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CuHTe3 1 onpeaesieHrue akTUBHOCTH HOBOTO IPOMU3BOJHOTO
THAPOKCHOKCONMUPHUMUINHA — IIOTEHITHAJTbHOI'O 00bEKTa JJIA
N3TOTOBJIEHUA NMIPOTUBOBOCIAJIUTEIHLHOTO IeJifd

E.B. KyBaega, FO0.M. Jlaayteko, /[.A. Konecuuk, I1.0. JleBiiykosa, E.B. ®esiopoBa

@I'BOY BO «Cankm-Ilemepbypackuil 20cyoapcmeeHHblil XuMuko-gapmayesmuueckuil yHugepcumem»,
Canxm-ITemepbype, Poccus

AHHOTAIIUA

Beenenue. CoefMHEeHUs, UMEIOIINE B CBOEM CTPOEHHU THPOKCUITUPUMHU/IUHOBBIA (parMeHT, 06J1aZJaloT BhIPAKEH-
HOH 1 pa3HOOOpa3HOM GHOJIOTHUECKOH aKTUBHOCThI0. HU3Kas pacTBOPUMOCTh MHOTHUX TPOU3BOHBIX THIPOKCUITPUMH-
JINHA B BOJIE SIBJISIETCS CYIECTBEHHBIM HEZOCTATKOM C ITO3UIIUH CO3/JaHUS HOBBIX JIEKADCTBEHHBIX CPEICTB. U3 5-OyTHI-6-
TH/IPOKCH-2,3-nudeHnmnupuMuaui-4(3H)-oHa 6bU1a noydyeHa ero Bogopactsopumasi popma B Bujie HATPUEBOU COJIH.
JlaHHOE BeIeCcTBO, KaK OBLIIO BBIABJIEHO B X0/I€ KOMITBIOTEPHOTO CKPHHUHTA €T0 BO3MOKHOH OGHO0JIOTUTIECKON aKTHBHOCTH
in silico, OTEHIIMATIBPHO MOYET OBITh HCIIOJIH30BAHO B KadecTBe (hapMaleBTUUECKOM CyOCTAHIIUU [JIs IPOU3BOJICTBA
(usroToBisieHus1) JekapcTBeHHBIX mpenapatoB (JIIT). TIoCKOIbKY acCOPTUMEHT THAPOKCUNHPUMUIUHOBBIX JIII B BHIE
HapyKHBIX JIEKapCTBEHHBIX (OpM KpaliHe MaJl, a IOJIydeHHOe COeJHeHUe 00JsafjaeT IuApo(IIbHBIMU CBOUCTBAMY,
aKTyaJIbHBIM ABJIAETCA 3aK/II0UeHNe CyOCTaHIINY B JIEKaPCTBEHHYI0 GOPMY — TeJlb.

ITenb. CuHTe3 BOAOPACTBOPUMOH (POPMBI HOBOI'O IPOU3BOAHOIO THAPOKCUIINPUMUINHA, OlIpefiesieHHe ee OCTPOH TOK-
CUYHOCTU U TPOTHBOBOCIIAIUTEILHON aKTUBHOCTH, a TAK)KE KPUTUUECKUX CTAZUH pa3pabOTKH U JaIbHEHNIIIEr0 U3TOTOB-
JIEHUs HaPY>KHOU TH/IPODIIBHOH JIeKapCTBEHHOH ()OPMBI Ha ee OCHOBE.

