICmMio y
8cbomy Oiana3oHi KoHuyeHmpauit (A, = 0,06, 6% = 0,2). BHympiwHbornabopamopHy rnpeyusitHicms
niémeepdxxeHo MuM, W0 8efiuduHa 8iOHOCHO20 008ip4Ho20 iHMepesarly O M’amu napasnesbHUX eu-
3Ha4yeHb OO0HiIET cepii npenapamy 3ad0807bHAE Kpumepito npuliHamHocmi (A, = 0,22%<1,6%). 3a
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pesynibmamamu 8u3HavyeHHs ganidayiliHuUX xapakmepucmuKk MemoOuK KiflbKiCHO20 8U3Ha4YeHHs 00-
rpyHmMosaHo ma ekcriepuMmeHmarnbHO 008e0eHO, w0 OaHa aHanimu4yHa Mmemodouka Moxe 6ymu Ko-
pekmHo gidmeopeHa, dae docmosipHi pedynbmamu ma rnpudamHa 0515 aHarizy mabsiemok Highe-
ouniHy. Y npoueci sepupikayii MemoOuKuU KillbKiCHO20 8U3HaYeHHs1 HigheduriHy 8 mabnemkax Oyrnu
guesyeHi ganidauiliHi xapakmepucmuku xpomamozpacghiyHoi MemoduKuU: rnpasusibHiCMb, iHIUHICMb,
npeyusitiHicme, crieyuchidHicmb ma eHympilwHbonabopamopHa npeyusitiHicmes. BanidayiliHi xapak-
mepucmuKku MemoOUKU He Mepesulyromb KpUMuU4YHo20 3HaqyeHHs1 noxubku (1,6%) i xapakmepu3sy-
IOMbCSA AKICHUMU aHanimu4YHUMU rnokasHukamu. Lig memoduka moxe 6ymu KopekmHo 8i0meopeHa 8
ymoeax riabopamopili 3 KOHMPOII0 SKOCMI JliKapCbKux 3acobis.

BEPNO®UKALNA BIXKX METOOUKN KONMMYECTBEHHOIO ONPEOENEHUA HAPEOUMNMUHA
B TABJNIETKAX

N.J1. Komapuukuti, B.A.XaHuH, H.FO.Bee3, B.A.eopausiHy,

Knrodeenie cnoea: HugedurnuH,; eepugpukayus; BOXKX

B Hacmosiwee spemsi 8 YkpauHe 3apeaucmpuposaHo 60/1bWoe Koau4ecmeo 80Crpou3eedeHHbIX
nekapcmeeHHbIx cpedcme (J1C). MNpeumyuwecmeo socripoudsedeHHbix JIC 3aknroqaemcs 8 omHocumerib-
HO HEBLICOKOU CMOUMOCMU 10 CPaBHEHUIO ¢ opuauHasnbHbiM JIC, MoCcKobKy cosdaHue U peaucmpa-
yus eocripouseedeHHozo JIC mpebyrom meHbwez20 obbema uccredosaHuli U, COOMEEeMmMCcmMeeHHO,
MeHbWUX MamepuarbHbIX 3ampam Ha pa3pabomky, uccredosaHue U 8HeOpeHUEe Ha PbIHOK HOBO20
JIC. B ces3u ¢ cozdaHuem emopoeo usdaHusi DY u eknodyeHuem 8 He€ cmameli Ha 20mosble fieKap-
cmeeHHble cpedcmea Mbl mocmasusu cebe yesbio npoaHanu3uposams eanudayUoHHbIe Xapakme-
pucmuKku MemoOUKU KOrIU4ECMBEHHO20 XpoMamozpaghudeckozo ornpederneHusi HUgedunuHa e ma-
bnemkax u npogsecmu eé gepughukayuro. JluHeliHocmb Memoduku onpedernsnu e rnpedenax 80-120%
0m HOMUHasIbHOU KOHUeHmpauyuu. JluHeliHocmbe MmemodOuKku nodmeepxxdaemcsi 860 8ceM duarasoHe
uccrniedyembix KoHuyeHmpayud (b = 1,0031, S, = 0,0007816, a = -0,11, S, = 0,07891, S, = 0,03055,
r = 1,0000). JokasaHo, Ymo rpedroxeHHass Memoduka xapakmepuayemcsi 00CcmamoYHOU cXo0UMOCMbIO
U rpasunbHOCMbIo Ha 8cem Ouana3oHe KoHueHmpauud (A, = 0,06, 6% = 0,2). BHympunabopamopHas
npeyusUoHHocmb nodmeepxxdeHa mem, 4mo eesluyuHa OMHOCUMETbHO20 008epUMESIbHO20 UHMeEp-
earna 01151 namu naparnesibHbix orpedeneHull 0OHOU cepuu rpernapama ydoeremeopsiem Kpumepuio
npuemnemocmu (A, = 0,22%<1,6%). Takum obpasom, ro pesynbmamam ornpedesneHus ganudayuoH-
HbIX Xapakmepucmuk MemoOUK KOIU4eCmMeeHHO20 orpedesieHuUss 060CHOBaHO U KCrepuMeHmarsib-
HO doka3aHo, Ymo OaHHas aHanumu4eckas Memoduka Moxem bbimb KOPPEKMHO 80Crpou3sedeHa,
O0aém 0ocmosepHble pe3ynbmamel U rpu2o0Ha 018 aHanu3a mabnemok HughedunuHa. B npouyecce
gepughukayuu MemoOUKU KOTu4ecmeeHHO20 orpedesnieHusi HughedurnuHa 8 mabremkax 6biiu usyde-
HbI 8anudayUOHHbIE XxapakmepucmuKku xpoMamoepaghudeckol MemoOuKU: NpasuibHOCMb, TUHeU-
HOCMb, MPeUyU3UOHHOCMb, crneyuduYHOCMb U 8HympunabopamopHas npeyu3uoHHocms. Banuda-
UUOHHbIE XapakmepucmuKku MemoOUKU He Mpesbiliarom KpUmMuU4YeCcKkoao 3HadyeHus rnoepewHocmu
(1,6%) u xapakmepu3yromcs Ka4eCmeeHHbIMU aHanumu4yeckuMu rnokasamenamu. [aHHas memo-
Ouka Moxem 6bImb KOPPEKMHO 80CIpoussedeHa 8 ycriosusix nabopamopuli KOHMPOIS Kadecmea
JlekapcmeeHHbIx cpedcms.
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DETERMINATION OF PREDNISOLONE IN THE OINTMENT
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Adaptation and validation of the analytical method of photocolorimetric determination of prednisolone
using the reaction with phenylhydrazine by the standard method have been carried out in the scien-
tific research laboratory according to standard procedures as described in the State Pharmacopoeia
of Ukraine. The main validation characteristics have been identified using the model solution with the
standard substance. It has been found that the criteria of linearity and precision are observed in the range
of concentrations of 80-120% (0.08-0.12 mg/ml in the test solution or 0.4-0.6% of prednisolone in the
ointment), and they are statistically and practically insignificant (a < S,x 1.86 = 4.7, Aas% < 3.20 = 2.86,
0 < 1.0240 = 0.92). The correct results obtained have allowed to test the method for determining
prednisolone in the model extraction from “0.5% Prednisolone” ointment in the range of 80-120% of
the nominal concentration. The study of robustness of the method performed has allowed to deter-
mine that it is necessary to follow a strict temperature range during the reaction to produce correct re-
sults (60°Cx1°). The amount of phenylhydrazine in the reagent may vary between 0.4-1.0 g/I. Criteria
of linearity, precision and convergence for the model extraction of the ointment are also observed within
the whole range of determination and are statistically and practically insignificant (a < S, x 1.86 = 4.4,
Aas% < 3.20=2.71, 6 < 1.0240 = 1.00). The method is acceptable for use in laboratories of the drug
quality control and could be applied for determination of prednisolone in “0.5% Prednisolone” oint-
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ment with the hydrophobic base within the range of concentrations of 0.4-0.6%.

Prednisolone (Prednisolonum) — (11-f)-11,17,21-tri-
hydroxypregna-1,4-diene-3,20-dione — is a dehydrated
drug of the group of corticosteroids with an average
therapeutic effectiveness that is widely used in medi-
cal practice in the form of injections, tablets, ointments,
sprays, aerosols, creams, etc. However, injectable dos-
age forms and ointment are the most common. The lat-
ter is used to treat most of skin diseases [5].

For the quantitative determination of prednisolone
in the substance the SPhU, EPh and a number of other
pharmacopoeias recommend spectrophotometry as the
variant of the absorbance method with preliminary pu-
rity control by HPLC [3, 6, 7, 10]. In soft dosage forms
it is most frequently determined chromatographically
(HPLC, TLC, etc.) [8]. The spectrophotometric method
is uncommon because of the lower specificity, but it is
much cheaper and easier to perform [9].

The aim of this research was the study and further
adaptation of the method for quantitative determination
of prednisolone in the ointment using the photocolori-
metric method by the reaction of phenylhydrazine.

Materials and Methods

For our research a pharmacopoeial standard sample
of prednisolone PSS SPhU No.11/1-2143 (the shelf-life
from 01/13/2014 to 01.2015, the content of prednisolone
is 99.8%) and “0.5% Prednisolone” ointment Nizhpharm,
RN UA/4949/01/01 batch 80414 were used.

In the experiment the following analytical equip-
ment was used: a CPK-2 photocolorimeter, cuvettes
with the thickness of 10 mm, an AB 204 S/A METTLER

TOLEDO analytical balance, a TS-80 M-2 thermostat,
reagents and measuring glassware of class A meeting
the requirements of the SPhU.

The method of the quantitative spectrophotomet-
ric determination of prednisolone in the ointment by
the reaction with phenylhydrazine:

Test solution: To the accurately weighed quantity of
the ointment equivalent to 10.0 mg of prednisolone add
25 ml of 96% alcohol R. Heat on a water heater to dis-
solution of the base, then cool in ice. Filter the result-
ing mixture through a paper filter previously soaked in
ethanol to a 100.0 ml volumetric flask.

Standard solution: Dissolve the accurately weighed
quantity of the standard powder in 96% alcohol R pre-
paring the solution with the accurate concentration of
prednisolone equivalent to 0.1 mg/ml.

Sulfuric acid reagent (SAR): Prepare the solution of
concentrated sulfuric acid, 96% alcohol R and purified
water in the ratio of 4: 3: 3.

Modified phenylhydrazine sulfuric acid reagent (MPSAR):
dissolve 65 mg of phenylhydrazine hydrochloride in 100 ml
of SAR.

Procedure: Pipet 2.0 ml of the Test solution into each
of two 50 ml conical flasks (identified as Test solution
and Blank Test solution). Add 2.0 ml of the Standard
solution into each of two 50 ml conical flasks (identi-
fied as Standard solution and Blank Standard solution).
Pipet 2.0 ml of dehydrated alcohol into a 50 ml conical
flask (identified as Blank reagent). Add 20.0 ml of SAR
to the Blank Test solution and the Blank Standard solu-
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Table 1

Metrological characteristics of the photocolorimetric method for quantitative determination of prednisolone
by the reaction with phenylhydrazine using a standard solution of prednisolone

Parameters Value Criteria (for tolerances of + 10%) Conclusion
b 0.9430 - -
S, 0.0346 - -
a 47 1) statisfcically acceptable value:a< S, x 1.86 sat?sﬁed
) 2) practically acceptable value: a<5.12 satisfied
S, 3.4882 - -
RSD, 1.3399 <1.8070 satisfied
r 0.9998 >0.9924 satisfied
Mean, Z% 99.08 - -
Relative standard deviation, Sz% 1.54 - -
22'53(;;":’ tc(gg‘;‘?se)”fgz'”:tﬁfg'% vy 286  |Aas%=10.00x0.32=3.20 satisfied
Systematic error & 0.92 6 <1.0240 satisfied

tion. Add 20.0 ml of MPSAR to the 7est solution, Stan-
dard solution and Blank reagent. Place the flasks into a
thermostat at 60°C +1° for about 45 min, then cool in a
chilled water cooler. Determine the absorbances of the
solutions at the wavelength of the maximum absorbance
at about 400 nm with a photocolorimeter against dehy-
drated alcohol. Calculate the amount of prednisolone in
the ointment, in percents, by the formula:
(A — Asar - Ablank )

Cc= -100%,
(A -4 - Ab/unk )

where: A —is the absorbance of the test solution; 4, —is
the absorbance of the blank test solution; 4,,,,, — is the
absorbance of the blank reagent; 4, — is the absorbance
of the standard solution; 4_ . — is the absorbance of the
blank standard solution.

The time of a single analysis takes approximately 1 hour
30 min.

Measurement of the optical density of the model
solutions obtained was conducted three times removing
the cuvette. Statistical analysis of the experimental data
was carried out in accordance with Article of the SPhU
“Statistical analysis of the results of chemical experi-
ments” [2].

Because this method is validated for determination
of prednisolone only in creams, and for ointments such
methods are not available, it is impossible to predict ac-
curately the effect of excipients and other conditions on
the course of the reaction. Therefore, at first we investi-
gated the basic validation characteristics of the method
(linearity, precision, reproducibility) using the standard
solution of prednisolone as a model.

Results and Discussion

It is known that during the interaction of predniso-
lone or other 17-oxysteroids with phenylhydrazine a co-
loured yellow compound is formed; its quantitative con-
tent can be determined by photocolorimetry [1]. This
reaction is recommended by the USP for the quantita-
tive analysis of corticosteroids in creams [11]. However,
for ointments, in which other excipients are used, such
methods are not available.

st sar i st

sar/st

The assessment of linearity was performed by the
standardized procedure within the whole range of de-
termination (80-120% according to the SPhU). For this
purpose 9 model solutions with accurate concentrations
and the reference solution were used, their optical densi-
ty was measured three times. The results obtained were
statistically processed by least squares for the straight
line Y = b-x + a as required by the SPhU. The calibra-
tion graph was plotted in the normalized coordinates
[2, 4, 12]. The calculated statistical values b, S,, a, S,
RSD, and r are given in Tab. 1. The assessment of con-
vergence and reproducibility was conducted in parallel
with determination of linearity by measuring the optical
density of 9 model solutions three times.

Since the method of photocolorimetric determina-
tion of prednisolone by Porter-Zilber reaction using the
standard solution of prednisolone as a model gives cor-
rect results, it has been decided to test it to determine
the quantitative content of prednisolone in the ointment.

Before studying the validation characteristics of the
method three samples of the ointment (100%) were an-
alyzed. We received somewhat understated results than
expected, so the study of robustness was conducted in
more detail, namely the study of the effect of tempera-
ture and the amount of the reagent on the course of the
reaction.

Table 2

The effect of temperature on the course
of the photocolorimetric reaction of prednisolone

with phenylhydrazine
. . Optical densit
TR | O enant ™ | ofthe soton
without excipients
20 0.13 0.05
40 0.32 0.15
60 0.46 0.25
100 0.21 0.13

*The average of 3 measurements taking into account the excipients.
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Table 3
The effect of the amount of the reagent on the optical density
Amount of phenylhydrazine in 100 ml of the reagent /
Optical density of the solution* average S, RSD, % A, % maxd, %
40 mg 60 mg 80 mg 100 mg
0.510 0.505 0.503 0.510 0.507 0.0036 0.3559 0.76 1.024
*The average of 3 measurements taking into account the excipients.
Table 4
The study of metrological characteristics of the method for photocolorimetric determination
of prednisolone by the reaction with phenylhydrazine
Parameters Value Criteria (for tolerances of + 10%) Conclusion
b 1.0552 - -
S, 0.0325 - -
a 44 1) statistically acceptable value:a < S, x 1.86 satisfied
) 2) practically acceptable value:a < 5.12 satisfied
S, 3.2746 - -
RSD, 1.2578 <1.8070 satisfied
r 0.9998 >0.9924 satisfied
Mean, Z% 101.00 - -
Relative standard deviation, S,% 1.45 - -
Relative confidence interval o _ _ .
Aas% = t(95%,8) * S, = 1.8595 * S = 2.71 Aas% =10.00 x 0.32=3.20 satisfied
Systematic error § 1.00 6 <1.0240 satisfied

The effect of temperature on the course of the pho-
tocolorimetric reaction. It has been found that the reac-
tion is quite exacting to temperature fluctuations and can
run with the formation of different products (Tab. 2).
Therefore, we recommend to heat the reaction mixture
and keeping it in a thermostat at 60°+£1°C in order to
provide completeness of the reaction.

The effect of the amount of phenylhydrazine on the
results of analysis. According to the literature to con-
duct the reaction studied the phenylhydrazine reagent
should be used in the concentration of 0.065%. It has
been found that the concentration range of phenylhydra-
zine within 0.04-0.1% allows to obtain the results of the
required accuracy (Tab. 3).

Stability. According to the requirements of SPhU
tests were carried out for an hour by measuring the opti-
cal density every 10 minutes (7 measurements). During
this period of time the optical density did not change sig-
nificantly and was 0.460 (At = 0.54%<1.024% = maxJd)
for the solution of the ointment taking into account the
excipients.

The study of linearity was carried out by the standar-
dized procedure measuring the optical density of 9 mo-
del solutions (containing prednisolone extracted from
the ointment) with accurate concentrations and the re-

ference solution (containing prednisolone PSS) and three
blank solutions. The method satisfies the requirements
of linearity. The study of reproducibility and convergen-
ce also shows the correctness of the method (Tab. 4).

The values of LOD and LOQ were also calculated
for the method; they were 9.31 and 31.03.

CONCLUSIONS

1. The main validation characteristics of the method
of photocolorimetric determination of prednisolone by
the reaction with phenylhydrazine have been determi-
ned for the model solution with the standard substance
of prednisolone. It has been found that the method meets
the validation criteria and can be tested to determine
the ointment.

2. The parameters of linearity, reproducibility, con-
vergence, stability and robustness for the method for
quantitative determination of prednisolone in the oint-
ment by the reaction with phenylhydrazine using the
standard method have been determined. The correct re-
sults have been obtained in the range of 80-120% (cor-
responding to 0.4-0.6 g of prednisolone in the ointment).

3. The method can be used for quantitative deter-
mination of prednisolone in “0.5% Prednisolone” oint-
ment in the domestic laboratories of the drug quality
control.
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OLUIHKA METOOUKU KINbKICHOINO BU3HAYEHHSA NMPEOHI3SONOHY B MA3I 3A PEAKLIEKO

3 ®EHINTIAPA3SVUHOM

0O.A.€emicpeeea, K.I.MpockypiHa, O.M.NaHeea, B.T.KipdaH

Knroyoei cnnoea: chomokonopumempisi; KiflbKicHUU aHarni3; npeOHI300H,; 8anidauyisi; cheHinziopasuH
lNposedeHo adanmaujio ma eanidauito aHanimu4YHoOi MemModUKU (bOMOKOIOPUMEMPUYHO20 8U3HAYEH-
Hs1 PeOHI30MIOHY 3a peaKuieto 3 (heHinzidpasuHom Memodom cmaHOapmy 8 yMogax HayKogo-00Crio-
Hoi' nabopamopii 3a cmaHOapmHuMu rpouyedypamu, onucaHumu 8 [epxasHil chapmakonei Ykpaiu.
BusHauyeHi ocHoeHi 8anidauiliHi xapakmepucmuKu rpu 8UKopUCcMaHHi crmaHdapmHoi cybcmaHruii 0nsi
rpu20myeaHHs1 MOOEbHO20 PO3HYUHY ma 8CMaHOB8IIEeHO, WO KpUMmepIi niHiHocmi ma rnpeyusidHocmi eu-
KOHytombCs 6 Oiana3oHi KoHueHmpauit 80-120% (a came 0,08-0,12 me/mi1 8 docridKysaHOMY pO34UHI abo
0,4-0,6% ripedHi3onoHy 8 mMasi) ma € crmamucmuyYHO | MPaKkmMu4yHoO HesHadywumu (a < S, x 1,86 =
4,7, Aas% < 3,20 = 2,86, 6 < 1,0240 = 0,92). OmpumaHi KopekmHi pe3yribmamu 0038071usiu arpoby-
g8amu MemoOuKy OJ1s1 8U3Ha4YEHHST MPEOHI30I0HY 8 MOOEbHOMY 8urlyYeHHI 3 Mas3i «[1pedHi3onoH 0,5%»
8 diana3oHi 80-120% 8id0 HoMiHaIbHOI KOHUeHmpauji. Byo nposedeHo docnidxeHHs pobacHocmi Memo-
OUKU ma 8cmaHOo8/1eHO, W0 O OMPUMaHHST KOPEKMHUX pe3yribmamie HeobxidHo dompumysamucsi
yimkoeo iHmepsary memnepamypu npu nposedeHHi peakuii (60°C+1°). Kinbkicmb ¢heHineidpasuHy 6
peakmusi npu ysomy moxe Kornueamucsi 8 mexax 0,4-1,0 e/n. Kpumepii niHiliHocmi, npeyusitiHocmi ma
36ikHOCMI O MOOErIbHO20 8UITYYEHHS 3 Ma3i MakoX 8UKOHYIOMbLCS Ha 8CbOMY Oiarna3oHi 8U3HaYeHHs
ma € cmamucmuy4Ho i IPakmMu4yHo He3Hadywumu (a < S, % 1,86 = 4,4, Aas% < 3,20 = 2,71, 6 < 1,0240
= 1,00). Memoduka € npuliHAmMHO Orid BUKOPUCMaHHS 8 slabopamopisx KOHMPOII sKocmi fikap-
CbKUX 3acobig i Moxxe 6ymu 3arnposadxeHa 05151 BU3Ha4YeHHS rpedHi30noHy 8 Masi «[pedHizonoH 0,5%»
3 2i0pogh0obHOK OCHOB0I 8 Mexax KoHUeHmpauit 0,4-0,6%.

OLEHKA METOOUKU KONMMYECTBEHHOI'O ONPEAENEHUA NPEOHU30JTIOHA B MA3U

NoO PEAKLIMN C ®EHUNTUOPA3SAHOM

O.A.Eemucpeesa, K.U.lpockypuHa, O.M.IaHeea, B.T.KupdaH

Knroveenble crioea: homoKonopumMempusi; KOUHeCmeeHHbIl aHanu3; npedHU30/10H; 8anudayusi;
¢eHuneudpasuH

Bbina npoeedeHa adanmauus u eanudayusi aHaraumud4eckol MemoOuKU GhOmMOKOIo0pUMempUYECKO-
20 onpedeneHusi npedHU30/I0Ha o peakyuu ¢ peHuneudpasuHom MmemoOomM cmaHOapma 8 ycrio-
8USIX Hay4Ho-uccriedosameribcKol nabopamopuu coanacHo cmaHOapmHbIX Mpouedyp, yKkasaHHbIX
8 locydapcmeeHHoU chapmakornee YkpauHbl. OnpedeneHbl OCHO8HbIE 8anudayUoHHbIE Xapakme-
PUCMUKU rpU UCoIb308aHUU cmaHdapmHol cybcmaHyuu 0151 npu2omoeieHuUsi MoOesibHo20 pac-
meopa U ycmaHO8/1eHO, Ymo Kpumepuu IUHeldHocmu U npeyu3uoHHocmu cobntodaromces 8 duana-
30He KoHuyeHmpauut 80-120% (a umeHHo 0,08-0,12 me/mn 8 uccnedyemom pacmeope unu 0,4-0,6%
rpedHU30/10Ha 8 Ma3u) U ABMISAIMCS CMamucmuYecKu U npakmu4yecku HesHaqdumbiMu (a £ S, x 1,86
=4,7, Aas% < 3,20 = 2,86, & < 1,0240 = 0,92). [Nony4yeHHbIe KOPPEKMHbIE pe3yibmambi 1o380s1u-
Ju anpobuposame Memoduky 05151 oripederneHusi rnpedHU30/10Ha 8 MOOeIbHOM U3eiedeHuU U3 Masu
«lpedHu3sonoH 0,5%» e duanasoHe 80-120% om HOMUHarnbHOU KOHUeHmpauuu. posedeHHble uc-
credosaHust pobacmHocmu MemoOuKU M03807IUMIU YCmMaHo8UMb, Ymo 07151 MOyYeHUsT KOPPEKMHbIX
pe3yribmamog Heobxo0uMOo rpudep)xusambCsi HEMKO20 UHMepaaia memrepamypb! rnpu rnpogede-
Huu peakuuu (60°C+1°). Konuyecmeo ¢heHunesudpa3uHa 8 peakmuse rpu 3mom Moxem kornebambcsi
8 npedenax 0,4-1,0 a/n. Kpumepuu nuHeliHocmu, rnpeyu3uoHHoCmMu u npasusibHocmu 0nsi Moderib-
HO20 U38r1e4eHUsT U3 Ma3u makxxe 8bIMOSIHSAMCS M0 8ceMy Ouarna3oHy ornpedesieHus U s18/1siromcs
cmamucmu4yecku U npakmuyecKku HesHaqdumbiMu (a < S, x 1,86 = 4,4, Aas% < 3,20 = 2,71, 6 < 1,0240
= 1,00). Memoduka sierisemcs npuemiemol O UCrob308aHusi 8 1abopamopusix KOHMPOJs Kade-
cmea fiekapCmeeHHbIX cpedcma U MOoXem MpUMeHsIMbCs Or1s1 onpederneHust npedHU30/10Ha 8 Ma3su
«lMpedHu3sonoH 0,5%» ¢ audpoghobHoli ocHosol 8 npedenax KoHueHmpauut 0,4-0,6%.
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Using the method of atomic emission spectrometry the qualitative composition and quantitative con-
tent of elements in the raw material (leaves, stalks, flowers) of summer squash (Cucurbita pepo L.)
collected at different stages of vegetation have been determined. It has been found that leaves,
stalks, flowers have identical elemental composition: 5 macro-, 10 micro- and 4 ultramicroelements
concerning the qualitative aspect. For macroelements the regularity of increase in the content at the
stages of vegetation was observed. There is the following regularity of the elemental content for the
raw material: leaves and flowers — K > Ca > Si > Mg > P > Na, stalks — K> Ca > Mg > Si > P > Na.
The highest content of potassium has been determined in all types of the raw material. The content
of this element in stalk is 3340-5050 mg/kg, and it is higher compared to leaves by 1.2-1.5 times
(2850-3354 mg/kg), compared to flowers — by 1.1-1.3 times (3000-4000 mg/kg). In leaves, stalks and
flowers the considerable content of calcium (1350-1700 mg/kg, 1000-1576 mg/kg, 1007-1345 mg/kg,
respectively), silicon (1299-1400 mg/kg, 470-500 mg/kg, 1000-1130 mg/kg, respectively) and magnesium
(8000-1086 mg/kg, 759-800 mg/kg, 897-905 mg/kg, respectively) has been found. The content of
such elements as molybdenum, cobalt and lead is lower than 0.03 mg/kg, arsenic, cadmium and
mercury is lower than 0.01 mg/kg. The considerable content of such elements as calcium, silicon
and magnesium in the types of the raw material studied indicates that leaves, stalks and flowers of
summer squash can be a source for obtaining BAS.
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Nowadays despite a variety of synthetic medicines
used in medical practice herbal drugs enjoy wide popu-
larity. Our attention was drawn by summer squash (Cu-
curbita pepo L.), a melon plant. The plant is officinal,
seeds are used as the raw material and an effective hel-
minthagogue [7, 8]. By the power of the pharmacologi-
cal action the seeds of summer squash yield to the raw
material of a male fern, but they do not show toxic effect
on the organism. It is also known that the pulp of sum-
mer squash increases the biliary excretion, improves the
function of intestines in spastic colitis [2], intensifies
the water-salt exchange, the renal filtration function,
provides intensive release of chloride ions by the kid-
neys (promotes urination), has antioxidant properties, is
an irreplaceable product in dietary food [10, 13].

The chemical composition of the officinal raw mate-
rial is rather studied. The seeds contain fatty oil (about
20%), phytosterol cucurbitol, resinous substances, organic
acids, vitamins of group B, ascorbic acid. The pulp contains
sugars (glucose, fructose, sucrose), organic acids (main-
ly malic), carotene (up to 6 mg%), ascorbic (8-20 mg%),
folic (14 mg%), pantothenic (0.4 mg%) and nicotinic
(0.5 mg%) acids, vitamins B,, B,, B, (0.13 mg%), a sig-
nificant amount of mineral substances (potassium, cal-
cium, phosphorus, iron, copper, fluorine, zinc) [6, 9, 11].
Data on the chemical composition of stalks, leaves and
flowers of summer squash is fragmentary. It is known
that leaves contain up to 620 mg% of ascorbic acid, vi-
tamins of group B, 438 mg% of potassium, 43 mg% of
calcium, 38 mg% of magnesium and not less than 7 mi-

neral compounds, flowers have flavonoids and xantho-
phylls — cryptocapsin, zeaxanthin, flavoxanthin [5].
The mineral status of a plant is determined by the
combined effect of different both necessary, and harm-
ful mineral elements found in it. The Polish scientist
Ya. Yancharsky arrived at the conclusion that the com-
bination of three elements — magnesium, calcium and
silicon was required for the correct metabolism. In turn,
K. Riger proved that the main role of calcium in a human
body was pH balancing (fight against “acidulation”) and
the help in killing cancer cells. Calcium also determines
the selective permeability of cellular membranes, and
its lack leads to increase in diffusion of various sub-
stances through membranes. Silicon increases the im-
munity, provides elasticity of vascular walls, has a posi-
tive effect on the protein biosynthesis, takes part in the
connective tissue formation. Magnesium prevents from
development of atherosclerosis, it is important in car-
diovascular diseases, CNS excitation, diabetes, etc., is a
part of chlorophyll molecules. The role of sodium in the
life of a plant has not been finally found; this element
promotes the creation of high osmotic pressure in cells.
The important indicator of the plant mineral status is
the ratio of K*/Na*, for it there are certain regular chang-
es that are distinctive for different organs (root, leaves) of
the plant. Researchers consider that the content of Na* at
the level of 10 mg/kg in different plants is standard [12].
Based on the aforementioned the expansion of the
source of the raw material for creation of new domestic
medicines of the plant origin, the study of the chemical
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Fig. 1. Macroelemental composition of the raw material of summer squash. Stage 1 — the period of full opening of the leave
blade (flowers were gathered as buds), stage 2 — the blossom period, stage 3 — the beginning of fructification.

composition of the raw material of summer squash, in-
cluding the elemental one, is of current importance [3].

The aim of our research was to study the elemen-
tal composition of leaves, stalk and flowers of summer
squash collected in different stages of vegetation.

Materials and Methods

The raw material (leaves, stalks, flowers) of sum-
mer squash, “Ukrainian polycarpous” sort [4], collected
at different stages of vegetation in the Kharkiv region
became the object of our research: stage 1 — the pe-
riod of full deployment of a leaf blade (flowers were
collected in the form of buds), stage 2 — the blossom-
ing period, stage 3 — the period of the beginning of
fructification. The study of the elemental composition
was performed at the premises of the State Scientific

Institution “Institute for Single Crystals” of the NAS
of Ukraine (Kharkov). The method of atomic emission
spectrometry with photographic registration of results
was used [1].

Results and Discussion

The diagram of the macroelemental composition of
leaves, stalk and flowers of summer squash at different
stages of vegetation is given in Fig. 1, the diagram of
the microelemental composition is presented in Fig. 2.

It has been found that all types of the raw material —
leaves, stalks and flowers concerning the qualitative as-
pect have the identical elemental composition present-
ed by 19 elements. For macroelements the regularity of
increase in the content at the stages of vegetation was
observed (see Fig. 1). There is the following regulari-

Flowers

Fig. 2. Microelemental composition of the raw material of summer squash. Stage 1 — the period of full opening of the leave
blade (flowers were gathered as buds), stage 2 — the blossom period, stage 3 — the beginning of fructification.
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ty of the elemental content for the raw material: leaves
and flowers — K > Ca > Si> Mg > P > Na, stalks — K >
Ca> Mg > Si > P> Na. The content of such elements as
molybdenum, cobalt and lead is lower than 0.03 mg/kg,
arsenic, cadmium and mercury is lower than 0.01 mg/kg.
The highest content in 3 types of the raw material is de-
termined for potassium. The content of this element in
stalk is 3340-5050 mg/kg, and it is higher compared to
leaves by 1.2-1.5 times (2850-3354 mg/kg), compared
to flowers — by 1.1-1.3 times (3000-4000 mg/kg). In leaves,
stalks and flowers the considerable content of calcium
(1350-1700 mg/kg, 1000-1576 mg/kg, 1007-1345 mg/kg,
respectively), silicon (1299-1400 mg/kg, 470-500 mg/kg,
1000-1130 mg/kg, respectively) and magnesium (8000-
1086 mg/kg, 759-800 mg/kg, 897-905 mg/kg, respec-
tively) has been found.

The considerable content of such elements as cal-
cium, silicon and magnesium in the types of the raw
material studied indicates that leaves, stalks and flowers
of summer squash can be a source for obtaining BAS.

CONCLUSIONS

1. Using the method of atomic emission spectrometry
the qualitative composition and quantitative content of
elements in the raw material of summer squash (Cu-
curbita pepo L.) collected at different stages of vegeta-
tion have been determined.

2. All types of the raw material — leaves, stalks,
flowers in qualitative terms have the identical elemental
composition. In each type of the raw material 5 macro-,
10 micro- and 4 ultramicroelements have been found.
For all types of the raw material the highest content of
potassium has been observed.
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JOCHNIMKEHHA ENEMEHTHOIO CKNAQY CUPOBUHU FAPBY3A 3BUMAUHOIO

CUCURBITA PEPO L.

10.A.®edueHkoea, I.I. bamroyeHko, O.1.Xeopocm

Knroyoei crnioea: 2apby3s 3guyqalHul; nucms; cmebna, Keimku, enemeHmHul ckriad

Memodom amomMHOo-eMiCilHOI criekmpomMempii eUSHa4eHO SKICHUU ckrad ma KinbKicHUU emicm erne-
MeHmig y cuposuHi (nucmi, cmebnax, keimkax) eapby3sa 3sudaliHo2o Cucurbita pepo L., 3ibpaHil y
pi3Hi cmadil eezemavii. BcmaHoeneHo, wo nucms, cmebna, K8imku 8 SIKICHOMY MiaHi Manu 00HaKo-
sul ennemeHmMHuU cknad: 5 makpo-, 10 Mikpo- ma 4 ynbmpamikpoesieMeHmis. [ MakpoerneMeHmie
criocmepieanacsi 3aKOHOMIpHicmb 36inbWweHHs1 emicmy no cmadisix eeeemauii. Mae micye neeHa 3a-
KOHOMIpHicCmb eémicmy eflemeHmie Onsi cupo8uUHU: 1ucmsi ma keimok — K > Ca > Si > Mg > P > Na,
cmebna— K > Ca > Mg > Si > P > Na. Bcim sudam cuposuHu 6ys rpumamaHHuUl 8UCOoKuUl emicm Ka-
niro. Tak, 0ns cmebna eiH cmaHosug 3340-5050 me/ke, wio suue riopigHsaHo 3 nucmsm 6 1,2-1,5 pasu
(2850-3354 me/ke), a nopieHsiHO i3 keimkamu — 6 1,1-1,3 pasu (3000-4000 me/ke). B nucmi, cmebnax
ma Keimkax mex y 3Ha4yHUXx Kirlbkocmsix micmunucsi kanbuid (1350-1700 me/ke, 1000-1576 mea/ke,
1007-1345 me/ke, 8idnosioHo), cuniyiti (1299-1400 ma/ke, 470-500 me/ke, 1000-1130 me/ke 8idnosio-
Ho) ma maeHit (8000-1086 ma/ke, 759-800 me/ke, 897-905 me/ke 8idrnogidHo). Bmicm makux ernemeH-
mieg sik MoniboeH, kobarbm ma riromMbym Hux4Yul 3a 0,03 me/ke, emicm apceHy, KadMito ma MepKypito
— HWxX4Yul 3a 0,01 me/ke. 3HayHUl 8MiCm mMaKux 8aXX/usux efieMeHmie siK KanbUitl, cusniyiti ma mazHit
y OocridxysaHux sudax cuposuHU c8id4umb nNpo me, wo ucms, cmebna ma keimku 2apby3a 3eu-
YaliHo20 MOXymb cmamu 0xxepesioM ompumaHHs uux bAP,
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WCCNEOOBAHUE 3NEMEHTHOIO COCTABA CbIPbSl ThbiKBbl OEbIKHOBEHHOW
CUCURBITA PEPO L.

FO.A.®PedyeHkosa, N.U.BamroueHko, O.I1.Xeopocm

Knroueenle crioea: mbikga 06bIKHOBEHHAs; IUCMbS; cmebru; yeemku; ar1eMeHMHbIU cocmas
Memodom amoMHO-3MUCCUOHHOU CrieKmpoMempuu orpedesieH KayeCcmeeHHbIU cocmas U Kosude-
cmeeHHoe codepxaHue 37IeMeHMO8 8 Cbipbe (NMUCMbsX, cmebiisx, usemkax) mbikebl 06bIKHO8EHHOU
Cucurbita pepo L., 3a2o0mosrieHHOM 8 pa3Hble cmaduu gecemauuu. YcmaHoe8rneHo, 4mo fiucmaesi, cmeo-
J1U, U8EMKU 8 Ka4eCmMeeHHOM ryiaHe umMesiu 0OUHaKo8bIl anemMeHmMHbIU cocmas: 5 makpo-, 10 MUkpo-
u 4 ynbmpamukpoanemeHma. s makpoaremeHmos Habrrodanacb 3aKOHOMEPHOCMb y8esiuYeHUs
codepxkaHusi no cmadusiM eezemauuu. Habnrodaemcsi onpederneHHasi 3aKOHOMEPHOCMb co0epxa-
HUs1 ar1ieMeHmoe8 01151 Cbipbs: Iucmees U usemkos — K > Ca > Si > Mg > P > Na, cmebneli — K > Ca
> Mg > Si > P > Na. [ns ecex audo8 cbipbsi bbII0 XapakmepHO 8bICOKOE coOepxkaHue Kanus. Tak,
8 cmebrisix oHo cocmarsinio 3340-5050 ma/ke, 4mo ebiwe Mo cpagHeHuro ¢ nucmesamu 6 1,2-1,5 pasa
(2850-3354 me/kz), a no cpasHeHuro ¢ usemkamu — 8 1,1-1,3 pasa (3000-4000 me/ke). B nucmabsix, cmeb-
JI8IX U Ugemkax moxe 8 3HadumerisHoOM Korudecmee codepxarcs kanbyul (1350-1700 me/ke, 1000-
1576 me/ke, 1007-1345 me/ke coomeemcmeeHHo), kpemHul (1299-1400 me/ke, 470-500 me/ke, 1000-
1130 ma/ke coomeemcmeeHHo) u mazHul (8000-1086 me/ke, 759-800 me/ke, 897-905 ma/ke, coom-
gemcmeeHHo). CodepxxaHue makux arieMeHmos Kkak morubdeH, kobanbm u ceuHey, Huxe 0,03 ma/ke;
MbiwbsKa, kadmus u pmymu — Huxe 0,01 me/ke. 3HadumernbHoe codepxxaHue maKkux 8axHbIX dre-
MeHMOB8 KaK Karnbyuu, KpeMHul u MagHUU 8 uccriedyembix audax Chipbs ceudemernibcmeayem O Mo,
ymo nucmes, cmebsiu u ysemku mbikebl 0ObIKHOBEHHOU MO2ym cmamb UCMOYHUKOM MOS1yYeHUst
amux BAB.
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THE STUDY OF THE PROPERTIES OF EMULSIONS BASED

ON SEPIPLUS 400
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Emulsifying properties of Sepiplus 400 and emulsions on its basis obtained by the method of cold
emulsification have been studied. It has been found that the given emulsifier being in the concentra-
tion of 1-5% without adding co-emulsifiers and structure-forming agents allows to obtain stable emul-
sions within the range of the oil phase concentrations of 10-40%. Organoleptic, physicochemical,
technological, structural and mechanical properties of the experimental samples have been investi-
gated; they prove their belonging to the structured systems with satisfactory thixotropic properties,
sensory characteristics and spread capacity. It has been proven that the mass fraction of the emulsi-
fier, as well as the mass fraction of the oil contribute to the increased viscosity index of the samples
examined. The results of the studies conducted are the evidence of the prospectivity of Sepiplus 400
in development of medicinal and cosmetic emulsions of various kinds of actions.

Currently polyanionic surface-active agents are wide-
ly used in manufacture of medicinal and cosmetic pro-
ducts. They are especially interesting as effective emul-
sion stabilizers [4, 9, 10].

One of the methods of emulsion stabilization is the
use of micelles of block copolymers colloidally dispersed
in oil and having high emulsifying properties. Colloi-
dal particles of the micelles accumulate at the oil-water
interface, form mechanically firm structured films and
thus stabilize the emulsion. The composition and the
structure of such films are diverse and depend on the
chemical structure of a stabilizer-emulsifier [6, 7].

One of the new promising emulsifiers for production
of medicinal and cosmetic emulsions is the substance with
a commercial name of Sepiplus 400 (Sepiplus™ 400,
Seppic, France) and international unlicensed name of
Polyacrylate — Polyisobutene — Polysorbate-20 (INCI).

Sepiplus 400 is a liquid polyanionic surface-active
agent, which does not require any preliminary opera-
tions for its preparation: heating, neutralization, disper-
sion, etc. This is a ready-made emulsifying mixture,
which is an invert emulsion where polymer chains are
tightly convoluted in the internal aqueous phase. The
mechanism of the emulsifying action of Sepiplus 400
is explained by the theory of “unwrapping drops”. The
essence of this phenomenon consists in the phase inver-
sion during which the polymer chains of Sepiplus 400
are unwrapping into the external aqueous phase, gener-
ating a stabilizing gel structure [5, §].

The aim of our work was to study the emulsifying
properties of Sepiplus 400, prepare the experimental
samples of emulsions on its basis and study the organo-

leptic, structural and mechanical, as well as technologi-
cal properties of the emulsions obtained.

Materials and Methods

The sets of experimental samples with different con-
sistency were prepared by the method of cold emulsi-
fication with mineral and vegetable (corn) oil, their con-
centration varied between 5 and 50%. Sepiplus 400 was
introduced as a monoemulsifier within the range of con-
centrations of 0.5-5% recommended by the manufactu-
rer [2, 11]. The finished emulsions were tested by the
following characteristics: appearance, colloidal and ther-
mal stability, pH value, type of emulsion, some rheo-
logical properties, sensory characteristics (the rate of
absorption, subjective sensations, stickiness, the absence
of white traces when applying).

Colloidal and thermal stability were determined in
accordance with the methodology of GOST “Cosmetic
creams” [3]. The pH values of the experimental sam-
ples were determined potentiometrically in 10% water
extraction of the cream with the help of a pH 150 MI
pH-meter (Russia) according to the I-st ed., p.2.2.3. of
the SPhU. Rheological studies were conducted with a
BROOKFIELD HB DV-II PRO viscosimeter (USA) within
the range of the shear rate from 0.1 sec' to 150 sec™
(SC4-21 spindle for a chamber of 8.3 ml volume) at the
temperature of 20 and 34°C. The type of emulsion was
determined by the method of dilutions according to the
SPhU [1].

Results and Discussion

The studies conducted allowed to select thermo-
stable and colloidally stable formulations, which were
oil-in-water emulsions of different consistency — from
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Table
The composition of the model samples of emulsions
No. of the sample 1 14 15 23 25 31 34 54 55 64
Mineral oil, % 0 - 10 15 - 15 20 - 30 40
Corn oil, % - 10 - - 15 - - 30 - -
Sepiplus 400, % 1.5 1.5 1.5 1 2 5 1.5 1.5 2 1.5
Purified water up to 100.0
Colloidal stability at 6000 rpm + + + + + + + + + +
Colloidal stability at 8000 rpm + + + + + + + + + +
Thermal stability + + + + + + + + + +
pH 6.18 | 6.20 | 6.18 | 6.12 | 6.25 6.5 6.22 | 6.21 | 638 | 6.25
Structural viscosity (mPa-s) at 20 rpm | 3700 | 3420 | 3300 | 4700 | 7000 | 9100 | 4480 | 5680 | 6000 | 7940

Note: «+» — the emulsion is stable; «—» — the emulsion is unstable; n=5.

liquid to creamy one. The exception was Sample No. 1,
which was an aqueous gel of a milk colour and creamy
consistency, the oil was not introduced to it. The sam-
ples which do not pass the test of thermal and colloidal
stability were removed from further studies. The model
formulations selected were easy to apply, well spread
on the skin and quickly absorbed, as well as created a
comfortable sensation. It was also noted that the pre-
sence of corn oil in a number of emulsions considerably
enhanced their tactile characteristics and eliminated the sense
of stickiness when applying. The pH value of 10% solu-
tions of the emulsions prepared varied between (6.12+0.05)
and (6.45+0.05). The composition of some model sam-
ples is given in Table.

It was found that Sepiplus 400 was effective as a
monoemulsifier in the concentration of 1.5-5%, and it
allowed to obtain stable emulsions.

The rheological studies conducted showed the in-
crease in viscosity of the samples when increasing the

» 10000 -

8000 -
6000 -
4000

2000 A

Structural viscosity, mPa

emulsifier concentration (Fig. 1). Thus, Samples No. 23,
25 had the viscosity of 4700 and 7000 mPa-s (at 20 rpm
and 20°C) with the concentration of the emulsifier of
1.5%, 2%; when increasing the emulsifier concentration
up to 5% the viscosity considerably increased in Sam-
ple No. 31 and it was 9100 mPa-s.

When Sepiplus with the concentration of less than
1.5% was introduced into formulation 5 and 10% emul-
sions, destruction of the model samples occurred. It is
explained most probably by the lack of polymer both
for binding the particles of the internal phase and for
creating colloidal protection by macromolecules.

At the same time Sample No. 31, which showed a
positive test result for colloidal and thermal stability,
decayed during the rheological studies breaking a gen-
eral tendency of correlation of viscosity and the emulsi-
fier quantity. In our opinion, it is connected with distur-
bance of the phase inversion behaviour as for this very
process the dispersion medium—internal phase relation-

0 T T T T

Mass fraction of emulsifier, %

Fig. 1. Correlation between the structural viscosity of model formulations
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and the concentration of the emulsifier (at 20 rpm and 20°C).

Mass fraction of oil, %

Fig. 2. Correlation between the structural viscosity of the model formulations

and the oil concentration (at 20 rpm and 20°C).
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Fig. 3. The rheogram of the emulsion bases behaviour.

ship is important. It is known that there is a limiting
(critical) relationship of volumes for each stabilizer in
a certain concentration, exceeding of which results in
formation of the invert emulsion. And the latter one is
often unstable due to the low activity of the emulsifier
in the changed conditions [9, 10].

Increase of the mass fraction of the oil phase also resul-
ted in considerable increase of viscosity indices. Thus, the
samples with the similar Sepiplus 400 content (1.5%), but
with a different oil content (10, 20, 30 and 40%) showed the
rising indices of viscosity: 3420 mPa-s, 4480 mPas, 5680
mPa-s and 7940 mPa-s, respectively (see Fig. 2). It should
be also noted that corn oil slightly changed the viscosity of
the bases obtained compared to the formulations with the
similar content of liquid petrolatum. The sample without the
oil showed a higher index of viscosity of 3700 mPas.

In order to estimate the viscous and plastic proper-
ties of model formulations their rheological parameters
were determined. Based on the data obtained the com-
plete rheograms of the model samples behaviour were
plotted in such coordinates as the shear rate — shear
stress (Fig. 3).

The rheograms built have a type of behaviour, which
is typical for plastic systems, and a yield strength, which
is within the following range of the shear stress: 14.7 Pa
(Sample No.14) to 150.2 Pa (Sample No.64). The presen-
ce of the hysteresis loop in the rheograms confirms the pre-
sence of thixotropic properties of the samples studied.
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Fig. 4. The correlation between the structural viscosity of the
samples studied and the shear rate.

Relatively low viscosity indices of the model sam-
ples are indicative of their light texture, which can quick-
ly spread and absorb into the skin. This property can
be taken as a basis for developing a line of cosmetic
creams for skin care of various kinds of actions.

The next step of our work was the study of the cor-
relation between the structural viscosity of the samples
studied and the shear rate (Fig. 4).

The result of the study showed a gradual decrease
of the indices of the structural viscosity as the shear rate
increased. The 58-96 s range of the shear rate is nota-
ble for practically linear dependence of the structural
viscosity on the shear rate, and it confirms the ability
of emulsion systems to regenerate gradually after de-
formation.

CONCLUSIONS

The model samples of the emulsions with different
consistency based on Polyacrylate — Polyisobutene —
Polysorbate-20 have been developed.

It has been found that the given emulsifier being in
the concentration of 1-5% without adding co-emulsifi-
ers and structure-forming agents allows to obtain stable
emulsions within the range of the oil phase concentra-
tions of 10-40%.

Organoleptic, physicochemical, technological, struc-
tural and mechanical properties of the experimental sam-
ples have been investigated; they prove their belonging
to the structured systems with satisfactory thixotropic
properties, sensory characteristics and spread capacity.

It has been proven that the mass fraction of the emul-
sifier, as well as the mass fraction of the oil contribute to
the increased viscosity index of the samples examined.

The results of the studies conducted are the evidence
of the prospectivity of Sepiplus 400 in development of me-
dicinal and cosmetic emulsions of various kinds of actions.
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BUBYEHHSA BITACTUBOCTEW EMYNbCIA HA OCHOBI CENIMNJIHOC 400

T.M.Koeanboea, H.I.lMonoeko

Knroyoei crioea: emyrbcis; eMynb2amop; peoroaidHi enacmugocmi; cmpyKkmypHa 8’a3Kicmb
HocnidxeHi emynbeytoyi enacmusocmi Ceninmoc 400 ma emynbcii Ha U020 OCHO8I, 00epxaHi Me-
modomM x05100HO20 eMyrbay8aHHs. BcmaHoeneHo, wo 0aHul emyrnbeamop y KoHyeHmpauii 1-5%
b6e3 dodasaHHS criigeMyrib2amopie ma cmpykmypoymeoprogadie 00380s15i€ ompumamu cmabisib-
Hi emynbcii 8 diana3oHi KOHUeHmpauit macnsaHoi ¢pasu 10-40%. BusueHi opeaHonenmuyHi, ¢isu-
KO-XiMi4Hi, MEeXHOM02I4HI, CmpyKmMypHO-MexaHi4yHi eracmueocmi ekcriepuMmeHmarbHUX 3pasKig, sKi
niomeepOxyroms ix npuHanexHicme 00 cmpykmypogaHux cucmem 3 3ad08ifTlbHUMU MUKCOmMpori-
HUMU 851acmueocmsMuU, CEHCOPHUMU XapakmepucmuKkamu, HamasysaHHsM. [JoeedeHo, wo macosa
yacmka eMyrb2amopa ma Macoea Yacmka macsia Cripusitoms Mio8UUWEHHIO MOKasHUKa 8’3Kkocmi
docnidxyeaHux 3paskig. Pesynbmamu riposedeHux 0ocidxeHb ceidyamb rpo nepcrnekmueHicmsb
Ceninnroc 400 0nsi po3pObKU fiKapCbKUX Ma KOCMemMUYHUX eMyrbCill Pi3HO20 CripsiMy8aHHS.

© o N QW

W3YYEHME CBOUCTB 3MYJIbCUUA HA OCHOBE CEMUMNJIIOC 400

T.H.Koeaneea, H.ll.llonoeko

Knroveenble crioea: amyrnbcusi; aMyib2amop; peosioeudecKkue ceolicmea; CmpyKmypHasi 8513KOCMb
UccnedosaHbl amynbeupytowue ceolicmea Cenunstoc 400 U aMyrnbCUU Ha €20 OCHOBE, I0J1YYEHHbIE
MemoOoM XO0fTI00HO20 IMYIb2UpPO8aHUs. YemaHo8neHo, Ymo OaHHbIU aMy/ibeamop 8 KOHUeHmpa-
uyuu 1-5% 6e3 0obaeneHusi coaMmynbeamopos U cmpykmypoobpasogamerieli No38ossiem foayHums
cmaburbHble dMyrbcuu 8 duarnal3oHe KOHUeHmpauyul macisHol gasel 10-40%. M3ydeHbl opaaHo-
nenmuyeckue, hU3UKO-XUMUYECKUE, MEeXHOIoau4vecKue, CmpyKmypHO-MexaHu4Yeckue ceolicmea 3Kc-
nepumeHmarbHbIX 06pa3yos, nodmeepxoarouue Ux rnpUHadIexxHoOCMb K CMpPYKmMypupo8aHHbIM CU-
cmemam ¢ yo0oeremeopumeribHbIMU MUKCOMPOIHbIMU c8olicmeamMu, CEHCOPHbLIMU Xxapakmepucmu-
Kamu, HamasbleaeMocmbio. [JokasaHo, Ymo maccoeasi 0orisi aMyrbeamopa U Maccosasi 007l macra
crocobcmeytom rosbIWEeHUr noKkasamers 8s13kocmu uccriedyemMbix obpasyos. Pe3ynbmambl npo-
gedeHHbIx uccriedosaHuli caudemenscmaytom o nepcriekmusHocmu Cenunstoc 400 e paspabomke
JIeKapCmMeeHHbIX U KOCMemu4ecKux aMyrbculi pa3nuyHoU HarnpasneHHocmu delicmaus.
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SUBSTANTIATION FOR SELECTING A PRESERVATIVE
WHEN DEVELOPING THE GEL WITH ESSENTIAL OILS FOR
TREATING DISEASES OF THE UPPER RESPIRATORY TRACT

V.V.Pul-Luzan, O.P.Strilets, T.V.Martynuk

National University of Pharmacy

Key words: preservative; gel with essential oils; microbiological purity; method for evaluating the

effectiveness of preservatives

Based on the results of the microbiological research the necessity of introduction of a preservative
into the gel with essential oils developed for treating diseases of the upper respiratory tract has been
proven. The microbiological research has been conducted according to the conventional method of
the SPhU with the gel samples, in which the following preservatives were added: sodium benzoate,
methylparaben, the complex preservative “Germaben”, the complex of sodium benzoate with Nipagin
in the ratio of 0.5:0.1. It has been found that all gel samples under study meet of the SPhU requirements
for microbiological purity (according to the criterion “A” and “B”). While conducting the comparative
analysis it has been determined that addition of the preservative complex of sodium benzoate with

Nipagin in the ratio of 0.5:0.1 is the most effective.

At present there is a tendency to use topical drugs
with a high aqueous phase content (creams water/oils,
gels). However, these drugs are a favourable environment
for microbial growth (cultures of S. aureus, Ps. aerugi-
nosa) or spoiling of finished products (culture of mold
fungi, yeast fungi of the Candida genus) [3, 5, 7].

As a result of the comprehensive research the com-
position of a gel with essential oils for treating diseases
of the upper respiratory tract have been developed [6].
Due to the fact that the gel developed should be stable,
including its microbiological purity value, at least for
2 years, it is necessary to study the microbiological pu-
rity of this gel and select the optimal preservative and
its desired concentration [4, 5, 6].

It is known that when selecting a preservative the
attention should be paid to the therapeutic effect of the
drug, its area of application, interactability with other
ingredients of the formulation, and its solubility. Based
on the literature search in order to select an effective
preservative (or their combination), which is able to pro-
vide the quality and safety of the gel with essential oils
developed, we studied the antimicrobial activity of the
experimental samples of gels with different preserva-
tives. The following preservatives were selected for the
studies: sodium benzoate, methylparaben (Nipagin, me-
thyl ether of n-4-hydroxybenzoic acid), and the com-
plex of sodium benzoate with Nipagin. The complex pre-
servative “Germaben” was also studied, it included dia-
zolidinyl urea, methylparaben, and propylparaben in pro-
pylene glycol [2, 8, 10].

Materials and Methods

The following gel samples were prepared: with 0.5%
sodium benzoate (sample No. 1), with 0.1% methylpa-
raben (sample No. 2), with 0.5% “Germaben” (sample

No. 3), with the complex of sodium benzoate and Ni-
pagin (0.5% : 0.1%) (sample No. 4), and the sample
without a preservative (sample No. 5).

During the studies the method for evaluating the ef-
fectiveness of antimicrobial preservatives given in the
State Pharmacopoeia of Ukraine (SPhU) was used [4].

The culture media used in the study were standard
manufactured by “Scientific Production Association Cul-
ture Media” (Mahachkala). The culture media were pre-
pared according to the requirements of the manufactu-
rer (the amount of the powder per litre, pH medium,
autoclaving conditions, etc.). Each batch used in the ex-
periment was tested for growth characteristics in com-
pliance with regulations [1, 9].

Before the study there was a test conducted for con-
formity of the growth properties of the culture media (co-
lony count grown when inoculating the microbial count).
The culture media were inoculated with a small amount
of the corresponding microbial test strains (10-10% co-

Table 1
The study of the microbiological purity
of the gel samples
Culture media and conditions
Drug dilution in buffer 1:5
Samples ; A
of gels thioglycolic acid liquid Saburo medium
medium 28 days at 25°C
28 days at 35°C
No. 1 The growth is absent | The growth is absent
No. 2 " "'
No. 3 " "'
No. 4 - "
No. 5 Microbial growth —"-
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Table 2

The study of the antibacterial activity of the gel samples with the preservative complex
of sodium benzoate with Nipagin

The SPhU requirements The microbial count (CFU/ml), *Lg decrease
Exposition the bacterial the r)umber of Staphylococcus Pseudomonas Candida albicans
count (CFU/ml), fungi (CFU/ml), aureus aeruginosa ATCC 885/653
Lg decrease Lg decrease ATCC 6538 ATCC 9027
Microbial load 10¢ 10¢ 3;55%5125 4;*55%61 60 i 2;925%3125
First inoculation Lg - - 4;9X104 >.1x10¢ >.2x10°
0.85 ¥0.96 *0.63
2 days ) _ 3;&3><1 0° 2.7x10° 1.3x10*
2.02 ¥2.23 ¥1.23
7 days 3 _ 1;2><1 0? 1.8x10? 2.2x10?
3.22 *3.41 *3.0
14 days - 2 No isolation No isolation No isolation
28 days No increase No increase No isolation No isolation No isolation

lony forming units per 1 ml of the medium — CFU/ml).
The Saburo medium was plated with Candida yeast fungi,
the nutrient agar — with Pseudomonas aeruginosa, and the
egg yolk high salt agar culture medium — with Staphylo-
coccus aureus. The thioglycolic acid medium was kept in
thermostat at the temperature of 35°C for three days.

All bacterial cultures corresponded to taxonomic de-
signation of the strain, and morphology of cultured co-
lonies and cell morphology in microscopy were typi-
cal. The thioglycolic acid medium met the requirements
for sterility — the growth of microorganisms was absent,
the medium was transparent.

For the testing purpose a required number of suit-
able test microorganisms was added to the drug sample
that was in the container, and the inoculated samples
were stored at the corresponding temperature. At regu-
lar intervals the inoculated samples were sampled, and
the microbial count was determined. The effectiveness
of preservatives in the finished product is considered
to be satisfactory if under conditions of the test while
storing the inoculated samples at a given temperature
during the given periods of time there is significant de-
crease or no increase in the microbial count depending
on the requirements for the finished product.

Results and Discussion

According to Table 1 in 28 days of incubation while
culturing in the thioglycolic acid medium the growth of
microorganisms in the gel sample No. 5 was observed.
Thus, it has been proven that addition of a preservative
is required.

At the next step in order to select the optimal pre-
servative (the samples mentioned above) the study was
conducted for determining the microbiological purity. It
has been found that sample No. 1 meets the criterion “B”
in contrast to other samples meeting the criterion “A”.

As can be seen from Table 2, the preservative com-
plex of sodium benzoate with Nipagin that meets the
criterion “A” has the best preserving action.

The data given in Table 2 show that in 7 days of incu-
bation the logarithm of the number of viable fungal cells
was 3. There is no cells isolation in 14 and 28 days of in-
cubation. In 2 days of incubation the logarithm of the mic-
robial plate count was 2.02 and 2.23. On day 7 it was 3.22
and 3.41. On days 14" and 28 of incubation microorganisms
were not recorded. The study of this sample has shown that
it meets the criterion “A” in accordance with the SPhU re-
quirements. Thus, the preservative complex of sodium ben-
zoate with Nipagin has been selected for further studies.

CONCLUSIONS

1. As a result of the microbiological study it has been
found that addition of a preservative to the gel with es-
sential oils developed for treating diseases of the upper
respiratory tract is mandatory.

2. It has been proven that all samples with the preser-
vatives selected, namely methylparaben, the complex pre-
servative “Germaben”, sodium benzoate, and the com-
plex of sodium benzoate with Nipagin, meet the criteria
“A” and “B” of the SPhU. The preservative complex of
sodium benzoate with Nipagin that meets the criterion
“A” has the best preserving action.
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OBIPYHTYBAHHA BUBOPY KOHCEPBAHTA MNMPU PO3POBLUI FENKO 3 E®IPHAMU ONIAMU
AnA NiKYBAHHA 3AXBOPHOBAHb BEPXHIX OUXATIbHUX LLNAXIB

B.B.lynb-Jly3aH, O.l1.Cmpineypb, T.B.MapmuHrok

Knro4voei cnoea: koHcepgsaHm; 2enb 3 eghipHUMU onisimu; MikpobionoaiyHa Yyucmoma, Mmemoduka
OUiHKU egbekmusHoCcmi KoOHcepgaHmig

Ha menepiwHil 4ac gidmivaembcsi meHOeHUisi 00 8UKOPUCMAaHHS JiKapCbKUX npernapamie 308Hill-
HbOI Oii 3 sUCOKUM 8Micmom 800HOI ¢hasu (kpemu o/8, 2eni). O0Hak OaHi 3acobu € cripusmaueum
cepedosuliem 01151 pO38UMKY MiKpoopeaaHiamig (Kynbmypu S. aureus, Ps. aeruginosa) abo ricysaHHsi
20moeoi npodykuyii. Y pesyrnbmami nposedeHux KOMIMIEKCHUX 0ocnioxeHb Hamu 6yno po3pobreHo
cknad eernto 3 ehipHUMU onissMu Onsl NiKy8aHHs1 3aX80pro8aHb 8EPXHIX OuxaribHUX Wirisxig. Y 368°a3Ky
3 mum, wo po3pobreHull enb noguHeH bymu cmabinbHUM, Yy moMy Yuchii 3a MoKa3HUKoOM Mikpobio-
J102i4HOT Yucmomu 8rpodoex He MeHWe 2-X POKi8, MompibHe su84EHHSI MiKpobio102iYHOT Yucmomu
p0o3pobrieHo20 2ento ma 8ubip npu HeobxiOHOCMI KOHCeps8aHMy ma Uo20 ornmumMarbHOI KOHUeHmpa-
uii. Bidomo, wo npu subopi KoHcepsaHmy cs1id 0608’13K080 38epmamu ygazy Ha meparnesmu4Hy Oito
npenapamy, OifsiHKy Uo20 HaHeCEeHHS, MOXIusicmb 83aeMo0ii 3 iHWUMU iHepedieHmamu peuenmypu,
lio2o po34uHHicmb. 3 ypaxysaHHSAM rpoeedeHo:20 fimepamypHO20 MoWyKy 3 Memor subopy eghek-
mugHO20 KOHcepaaHmy (abo ix kombiHauii), skul bu eapaHmyesas sikicmse i 6e3neyHicms po3pobrieHo20
eeso 3 eipHUMU onisMu, Hamu 6yno eus4eHO aHMUMIKPOBOHY aKkmueHIiCmMb eKcriepuMeHmarnbHUX
3paskKie eerig 3 pisHUMU KOHcepeaHmamu. [ns docnidxeHb 6yrio obpaHo maki KOHcepeaHmMuU: Ha-
mpito 6eH3o0am, memurnnapabeH (HinaziH, memursnosul egip n-2idpokcubeH30UHOI Kuciomu), a ma-
KOX KOMIIIEKC Hampito beH30amy 3 HirnazaiHom. Takox 00csidXKysascsi KOMIIEKCHUU KoHcepsaHm «[lep-
mabeH», 0o ckrady sikoeo 8xo0sime Oia30miduHinice4o8uHa, MemursnnapabeH, nponinnapabeH y rnpo-
ninexenikoni. lNMpoeedeHi OocrnidxXeHHs nokasasu, U0 KOMIIEKC KOHcepgaHmie Hampito 6eH3o0amy 3
HinaziHomM mMae HalKpauwy KoHcepsytody Oito ma sidrnosidae Kpumepito «A» 32i0HO 3 sumoeamu Y.

OBOCHOBAHUE BbIEOPA KOHCEPBAHTA MNP PASPABOTKE MENA C 3®UPHbLIMU
MACIAMU ONnA NEYEHUA 3ABOJNNIEBAHUU BEPXHUX ObIXATENbHbLIX MYTEU
B.B.lMynb-Jly3aH, O.[1.Cmpeneuy, T.B.MapmbIHIOK

Knroyeenie cnoea: KoHcepgaHm; 2eslb C 3(hUPHBLIMU Maciamu; MUKpobuoioasudeckas Yyucmoma;
MemoOuKa OUEHKU 3¢hgheKmuBHOCMU KOHCEPB8aHMo8

B Hacmosiuwee spemsi omMmedaemcst meHOEHUUSs K UCMOMb308aHUI0 JIEKapPCMEEHHbIX Mperapamos Ha-
PYXKHO20 Oelicmausi ¢ 8bICOKUM coOepxaHueM 800HOU gha3bl (Kpembi M/8, eenu). OOHaKo 0aHHbIe cped-
cmea aensromcs briazonpusimHol cpedod 0718 pa3gumusi MUKpPOOpaaHU3Mos (Kyrnbmypbl S. aureus,
Ps. Aeruginosa) unu nopyu 20mosou rnpodyKkuuu (Kyrbmypbl niecHeabix epubos, Opox>kerno0obHble
epubbi poda Candida). B pesynbmame rpo8edeHHbIX KOMMIEKCHbIX uccredosaHuli Hamu Obin pas-
pabomaH cocmae 2ensi ¢ aghuUpHbIMU Macramu Orsi ieyeHus1 3abornesaHuli 8epxHUX ObixamesibHbIX
nymedu. B cessu ¢ mem, ymo paspabomaHHbil 2efib dormkeH bbimb cmabusibHbIM, 8 MOM 4Yucre o
roKa3ameriro MUKpobUOI02Uu4eCcKoU YUCMOMbI Ha MPOMSKeHUU He MeHee 2-X 5iem, HeobXxo0uMbl u3y-
YeHue MUKpobuosoau4yeckol Yyucmomal paspabomaHHO20 2efisi U 8bI60p OnMMmMuMaribHO20 KOHCep-
8aHma U e20 KOHUeHmpauyuu. M13gecmHo, 4mo rpu ebibope KoHcepsaHma Heobxodumo obpauwjame
8HUMaHUe Ha mepanesmudeckoe delicmeue rpenapama, y4acmoK €20 HaHeCeHUsl, 803MOXHOCMb
83aumodelicmausi ¢ Opyaumu uHepedueHmamu peyenmypbl, €20 pacmeopuMocmsb. Y4yumbigas rpo-
8e0eHHbIl nnumepamypHbIl MOUCK C Uerbio 8bibopa 3¢hchekmueHo20 KoOHcepeaHma (unu ux Kombu-
Hayuu), kKomopblit 6kl 2apaHmuposas ka4ecmeso u 6e3onacHocme pa3pabomaHHO20 267151 C 3GhUPHbI-
Mu Maciamu, Hamu bbinia usydeHa aHmMUMUKpPObHasi akmueHOCMb 3KCrepuMeHmaribHbIX 0b6pa3yos
eernell ¢ pasnuYHbIMU KOHcepeaHmamu. s uccredosaHuli bbinu 8bibpaHbl makKue KOHCep8aHmbI:
Hampusi 6eH30am, MmemurnapabeH (HunaauH, Memusosbil 3ghup n-2udpPOKCcUbEeH30UHOU KUCI0mMbl),
a makxe KoMrnekc Hampus beH3oama ¢ HurnagcuHoM. Takxe uccriedosaricsi KOMIMIEKCHbIU KOHcep-
saHmM «lepmabeH», 8 cocmag Komopoeao 8xo0sim Oua3onuduHuUnIModyesuHa, MmemurinapabeH, rnpo-
nunnapabeH 8 rponuneHanukone. [posedeHHbIe uccrnedosaHus MokKasasu, Ymo KOMIIEKC KOHCep-
8aHmoes Hampusi 6eH30ama c Hurna2uHOM OKasbigaem Hausy4ywee KoHcepsupyruwee delicmeaue u
omeeyaem Kpumepuro «A» coomeemcmeeHHo mpebosaHusim [DY.
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DEVELOPMENT OF THE SHAMPOO FOR CHILDREN
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Children, especially infants, have a sensitive and very vulnerable skin. Cosmetics for children sup-
ports the protective functions of the skin, making it less susceptible to a variety of stimuli. That is
why children from the first days of life need other, safer skin care cosmetics than adults, it should
not have the irritating action. In order to develop a foam cleaning product (shampoo) for children
we have chosen a number of modern detergents of anionic, nhon-anionic and amphoteric character,
such as 28% disodium laureth sulfosuccinate (“Euronaat LS 3”, Disodium Laureth-3-Sulfosuccinate,
“EOS”, Belgium),; cocamidopropyl! betaine (“Cocamidopropyl Betain”, “KAQ”, Japan); coco glucoside
and glyceryl oleate (“Lamesoft PO 65”, Coco Glucoside (and) Glyceryl Oleate, “BASF (ex-Cognis)”,
Germany); PEG-7 glyceryl cocoate (“Neopal LIS 80", PEG-7 Glyceryl Cocoate, “Industria Chimica
Panzeri’, Italy). Lactic acid was used as a pH adjustor. Based on these substances the foam cleaning
bases in various concentrations of detergents have been prepared. The quality (physicochemical pro-
perties) of the foam cleaning bases developed has been assessed according to the current normative
documents of Ukraine. At the first stage of the research it was determined that the use of “Euronaat
LS 3” was irrational because it did not provide the required foam formation, hence, it was necessary
fo add other detergents. At the next stage the bases with addition of detergents with the low irritating
effect, such as “Cocamidopropyl Betaine”, “Lamesoft PO 65”, “Neopal LIS 80", were studied to improve
the physicochemical and consumer propetrties. It has been found that foam cleaning bases with additio-
nally selected non-ionic and amphoteric detergents improved the properties of the foam cleaning base
developed, namely the level and stability of the foam and its consumer properties increased. It should

be noted that the bases developed were stable at the pH value selected (5.5-6.5).

The baby skin like all other organs develops gradu-
ally. And though at first glance it differs little from the
adult’s skin, it may take a lot of time before the baby’s
skin can fully perform all of its functions. Functions
of the skin are diverse, but the main function is pro-
tective. This function in children is poorly expressed
as evidenced by the easily vulnerable skin, frequent in-
fections due to insufficient keratinization of the stratum
corneum and its thinness, immaturity of the local im-
munity and intense blood supply. These peculiarities make
the baby skin tender and prone to inflammation, in par-
ticular with poor care; that is why the skin care in chil-
dren assumes daily hygiene and water procedures. Chil-
dren, as well as adults, also need hair care. It is known
that the skin of the baby’s head does not yet contain
special natural protective film, which adults have. That
is why microbes and other harmful substances penetrate
through the children skin faster than in adults. It is obvi-
ous that the products for the baby skin care must meet
other criteria than the products for adults. Since the skin
of a normal healthy child is capable to cope with its fun-
ctions, the question of safety of cosmetic products should
be considered first [4, 7, 10, 11].

The aim of our work is to create a foam cleaning
base with safe detergents and based on it to develop a
modern foam-cleaning agent for children.

Experimental Part

The study subjects were a number of modern deter-
gents of anionic, amphoteric and non-ionic nature such as
28% disodium laureth sulfosuccinate (“Euronaat LS 37,

Disodium Laureth-3-Sulfosuccinate, “EOS”, Belgium);
cocamidopropyl betaine (“‘Cocamidopropyl Betain”, “KAO”,
Japan); coco glucoside and glyceryl oleate (“Lamesoft
PO 65”, Coco Glucoside (and) Glyceryl Oleate, “BASF
(ex-Cognis)”, Germany); PEG-7 glyceryl cocoate (“Neo-
pal LIS 807, PEG-7 Glyceryl Cocoate, “Industria Chi-
mica Panzeri”, Italy). Lactic acid was used as a pH ad-
justor. Based on these substances the foam cleaning
bases were developed in various concentrations of de-
tergents [2, 12-16].

The quality of the bases developed together with the
Pharmaceutical Research Centre “Beauty alliance”, Kyiv
was assessed according to the following indicators: ap-
pearance, organoleptic characteristics (colour, odour), de-
termination of the pH value, foaming ability (foam num-
ber, foam stability). These indicators were considered for
the qualitative assessment of modern foam cleaning agents
according to DSTU4315: 2004 “Cosmetic products for
cleaning skin and hair” and TU U24.5-31640335-002: 2007
“Products for skin care and cleaning”.

The study of rheological indicators was carried out
on a BROOKFIELD DV-II + PRO viscosimeter (USA)
using a rotary adapter with the system of coaxial cylin-
ders. The coaxial cylindrical geometry of the viscosime-
ter consists of a cylindrical spindle and a cylindrical ca-
mera, which provide precise measurement control of theo-
logical parameters of Newtonian fluids [1, 3, 6, 8, 9].

The pH value level of the samples under study was
determined by potentiometry (SPhU 1.2, 2.2.3) using a
“pH Meter Metrohm 744” device (Germany).
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Table 1
The study of the foaming ability
of the base
of disodium laureth sulfosuccinate

Table 2
The study of the foaming ability
of the base of disodium laureth sulfosuccinate
and 35% solution of cocamidopropyl betaine

The concentration Foaming ability The concentration Foaming ability
of disodium N of 35% solution o
laureth Foam number, Foam stability, of cocamidopropyl Foam number, Foam stability,
sulfosuccinate, % mm c.u. betaine, % mm c.u.
5.0 34.0 0.91 4.0 56.0 0.91
10.0 54.0 0.96 8.0 85.0 0.96
15.0 64.0 0.94 12.0 90.0 0.95

Results and Discussion

At the first stage the experimental samples of wa-
ter solution of disodium laureth sulfosuccinate with the
concentration of 5%, 10% and 15% were prepared. They
were prepared at the room temperature at low speed of
the mixer (20 rev/min) to prevent the formation of air
bubbles. After complete dissolution of the detergent clear
homogeneous liquid solutions without a specific odour
were obtained. The pH value of these solutions was
within 6.71-6.80, the standard rate of foam cleaning
agents for children aged from 3 and older — pH 5.5 [5].
The pH was adjusted to the required value with lactic
acid. The foaming ability and the foam stability were
studied. According to DSTU 4315: 2004 the standard
rate of foam number is not less than 145.0 mm, and the
foam stability is 0.8-1.0 conditional units (c.u.).

As seen from the results (Table 1), the foam number
was only 34.0 mm at 5% concentration of surfactants,
and the foam stability index had a high value —0.91 c.u.
Both the foam number and the foam stability increased
significantly in 10% solution of the surfactant. When
the concentration increased up to 15%, the foam num-
ber reached the maximum and became 64.0 mm; at the
same time, the foam stability was 0.94 c.u. Therefore,
the conclusions can be made that this component should
be used in the concentration of 10% since the solution
has a relatively high value of the foam number and the
highest value of the stability foam indicator.

It is irrational to use disodium laureth sulfosuccina-
te alone because it does not provide the required value
of foam number according to DSTU 4315:2004. Based
on the above experiment it has been proven that it is
reasonable to introduce additional surfactants. Cocami-
dopropyl betaine was used as an additional surfactant.
This is the most common surfactant used not only in
development of products for children, but also in skin
care products for adults. It is used to improve the foam
level, stabilization of formulations, promotes cleansing
properties, and in combination with some surfactants may
contribute to the system’s thickening. Its maximum re-
commended concentration is 12%.

At the next stage the required amount of 35% solu-
tion of cocamidopropyl betaine was added to 10% so-
lution of disodium laureth sulfosuccinate at the room
temperature. Cocamidopropyl betaine was completely
dissolved within 5 min at the constant work of a mixer.
It was added in the concentrations of 4%, 8% and 12%.
The pH of solutions obtained was adjusted to 6.82 — 6.88

with lactic acid. As a result, transparent odourless liquid
solutions were obtained.

As we can see from the research results (Table 2),
the foam number increased in all samples, and foam sta-
bility of 4% and 12% solutions decreased, but the sta-
bility of 8% solution remained unchanged. Thus, the ef-
fective concentration of 35% solution of cocamidopro-
pyl betaine is 8%, so the solution has a high foam num-
ber and the highest indicator of the foam stability.

The next step in development of the base is to sta-
bilize the level of the foam. Coco glucoside / glyceryl
oleate has been chosen as a foam stabilizer and a de-
greasing agent, its recommended concentrations for chil-
dren care products is from 1% to 10%.

Since this surfactant is a concentrated substance, which
is poorly soluble in cold water, 10% solution of diso-
dium laureth sulfosuccinate with addition of 8% of 35%
solution of cocamidopropyl betaine to it should be boiled
previously to the temperature of 40-42°C. When rotat-
ing the mixer with 40 rev/min the amount of coco gluco-
side/glyceryl oleate required was added to the solution.
This detergent was completely dissolved at the constant
work of the mixer for 5-7 min. Thus, simultaneously
five samples with the concentrations of 1, 2, 3, 4, 5%
were prepared. As a result, a light yellow transparent
odourless solution was obtained. The pH of the solu-
tions obtained was 6.78-6.50; therefore, the pH value
was adjusted to the desired value of 5.5 with lactic acid.

As can be seen from the results (Table 3), this com-
ponent greatly improves the stability of the foam, but
at higher concentrations coco glucoside/glyceryl oleate
reduces the foam number more than twice from 123 mm
to 66 mm because the foam becomes fine-grained and
its volume decreases.

Table 3

The study of the foaming ability of the base of disodium

laureth sulfosuccinate, 35% solution of cocamidopropyl
betaine and coco glucoside / glyceryl oleate

The concentration Foaming ability
of coco glucoside / | Foam number, | Foam stability,
glyceryl oleate, % mm cu.

1.0 123.0 0.94

2.0 114.0 0.95

3.0 106.0 0.96

4.0 92.0 0.97

5.0 66.0 0.97
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Table 4
The study of the foaming ability of the base
of disodium laureth sulfosuccinate, 35% solution
of cocamidopropyl betaine and glyceryl cocoate

. Foaming ability
The concentration of —
glyceryl cocoate, % Foam number, | Foam stability,

mm c.u.
0.5 128.0 0.95
1.0 134.0 0.96
1.5 127.0 0.94
2.0 121.0 0.96

Table 5

The study of the foaming ability of the base
of disodium laureth sulfosuccinate, 35% solution
of cocamidopropyl betaine, glyceryl cocoate
and coco glucoside / glyceryl oleate

Concentration, % Foaming ability
glyceryl  |coco glucoside /. Foam Foam
cocoate glyceryl oleate number, | stability,

mm c.u.
0.5 0.5 138.0 0.95
1.0 1.0 142.0 0.96
1.5 1.5 139.0 0.94
2.0 2.0 131.0 0.96

Introduction of an additional foam stabilizer is ra-
tional.

Glyceryl cocoate was chosen as another foam stabi-
lizer and another degreasing agent.

It was introduced to the base of disodium laureth
sulfosuccinate and cocamidopropyl betaine previously
heated on a water bath to the temperature of 40-42°C
in the concentrations of 0.5%, 1%, 1.5%, and 2%. The
surfactant was completely dissolved with the constant
work of the mixer at 40 rev/m for 15 min. As a result, tur-
bid liquid solutions without any odour and colour were

formed. The pH of the solutions obtained was 6.90-6.95;
the pH value was adjusted to 5.5 with lactic acid.

As can be seen from the results of the research (Ta-
ble 4), this surfactant affects the level of the foam in
this system, but not enough. The sample with the con-
centration of 1.0 % glyceryl cocoate has relatively high
results (the foam number is 134.0 mm, the foam stabil-
ity is 0.96 c.u.) compared to other samples.

Thereby, at the next stage both stabilizers were add-
ed in the foam cleaning base above selected in the ratio
of 1:1.

10% Solution of disodium laureth sulfosuccinate was
prepared, then 8% of 35% cocamidopropyl betaine was
added. The resulting solution was heated on a water
bath to the temperature of 40-42°C. At first coco glu-
coside / glyceryl oleate was dissolved, carefully stirred
for 2-3 min. The component was visually checked for
complete dissolution, then the required amount of gly-
ceryl cocoate was added in the resulting solution, mixed
thoroughly with a mixer of 40 rev/min for 2-5 min. At
this time, the solution was cooled to a temperature be-
low 35°C. The pH value of these solutions was within
6.67-6.85. Lactic acid was added, and pH was adjusted
to 5.5. The study was conducted with the required num-
ber of the samples previously prepared. The solutions
obtained were turbid, almost odourless and colourless.

As can be seen from the results of the research (Ta-
ble 5), the combination of these foam stabilizers with
the optimal concentration of 1% are functionally and
economically advantageous for their use in this formu-
lation.

CONCLUSIONS

A foam cleaning base with the complex of modern
detergents has been experimentally developed. It has
been proven that this base corresponds to physicochemi-
cal and consumer properties according to the necessary
specifications and is a stable system at the pH value
selected (5.5 —6.5).

8.
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PO3POBKA CKITAQY LUWAMMYHIO ANs OITEN

J1.C.llempoecbka, O.B.Xyk, I.l.bapaHoea

Knroyosi crnoea: wamnyHe 0ns dimel; demepaeHm; niHOMUKOYa OCHO8a; NiHOymeoprosasibHa
30amHicmb

Y dimeli, 30kpema HOBOHapOOXeHuUX, Oyxe Jymruea i epasnuea wkipa. Jumsya Kocmemuka niompu-
My€ 3axucHi QyHKUIi WKipu, pobume ii MeHW 4ymnueoto 00 pisHUX nodpasHukie. Came momy dimsim
3 nepwux OHig XXummsi nompibHa iHwa, Hix 0rs1 opocnux, binbw 6esnedyHa Onsi 00250y 3a WKIpPOoH
KocMemuka, sika He Mo8uUHHa YuHuUmu nodpasHrorodoi dii. 3 memoro po3pobKu rniHoMultiHo2o 3acoby
(wamnyHro) Ona dimeli Hamu 6ys obpaHuli psid cy4yacHUx 0emepaeHmie aHiOHHO20, amgbomepHo-
20 | HeioHO2eHHO20 xapakmepy: OuHampito naypeamcynbgocykyuHam 28% («Euronaat LS 3»,
Disodium Laureth-3-Sulfosuccinate, «EOC», benbeisi), kokamidonponinbemaiH («Cocamidopropyl!
Betain», «KAO», £noHisi), kokoantoko3ud i eniyepury oneam («Lamesoft PO 65», Coco Glucoside
(and) Glyceryl Oleate, «BASF(ex-Cognis)» HimeuyduHa), lEI-7 aniyepuny kokoam, («Neopal LIS 80»,
PEG-7 Glyceryl Cocoate, «Industria Chimica Panzeri», Imanisi). B skocmi peaynsimopa 3Ha4yeHHs1 pH
8uKopucmosysarsu MOJIOYHY Kucriomy. Ha ocHosi yux pedosuH 6yu npu2omosaHi niHoMutiHi OCHO8U
Y PI3HUX KOHUeHmpauisix demepaeHmig. Skicmb (Qi3uKko-XiMiyHi eracmueocmi) po3pobrieHuX niHo-
MUUHUX OCHO8 OUiHr08asu 32i0HO 3 MPUUHSIMOK HOPpMamueHo OOKyMeHmauieto YKpaiHu. Ha nep-
womy emani OOC/iOXXeHHsI 8CMaHOo8/IeHO, W0 sukopucmarHs «Euronaat LS 3» € HepaujoHanbHUM,
OCKiflbKU 8iH He 3abesnedye docmamHb0o20 MiHOYM8OPEeHHSs, a 3Ha4umb nompebye dodasaHHs1 Aoro-
MixXHUX OemepeaeHmie. Ha HacmynHoMy emarii HaMu 3 Memor MOKpauw,eHHs (hi3UKO-XIMIYHUX | Cr1o-
JKue4ux griacmugocmeli 00cnidxysanucsi ocHosu, Ao siKkux dodasasnu 0emep2eHmu 3 HU3LKOK r10-
OpasHrorodoro dieto: « Cocamidopropyl Betainy, «Lamesoft PO 65», «Neopal LIS 80». Byno susigneHo,
W0 niHOMUUHi 0cHosU 3 000amKo8o 0bpaHUMuU amgbomepHUMU i HEIOHO2eHHUMU OemepaeHmamu
roKpawunu enacmueocmi po3pobiriogaHoi NiHOMUUHOI 0OCHOo8U: nideuLU8Cs pigeHb | cmabinbHiCmb
MiHU, @ makox ii crioxuedi enacmusocmi. HeobxiOHo 8id3Ha4yumu, wo po3pobieHi ocHosu bynu cma-
6inbHUMU ripu obpaHomy 3HavyeHHi pH (5,5-6,5).

PA3PABOTKA COCTABA LUAMMNYHA ANA OETEN

J1.C.lNlempoesckasi, E.B.)XKyk, N.N. bapaHoea

Knroueenie cnoega: wamryHsb 0nsi Oemel; demepaeHm,; rneHoMorouwasi 0cHosa; neHoobpasyruwiasi
criocobHocmb

Y 0emel, 8 mom 4ucrie HOBOPOXOEHHbIX, KOXa YyecmeumerbHas U O4eHb ysi3gumas. [Jemckasi
kKocMemuka noddepxxusaem 3awumHbie hyHKUUU KOXU, Oerlaem ee MeHee 80CrpuuUM4Yu8ol K pas-
TNIUYHBbIM pa3dpaxumessMm. VIMeHHO noamomy demsim € repsbix OHel XU3HU HyXHa Opyaasi, YeMm y
83pocrbix, boriee 6eszonacHas o yxoly 3a KoxXell KocMemuka, Komopasi He OO/KHa OKa3bleamhb
pasdpaxarouwjeeo delticmeus. C uenbto paspabomku neHomorweao cpedcmea (wamryHsi) ons Oe-
mel Hamu bblir1 8b16paH psid cospeMeHHbIX OemepaeHmos8 aHUOHHO20, aMhOMepPHO20 U HEUOHOZEH-
HO20 xapakmepa: OuHampus naypemcyrbgocykyuHam 28% («Euronaat LS 3», Disodium Laureth-
3-Sulfosuccinate, «EOC», benbausi), kokamudonponunbemauH («Cocamidopropyl Betain», «KAO»,
AnoHusi), kokoamoko3ud u enuuepurna oneam («Lamesoft PO 65», Coco Glucoside (and) Glyceryl
Oleate, «BASF(ex-Cognis)», l'epmaHus), MN3-7 enuyepuna kokoam, («Neopal LIS 80», PEG-7
Glyceryl Cocoate, «Industria Chimica Panzeri», Umanusi). B kadecmee peaynsmopa pH ucrnonb3o-
8arsiu MOJIO4HY0 Kucriomy. Ha ocHose amux eeujecms Obifiu rpuaomoesieHbl NeHOMOKUWUe OCHO-
8bl 8 pa3fiuYHbIX KOHUeHmMpauusix demepaeHmos. Kauecmso (¢husuko-xumudeckue ceolicmea) pas-
pabomaHHbIX MEeHOMOKWUX OCHO8 OUeHUBasu Co2/1acHO NMpUHSMOoU HopmMamugHoU OOKyMeHmauuu
YKkpauHbl. Ha nepeom amarie uccriedogaHusi ycmaHo8/eHo, 4mo ucronb3ogaHue «Euronaat LS 3»
65155emcsi HepayuoHaslbHbIM, MOCKOMbKY OH He obecrnieyusaem docmamoYyHo20 neHoobpa3oeaHus,
a 3Ha4yum mpebyem 0obasrieHus1 8crioMo2ameribHbIX 0emepaeHmos. Ha crnedyrowem amarne Hamu
C Uenbro yryHuweHusi (husuKo-XUMUYecKUX U nompebumesbCckux ceolicme ucciedosanuchb OCHOBHI,
K KomopbiM Qobasrisanucbs 0emepaeHmbl ¢ HU3KUM pasdpaxarowum deticmeuem: « Cocamidopropyl!
Betain», «Lamesoft PO 65», «Neopal LIS 80». Bbiio 06HapyXeHo, 4mo neHOMOKWUe OCHO8bI C
0Q0MoIHUMesbHO 8bI6PaHHbIMU aM@OMEPHLIMU U HEUOHO2EHHbLIMU demepaeHmamu yrlyHulunu ceoli-
cmea paspabomaHHOU NeHOMOW,el OCHOB8bI: MOBbICUIICS YPOB8EHb U cmabusibHOCMb NeHbl, a mak-
XKe ee nompebumernbsckue ceolicmea. Heobxodumo ommemums, Ymo paspabomaHHbie 0CHO8bI bbinu
cmaburibHbI fpu 8bibpaHHoM 3HavyeHuUu pH (5,5-6,5).
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Marketing analysis of the assortment structure of immunobiological medical products (IMP) used
for children routine immunization has been described in the article. It has been found that the given
group of products is represented at the Ukrainian pharmaceutical market by 34 trade names, 65%
of which belong to foreign producers, 35% are produced by domestic manufacturers. Among the
foreign countries-manufacturers of IMP for children routine immunization Belgium takes the leading
place, the share of its registered trade names is 29% of this segment. According to the results of the
analysis it has been found that manufacturing a number of vaccines mostly from the foreign “in bulk”
form is the feature of domestic IMP production. In particular, such production method for vaccines
is used by “PHARMA LIFE” company (Lviv), which forms 33% of the domestic vaccine assortment,
and “PHARMEX GROUP” company (Boryspil, Kyiv region), and it is 17% of the assortment. Only
‘PHARMSTANDARD-BIOLIK” company (Kharkiv) provides the production of vaccines from their own
raw materials and forms 50% of the domestic vaccine assortment. During the research vaccines were
divided by the amount and direction of action of the components, and mono- and multicomponent
vaccines were distributed by the countries-manufacturers. It has been found that mono- and mul-
ticomponent vaccines are represented at the Ukrainian pharmaceutical market in an equal amount —
17 trade names. Among the countries-manufacturers of monovaccines the leading place belongs to
Ukraine (17.6% of the assortment), among the manufacturers of multicomponent vaccines Belgium
takes the first place representing 41% of the assortment. The results of the marketing analysis show
the dependence of the Ukrainian market of vaccines, especially multicomponent ones, on import and
determine the need for further study of the availability level of IMP for children routine immunization.

The use of vaccines for prevention of infectious di-
seases proves its efficiency for many years, as eviden-
ced by the nearly 3 million children lives, which accor-
ding to the World Health Organization can be saved thanks
to vaccination every year [20]. According to the experts’
opinion the use of new immunobiological medical pro-
ducts (IMP), which will be developed over the next 5-
15 years, will enable to prevent mortality of 8 million
children per year. The application of modern biotech-
nologies contributes to continuous improvement of the
IMP world market. Today the development of innova-
tive vaccines (DNA-vaccines, vector vaccines, plant vac-
cines, etc.) and new combined vaccines that can create
the immunity against even 7-8 infections is rather ac-
tive. Scientists also pay attention to the issue of find-
ing new methods for vaccine application (intranasal,
dermal). Thus, one may state that the vaccination sys-
tem serves as a decisive factor in preventing of infant
mortality, improving the quality and increasing the life
expectancy of for groups of the population [5, 9, 10].

The aim of our work was to analyze the assortment
structure of IMP registered in Ukraine for children rou-
tine immunization with determination of the current trends
and problems in this segment of the domestic pharma-
ceutical market.

Materials and Methods

During the research we used the information from the
State Register of medicines of Ukraine as of 08.01.2014
and the reference book “Compendium — Medicines”.

Mathematical and graphical methods of analysis were
used for the study.

Results and Discussion

According to the Order of the Ministry of Public Health
of Ukraine from 16.09.2011 No.595 “About the procedure
of prophylactic immunization in Ukraine and control of the
quality and turnover of immunobiological medical products”
the compulsory children immunization by age is provided
against 10 infectious diseases, namely diphtheria, pertus-
sis, measles, poliomyelitis, tetanus, tuberculosis, rubella,
mumps, hepatitis B and Haemophilus influenza b [6)].
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Fig. 1. The ratio of IMP registered in Ukraine for routine immunization of children according to the countries-producers.

According to the ATC classification system the IMP
used for routine immunization of children belong to
group J — Antimicrobial medications for systemic use
and constitute a subgroup of the second level JO7 — Vac-
cines.

Based on data from the State Register of medicines
of Ukraine it was found that 34 IMP trade names that
could be used for routine vaccination of children were
registered in Ukraine on 08.01.2014 [1, 2].

The analysis of the IMP assortment according to the
countries-producers has shown that 65% (22 trade na-
mes) of the specified segment belong to foreign producers
and only 35% (12 trade names) — to domestic ones. Re-
sults of the analysis of the assortment structure of foreign
IMP suggest that the Belgian vaccines take the leading
position at the market, namely 29% (10 trade names).
The French manufacturer offers 5 vaccines to the mar-
ket, and it is 15% of the segment. The market share of
IMP consisting of the Russian companies is equal to
6% (2 trade names). The smallest shares, namely 3%
of the market each, are occupied by such countries as
Canada, China, Korea, Denmark and Poland; they pro-
duce 1 vaccine for the domestic market (Fig. 1) [4].

The characteristic feature of domestic production of
IMP is that a quite significant share of vaccines is pro-
duced mainly from foreign “in bulk” forms. Bulk drugs
are pharmaceutical products intended for manufacture
of finished products and passed all stages of the produc-
tion process, except for the final packaging and labeling
by another manufacturer. The essence of the production
process is that a manufacturing company makes a prod-
uct and sends it to another company that is engaged in
its packaging and labeling.

Therefore, the next stage of our research was sorting
of domestic drugs registered in Ukraine according to the
manufacturers. Based on the results of the research it
has been found that only “Pharmstandard-Biolik” JSC
(Kharkiv) provides the production of vaccines from their
own raw materials; it has 6 vaccines at the market, and it
is 50% of the domestic IMP registered for routine chil-
dren immunization. These vaccines include diphtheria
toxoid (Dip-M-Biolik), tetanus toxoid (77-Biolik), teta-
nus toxoid in combination with diphtheria toxoid (D7-

Biolik, DT-M-Biolik), acellular combined adsorbed vac-
cine for prevention of diphtheria, tetanus and pertussis
(DTP-Biolik) and recombinant liquid vaccine for pre-
vention of hepatitis B. “PHARMA LIFE” company (Lviv)
provides 33% of the domestic vaccine assortment and
is represented by 4 trade names. In particular, from “in
bulk” form of GlaxoSmithKline Biologicals s.a. com-
pany (Belgium) this company produces vaccine against he-
mophilus influenzae b HIBERYKS, vaccine against diph-
theria, tetanus and pertussis INFANRIX, vaccine against
measles, mumps and rubella PRIORILX and from “in bulk”
form of the Institute of Immunology Inc. (Croatia) — vac-
cine against rubella KRASLAYF. “FARMEKS GROUP”
company (Boryspil, Kyiv region) produces 2 vaccines
(17% of the assortment) — vaccine against poliomyeli-
tis IMOVAKS POLIO and vaccine against diphtheria,
hemophilus influenzae b, pertussis, poliomyelitis and
tetanus PENTAXIM (both — from the “in bulk” form of
the company Sanofi Pasteur, France) (Fig. 2).

In present-day conditions new vaccines that can si-
multaneously create protection against several infectious
diseases are continuously developed [15, 19]. It should
be mentioned that vaccines, which after their introduc-
tion create the immunity against several infectious di-
seases, are called multicomponent (polyvalent) vaccines,
and vaccines, which provide the possibility of creating

33%

17%

“‘PHARMSTANDARD-BIOLIK” JSC
B “FARMEKS GROUP”LTD

(] “PHARMALIFE” LTD

Fig. 2. The ratio of domestic IMP for routine immunization
of children according to the manufacturers.
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Fig. 3. The ratio of IMP for the routine immunization of children by the amount and direction of action of the components:

1 — Vaccine against diphtheria; 2 — Vaccine against hemophilus influenzae b; 3 — Vaccine against tetanus; 4 — Vaccine against tuberculosis;
5 — Vaccine against hepatitis B; 6 — Vaccine against poliomyelitis; 7 — Vaccine against rubella; 8 — Vaccine against diphtheria and tetanus;
9 — Vaccine against measles, mumps and rubella; 10 — Vaccine against pertussis, diphtheria and tetanus; 11 — Vaccine against diphtheria,
pertussis, poliomyelitis and tetanus; 12 — Vaccine against diphtheria, hemophilus influenzae b, pertussis, poliomyelitis and tetanus;

13 — Vaccine against diphtheria, hemophilus influenzae b, pertussis, poliomyelitis, tetanus and hepatitis B.

the immunity against only one infection, are called mo-

nocomponent. The advantages of the multicomponent

vaccines are [8]:

* decrease in the content of adjuvants, preservatives
and stabilizers while using a combined vaccine com-
paring to application of several monovaccines; it re-
duces the risk of immunization reactions and com-
plications [13];

» cost savings (the cost of one vaccine in the compo-
sition of a combined vaccine is less than the cost of
a monovaccine);

* reduction of the number of visits to a doctor, saving
of the parents’ time;

e decrease of the emotional stress of the child;

* more timely and complete fulfillment of the prophy-
lactic immunization chart [17];

» reduction of the number of injections during the vac-
cination according to the National vaccination ca-
lendar. Thus, the use of combined vaccines allows
to immunize a child in the first 18 months of life
with 9-11 vaccinations while using monovaccines
involves 14-17 vaccinations [7, 12, 18].

In view of the abovementioned, the next step of our
study was the classification of vaccines used for routine
immunization of children according to the amount and
direction of action of the components. Based on the re-
sults of the research it has been found that the combined
vaccine against diphtheria, tetanus and pertussis (DTP),
which is represented by 6 trade names, takes the largest
share at the market (Fig. 3). The vaccine mentioned is
one of the first polyvalent vaccines created and used in
Ukraine in the course of preventive vaccination over 60
years. Other combined vaccines that include these three
components were created exactly on the basis of DTP-
vaccine. Somewhat smaller share in the market, namely
14% (5 trade names), is taken by vaccine against po-
lio. Monovaccines against hemophilus influenzae b and
hepatitis B, as well as combined vaccines against diph-
theria, pertussis, polio and tetanus and against diph-
theria, hemophilus influenzae b, pertussis, polio and
tetanus occupy 9% of the studied assortment, and it is 3

trade names each. The vaccine against tuberculosis and
the vaccine against tetanus are 6% (2 trade names) of
the segment analyzed. The similar situation is observed
with polyvalent vaccines against diphtheria and tetanus
and against measles, mumps and rubella. Monovalent
vaccines against diphtheria and against rubella and a
six-component vaccine against diphtheria, hemophilus
influenzae b, pertussis, polio, tetanus and hepatitis B
take 3% of the segment of the market under research
represented only by 1 trade name each [3].

The production of multicomponent vaccines indi-
cates a considerable state interest in organizing and con-
ducting vaccination, as well as its willingness to spend
significant resources in this healthcare branch due to
the fact that the production of vaccines is much less
lucrative than, for example, of antibiotics [11, 14, 16].
Therefore, the next stage of our study was the structural
analysis of countries-manufacturers of monovaccines and
multicomponent vaccines registered in Ukraine, the re-
sults of which are given in Table, Fig. 4 and 5.

According to the research results monovaccines and
combined vaccines are represented at the domestic phar-
maceutical market in equal amounts — 17 trade names.
Among the countries-manufacturers of monovaccines the
leading place belongs to Ukraine, which produces 6 trade
names (17.6% of the assortment) for the market, however,
3 of these 6 vaccines are made not of the own raw mate-
rial, but from “in bulk” forms of foreign manufacturers.
Shares that make up 8.8% are occupied by manufactu-
rers from France and Belgium. Vaccines produced in Russia
are 5.9% of the assortment analyzed, and the least amount
of the vaccines registered in Ukraine (2.9% of the as-
sortment) belong to Denmark, Poland and Korea.

Two-component vaccines are produced for the mar-
ket only by the Ukrainian manufacturers and are up to
5.9% of the IMP registered for the routine immuniza-
tion of children.

Among the countries-manufacturers of three-com-
ponent vaccines by the number of the registered IMP
the leading places belong to Belgium and Ukraine, each
of them offer 3 vaccines of the given composition (8.8%,
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Fig. 4. The structure of countries-manufacturers of monovaccines according to the State Register of medicines of Ukraine.

Table
The ratio of monovaccines and multicomponent Table continued
vaccines registered in Ukraine according 1 2 3
to countries-manufacturers Belgium 3 8.8
Country- The number of the | The share,| | China 1 2.9
manufacturer trade names registered % Ukraine (from foreign
S ”n 2 5.9
1 2 3 in bulk” form)
Monovaccines Ukraine 1 2.9
Ukraine 3 8.8 In a”: 8 235
Ukraine (from foreign Four-component vaccines
“in bulk” form) 3 8.8 Belgium 2 5.9
France 3 8.8 France 1 2.9
Belgium 3 8.8 Inall: 3 8.8
Russia 2 5.9 Five-component vaccines
Denmark 1 2.9 Belgium 1 2.9
Poland 1 2.9 France 1 2.9
Korea 1 2.9 Ukraine (from foreign
H ” 1 2-9
In all: 17 50 in bulk”form)
Two-component vaccines In all: 3 8.8
Ukraine | 2 | 59 Six-component vaccine
Three-component vaccines Belgium 1 2.9
Canada | 1 | 79 The total number: 34 100
Canada Chjna Ukraine
6% 6% 17%

France
12%

Ukraine
(from “in bulk”-form)
18%

Belgium
41%
Fig. 5. The structure of countries-manufacturers of multicomponent vaccines according to the State Register of medicines of Ukraine.
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respectively). However, 2 of 3 of the Ukrainian regis-
tered vaccines are produced from foreign “in bulk” form
and only one — from the own raw material.

Four-component vaccines are offered to the mar-
ket only by foreign manufacturers, 2 of them belong to
the Belgian manufacturer and 1 — to the French manu-
facturer, it is 5.9% and 2.9%, respectively.

Countries-manufacturers of five-component vacci-
nes occupy a share of 8.8% of the current assortment
uniformly distributed between France, Belgium and Uk-
raine, each of them offer 1 vaccine to the market. It should
be noted that the Ukrainian companies manufacture vac-
cines from foreign “in bulk” forms.

Only Belgium produces a six-component vaccine
to the Ukrainian pharmaceutical market, its share is equal
to 2.9% of the assortment.

Thus, according to the results of the studies there
is a clear tendency of dependence of the IMP domes-
tic market on the import of both manufactured vaccines
and the raw material for their manufacture by domestic
companies.

CONCLUSIONS

1. It has been found that in the assortment of IMP
for the routine immunization of children the foreign vac-
cines are dominated, their share is 65% (22 trade na-
mes). Domestic manufacturers offer 35% of the assort-
ment at the market (12 trade names).

2. Among domestic manufacturers by the number
of the vaccines registered in Ukraine “Pharmstandard-
Biolik” JSC (Kharkiv) takes the leading place, it pro-
duces 6 vaccines for the market, and it is 50% of the
domestic registered IMP for routine immunization of
children.

3. Monovaccines and multicomponent vaccines are
represented in an equal amount at the pharmaceutical
market. The leader in production of monovaccines is
Ukraine, of multicomponent vaccines — Belgium.

Taking into account a rather difficult situation for
the population attitude towards vaccination in Ukraine
our future research will be aimed at determining the
availability of information about IMP for routine im-
munization of children.
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AHATNI3 ACOPTUMEHTY MEOUYHUX IMYHOBIONOIYHUX NMPENAPATIB, LLIO
BMKOPUCTOBYIOTbCA AJ151 NNTAHOBOI BAKLIMHOMPO®INAKTUKK OITEW HA
®PAPMALIEBTUMHOMY PUHKY YKPAIHU

A.A.Komeiybka, O.B.KoHOHeHKO

Knroyoei cnoea: meduyHi iMmyHObIOM02iYHI npenapamu; rniaHoea 8akUUHOMPOgiakmuka;
hapmauesmuyHUU PUHOK

lNposedeHO MapkemuHa08Ul aHarni3 acopmuMeHMHOI cmpyKkmypu MeOUYHUX iMyHOOBIOMo2iYHUX nperna-
pamie (MIBI1), sxi sukopucmosyromscs 01151 nnaHo8ol sakyuHornpoginakmuku dimed. BcmaHoeneHo,
W0 3a3HadyeHa epyna npenapamie npedcmasrieHa Ha yKpaiHCbKOMY hapMauesmuyHoOMYy PUHKY 34
mopzaosuMu Ha3zgamu, 3 iKux 65% Hanexams iHO3eMHUM 8upobHuUkam, a 35% supobrsrombcs 8im-
YU3HSHUMU 8upobHukamu. Ceped iHo3eMHUX KpaiH-eupobHukie MIEI dns nnaHo8oi eakyuHOMpPogi-
nakmuku Oimeul nidupyrode micye rocidae benbais, yacmka 3apeecmpogaHUX Mopa208UX Ha38 SKOI
cmaHosumb 29% 6i0 3a3Ha4eHo20 ceameHmy. 3a pesynbmamamu A0oCidKeHb 8CMaHOBIEHO, W0
XapakmepHoto ocobnugicmio 8imyu3HsHo20 supobHuumea MIBIT € suezomoeneHHs HU3KU 8aKUUH
nepesaxHo 3 gpopmu in bulk iHo3eMHO20 8UPO6HUYMEa. 30Kkpema makuti ¢rocié eupobHuUymea eakx-
UuH sukopucmosyemscsi komnariamu TOB « PAPMA JIAU®» (m. Jlbsis), sskoro chopmyembcsi 33%
acopmumeHmy 8im4yusHsIHUX eakyuH, ma TOB « PAPMEKC I'PYTll» (m. Bopucninek, Kuiecbka 06r1.),
wo cknadae 17% acopmumeHmy. BuaomoenieHHs1 8akUuUH 3 8r1acHol cuposuHu 30iticHroe nuwe MNAT
«PAPMCTAHOAPT-BIOJIK» (m. Xapkig), wio chopmye 50% acopmumeHmy 8imYuU3HAHUX 8aKUUH. Y x0di
oocridxeHb nposedeHo po3roldinl 8aKUUH 3a KifbKicmio ma HarpsMom Oii KOMIOHEHMI8, @ MaKoXx
p0o3modin MoHO- ma 6a2amoKOMMOHEHMHUX 8aKUUH 3a KpaiHamu-eupobHuUkamu. BcmaHoeneHo, wo
MOHO- ma 6a2amoKOMIMOHEHMHI 8aKUUHU ripedcmaessieHi Ha 8im4Yu3HIHOMY ¢chapMauesmuyHOMy PUHKY
8 pigHill Kilbkocmi — no 17 mopeosux Ha3s. Ceped KpaiH-8UPOBHUKI8 MOHOBaAKUUH idupyroye Mic-
ue Hanexums YkpaiHi (17,6% acopmumeHmy), ceped 8upobHuUKie 6a2amoKOMMOHEHMHUX 8aKUUH
nepwe micye rocidae benbeis, wo cknadae 41% acopmumeHmy. Pe3ynsmamu ripogedeHoz20 map-
KemuHa208020 aHarni3dy ceidyampb rpo 3anexHicmb yYKpaiHCbKO20 PUHKY 8aKUUH, ocobrnueo 6azamo-
KOMMOHeHmMHuX, 8id iMriopmy, Wo 3yMo8/Itoe HeobxiOHICMb nodarnbuio2o 8UBHEHHS pieHs 3abesrnedye-
Hocmi HaceneHHs1 MIBIT 0t nnaHoeoi eakyuHonpoginakmuku dimed.

AHANN3 ACCOPTUMEHTA MEOULIMHCKUX MMMYHOBUONIOMMYECKUX NMPEMAPATOB,
KOTOPbLIE UCNOINb3YOTCA O51A NMTAHOBOU BAKLUMHOMPO®UITAKTUKU OETEU HA
®PAPMALIEBTUMECKOM PbIHKE YKPAUHDI

A.A.Komeuukasi, O.B.KoHOHeHKO

Knroyeenie cnoga: meduyuHcKue uMmMyHoObUOmoau4decKue npenapamel,; niaHosas
s8aKUUHornpogunakmuka; chapmayesmuyeckull pbIHOK

lposedeH MapkemuHa08bIl aHaIu3 aCCopmMUMEHMHOU CmpyKmypbl MEOUUUHCKUX UMMYHObUOoo2u-
yeckux npenapamos (MUBI), ucnionb3yembix O ninaHo8ouU 8akyuHonpogunakmuku 0emed. Yecma-
HOMeHo, YMO yKa3aHHasi 2pynna rpernapamos rpedcmaesrieHa Ha yKpauHCKOM ¢hapMauesmu4ecKkom
pbIHKe 34 mopao8biMu Ha38aHUsIMU, U3 KOmopbix 65% npuHadnexam UHOCMpaHHbIM rpou3gooume-
nsam, a 35% npoussodsamcess omedyecmeeHHbIMU ripousgooumernsamu. Cpedu UHOCMpPaHHbIX cmpaH-
npouseodumenel MUEI dns nnaHoeol eakyuHonpogunakmuku demed nudupyrowiee Mmecmo 3a-
Humaem benbaus, Yacmb 3apeaucmpuposaHHbIX MOPa08biX Ha3eaHuli kKomopol cocmasnsgem 29%
om yka3aHHO20 ceaemeHma. 1o pe3ynbmamam uccriedoeaHull ycmaHOo8/1eHO, Ymo xapakmepHouU
0Cc0beHHOCMbBIO ome4yecmeeHHO20 rnpoudsodcmea MUBI senssemcsi uszomosrneHue psida 8akyuH
npeumyuecmeeHHo u3 ¢popmbl in bulk uHocmpaHHoeo npouzeodcmea. B 4yacmHocmu makol crnocob
rpousdsodcmea eakyuH ucrionbdyemcs komnaHusimu OO0 « PAPMA JIA®» (e. Jlbeos), komopsbie
gopmupyrom 33% accopmumeHma omedyecmeeHHbIX sakyuH, u OO0 «QAPMEKC PYTIl» (2. bo-
pucrionb, Kuesckas 06r1.), ymo cocmasnsiem 17% accopmumeHma. Mi3eomoeneHue 8akyuH u3 cob-
CMBeHHO020 cbipbsi ocyujecmerisiem morbko OAO « PAPMCTAHLAPT-BUOJIEK» (2. Xapbkos), komo-
pbiti popmupyem 50% accopmumeHma omedecmeeHHbIX 8akyuH. B xo0e uccriedosaHuli npoeedeHo
pacripedernieHue 8aKkyuH Mo Kofudecmsy u HarnpaesneHuro 0elicmeusi KOMIIOHEHMO8, a maKkXe pac-
rpedenieHue MOHO- U MHO20KOMIOHEHMHbIX 8aKUUH 10 cmpaHam-rpou3eooumersiM. YcmaHoeeHo,
4YmMo MOHO- U MHO20KOMIOHEHMHbIE 8aKUUHbI pedcmassieHbl Ha 0meYyecmeeHHOM hapmauesmuye-
CKOM pbIHKE 8 pasHOM Konudecmee — 1o 17 mopeosbix HadsaHuli. Cpedu cmpaH-ripoussooumernel
MOHO8aKUUH udupyrowee mecmo rpuHadnexum YkpauHe (17,6% accopmumeHma), cpedu npous-
goOumeriell MHO20KOMIMOHEHMHbIX 8aKUUH repeoe mecmo 3aHumaem benbeusi, ymo cocmasnsgem
41% accopmumeHma. Pe3ynibmamabi npogedeHHO020 MapKemuHa208020 aHanusa ceudemeribcmasy-
om 0 3a8UCUMOCMU YKPaUHCKO20 PbiHKa 8aKUUH, 0COBEHHO MHO20KOMIOHEHMHbLIX, Om umMropma,
4mo obycriosnueaem Heobxodumocms darnbHeliuea0 U3y4yeHUs yposHs obecriedeHHOCMU HacerneHusi
MMWBIT dns nnaHosol eakyuHornpogunakmuku demed.
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The social status of pharmacy specialists (PhS) of the wholesale and retail branch of the pharmaceuti-
cal industry of Ukraine and their attitude towards the current social protection (SP) system have been
analysed. The possibilities of PhS to gain social protection at their workplace, participate in social pro-
grammes and offers to reform the current SP system have been studied. It has been found that civil
and self-requlating organisations in the system of social protection of pharmacy specialists (SPPhS)
are of primary importance. This will enable to improve relations between participants of SPPhS and
affect efficiently the solution of disputes between a PhS and an employer. For this purpose it has been
offered to assign an authorised person who is responsible for social issues in the labour collective
of pharmaceutical institutions of all types of ownership. The software application ADPQ_(SPPhS)
(Automatic data processing questionnaires (the attitude to the current social protection for pharmacy
specialists (SPPhS)) has been developed for the first time with the purpose of processing the results

of SPPhS research of the wholesale and retail branch of the pharmaceutical industry of Ukraine.

The pharmaceutical industry is important and it is
one of the strategic sectors of the economy of Ukraine
because it is responsible for health of the nation and provi-
sion of the population with medicines and medical sup-
plies. Taking into account the fact that work of pharmacy
specialists (PhS) is associated with emotional tension
during all working hours (a human factor), and that they
deal with different categories of medicines (narcotic, toxic,
potent, radioactive, the plant medicinal raw material, etc.),
which can cause a threat to health (occupational diseases),
employees of the pharmaceutical industry need special
protection by the state and employers, especially it con-
cerns social protection (SP). Today social protection of
pharmacy specialists (SPPhS) is implemented in the sys-
tem of SP of the population, but unfortunately, there is
no separate state regulation of SPPhS. This caused con-
ducting a sociological study of PhS of the wholesale and
retail branch of the pharmaceutical industry of Ukraine
to determine their social status and attitude towards the
current system of SP [1-4, 9, 10].

Our study was conducted in two phases; thereby con-
tributed to obtaining more detailed information from
PhS — potential consumers of social services at whole-
sale and retail enterprises of the pharmaceutical indus-
try of Ukraine.

The first phase was devoted to determination of the
social status of the PhS interviewed and their position-
ing in the SP system of Ukraine. The respondents were
PhS of the wholesale and retail branch of the pharma-
ceutical industry of Ukraine.

The second phase was directed to identification of
the attitude of the PhS interviewed towards the current

SP system, their ability to be assisted at their workplace,
participation in social programmes and identification of
the offers concerning the reformation of the current sys-
tem of SPPhS.

Materials and Methods

The study was conducted based on the social sur-
vey using questionnaires for PhS of the wholesale and
retail branch of the pharmaceutical industry of Ukraine in
Kyiv, Dnipropetrovsk, Donetsk, Luhansk, Poltava, Sumy
and Kharkiv regions. The total amount of the study sam-
ple constituted 1000 respondents. The software applica-
tion ADPQ_(SPPhS) (Automatic data processing ques-
tionnaires (the attitude to the current social protection
for pharmacy specialists (SPPhS)) was used for the first
time to process the results obtained. It has been develo-
ped at the Department of Management and Economics
of Pharmacy of the Institute of Pharmacy Professionals
Qualification Improvement at the National University
of Pharmacy. This software processes and analyses the
data obtained, allowing access from specific facts to ge-
neral conclusions and, in some cases, making a forecast
of the study process development [5-9, 11].

Results and Discussion

Social and demographic characteristic of the PhS
participated in the study. We interviewed PhS, who oc-
cupy different posts: Head of a pharmacy; Deputy Head
of a pharmacy; Head of a Department; Deputy Head of
a Department; Head of a warehouse; Head of a phar-
macy outlet; Director; Senior Pharmaceutist; Pharma-
ceutist; Pharmacist; Office Worker.

The PhS participated in our study work at wholesale
and retail pharmacies of different forms of ownership:
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Fig. 1. Division of PhS according to their social status.

state, municipal and private. In particular, they are the
staff of such pharmaceutical institutions as pharmacy,
pharmacy outlet, pharmacy warehouse, office of a phar-
maceutical company.

According to their social status PhS were divided
into four categories shown in the graph (Fig. 1).

As shown in Fig. 1, 2.4% of PhS are public offic-
ers, 4.6% of PhS are public sector workers, 82.3% of
PhS are employees and 10.7% of PhS are entrepreneurs.
Most PhS are employees who depend on the company
where they work financially and socially; and accord-
ing to our study, not all of them feel socially protected.

Among the respondents, most PhS use SP in the SP
system of the population and they have not experienced
the participation in SPPhS, they use mostly SP programmes
shown in Fig. 2.

As shown in Fig. 2, according to the percentage most
PhS of our social survey participate in such state pro-
grammes of social protection as: a labour veteran — 6.1%;
a disabled person of group I; a disabled person of group
II; a disabled person of group III — 2.1%; a war veteran;
a child of war; a combatant; a disabled person of the
Great Patriotic War — 1.5%.

According to our data, the priority of public social
programmes is based on rather important parameters,
which characterize their quality and credibility level to
the aimed social impact. With regard to other existing
social programmes, it has been found that the PhS inter-
viewed are not experienced in the use of them and are
unable to obtain the desired SP by the employer [10].

Our studies have shown that PhS — entrepreneurs find
ways of protection by themselves and they do not wait
for any assistance from the state and employers, so that
they do not use the existing state programmes of SP.

Generally, only 13% of the PhS interviewed have
applied for social support at workplace and received some
of it. Other 87% have not had such experience, chance
and desire, and they have not got social support at the
workplace. The abovementioned fact indicates the ab-
sence of effective cooperation between an employer and
a PhS concerning social stability and prosperity. This
may lead to conflicts between a PhS and an employer,
and as a result, may lead to conflicts between them and
the executive authorities.

Complexity and variety of unsolved social problems,
expansion of the range of demands in social services
among PhS result in the need to implement a lot of pres-
sing problems, namely to search scientific reasonable
options and models of SPPhS provision, to determine
the place and part of social security in it, to develop forms,
methods and means of protection against threats and emer-
gencies of the social nature, as well as to train the quali-
fied personnel, who are competent to solve the above-
mentioned problems.

We recommend assigning an authorized person who
is responsible for social issues (APSI) at the labour col-
lective of pharmaceutical institutions of all types of owner-
ship as one of the ways to settle the issues mentioned.
We also suggest to determine qualifying requirements
towards the APSI’s activity and to develop duty regula-
tions. It is also advisable to enhance the role of civil
and self-regulated organisations in the SPPhS system.
Assigning an APSI will enhance the role of the labour
collective in the SPPhS system and will make the SP
system more effective and focused on the current needs
for social services of PhS in Ukraine [2, 3, 4].

It has been found that most of the PhS interviewed
(52.3%) do not participate in the programmes of the social
security insurance and obtaining of social benefits (Fig. 3).

According to the ranking conducted, retirement pen-
sioners are at the top — 15.5%. According to the degree
of demand, there are social insurance programmes, in-

7 -
6.1

6~—E

Proportion of PhS, %

Social programmes

Fig. 2. Social protection programmes, in which the PhS under study participate.

Symbols: 1 — labour veteran; 2 — disabled person of group I; disabled person of group II; disabled person of group lI;
3 — war veteran; child of war; combatant; disabled person of the Great Patriotic War;

4 — liquidators of the Chernobyl disaster; person affected by the Chernobyl disaster;

5 — single mother; 6 — other categories; 7 — large family.
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cluding the work accident insurance — 13.2%, the oc-
cupational diseases insurance — 6.9%, the loss of work-
place insurance — 4.2%. Finally, the lowest percentage
accounts for PhS participating in such social program-
mes as aid to citizens with children — 3.4%; aid to peo-
ple in need — 3.3%; survivorship pension — 0.4%; dis-
ability pension — 0.4%; military pension — 0.2%; health
insurance policy — 0.2%.

During the second phase we have found out the at-
titude of PhS towards the SP system at workplaces and
the opportunities to use SP. It is known that there are
many structures that must provide the population with
SP in Ukraine. However, the legislation does not pro-
vide certain SP for PhS taking into account the speci-
ficity of their activities. Therefore, reformation of the
SP system of Ukraine and separation of SPPhS into an
independent branch within the general system of SP of
the population require establishment of the executive
body. For these reasons the credibility level of PhS and
effectiveness of SPPhS providing among the existing
institutions concerning SP have been found during the
survey. The study results are presented in Fig. 4.

As shown in Fig. 4, the majority of the PhS inter-
viewed —45% express confidence in the Ministry of La-
bour and Social Policy (in cooperation with the Employ-
ment Fund). This authority is responsible for the current
state of SPPhS within the system SP of the population.
25% of the PhS interviewed would like an employer to

T T T 1
20 30 40 50 60
Proportion of PhS, %

Fig. 3. Social benefits received by the PhS interviewed.

be responsible for SPPhS. According to the opinion of
19% of the respondents, the sector trade unions should
be responsible for PhS and provide them with SP. Pri-
vate insurance funds receive 5% of the PhS’ confidence,
and it is clear taking into account the current state of the
economy of Ukraine.

Credibility of the SPPhS performance by the coun-
cils of labour groups is expressed only by 3% of the
respondents. It is explained by the lack of experience of
such work among labour collectives in the pharmaceu-
tical industry.

Based on these facts we can conclude that there is
a need to enhance the role of civil and self-regulated
organisations in the SPPhS system. It will make rela-
tions between the parties of SPPhS efficient, and solve
all issues on SP between a PhS, an employer and the
executive authority in the optimal way.

During the study we simulated the following situ-
ation in the experiment: respondents were asked to de-
scribe the components of the concept “social protection
of pharmacy specialists”. It has been found that the sys-
tem of SP of the population should include such con-
cept as “social protection of pharmacy specialists”. It is
also necessary to develop the system of social services
and SPPhS provision by employers within the pharma-
ceutical industry of Ukraine. In general, it has been de-
termined that a large number of concepts listed in Fig. 5
is important for PhS while defining the SPPhS [4].
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Fig. 4. Credibility in the authorities providing SPPhS.

Symbols: 1 — the Ministry of Labour and Social Policy in cooperation with the Employment Fund;
2 — employer; 3 — sector trade unions; 4 — private insurance funds; 5 — the council of the labour collective;
6 — a new structure; 7 — Verkhovna Rada (Parliament), the Ministry of Public Health.
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Fig. 5. The PhS attitude towards the components of the definition of SPPhS.

Symbols: 1 — social insurance; 2 — income provision in case of disability or loss of workplace;

3 — treatment and prevention of occupational diseases; 4 — protection of social rights and minimum guarantees;

5 — assistance in education and advanced training of pharmacy specialists; 6 — social support and assistance;

7 — protection against professional burnout; 8 — social support of disabled citizens; 9 — healthy lifestyle promotion;

10 — wage; 11 — improvement in health and spa facilities; 12 — behavioural orientation “do not leave people to the mercy of fate”.

As shown in Fig. 5, the majority of the PhS inter-
viewed (19%) would like to have social security insur-
ance for their protection. Concern for their status when
losing the workplace is the following, so 16.3% of the
PhS interviewed want to be insured and their income is
secured in case of disability or loss of workplace. This
concern is caused by economic instability in Ukraine
and by fear to be unemployed and to lose initial assets.

The need in treatment and prevention of occupa-
tional diseases takes the third place among the PhS in-
terviewed (14.2%). There are almost no measures on
labour protection (LP) at workplaces today. The impor-
tance of preventive measures on LP is widely recog-
nized in various sectors of the economy; and as for the
pharmaceutical industry, this issue is considered in the
manufacturing sector mainly, but a lot of pressing is-
sues on this case are still unresolved in pharmacies and
their structural subdivisions.

At the same time LP is one of the responsibilities
of the state and the society. Not only specialists that are
responsible for LP issues at the enterprise level, but also
numerous ordinary and new participants are involved
into LP. The health of PhS and performance indicators
are based not only on production factors, but also on
non-production ones. Therefore, this problem-solving
approach should be more integrated and holistic with
involvement of various parties who have different ex-
perience and skills. At the pharmacy level one of the
main obstacles to improve LP is the opinion that the
expenses for the prevention of LP are unprofitable and
they decrease the competitiveness of a pharmacy [2, 3].

According to the opinion of the PhS interviewed the
following components are also important: 13.3% — pro-
tection of social rights and minimum guarantees; 10.2%
— assistance in education and advanced training of phar-
macy specialists; 8.9% — social support and assistance;
7% — protection against professional burnout; 6.5% —
social support of disabled citizens, etc.

The studies conducted confirm the need to reform
the current SP system and to separate SPPhS into an in-
dependent branch.

CONCLUSIONS

1. The social status of PhS and their attitude towards
the current SP system at the workplace have been studied.
It has been found out that the current legislation regula-
ting the implementation of SP, should be reconsidered,
improved and harmonized with the EU policy documents.
Taking into account the specificity of the pharmaceutical
industry it is necessary to create an independent system
of SPPhS. This requires updating of the SPPhS legisla-
tive framework, which must be based on the European
principles and take into account the needs of PhS and
employers.

2. We have created a ADPQ_(SPPhS) computer pro-
gramme. It is efficient when conducting sociological sur-
veys with a great number of respondents and questions.
It allows taking into account most indicators of the quali-
tative nature as there is a human factor when questioning,
so it enables obtaining more reliable results of the statis-
tical data processing. It allows interpreting the data ob-
tained scientifically and using them in the further studies.

3. There is a need to enhance the role of civil and
self-regulated organisations in the SPPhS system nowa-
days. It will make relations between the parties of SPPhS
effective, and this will solve all issues on SP between
a PhS, an employer and the executive authority in the
optimal way. Settlement of conflicts between a PhS, an
employer and the executive authority requires assigning
of an authorized person who is responsible for social
issues (APSI) at the labour collective of pharmaceutical
institutions of all types of ownership and determining
qualification requirements for the staffing.

4. The studies conducted have shown that there is
a need to reconsider the current LP system in the phar-
maceutical industry of Ukraine and to reform the LP
system for pharmaceutical wholesale and retail branch.
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AHATI3 CTABIEHHSA CNELIAMNICTIB ®APMALIIT 0O ICHYOYOI CUCTEMU COLIIANIbHOIO
3AXUCTY TA HAMPAMKMU if PE©GOPMYBAHHA

M.B.3apiykoea

Knroyoei cnoea: couianbHuli 3axucm crieyianicmie ghapmauii; couyianbHi nocryau;
hapmayesmuyHa 2asy3b; yriogHo8a)keHa ocoba 3 couianbHUX NuUmMaHb; OXOPOHa npaui;
Komm’romepHa npoepama ADPQ_(SPPhS)

lpoaHanizoeaHuli coujanbHul cmamyc crieyianicmie ¢hapmayii (C®) ornmoeo-po30pibHoI naHKu ¢hap-
MauesmuyHoi 2asnysi YkpaiHu ma ix cmaesneHHs1 00 icHyr4ol cucmemu couianbHoeao 3axucmy (C3).
HocnidxeHri moxnueocmi CO wodo ompumaHHs couyjanbHOI dornomoau 3a micuyem pobomu, ydacmi
y couianibHUX fpozpamax ma rnporno3uuiti 0o peghopmyeaHHs icHyto4oi cucmemu C3. BecmaHoeneHo
HeobXxiOHicmb rid8uUWEeHHS posi 2poMaldCbKux ma caMospsiOHUX opaaHidaujil 8 cucmemi coujarbHo20
3axucmy cneyianicmie ¢hapmayii (C3CD), wo dozeonume nokpawumu 6iOHOCUHU MK y4acHUKamu
C3C® ma diego snniusamu Ha 8UpilUeHHsT KOHGIiKmHuUx cumyau,iti Mixx C® ma pobomodasuem. [ns
Ub020 3arnporioHo8aHo 88e0eHHSI 8 mpydosuli Koekmus ¢hapmauesmuyHuUx 3aknaodie ycix ¢popm
gr1acHOCMI yrog8HOBaXXeHoi 0cobu 3 coyianbHUX MuUMaHb. Ynepuwe po3pobrieHa KoM 'tomepHa npo-
epama ADPQ_(SPPhS) (Automatic data processing questionnaires (attitude to an existing social pro-
tection for pharmacy specialists (SPPhS)) dnsi o6pobku pe3ynbmamie docnidxeHHss C3C® onmoeo-
p0O30pibHOI naHKu thapmauesmuyHoi 2anysi YkpaiHu.

AHAINN3 OTHOLLEHUSA CNELMANUCTOB ®APMALIUN K CYLLLEECTBYIOLLEN CUCTEME
COUMANBHON 3ALLNTLI U NYTU EE PEOOPMUPOBAHUA

M.B.3apu4koea

Knroueenle cniosa: coyuanbHas 3awjuma crieyuanucmos chapmayuu; coyuarbHble ycryau;
ghapmauesmuydeckas ompacsib; yrNoIHOMOYEHHOE /IUYO 10 coyuarnibHbIM 80MpocaM; oxpaHa mpyoa;
KommnbtomepHasi npozpamma ADPQ_(SPPhS)

lpoaHanu3uposaH coyuarnbHbIl cmamyc crieyuanucmos ¢hapmayuu (C®) onmogo-po3HUYHO20 38€e-
Ha hapmauyesmuyeckol ompaciu YKkpauHbl U UX OMHOWEeHUEe K cyujecmeyrowell cucmeme coyu-
anbHou 3awumel (C3). MccnedosaHbl 8osmoxHocmu C® omHocumeribHO rorydYeHus coyuanbHou
rnomouwu no mecmy pabomei, y4acmusi 8 coyuarsbHbIX rpoepamMmax u npedroxeHul K peghopmu-
posaHuto cyuiecmsyrouweli cucmembl C3. YemaHoerneHa Heobxo0uMOCmb M08bIWEHUsT posiu obuie-
CMBEeHHbIX U Op2aHu3ayuli caMoyrnpasrieHuUsi 8 cucmeme coyuanbHOU 3awumel crieyuanucmos gap-
mayuu (C3C®), umo no3gonum yny4wums OmHoweHus1 Mexdy yyacmHukamu C3C® u delicmeeHHO
8/1USIMb Ha peweHuUe KOHIUKMHbIX cumyauyuti Mmexdy C® u pabomodamenem. [ns amozo rnpedsio-
XKeHOo sgedeHue 8 mpydoeol Kommekmue ghapMmayesmuyeckux ydpexoeHul ecex ¢popm cobecmeeH-
HOcmu yrosIHOMOYEHHO20 fuya no coyuasnbHbIM 8orpocamM. Brepesie pazpabomaHa Kombomep-
Hasi npoepamma ADPQ_(SPPhS) (Automatic data processing questionnaires (attitude to an existing
social protection for pharmacy specialists (SPPhS)) dnsi obpabomku pesyribmamoeg uccriedo8aHusi
C3C® 0nmoeo-po3HUHHO20 38eHa ¢hapMayesmuyeckoli ompacsiu YKpauHbl.
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The studies have shown that the manufactured homeopathic medicinal products (MP) existing at the
current domestic pharmaceutical market are not appropriate for the individual approach of homeo-
pathic treatment, so the need in their extemporaneous compounding is pressing. One of the ways
to solve this problem is expansion of the chain of specialized homeopathic pharmacies and depart-
ments on the basis of the existing pharmacies of the general profile. To implement this method, the
specificity of the production function of pharmacies (departments), which is based on extemporane-
ous compounding of homeopathic MP, has been investigated. It has been found that the proportion of
extemporaneous compounding of homeopathic MP by means of intrapharmacy products among the
total number of extemporaneous compounding of homeopathic MP in specialized pharmacies consti-
tutes 89.79%, and in pharmacies of the general profile (homeopathic department) it is 14.04%. It is
important to mention that the proportion of funds for implementation of homeopathic MP in the total
cost of medicines sold by pharmacies according to prescriptions of extemporaneous compounding is
higher than 50%. It is based on preparation and sale of solid, liquid and soft medicinal dosage forms
of 77.16%, 14 37% and 8.74%, respectively; and it proves the expedience of creating such specia-
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lized pharmacies (departments).

The priority for use of homeopathic treatment is an
individual approach to each patient, and it is possible
by disposal of homeopathic medicinal products (MP)
from pharmacies under prescriptions of homeopaths. The
conclusions of the study of availability of homeopathic
MP at the domestic pharmaceutical market were given
in our previous studies. They indicate that offers of for-
eign manufacturers are prevailing. However, they do not
satisfy completely the need in the individual approach
to treatment [6, 11]. When choosing homeopathy as a
method of treatment, extemporaneous compounding of
homeopathic MP is important and necessary. These me-
dicines are of high quality and available at their price
[4, 9]. Therefore, within the current economic climate in
the country, it is important to increase extemporaneous
compounding of homeopathic MP under the terms of both
specialized homeopathic pharmacies and departments on
the basis of the existing pharmacies of the general pro-
file, which have material support and are eligible to produce
products according to the current license provisions. The
practicability of homeopathic MP compounding within
the pharmacy conditions has been also confirmed by the
results of opinion surveys conducted by us among the
population of some regions of Ukraine [6, 11].

The aim of our work was to determine the produc-
tion process output and its characteristics. This is pos-
sible due to the study of extemporaneous compounding
of homeopathic MP.

Materials and Methods

Personal conclusions of the study of specialized ho-
meopathic and allopathic pharmacies producing extem-
poraneous homeopathic MP in Odessa and Poltava re-

gions were used in the research. More than 650 stop-
watch readings were conducted; more than 800 prescrip-
tion formulations for the period of 2013-2014 were stu-
died. 71.0% of them were formulations for homeopa-
thic MP.

In our study the following research methods were
used: historical, comparison, logical, analytical analy-
sis, statistical, interviews, questionnaires, direct super-
vision, stopwatch study, work time study. The results
were processed by computer programmes and present-
ed graphically. Regulatory documents of the Ministry
of Public Health of Ukraine concerning the production
regulation and drug quality control in pharmacies were
used in the studies [1, 2, 3,4, 5,7, 8, 10].

Results and Discussion

Analysis of extemporaneous compounding of homeo-
pathic MP has shown that it is divided into repetitive
and individual formulations. Therefore, much attention
is paid to production of the intrapharmacy products for re-
peated formulations in some pharmacies under research.
This step makes it possible to reduce time for dispens-
ing a drug by prescription and to reduce the cost of MP
per each formulation. However, the possibilities for pro-
duction of intrapharmacy products in specialized homeo-
pathic pharmacies and pharmacies of the general pro-
file, which prepare homeopathic MP prescribed by ho-
meopaths, are not the same. Therefore, there is a need
for the constant study of formulations to determine the
repeated ones and for further recommendations to use
them in preparing intrapharmacy products. It has been
found that this work is organized better in specialized
homeopathic pharmacies.
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Table 1

The structure of extemporaneous compounding of homeopathic MP

The sale of homeopathic MP of

Specialized homeopathic pharmacies

Pharmacies of the general profile
with the homeopathic department

extemporaneous compounding

Annual average number of prescriptions

Absolute index % Absolute index %
Intrapharmacy products gccordmg 14352 89.79 1176 14.04
to the repeated formulations
MP prgdqced according to individual 1632 1021 7200 85.96
prescriptions
Total: 15984 100.0 8376 100.0

As shown in Table 1, the proportion of extempo-
raneous compounding of homeopathic MP due to intra-
pharmacy products among the total number of extem-
poraneous prescriptions for homeopathic MP in specia-
lized pharmacies constitutes 89.79%, and in pharmacies
of the general profile (homeopathic department) it is only
14.04%.

The abovementioned facts indicate that more atten-
tion should be paid to development of specialized ho-
meopathic pharmacies while expanding the pharmacy
chain to provide patients with homeopathic MP prepared
extemporaneously. It is clear that this approach requires
considerable time and money, so development of home-
opathic departments in pharmacies of the general pro-
file is also promising. To confirm this information we
studied additionally some aspects of extemporaneous
prescriptions of homeopathic departments. For this pur-
pose, the analysis of extemporaneous prescriptions re-
ceived by the homeopathic department of the pharmacy
of the general profile within a month was conducted. It
has been found that these prescriptions for homeopathic
MP are received regularly, their daily number ranges
from 1 to 55. Thus, the homeopathic department has a
daily load of extemporaneous compounding of homeo-
pathic MP (Fig. 1).

It is important to mention that under these condi-
tions the proportion of funds for dispensing homeopa-
thic MP in the total cost of medicines sold by a pharma-
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cy by prescriptions of extemporaneous compounding is
higher than 50% and it ranges from 29.0% to 85.0%
within a month (Fig. 2). In other words, there is an eco-
nomic efficiency for specialized homeopathic pharma-
cies (departments) when introducing extemporaneous
compounding of homeopathic MP.

It is known that each medicinal dosage form of ex-
temporaneous compounding has its own production tech-
nology; and it is also important for extemporaneous ho-
meopathic MP [4]. Extemporaneous compounding of
homeopathic MP is presented by solid, liquid and soft
medicinal dosage forms. Therefore, the next step of our
study was the comparison of the ratio of different me-
dicinal dosage forms in specialized homeopathic phar-
macies and departments in pharmacies of the general
profile (Tab. 2).

Table 2 shows that the ratio of different medicinal
dosage forms of homeopathic MP in specialized phar-
macies and pharmacies of the general profile (homeo-
pathic department) is almost the same. It has been de-
termined that solid medicinal dosage forms prevail —
72.37% and 81.96%, respectively, on average — 74.16%.
Rubbing (powders, trituration), granules (globs, diabe-
tes pills) are among them. Globs are the most common.

As for the ratio of liquid medicinal dosage forms
in extemporaneous compounding of homeopathic MP,
they are 17.54% and 11.19%, respectively, on average —
14.37%. These medicinal dosage forms include formu-
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Fig. 1. The average number of prescriptions for extemporaneous compounding of homeopathic
MP within a month in the homeopathic department of a pharmacy of the general profile.
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Fig. 2. Proportion of the cost of homeopathic MP of extemporaneous compounding
in the total cost of extemporaneous MP sold by a pharmacy of the general profile.

Table 2
The ratio of medicinal dosage forms in extemporaneous compounding of homeopathic MP (%)
- Specialized homeopathic Pharmacy of t.he
Medicinal dosage forms general profile with the Average
pharmacy homeopathic department
Solid 72.37 81.96 77.16
Liquid 17.54 11.19 14.37
Soft 10.09 6.85 847
Total: 100.0 100.0 100.0

lations for internal (mixture, drops) and external (alco-
hols, oils, liniments) use.

Soft medicinal forms constitute 10.09% and 6.85%
in total, on average — 8.47%. It has been determined
that ointments (balms, suspension ointments, emulsion
creams, combined ointments) and suppositories are among
them.

It has been also found that by the complexity (the
number of components), extemporaneous compounding
of homeopathic MP consists of one-component or three-
component formulations in 80% of cases. This is due
to the fact that one-component medicines (monodrugs)
are received by prescriptions of homeopaths in differ-
ent dilutions (potencies), they create favourable condi-
tions for individual approach in homeopathy.

CONCLUSIONS

1. Extemporaneous compounding of homeopathic
MP in the pharmacy conditions is pressing at the cur-
rent domestic pharmaceutical market. It requires the fur-

ther development by expanding the chain of specialized
homeopathic pharmacies and homeopathic departments
on the basis of the existing pharmacies of the general
profile.

2. The study of extemporaneous compounding of
homeopathic MP conducted has allowed to determine
its characteristics under the conditions of specialized
homeopathic pharmacies (departments). It is associated
with the ratio between intrapharmacy products and in-
dividual prescriptions, their daily number, the availabi-
lity of solid, liquid and soft medicinal dosage forms,
domination of one-component formulations over three-
component ones.

3. The economic efficiency of homeopathic MP of ex-
temporaneous compounding at the pharmaceutical mar-
ket both for patients (availability) and pharmacies has
been proven; it has been confirmed by the proportion
of their costs in the total cost of extemporaneous MP of
the general profile and it is up to 85.0%.
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BUBYEHHA EKCTEMMNOPAJIbHOI PELENTYPU FTOMEONATUYHUX NIKAPCbKUX 3ACOEIB
B.M.Tonouyko, [.B.BakyneHko, I.B.LlluwkiHa

Knroyoei crioea: ekcmemrioparnbHa peuenmypa; 2oMeornamuyHi nnikapchbKi 3acobu; anonamuyHi
nikapcbKi 3acobu; nikapcbKi ghopmu

BusHa4eHo, wWo rpucymHi Ha cy4acHoOMy 8im4uU3HSIHOMY hapMauesmuyHOMY PUHKY 20MeonamudYHi
J13 npomuciogozo supobHuUymea rnosHicmro He 3a0080/1bHSMb iHOUBIOyanbHUU Midxi0 eomeona-
muyHo20 Memody nikysaHHs, momy riompeba & 36inbUWeHHI ix ekcmemnopansHo20 supobHuymea €
akmyarnbHot. OOHUM i3 HarpsMKie 8UpPIileHHS yiel npobremu € po3WwupeHHs Mepexi creyianisosa-
HUX eoMeonamuyHuUx anmek ma 8iddinie Ha 6a3i Oito4uXx arnmek 3a2asibHo20 rpoginto. [ns peanisauji
makoeo HanpsmMKy docnidxeHa crieyudbika supobHUYoI yHKUII anmek (8iddinis), sika basyembcs Ha
ekcmemnoparsbHil peuenmypi eomeonamuyHux J13. 3’acosaHo, Wo numoma eaza ekcmemnopasibHoOI
peuenmypu 2omeonamuyHux J13 3a paxyHOK 8HympilHboanme4yHuUXx 3a20moe8okK ceped 3azasibHoi
KinlbKocmi ekcmemMnoparsnbHUX peuenmis Ha eomeonamudyHi J13 y crieyianisosaHux anmekax cs2ae
89,79%, a 8 anmekax 3az2anbHO20 npoghinto (ecomeonamuyHul 8id0in) cknadae 14,04%. Baxnuso
3aysaxumu, Wo numoma eaza Kowmie 3a peanizauito comeonamuyHux 13 e 3azanbHili eapmocmi
gidnyujeHux 3 anmeku J13 3a peuyenmamu eKcrmemnopasnbHO20 8U20moernieHHs1 cknadae noHad 50%
i 6asyembcsi Ha sU20moersieHHi U 8i0rycKy meepoux, piOKUX i M’SKUX JliKapCbKux ¢bopM, 8idrosioHo,
77,16%, 14,37% i 8,74%, w0 0brpyHmMosye 0ouifibHiCmb CMBOPEHHSI MaKuXx crieujianizogaHux anmekx
(siddinis).

U3YYEHUE SKCTEMMNOPAIIbHOW PELENTYPbI FOMEOMNATUYECKUX NEKAPCTBEHHbIX
CPEAOCTB

B.M.Tonouko, [.B.BakyneHko, U.B.llluwkuHa

Knroueenle crioga: akcmemriopasibHas peuernmypa; 20Meonamu4yecKkue /1eKapcmeeHHbIe
cpedcmea; annonamu4yeckue fiekapcmeeHHble cpedcmea; JieKapCcmeeHHbIe hopMbI

UccnedosaHusi nokasasu, 4mo rpucymecmsyruue Ha CoO8PeEMEHHOM OMe4YecmeeHHOM hapmaues-
muy4eckom pbiHKe 2omeonamuyeckue JIC npombiwneHHo20 npoudsodcmea 8 docmamoyHol Mmepe
He ydosnemeopsitom uHOU8UAOyasibHbIl Mo0OX00 2oMeonamu4yecko20 Memoda f1Ie4eHus, No3MmMomy ro-
mpebHOCMb 8 y8enu4yeHUU UX 3KCmeMropasbHo20 rpou3godcmea siernsiemcs akmyarnbHol. OOHUM
u3 HarnpaserneHul peweHusi amol nompebHOCMU s18/Isemcs paculupeHue cemu crieyuanu3uposaH-
HbIX 20Meornamu4yeckux anmek u omderniog Ha 6ase delicmeyrowux anmek obwezo npogpurns. [ns
peanusauuu makoeo HarpasrneHusi uccredosaHa crieyugpuka rnpou3so0cmeeHHOU hyHKUUU anmek
(omaderios), komopasi basupyemcsi Ha 3KkcmemriopasibHol peuenmype eomeonamuyveckux JIC. BbiCHEHO,
umo yOesibHbIU 8eC IKCmemropasbHoU peyenmypsl 2omeonamudeckux JIC 3a cdem eHympuarnmeu-
HbIX 3220MO080K cpedu 0buwea20 Konuyecmeaa 3KcmemMroparsbHbIX PeUuernmos Ha 2oMeoramu4yecKkue
JIC & cneyuanusuposaHHbix anmekax 0ocmuzaem 89,79%, a 8 anmekax obuje2o npogusns (2omeo-
namuyeckuti omderi) cocmasrisiem 14,04%. BaxHo obpamumpe 8HUMaHUe Ha mo, 4Ymo yOerbHbIl 8ec
cpedcme om peanu3ayuu eomeonamuyeckux JIC e obwel crmoumMocmu OmyueHHbIX U3 armeku
JIC o peyenmam skcmemriopasibHO20 u32omosrneHusi cocmaensem 6onee 50% u basupyemcs Ha
u320mosrieHuUU U omiycke meepohbix, XUOKUX U MS2KUX JIeKapCmeeHHbIX ¢hopM, COOMBEMCMEEHHO,
77,16%, 14,37% u 8,74%, ymo obocHo8bigaem uenecoobpasHocmb co30aHUs makux crneyuanusu-
po8aHHbIX arnmek (omoersos).
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ANTIEPILEPTIC POTENTIAL OF FUMARIA SCHLEICHERI
AND OCIMUM BASILICUM DRY EXTRACTS

V.V.Tsyvunin, S.Yu.Shtrygol’

National University of Pharmacy

Key words: medicinal plants, extracts; antiepileptic drugs

The results of investigation of the antiepileptic activity of promising herbal anticonvulsants — Fumaria
schleicheri (FSDE) and Ocimum basilicum (OBDE) dry extracts — are presented. The herbal remedies
were administered intragastrically in the conditionally effective dose of 100 mg/kg in the therapeutic
and preventive mode during 3 days with the last time of 30 minutes before the experiments. As refe-
rence drugs sodium valproate and carbamazepine were chosen. Under the conditions of maximal
electroshock (MES) test the ability of the chosen dry extracts to prevent the development of primarily
generalized convulsions was studied. For the in-depth study of antiepileptic properties of FSDE and
OBDE the model of pentylenetetrazole (corasole)-induced kindling has been chosen. In general the
researched dry extracts in the condition of the MES test have shown the anticonvulsant effect on the
level of sodium valproate, but they were slightly inferior in efficacy compared with carbamazepine.
On the model of pentylenetetrazole-induced kindling it has been shown that FSDE unlike OBDE and
sodium valproate has the ability to prevent convulsions under the conditions of experimental chronic
epileptogenesis. Thus, it has been found that OBDE is able to prevent the development of primary
generalized seizures, while FSDE prevents acute paroxysms stimulated by electrical impulse and
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chronic epileptogenesis.

Under conditions of progressing development and
spreading of nervous and psychic diseases the problem
of improving the quality of treating epilepsy is topical.
According to the data of the WHO almost 0.68 per cent
of the world population suffers from this disease and
this figure has been increasing steadily [11]. It is well
known that treating chronic diseases, including epilepsy,
is a rather long-term if not lifelong process [3]. That is
why in this case the use of herbal medicines is relevant
as they are highly safe even in the situation of a long-
term application [12].

In the previous studies on different models of chemo-
induced convulsions, including those caused by penty-
lenetetrazole (the main screening model [1]), picrotoxin,
thiosemicarbazide, strychnine and camphor, the high level
of anticonvulsant properties was shown by the dry ex-
tract of fumitory (Fumaria schleicheri Soy.-Willem.,
Fumariaceae) and the dry extract of basil (Ocimum ba-
silicum L., Lamiaceae) [7, 8]. Taking into account the
absence of herbal medicines with the proven anticon-
vulsant activity at the domestic and international phar-
maceutical markets the profound study of the antiepi-
leptic properties of these dry extracts is reasonable.

The aim of this work is to study the antiepileptic
potential of the promising herbal anticonvulsant drugs
— dry extracts of Fumaria schleicheri (FSDE) and Oci-
mum basilicum (OBDE) obtained from the aerial part

of the plants according to the requirements of the State
Pharmacopoeia of Ukraine — taking into consideration
their ability to prevent primarily generalized convulsions
on the model of seizures induced by the maximal elec-
troshock and the ability to inhibit epileptogenesis under
conditions of pentylenetetrazole-induced kindling.

Materials and Methods

The experimental part was performed on 86 white
random-bred mice. The animals were kept in the stan-
dard conditions of the vivarium of the Central Research
Laboratory at the National University of Pharmacy ac-
cording to the hygiene norms and principles of the Euro-
pean Convention on laboratory animals protection (Stras-
bourg, 1986). In the research period the animals were
kept in the vivarium at the temperature of 19-24°C, with
humidity of not more than 50%, in the “day-night” natu-
ral light mode in plastic cages with the standard nutri-
tion and free access to water and food. All research pro-
cesses were performed according to the “General ethi-
cal principles of the experiments with animals” [6] and
according to the methodological recommendations for
pre-clinical study of specific activity of potential anti-
convulsant medicines [1].

In the conditions of maximal electroshock (MES) test
the ability of the chosen dry extracts to prevent the deve-
lopment of primarily generalized convulsions was studied
[1]. The experiments were conducted on 55 random-
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bred male albino mice with the body weight of 21-27 g
that were randomly divided into 5 groups: 1 — control;
2-3 —the groups where animals received aqueous solu-
tions of the given dry extracts; 4-5 — comparison groups
where animals received reference drugs such as sodium
valproate and carbamazepine. The reference drugs were
chosen taking into account the recommendations [1, 4].

The dry extracts studied were obtained by Yu.S.Pro-
kopenko, the assistant of the Department of Quality, Stan-
dardization and Certification of Medicines, the Institute
of Pharmacy Professionals Qualification Improvement
at the National University of Pharmacy. The aerial parts
of Fumaria schleicheri Soy.-Willem. and Ocimum ba-
silicum L. were collected in the phase of blooming in dif-
ferent regions of Ukraine (Kharkiv, Luhansk, Donetsk,
Ternopil, Rivne, Zhytomyr, Kyiv regions and the Re-
public of Crimea). The raw material was washed with
water and air-dried. The dried material was kept at the
room temperature. A relatively dry herbal material was
powdered and extracted with distilled water (1:10) for
2 hours at the temperature of 80°C. The process was
repeated 3-4 times up to the full extraction of the bio-
logically active substances from the raw material. The
received extracts were mixed, filtered and concentrated
in vacuum device at the temperature of 50-60 °C and
the pressure of 80-87 kPa up to thick consistency. The
received semi-product was dried in vacuum-drying de-
vice up to the remaining humidity of 5% [5].

FSDE was standardized according to the content of
alkaloids (the noscapine group) and flavonoids (flavo-
noles and flavons) using the method of absorption UV-
spectrophotometery [5], and OBDE — according to the
content of flavonoids.

The animals of experimental group received intra-
gastically the aqueous solutions of the given dry extracts
in the conditionally effective dose 100 mg/kg [7] in the
treating and preventive mode during 3 days with the last
time 30 minutes before conducting the experiment. The
comparison groups received intragastically classic antie-
pileptic medicines — sodium valproate (the syrup “Depa-
kine”, Sanofi-Aventis, France) in the dose of 300 mg/kg
and carbamazepine (“Finlepsin”, TEVA, Israel/Poland)
in the dose of 40 mg/kg in the same mode. The second
reference drug was injected in the form of a thin aque-
ous suspension solubilized by Tween-80. The mice in
the control group received intragastically distilled wa-
ter (0.1 ml per 10 g of the body weight).

Then the animals through the corneal electrodes were
affected by electric stimuli with duration of 0.2 sec, fre-
quency of 50 Hz and current of 50 mA. Under these
conditions 100% of animals in the control group had
maximum tonic extension of hind limbs. The anticon-
vulsant action was estimated according to the following
indicators: duration of convulsions, the time of the sur-
vived mice recovery, the time of the animals’ death and
the percentage of lethality in the experimental groups [4].

For the profound study of antiepileptic properties of
the extracts the model of pentylenetetrazole (corasole)-
induced kindling was chosen [1, 4].

Kindling is a phenomenon based on the occurrence
of focal convulsion afterdischarge, behavioral automa-
tisms and generalized convulsion attacks in response to
multiple epileptic stimulations of subthreshold inten-
sity that at first do not cause convulsions. The kindling
model is characterized with the unique methodological
advantages for experimental determination of the ef-
fect of potential anticonvulsant drugs on pathophysiol-
ogy of seizures [1, 4]. Under conditions of the kindling
model one can clearly check the start of convulsions,
the stages of their development and preserving. Beha-
vioral patterns in this model are characterized by high
repeatability, easy visual control of their intensity, seve-
rity and duration. The kindling model reflects patophy-
siological and clinical specificities of epilepsy in the most
adequate way and the phenomenon of “swaying” is viewed
as an universal mechanism, which takes part in epilepsy
not only experimentally, but it is also practically char-
acteristic for the human brain [9].

For the experiment 31 random-bred albino male mice
with the body weight of 22-29 g were selected. The
animals were divided into 4 groups (n=7-9): 1— control;
2-3 — groups of animals that received aqueous solutions
of the given dry extracts; 4 — group of comparison that
received sodium valproate as a reference drug.

The animals of experimental groups received intra-
gastically the aqueous solutions of appropriate dry extracts
in the conditionally therapeutic dose of 100 mg/kg [7] in
the therapeutic and preventive mode during 27 days once
a day 30 minutes before injecting the convulsant. The
group of comparison received intragastically a classic
anticonvulsant drug sodium valproate (the syrup “Depa-
kine”, Sanofi-Aventis, France) in the dose of 300 mg/kg
in the same mode. The mice from the control group re-
ceived intragastically distilled water (0.1 ml per 10 g of
the body weight). The aqueous solution of pentylene-
tetrazole (corasole) was injected intraperitoneally in the
subthreshold dose of 30 mg/kg.

After injecting of the convulsant every mouse was
placed into a separate plastic cylinder box with the di-
ameter of 20 cm and the height of 35 cm. The state of
every mouse was being observed for 30 min. The an-
ticonvulsant activity was estimated daily according to
the following indicators: the percentage of mice with
convulsions in each group, the number of days with
paroxysms in the group, as well as according to the
most informative indicator — the day of occurrence of
the first convulsions in the group [4].

The results was expressed as mean + standard error
of mean (SEM). Statistical differences between groups
were analyzed using Student’s t-test (in case of normal
distribution), Mann-Whitney U test and Fisher angular
transformation (for the alternative form of analysis). The
level of statistical significance was considered as p<0.05.

Results and Discussion

The maximal electroshock in 100% of animals from
the control group was followed by immediate develop-
ment of several convulsions in the form of clonic-tonic
paroxysms with prevailing of the tonic component. The
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Table

The effect of Fumaria schleicheri and Ocimum basilicum dry extracts, sodium valproate
and carbamazepine on the seizures induced by the maximal electroshock in mice (M+m)

Animal Group Dose, n Durat.ion of Time Time Lethality, %
mg/kg convulsions, sec of recovery, sec of death, sec !
Control - 15 19.40+3.66 18.71+7.89 20.00+1.85 533
FSDE 100 10 9.20+2.28%/** 6.14+1.68** 16.33+4.70 3Qx*x**
OBDE 100 10 9.88+3.47%* 1.83+0.98*# 21.75+2.93 4Qrxex*
Sodium valproate 300 10 8.60+2.37%/** 4.29+0.47%* 18.67+3.18 3Qxx*x*
Carbamazepine 40 10 1.70+£1.07****4 1.70+£1.07* - QF**

Note: 1. Statistically significant differences: * - compared to control (p<0.05); ** — compared to the group receiving carbamazepine (p<0.05);
*** _ compared to control (p<0.01); **** — compared to control (p<0.001); ***** — compared to the group receiving carbamazepine (p<0.01);

# — compared to the group receiving sodium valproate (p<0.05).

2. Abbrevations: FSDE — Fumaria Schleicheri dry extract; OBDE — Ocimum Basilicum dry extract.

death of 53.3% of mice was caused by the tonic exten-
sion of hind limbs (Table). It corresponds to the existing
data, which show the variation of the lethality level in
the wide range from 0 to 100% [10, 13] depending on
many factors.

In the MES test the herbal drugs studied showed
marked anticonvulsant properties. FSDE decreased du-
ration of convulsions by 2.1 times compared to control
(p<0.05), and also decreased the time of recovery of the
survived animals by 3 times (p>0.05). Such indicators
as the time of death and the lethality level in the group
were not seriously influenced by FSDE.

OBDE decreased duration of the tonic extension of
hind limbs almost by 2 times compared to the control
group, but because of the high dispersion of data this
difference did not reach the level of statistical signifi-
cance. But OBDE significantly decreased the time of
the mice recovery by more than 10 times compared to
the indicator in the control group. The positive effect of
OBDE on the time of death and lethality in the experi-
mental group was not recorded.

Sodium valproate showed the effect at the level of
the studied dry extracts — it statistically significantly de-
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creased the duration of convulsions compared with the
control group by 2.3 times and showed the tendency
to decrease the recovery time by 4.3 times without the
influence on the death time and lethality level in the
group.

Carbamazepine showed the most expressed anticon-
vulsant activity, which significantly exceeded the simi-
lar effect of the studied herbal drugs and sodium valpro-
ate. Under its action not only duration of convulsions,
but also the recovery time decreased by 11.4 and 11.0
times, respectively. Besides, carbamazepine completely
prevented the death of animals (p<0.01).

On the model of pentylenetetrazole-induced kindling
according to the most informative indicator — the day of
the first convulsions occurrence — FSDE continued the
latent period of the first convulsions occurrence with
statistical significance (Fig. 1): in the control group spon-
taneous seizures were observed on the 23 day of the
study, while FSDE continued the latent period of attack
occurrence up to the 27 day (p<0.01).

According to the data of Fig. 1 it can also be ob-
served that FSDE decreased the percentage of mice with
convulsions in the group from the 23" to the 27" day,
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Fig. 1. Dynamics of the anticonvulsant activity of Fumaria schleicheri and Ocimum basilicum dry extracts
and sodium valproate under conditions of pentylenetetrazole-induced kindling.

Note: * — statistically significant difference compared to control (p<0.05).
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Control FSDE

OBDE Sodium valproate

Fig. 2. The number of days with convulsions in the experimental groups on the model of pentylenetetrazole-induced kindling.
Note. Statistically significant difference: * — compared to control (p<0.01); # — compared to sodium valproate (p<0.01).

including the last one (p<0.05), while OBDE at the same
dose decreased the corresponding indicator only on the
23" and the 27" days. The reference drug sodium val-
proate on this model showed relatively weak antiepi-
leptic properties: significant decrease of the percentage of
mice with convulsions was observed only on the 27" day
of the study. Besides, in the groups where animals received
OBDE and sodium valproate no increase of the latent
period of spontaneous seizures occurrence was observed.

As can be seen from the data of Fig. 2, only FSDE
significantly decreased the total number of days with con-
vulsions compared to control (p<0.01). Neither OBDE,
nor sodium valproate affected this indicator under the
same conditions.

As it is known, the anticonvulsant properties are cha-
racteristic to combinations of different chemical com-
pounds [2, 12]. However, most representatives with the
above-mentioned pharmacological activity belong to such
classes of biologically active substances as flavonoids,
alkaloids, as well as terpenes and volatile components
of essential oils [2]. The role of individual components

and fractions of FSDE and OBDE in providing the an-
ticonvulsive effect requires further verification and is a
subject of the next research stage.

CONCLUSIONS

1. The antiepileptic properties of Fumaria schlei-
cheri dry extract (FSDE) and Ocimum basilicum dry
extract (OBDE) have been studied.

2. Under conditions of the maximal electroshock test
it has been found that FSDE and OBDE in the dose of
100 mg/kg showed considerable anticonvulsant proper-
ties that were not inferior to the effect of sodium valpro-
ate in the dose of 300 mg/kg, but did not reach the level
of carbamazepine in the dose of 40 mg/kg.

3. On the model of pentylenetetrazole-induced kin-
dling it has been shown that FSDE unlike OBDE and
sodium valproate has the ability to prevent convulsions
under conditions of the experimental chronic epilepto-
genesis.

4. The obtained data allow recommending FSDE for
further research with the aim of developing the first Ukrai-
nian herbal antiepileptic drug.
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NMPOTUENINENTUYHUIA NOTEHUIAT CYXUX EKCTPAKTIB PYTKU LUNENXEPA TA BA3UNIKY
KAM®OPHOI'O

B.B.LjueyHiH, C.FO.LLImpuzonb

Knroyoei crioea: nikapcbki pOCIUHU; eKcrmpakmu, npomuenrnisiernmuyHi 3acobu

B pobomi npedcmaeneHi pesynbmamu O0CiOXeHHs npomueninenmuyHoi akmueHOCmi nepcrex-
MUBHUX POCITUHHUX aHMUKOH8YbCaHmie — cyxux ekcmpakmie pymku Llinedxepa (CEPLL) ma 6a3su-
niky kamegpopHozo (CEBK). PocnuHHI npenapamu e800usiu 8HymMpiluHbOWITYHKOB0 8 YMOBHO eqhek-
museHiti 003i 100 me/ke y niKysanbHO-PoiIakmu4YHOMY PexXumi npoms2oM mpbox OHI8, 80CMaHHE
3a 30 x8 do ekcriepumeHmy. B skocmi npenapamig ropieHsIHHS 6y10 06paHo Hampiro easibrpoam
ma kapbamaseriiH. 3a ymoe mecmy MakcumaribHo20 efiekmpowoky (MELL) eusyanu 30amHicme 06-
paHuUX cyxux ekcmpakmig 3arobieamu po38UMKY rnepeuHHO-2eHepariizoeaHux cydom. [nis noanu-
br1eHo20 docnidxxeHHs npomueninenmu4yHux enacmusocmet CEPLL ma CEBK 6yno obpaHo modersib
rneHmursieHmMempasosr08020 (Kopa3o/108020) KiHOMiHay. 3azanom 00CniOXyeaHi Cyxi ekcmpakmu 3a
ymos mecmy MELL susisunu supasHutll npomucyOoMHUl echekm Ha pieHi Hampiro eanbrpoamy, rnpo-
me nocmynanucs 3a e¢hekmusHicmio kapbamaseniHy. Ha modeni neHmuneHmempasonoeoao KiHo-
JiHay byno ecmaHosneHo, wio CEPLL, Ha gidmiHy 6id0 CEBK ma Hampito eanbrpoamy, Mae 30amHicmb
3arnobicamu po3sumky cyOoM 3a yMO8 eKCriepuMeHmaribHO20 XPOHIHHO20 eninenmozeHesy. Omxe,
ecmaHoerieHo, wo CEBK susiense aHmMUKOH8YIbCUBHY akmueHicmb Ha Moderi nep8uHHo-2eHepa-
nizosaHux cydom, y mou yYac sk CEPLL 3anobieae po3sumky sk 20Cmpux efekmpocmumMyibO8aHUX
rapoKcu3mie, mak i XpOHIHHO20 erifierimozeHesy.

NMPOTUBOINUNENTUYECKUA NOTEHUMAT CYXUX AKCTPAKTOB AbIMAHKW LUNEUXEPA
N BABUINTUKA KAM®OPHOIO

B.B.LbigyHuH, C.FO.lImpbizosb

Knroveenble crioea: riekapcmeeHHbIe pacmeHuUsl; 3KCmpakmbl; Mpomueoanuienmuyeckue
cpedcmea

B pabome npedcmasneHsi pe3ynibmamal uccriedo8aHusi npomugoarnuienmuyeckol akmugHocmu
MepcrnekKmueHbIX pacmumeribHbIX @HMUKOH8YIbCaHMOo8 — Cyxux aKkcmpakmoe ObIMsiHKU LLinelixepa
(C3ALL) u basunuka kamgbopHo2o (COBK). PacmumenbHble npenapambl 8800UU 8HYMPUXKETyO0-
HO 8 ycr108HO aghchekmusHol 0o3e 100 ma/ka 8 ne4ebHO-NPoghunakmMu4ecKoM pexxume 8 medyeHue
mpex OHel, 8 nocnedHuli pa3 3a 30 MuH Ao aKcriepumeHma. B kadecmee npernapamoes cpasHeHUs
8blbpaHbl Hampusi 8anbnpoam u kapbamasernuH. B ycriosusix mecma makcumasribHO20 3/1eKmpowio-
ka (M3LL) usyyanu ciocobHocmb uccrnedyembix CyXux aKcmpakmos rnpedomepawjams pazgumue
nepe8uUYHO-2eHepasu308aHHbIX cydopoe. [ns yernybrneHHo20 U3y4yeHus npomusosanunenmuyecKux
ceoticme C3ALL u COBK ebibpaHa modenb neHmMuUIeHmempasono8020 (Kopas3onoeo20) KUHOMUH-
ea. B uyenom uccnedyemble cyxue akempakmal 8 ycrosusix mecma MOLL ebiseunu 3HayumersbHbIU
npomusocyOopOXHbIlU aghghekm Ha ypoeHe Hampusi earnbripoama, 00HaKo ycmynanu rno aghghekx-
mueHocmu KapbamasenuHy. Ha modenu neHmuneHmempason08020 KUHOMUHaa 6blrio ycmaHosre-
Ho, ymo C3/LLI, 8 omnuyue om COBK u Hampus eanbrnpoama, umeem ceolicmeo npedomeapauiams
passumue cy0opoe 8 yCriosusix aKcrnepuMeHmarbHO20 XPOHUYECKO20 arunienmoeeHe3a. Vimak,
ycmaHoereHo, Ymo COBK okasbisaem aHMUKOH8YIbCUBHYIO aKmUBHOCMb Ha MOOEU NepeuvyHoO-2e-
HepasiuzosaHbix cydopoe, 8 mo spems kak COLLL npedomepawaem pa3sumue Kak OCmMpbIX 31€K-
mpocmumMynupyemMbix MapoKCU3MOo8, maK U XPOHUYECKO_20 3rusiernmoeeHesa.
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On the model of diabetes mellitus in rats induced by the 18-days subcutaneous administration of
dexamethasone in the dose of 0.125 mg/kg the hepatoprotective properties of a new antidiabetic
composition based on medicinal plants have been investigated. The antidiabetic composition and the
reference drug — officinal composition “Arphasetinum” were introduced intragastrically as a decoc-
tion in the dose of 18 mil/kg simultaneously with dexamethasone. According to the data obtained the
antidiabetic composition exhibited a significant hepatoprotective and general metabolic effect. Under
the effect of the composition studied the normalization of the basal glycemic level, recovery of the
lipid balance and the bile secretory function of the liver, decrease of activity of cytolysis and inflam-
matory marker enzymes were observed. By its effect on the majority of the indices studied the new
antidiabetic composition exceeded the reference composition “Arphasetinum’.

In the last decades a sharp increase in incidence of
diabetes mellitus (DM) is observed in most of coun-
tries of the world. Almost 90% of cases are accounted
for DM type 2. Due to affection of almost all organs
and systems, particularly the gastro-intestinal tract, DM
becomes a serious medical and social problem [6, 7].
Hyperglycemia, hyperlipidemia, disorders of other links
of metabolism are tightly connected with disturbance
of the functional activity of the liver — the central or-
gan for metabolism. Numerous clinical trials are the
evidence for occurrence of diabetic hepatopathy in pa-
tients with DM type 2. In development of the hepatic
functional disorders the main role belongs to insulin
resistance, which occurs during prediabetes [3]. Taking
into account the abovementioned it is reasonable to use
drugs, which along with antidiabetic properties have
the hepatoprotective activity.

The aim of the work was to investigate the effect
of a new antidiabetic composition of medicinal plants
on the functional activity of the liver in the experimen-
tal diabetes type 2 in rats. The antidiabetic composition
contains Silybum marianum; Polygonum aviculare L.;
Vaccinium vitis-idea L.; Linum usitatissimum L.; Cicho-
rium intybus L.; Zea mays L.

Materials and Methods

The experiments were conducted on 49 white male
rats of old age (18.5 months) with the body mass of
350-400 g. During the experiment animals were kept in
standard conditions at 18-24°C, 50-60% of humidity,
“day-night” natural light regime, a balanced diet with
free access to water. All procedures with animals were
conducted according to the principles of the “European
convention for the protection of vertebrate animals used
for experimental and other scientific purposes” (Stras-
bourg, 1986), according to the GLP standards [1]. The ex-
perimental diabetes was provoked by subcutaneous in-

troduction of dexamethasone in the dose of 0.125 mg/kg
for 18 days [4]. The antidiabetic composition was in-
troduced intragastrically as a decoction in the dose of
18 ml/kg simultaneously with dexamethasone once a day
[5]. The officinal composition “Arphasetinum” admini-
stered in the similar regimen was chosen as a reference
drug. The animals were divided into the following groups:
intact group (IG); control group (CG); groups of ani-
mals that received the antidiabetic composition or a re-
ference composition “Arphasetinum”. On day 19 the bile
secretory function of the liver was assessed (the bile sec-
retion rate was calculated within 3 hours in mg/min-100-1g)
[2]. Afterwards animals were removed from the experi-
ment by decapitation under chloroform anaesthesia. The
level of glucose was determined in the rats’ blood. The
functional condition of the liver was estimated by bio-
chemical measurements in the blood serum: the activity
of such enzymes as alanine aminotransferase (ALT),
aspartate transferase (AST), alkaline phospatase (AF),
the cholesterol level, triglycerides (TG), high density
lipoproteins (HDL) and low density lipoproteins (LDL)
using test kits of “Lachema” company (Czech Repub-
lic). The relative mass of liver was determined.

Results and Discussion

Introduction of dexamethason to old rats (18.5 months)
caused a moderate basal hypeglycemia (Table) that was
accompanied by expressive lipid disbalance. According
to the data obtained the statistically significant increase
in the cholesterol level, TG, LDL and decrease in HDL
were observed in the blood serum of animals in CG. It
indicates development of atherogenic processes under
conditions of the experimental diabetes. A relative liver
mass increase by 47% compared to 1G is the evidence of
circulatory dynamics disorder. This disorder occurs as a
result of increasing hepatic tissue edema. Increase of al-
kaline phosphatase in the blood serum almost twice and
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Table

A comparative study of the effect of the antidiabetic composition and the composition “Arphasetinum”
on the functional condition of the rat liver in dexamethasone diabetes (n = 7)

Groups of animals
Antidiabetic “Arphaseti .
The indices studied Control group composition rphasetinum
Intact group 18 ml/kg +
(dexamethasone) 18 ml/kg + h
dexamethasone dexamethasone
Basal glycemia, mmol/I 4.35+£0.30 7.15+0.35* 4.38+0.22%* 4.03+0.35**
cholesterol, mmol/I 1.47+0.17 2.61+0.25% 1.87+0.15%% 1.96+0.15%*
LDL, mmol/I 0.38+0.02 0.52+0.02* 0.39+0.04** 0.44+0.05
CL-HDL, mmol/I 2.27+0.28 1.39+0.16* 2.48+0.19** 1.97+£0.19"
TG, mmol/I 0.40+0.06 0.63+0.04* 0.43£0.03**/*** 0.64+0.05
AP, mmolg/I 18.51+6.34 36.35+£3.357 18.97+4.63 17.11£3.907
ALT, mmol/I-h 0.47+0.01 0.63+0.04* 0.47+0.03** 0.52+0.04**
AST, mmol/I-h 0.42+0.02 0.56+0.04* 0.39£0.03*%*/*** 0.54+0.03*
Bile secretory rate, mi/h-100" 3.5610.21 2.2840.29 3.23+0.40 3.03+0.40
Liver relative mass, % 2.30+0.19 3.38+0.21*% 2.46+0.20%*%/™ 3.02+0.16™

Notes: 1.* - differences statistically significant compared to the intact group, p<0.05; 2.¥* - differences statistically significant compared
to the control group, p<0.05; 3.*** — differences statistically significant compared to the reference drug, p<0.05.

the activity of cytolysis markers of hepatocytes (ALT
and AST) in 1.3 times was statistically significant. It
is the evidence of development of inflammation in the
liver (Table). Destructive consequence in hepatocytes
was the bile secretory dysfunction (Table).
Introduction of the antidiabetic composition and the
reference drug contributed to normalization of the basal
glycemic level. However, compared to the composition
“Arphasetinum” under the effect of the antidiabetic com-
position the more expressive recovery of general trophic
processes in the liver and decrease in symptoms of athero-
genesis were observed. Dynamics of the relative organ
mass and indices of the lipid metabolism was similar to
the dynamics in the intact group. The level of cytolytic
emzymes and alkaline phosphatase decreased to the
physiological level (Table). The bile secretory function

of the liver was restored (Table). Under these condi-
tions the composition “Arphasetinum” exhibited a bit
inferior activity. The level of ALT and cholesterol de-
creased significantly in the group of the reference drug.
There was a tendency to normalization of the level of
CL-HDL and alkaline phosphatase. However, the con-
tent of TG, LDL, AST activity and a relative liver mass
were in the same range that in the control group. As a
result, the recovery of the bile secretory rate had a char-
acter only of an inexpressive tendency (Table).

CONCLUSIONS

Thus, under conditions of the experimental diabetes
mellitus induced by dexamethasone it has been found that
anew antidiabetic composition exhibits a significant hepa-
toprotective action due to suppression of inflammation
and the positive effect on metabolic processes in the liver.
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BNIUB AHTUAIABETUYHOIO 360PY HA ®YHKLUIOHANBbHUA CTAH NEYIHKK LLYPIB

NMPU EKCMEPUMEHTANbHOMY AOIABETI

0.F0.Kowoea

Knroyosi cnoea: yykposutl Oiabem,; eenamonamii; nikapcbki pocauHu; aHmudiabemuyHud 36ip

Ha modeni yykposozo diabemy y wypie, 8uKknukaHo20 18-0eHHUM MiOWKIipHUM 88e0eHHSIM OeKcame-
ma3soHy y 003i 0,125 ma/ke, docnidxyeanu eenamornpomeKmOopHI efracmueocmi Ho8oz2o 360py Ii-
KapCbKUX pocruH, skul susensie aHmudiabemuyri enacmusocmi. AHmudiabemuyHul 36ip ma rpe-
rnapam ropigHsIHHSA ogbiyuHabHUl 36ip «ApghazemuH» 8800UNU 8HYMPIWHLOWITYHKOBO y 8uesnsidi
gidsapy (1:10), y dosi 18 mrn/ke oOHoYacHO 3 dekcamema3oHOM. BidrnogidHo 0o ompumaHux daHux
aHmudibemuyHul 36ip susi8US 8UpPa3Hy 2enamorpomeKmMopHy ma 3azanbHomemaborniyHy dito. [1i0
erniugom 3acoby criocmepieanacb HopMmaridayis pieHsi 6asanbHoi arikemii, 8iOHOBMEHHS NiMiOH020
rpoirnto ma »xo840CeKPemopHOI hyHKUII NMeYiHKU, 3HUXEeHHS akmugHOCMIi MapKepHUX ¢hepmeHmie
yumonisy ma 3anasneHHs. 3a ennueom Ha binbwicmb A0cnidxXye8aHUX MokasHukie Hosul 36ip nepe-
gaxxae rnperapam rnopieHsIHHS 36ip «ApghasemuHy.

BIMUAHUE AHTUOUWABETUYECKOIO CBEOPA HA ®YHKLIMOHAJIbHOE COCTOAHUE
NMEYEHU KPbIC NP 3KCNMEPUMEHTAINNIbHOM OUABETE

E.FO.Koweesas

Knroyeenle cnoea: caxapHbili Quabem, eenamonamuu; JiekapCmeeHHbIe pacmeHus;
aHmuduabemuyveckul cbop

Ha modenu caxapHoz2o duabema y KpbiC, 8bi38aHH020 18-OHEBHbIM MOOKOXHbLIM 88e0eHUEeM OeK-
camemasoHa g 0o3e 0,125 ma/ke uccnedosasnu eenamonpomeKkmopHble cgolicmea Hogo20 cbopa
JiekapcmeeHHbIX pacmeHul ¢ aHmuduabemuyeckumu ceolticmeamu. AHmuduabemuydeckuli cbop u
npenapam cpasHeHus oghuyUuHanbHbIU c6op «ApghazemuHy» 8800UIU 8HYMpPUXKETyOOYHO 8 sude om-
eapa (1:10) e do3e 18 mn/ke 00HOBpeMeEHHO ¢ Oekcamema3oHoM. CoariacHO MosyYeHHbIM OaHHbIM,
aHmuduabemuydeckull c60p OKa3bleasl 8bIpaXxeHHOe 2ernamornpomeKkmopHoe u obuwememabornuye-
ckoe deticmeue. Nod eo3delicmeuem cbopa Habnodanace Hopmanulayusi ypoeHsi basanbHou aru-
Kemuu, 8occmaHogrieHue unudHo20 Mpogusis U XendecekpemopHol hyHKUUU NeYeHU, CHUXEeHUE
aKkmueHocmu MapKepHbIX ¢hepMeHmos yumornu3a u gocrnasneHusi. 1o enusHuro Ha 601bUWUHCME0
U3yyeHHbIX nokasamerneli Hosblli aHmuduabemuydeckuli cbop rnpesocxodus npernapam cpasHeHUs
cbop «ApghazemuH».
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The most important stage of development of effective and safe new medicines is the methods of
preclinical evaluation of their pharmacological activity. Since the existing range of antihypertensive
medicines is large enough and the current demands for them are different from those presented se-
veral years ago, the aim of this research is to study the effect of the chemopyrone substance on the
arterial pressure under conditions of prophylactic application on the experimental model of hyperten-
sion induced by Mesatonum. While studying the effect of the chemopyrone substance in the dose
of 10 mg/kg on the level of systolic and diastolic arterial pressure it has been determined that the
antihypertensive effect is achieved due to the impact on the function of the kidneys. The maximum
effect is observed on the 10-th min and equals 64-62% compared to the group of intact animals. The
results obtained testify the expressed and prolonged hypotensive effect, and the substance can be
recommended for hypertensive states correction in the conditions of prophylactic application.

Increase of effectiveness of the arterial hyperten-
sion treatment is still a topical problem of medicine and
pharmacy because the causes of this disease, in spite
of intensive research in this area, are still unknown [5].

Based on medical statistics data the role of some
factors (“risk factors™), such as heredity, age, sex, nu-
tritional peculiarities, weight and others, which can in-
fluence on the arterial hypertension development was
determined [2].

The results of the study not only demonstrate de-
pendence of cardiovascular pathology development on
the arterial pressure level (AT), but also allow to evalu-
ate quantitatively the contribution of the systolic (ATS)
and diastolic (ATD) arterial pressure to the risks degree
[10]. Usually, ATS increases continually with age and is
a strong, independent, but variable index of cardiovas-
cular complications of hypertension. Underestimation
of its value leads to underestimation of the prevalence
of hypertension and untimely prescription of antihyper-
tensive medicines.

Most studies indicate the promising use of rational
combinations of diuretics and f-adrenoreceptor antago-
nists (in low doses) that provide the additive effect, as
well as the use of drugs with multiple mechanisms of
activity to reach the target level of AT.

As the alternative in regards to the mentioned above
the medicines based on pyrol[3,2,1-ij]quinoline may be
applied for the treatment of hypertension [11]. They do
not lead to water and electrolyte imbalance and do not
cause the secondary hypertension, as well as exhibit the
diuretic activity.

At the Pharmaceutical Chemistry Department of the
NUPh 4-methoxyanilide of 1-hydroxy-3-oxy-5,6-dihyd-
ro-3H-pyrol[3,2,1-ij]quinoline-2-carbolic acids under

the conditional name of chemopyrone was synthesized.
This compound is practically nontoxic and exhibits the
expressed diuretic activity [12].

The aim of the present study was to study the effect
of the chemopyrone substance on the arterial pressure
under conditions of prophylactic application on the ex-
perimental model of induced hypertension.

Materials and Methods

The research was conducted on nonlinear white male
rats weighting 180-230 g. The effect of the chemopy-
rone substance on the arterial pressure was studied both
on intact animals and on the background of Mesatonum-
induced hypertension.

Mesatonum stimulates postsynaptic a,-adrenorecep-
tor antagonists and increases percussive emission, thereby,
rises systolic and diastolic AT by decreasing the pulse re-
flectively [3]. Mesatonum was injected intraperitoneally
in the dose of 1 mkg/kg [8, 9]. The observation time of
animals after Mesatonum injection lasted for 10 minutes.

In total, three experimental groups were formed (each
group consisted of 6 animals).

Group 1 — the intact animals injected with Mesato-
num only.

Group 2 — the positive control (a single intragastri-
cal dose of peryndopril + Mesatonum in 1 hour).

“Prestarium” tablets (the active substance — 4 mg of
perindopril) produced by “Servier’s Laboratory” com-
pany, France was used as a reference drug. The total
mass of a tablet is 90 mg. Dosing was carried out based
on the active component. Since the maximum therapeu-
tic dose for human equals 0.15 mg/kg, the extrapolated
dose of 1.5 mg/kg was calculated for rats.

Group 3 — the chemopyrone substance in the dose
of 10 mg/kg + Mesatonum in 1 hour.
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Table 1

Characteristics of Mesatonum-induced

hypertension in the control group

Table 2

Characteristics of Mesatonum-induced hypertension
in the group with the chemopyrone substance

AP MmHg before AP MmHg + Mesatonum AP MmHg before AP MmHg + Mesatonum
No.| Mesatonum injection on the 10-th min No.| Maesatonum injection on the 10-th min
Systolic / Diastolic Systolic / Diastolic Systolic / Diastolic Systolic / Diastolic
1 134 83 150 91 1 137 86 142 90
2 122 76 145 80 2 135 75 145 82
3 127 70 132 75 3 123 65 130 63
4 136 83 140 20 4 142 94 140 96
5 119 78 125 80 5 124 82 134 79
6 130 71 136 75 6 124 59 129 63
M 128.00 76.83 138 81.83 M 130.83 76.83 136.67 78.83
m 2.72 2.30 6.30 1.24 m 3.34 5.38 4.59 3.98

During the research with the help of a RM-6000 po-
lygraph (Japan) the ATS and ATD indices of non-anes-
thetized animals were registered. The rats were placed
into special cages-cases of a transparent plastic. The cuff
and transducer were put on the tail. Automatically, the
pressure was given into the cuff, and the value of the
external pressure was determined when the transducer
stopped registering the pulse vibrations [1].

The comparative effectiveness in the groups was
estimated according to several indices [4, 6, 7, 8]:

» Systolic arterial pressure.
* Diastolic arterial pressure.

The hypotensive activity was examined when re-
ducing the arterial pressure by 25 MmHg and more.

Experiments on animals were conducted according
to the Council Directive 2010/63/EU of 22 September
2010 on the protection of animals used for scientific
purposes.

The results of the studies were processed in accord-
ance with the Van der Waerden’s criterion (SW package
Statistica 6).

Results and Discussion

Introduction of Mesatonum to the group of intact
animals accompanied with a rapid development of hy-
pertension — in all cases the increase of systolic (by an
average of 80 MmHg) and diastolic (by an average of
40 MmHg) arterial pressure was observed. At the same
time it was determined that the level of ATS was 212+

+8.5 MmHg, and ATD 125+7.6 MmHg. The effect reached
the maximum on the 10-th min of observation and equaled
60-47% of the baseline values.

Prophylactic introduction of perindopril in the group
of animals with Mesatonum-induced hypertension within
the time of observation prevented the arterial pressure
rising and equaled: ATS 138+6.3 MmHg, ATD 81.83+
+1.24 MmHg (Table 1).

Injection of chemopyrone in the dose of 10 mg/kg
on the model of Mesatonum-induced hypertension pre-
sumably prevents increasing arterial pressure. The ma-
ximum effect is observed on the 10-th min and equals
64-62% compared to the group of intact animals.

As the data presented in Table 2 testify with the pro-
phylactic use of the chemopyrone substance no signifi-
cant increase of systolic and diastolic pressure was ob-
served. It indirectly reflects a pronounced and prolonged
hypotensive effect in this dose. Significant distinctions
compared to perindopril were not observed as well.

CONCLUSIONS

1. On the model of Mesatonum-induced hyperten-
sion the chemopyrone substance has revealed the ex-
pressed hypotensive activity, considerably reducing the
level of systolic and diastolic arterial pressure.

2. The data obtained allow to consider the chemopy-
rone substance as a promising chemical compound for
creating a medicine on its basis for hypertensive states
correction under conditions of prophylactic application.
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OOCNIOXEHHA BNIIUBY CYBCTAHLIT XIMOMIPOH HA AP]’EPIAHbHMVI__TVICK B YMOBAX
MPO®PINAKTUYHOIO 3ACTOCYBAHHSA NMPU IHOAYKOBAHIU TMEPTEH3II

H.J1.bepe3Hsikoea

Knrovoei criosa: ximonipoH; diypemuyHa akmusHicmb; 2inepmeH3isi; cucmorniyHud i diacmoniyHud
apmepianbHUl muck

Hadisaxnusiwum emarom po3pobku echekmusHUX ma be3rneyHux HoeuXx JlikapCbKux 3acobie € me-
modu OOKriHIYHOI OUiHKU ix ¢hapmakonoeiyHoi akmueHocmi. OCKinbKU iCHyto4Ul apceHarn aHmuainep-
meH3usHUX 3acobie eenukuli i cydacHi sumoau, siKi eucysarombcsi 00 HUX, 8IOPI3HSAMbCS 8i0 MuX,
W0 mMarnu Micue Kiribka pokie momy, mMemoro 0aHoi pobomu cmasio 8USYEHHS 8riniugy cybcmaruii XiMo-
MipoH Ha apmepianbHUl MUCK 8 yMo8ax npoginakmu4yHo20 3acmocy8aHHsI Ha eKxcriepuMeHmarnbHit
moderi iHOykoeaHOI Me3amoHOM einepmeH3il. [Npu docnidxeHHi ernugy cybcmaHuii ximonipoH y do3i
10 me/ke Ha pieeHb cucmorniyHo20 ma GiacmoriyHo20 apmepiaibHO20 MUCKY 8CmMaHo8r1eHo, Wo aH-
mueainepmeH3usHuli eghekm 0ocsieaembCsi 3a paxyHOK 8rnusy Ha OisfibHicmb HUPOK. MakcumarnbsHul
egpekm criocmepieacmbcsi Ha 10-it X8 ma cmaHogumb 64-62% y MOPIBHSIHHI 3 2pyrOK IHMAaKMHUX
meapuH. Odep:xaHi pe3ysismamu ceid4amab Mpo supakeHUl ma mpusasnul 2inomeH3usHuUl eghekm,
a cybcmaHuiss moxe bymu pekomeHO08aHa 01151 KOPeKUil 2inepmeH3U8HUX cmaHig 8 ymosax rnpogi-
NaKmu4HO20 3aCmoCy8aHHsl.

UCCNEOQOBAHUE BNUAHUA CYBCTAHLIUN XUMOINMUPOH HA APTEPUATIbHOE OABINEHUE
B YCNOBUAX MPODUNAKTUYECKOIO NMPUMEHEHUA NPU UHAYLUPOBAHHOU
TMNEPTEH3UA

H.J1.bepe3Hsikoea

Knrodeenie criosa: xuMomnupoH; duypemuyecKkas akmugHOCMb, 2UNepmeH3Usi; CUCMOIU4YecKoe U
duacmorsu4yeckoe apmepuarnbHoe 0asrieHue

BaxHedlwum amanom pa3pabomku aghheKkmusHbIX U 6e30racHbIX HO8bIX JIeKapCMeEeHHbIX cpedcmea
sensiromcss MemoObl OOKITUHUYECKOU OUEeHKU UX ghapMakorioaudeckol akmusHocmu. [1o0CKonbKy cy-
wiecmsyrouwuli apceHasn aHmuaunepmeH3usHbix cpedcme 6obwol U cospeMeHHble mpebosaHus,
rnpednbsierisieMble K HUM, OMUYamcs om mex, 4Ymo UMesu Mecmo HECKOMbKO /1em Ha3al, UesbHo
OaHHOU pabombl cmasio usy4YeHue erusiHUs cybcmaHUyuu XUMOMUPOH Ha apmepuarnbHoe dasreHue
8 YCr108USIX NMPOGUIaKMUYECKO20 NPUMEHEHUS Ha 3KcrepuMeHmarbHOU Mooesu UHOyuuposaHHOU
me3amoHoM auriepmeH3uu. pu uccnedosaHuu enusiHUs cybcmaHyuu xumornupoH e dose 10 me/ke
Ha ypogeHb cUCMOIUYEeCcKO20 U duacmonu4ecko20 apmepuanbHo20 0asieHuUsl ycmaHo81eHo, 4mo
aHmueunepmeH3usHbIl aghghekm docmueaemcsi 3a cyem go30elicmeusi Ha 0esimerlbHOCMb MOYEK.
MakcumanbHbil agpchekm Habrrodaemcs Kk 10-U MuH u cocmaesisiem 64-62% o cpagHeHuUr ¢ epyrn-
10U UHMaKMHbIX XUB0MHbIX. [1ory4YeHHbIe pe3yribmambl ceudemeribCmeaytom O 8bIpaXKeHHOM U Onu-
mesibHOM 2UnomeH3U8HOM aghchbekme, a cybcmaHyusi XUuMOnupoH Moxem 6bimb pekomeHOo8aHa
01151 KOPPEKYUU 2UrnepmeH3U8HbIX COCMOSIHUU 8 yCI08USIX MPOGUIaKMUYeCKO20 MPUMEHEHUS.
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The study of the effect of a new original drug with antioxidant properties — “Elgacin” tablets on cellular
component of the immune system of old mice in conditions of the delayed hypersensitivity reaction
has been conducted. It has been found that decrease in reactivity of the cell-mediated response takes
place in ageing. Introduction of “Elgacin” tablets to old mice contributed to restoration of the immune
response on introduction of the antigen up to the physiological level of young animals. It testify in fa-
vour of its potential geroprotective properties regarding age-dependent changes of the immunity. The
data obtained substantiate the further research of “Elgacin” tablets.

Gradual immunity suppression takes place during
the ageing process. It results in increase of frequency and
severity of infectious diseases, cancer and autoimmune
disorders. First of all, during ageing the functionality
of the T-system of the immunity changes, in particular
the ability to distinguish the allotypic antigen by mac-
rophagocytes and lymphocytes. The activity of helper
T-cells (not only TH1, but also TH2) is suppressed, the
suppressor function of the immune system is disturbed,
the activity of metabolic processes in phagocytes and
other cells that are responsible for nonspecific anti-in-
fectious reactivity is decreased [6].

Thus, typical diseases of elderly age are associated
with decrease of the immune reactivity as a result of
profound changes in the population structure of T-cells
and their functions. It is also the result of the activity of
cells that participate in nonspecific cell-mediated and
antibody-mediated reactions in ageing.

The abovementioned determines the relevance of
search for a geroprotective agent with affinity to the im-
mune system. The Central Research Laboratory of the
National University of Pharmacy conducts the study of
a new original antioxidant drug “Elgacin” as a gero-
protector. The active substances of “Elgacin” are elago-
tanins isolated from collective fruit of sticky adler and
grey adler (A/nus glutinosa L., Alnus cinerea L.). In ex-
periments on rats of different age it has been found that
administration of “Elgacin” prevents development of
age dependent disorders of the liver, heart, carbohydrate
and lipid metabolism [2].

The aim of this work was to determine the effect of
“Elgacin” tablets on the cellular component of the im-
mune system of aged rats.

Materials and Methods

The experiments were conducted on 100 outbred male
mice of the young fertile age (6 months with the body
mass of 18.0-20.0 g) and mice of the old age (20 months,
30-35 g). During the experiment animals were kept in

standard conditions at 18-24°C, 50-60% of humidity,
“day-night” natural light regime, a balanced diet with
free access to water. All procedures with animals were
performed according to the principles of the “European
convention for the protection of vertebrate animals used
for experimental and other scientific purposes” (Stras-
bourg, 1986), according to the GLP standards [1]. The
condition of the cell mediated immunity was assessed
by the delayed hypersensitivity reaction using the me-
thod of K.P.Kitamura with determination of the reac-
tion index (RI) [S5]. Mice were immunized by thymus-
dependent antigen — sheep erythrocytes (SE). The ani-
mals were divided into the following groups (10 animal
in each group): group 1-2 — nonimmune (intact) con-
trol of the fertile age and old age; group 3-4 — immu-
nized control (SE) of the fertile and old age; group 5-6 —
animals of the old age that received the drug under re-
search in the dose of 1.4 and 14 mg/kg before and dur-
ing the whole period of immunization by SE. Doses of
“Elgacin” tablets for mice were re-calculated from a condi-
tionally therapeutic dose for rats previously determined
taking into account the dose conversion factor by body
area [3]. The drug studied was introduced to mice in-
tragastrically once a day within 3 days prior and during
the whole immunization period.

The experimental data obtained were processed us-
ing methods of analysis of variance with the help of the
“Statistica 6.0” statistic programme.

Results and Discussion

As it was mentioned above, the progressive suppression
of all components of the immune system occurs while
ageing. The highest immune response is registered during
the period of puberty, but in elderly people it composes
only 1-2% from this level. Progressive suppression of
the thymus-dependent immune component is associated
with aged-related involution of the thymus. This is ex-
pressed in its mass reduction, weakening of its function
and synthesis of regulatory factors. The humoral compo-
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Reaction index of delayed hypersensetivity in mice of different age
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Fig. The effect of “Elgacin” tablets in the doses of 1.4 and 14 mg/kg on the cell-mediated immune response
of mice with the normal immune status (n = 10).

Notes: Intact group (6 months); Intact group (20 months) — the intact control of fertile and old age, respectively;
SE (6 months); SE (20 months) — the immunized control of the fertile and old age, respectively.

EL (1,4; 14 mg/kg, 20 months)+SE — mice aged 20 months that received “Elgacin” in the doses

of 1.4 and 14 mg/kg on the background of immunization.

* — statistically significant differences compared to the intact group of the fertile age, p<0.05;

** — statistically significant differences compared to the immunized SE group of the old age, p<0.05.

nent of the immunity also undergoes negative changes
in ageing: decrease in the level of normal antibodies,
including isohaemoglutinins, is observed [4].

According to the data obtained there was the nor-
mal immune response to introduction of sheep erythro-
cytes in young mice (Fig.). In old mice the decrease in
the reaction index in 1.6 times compared to immunized
animals of the fertile age was registered. It indicates a
significant decrease in the immune response on intro-
duction of the thymus-dependent antigen (Fig.).

When introducing “Elgacin” tablets in the dose of
1.4 mg/kg the tendency to increase the reaction index
of delayed hypersensitivity was observed (Fig.). The
increase in the dose of the tablets led to restoration of
the immune response in old mice up to the normal level.
The RI of delayed hypersensitivity in mice that received
the drug studied was almost twice higher compared to
old animals. And it had no difference from the values of

the RI in the group of immunized animals of the fertile
age (Fig.). The given differences between groups were
statistically significant.

A positive effect of “Elgacin” tablets on the im-
mune system of aged rats apparently can be explained
by stimulating impact of elagotanins on inflammation
mediators of the cellular component of the immunity
determined in the experiments in vivo and in vitro, in
particular interleukin 1 and tumour necrosis factor al-
pha ((TNF-a) [7, 8].

CONCLUSIONS

1. The results of the study conducted confirm the
literature data concerning decrease of the immune reac-
tivity in ageing.

2. The data obtained demonstrate the immunomodu-
latory properties of “Elgacin” tablets towards the cellu-
lar component of the immunity in old mice. These data
substantiate the further research in this field.
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BU3HAYEHHSA BNNIUBY ENFALUUHY HA KIMITUHHY NAHKY IMYHITETY CTAPUX MULLIEA
O.10.Kowoea

Knroyoei cioea: cmapiHHSA, KimuHHUU IMyHimem, 2epornpomeKmopu,; eflacomadiHu; enzayuH
lposedeHo 8UBYEHHS 8IMIUBY HOBO20 OPUZiHaIbHOZ0 3ac0by 3 aHMUOKCUOaHMHUMU 8/1acmu8oCcmsamu
mabnemok «EneauuH» Ha KimuHHY J1aHKy iMyHimemy cmapux muwel 3a yMo8 peakuii ainepdyym-
niugocmi rnoeirilbHo20 mury. BemaHoeneHo, wo rpu cmapiHHi criocmepieaembcsi 3HUXEHHS peak-
mugHocmi KNimuHHO20 iMyHimemy. BeedeHHsi mabrnemok «EneayuH» cmapum muwam cripussno gio-
HOBIEeHHH iMyHHOI 8i0rnoeidi Ha 8eedeHHs aHmuzaeHy 00 (hi3iorno2iyHOo20 pieHSI MOIOOUX MEapUH, W0
cgidyumsb rpo Uo2o nomeHyiliHi 2epornpomeKmopHi ernacmueocmi Wo00 8iKO8UX 3MiH iMyHImemy.
OmpumaHi daHi 06rpyHmMo8syrome nepcrnekmusHicms nodasbwux 00CiOXKeHb eneayuHy y UboMy Ha-
MPSIMKY.

ONPEQENEHUE BNUAHUA ANMTAUUHA HA KINETOYHOE 3BEHO UMMYHUTETA CTAPbIX
MbILLUEWN

E.FO.Koweesas

Knroveenble crioea: cmapeHue; KemoYHbIl UMMYHUMem; 2eporpomeKmopb!; 3/171a20maHUHbI;
anaayuH

lMposedeHo usyyeHue 8uUsiHUSI HO8020 OpUaUHaIbHO0 fnpernapama ¢ aHmuoKcudaHMHbIMU c80U-
cmeamu mabnemok «3neayUuH» Ha KIIemoYyHoe 38eHO UMMYyHUMema cmapbix Mbiluell 8 ycrosusix pe-
akyuu aunepyyscmeumesnibHocmu 3amMedsieHHO020 muna. YcmaHo81eHo, Ymo rpu cmapeHuu Habso-
daemcsi CHUXeHUe peakmugHOCMU KI1emo4YHo20 UMMyHuUmema. BeedeHue mabrnemok «3nzayuH»
cmapbiM MbitiaMm criocobcmeoeano 80CCMaHOB/IeHU UMMYHHO20 omeema Ha ggedeHue aHmuee-
Ha 00 ¢hu3u0n02u4ecKo20 ypoB8HSI MOMOObIX XUBOMHbIX, YMO ceudemesibecmayem O e20 MomeHyu-
arbHbIX 2epOornPOMeKmMOopHbLIX ceolicmeax OmMHOCUMEsIbHO 803PacmHbIX USMEHEHUU UMMyHUMema.
lMonyyeHHble OaHHble 060CHO8bIBaKOM MepPcrnekmueHocms OanbHeliwux uccrnedosaHull sn2ayuHa 8
3MOM HarpasieHuu.
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