MaTepuanbl U MeTOABl. LleseBoe coeTMHEHNE TIOJYIEHO B PE3YJIbTAaTe B3AUMOJIEHCTBUS 5-0yTHII-6-TUAPOKCH-
2,3-mudeHmmupuMuanH-4(3H)-0Ha U SKBUMOJIIPHOTO KOJIMYECTBA BOJHOTO PAcTBOpA TUAPOKcHAa HATpusa. OcTpyro
TOKCHUYHOCTD OTIPEZEJIsLTH Ha OeJIbIX MbIIIax (5 TPYIII IO 10 XKUBOTHBIX, KOTOPBIM BBOJIFUIM PACTBOP HCCIIEAYEMOTO COEU-
HEeHU B JI0O3UPOBKAX 1100, 1200, 1300, 1400 U 1500 MTI'/KT COOTBETCTBEHHO), HA0JII0/1as1 32 PA3BUTHEM OCHOBHBIX CHMIITO-
MOB U PETHCTPUPYS BPEMS THOeJIH )KUBOTHBIX B TEUEHHE 72 U ¢ MOMEHTA BBeJIeHUs IIperapara. [[ji 9KcrepruMeHTaIbHOU
OIIEHKY IIPOTHBOBOCIIAJIUTEIFHON aKTHBHOCTH OBLIIY HCIIOJIb30BAHBI JIBE MO/IeNN: «(DOPMAIMHOBBIM OTEK JIAll MBIIIEH» U
«BaTHas rPaHyJIeMa y KpbIC» (VIS KaXK0U MO/IEJIN — 3 TPYIIIIBI 3JKUBOTHBIX I10 10 0COOel B KaXK[0H: 1-51 TPYIIIA IOJIydasa
IIpernapar cpaBHeHUs JUKI0deHaK, 2-1 — UCCIelyeMoe CoeIUHeHNe, 3-5 (KOHTPOJIb) — PAcTBOP HATPUA XJIOPUJA).
PesynbTaThl. 5-0yTwi-1,2-AudeHUI-6-0KCO-1,6-TUTHIPOIUPUMUJIUH-4-0JIAT HATPHUA CHHTE3UPOBAH C BBIXOJOM
85 + 1 %. In vivo AOKAa3aHO, UYTO UCCIIelyeMOoe COeJUHEeHe OTHOCUTCS K 5-My KJIacCy TOKCUYHOCTH — «IIPAKTHYeCKH HETOK-
CHUYHO» U 00J1a71aeT BHIPAYKEHHOHN IPOTHUBOBOCIIAIUTEIBHON aKTUBHOCTBI0. CocTaBsieHa quarpamMma VIcHKaBbI 151 OTpe-
JIeJIeHUsT KPUTHYECKUX CTaInii pa3pabOTKU M U3TOTOBJIEHUs MSTKOH JIeKapCTBEHHOM (OPMBI — TeJis ¢ IeIeBOH Cy0-
CTaHIIIEH.

3aknwueHue. CHHTe3UPOBAHO HOBOE COEIUHEHHE C IIPOTUBOBOCIIAIUTEIHHBIM JIEHCTBUEM — 5-0yTHII-1,2-AubeHmII-
6-0KC0-1,6-TUTHIPOIMPUMHU/IUH-4-0JIAT HATPHUSL, KOTOPOe 00J1a/1aeT HU3KOH TOKCHYHOCTBIO U BBIPA’KEHHOH ITPOTHBOBOC-
MaJINTETHHON aKTHBHOCTHI0. KDUTHYECKIMU CTaUAMU Pa3pabOTKU ¥ U3TOTOBJIEHIS I'eJIsl C CHHTe3UPOBAHHBIM COeZIIHe-
HUEM SIBJIIOTCS: IIOATOTOBKA OCHOBBI U JIEKAPCTBEHHOTO BEIIECTBA, BBE/IEHUE JIEKADCTBEHHOTO BEI[ECTBA B OCHOBY, TOMO-
reHu3anus 1 pacoBka.

Kaoueente cao8a: BOLOPACTBOPUMBIE M'HIPOKCUITMPUMU/INHBI, OCTPAsA TOKCUIHOCTD, IIPOTHBOBOCIIAINTEIbHASA AKTHB-
HoCTh, ICH Q8 «®apmaneBTiyeckas pazpaboTka», guarpamma Vcukasebl.
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Synthesis and determination of the activity of a new derivative
of hydroxyoxopyrimidine, a potential object for the manufacture
of anti-inflammatory gel

E.V. Kuvaeva, Yu.M. Ladutko, D.A. Kolesnik, P.O. Levshukova, E.V. Fedorova

Saint Petersburg State Chemical Pharmaceutical University, Saint Petesburg, Russia

ABSTRACT

Introduction. Compounds with a hydroxypyrimidine fragment in their structure exhibit pronounced and diverse
biological activity. The low solubility of many hydroxypyrimidine derivatives in water is a significant drawback in the devel-
opment of new medicines. From 5-butyl-6-hydroxy-2,3-diphenylpyrimidin-4(3H)-one, its water-soluble form being a
sodium salt was obtained. This compound, as it was revealed during the computer screening of its possible biological acti-
vity in silico, can potentially be used as a pharmaceutical substance for the production (manufacture) of drugs. Since the
line of hydroxypyrimidine drugs in the topical dosage forms is extremely limited, and the resulting compound has hydro-
philic properties, it is important to enclose the substance in a gel dosage form.

Aim. Synthesis of a water-soluble form of new hydroxypyrimidine derivative, determination of its acute toxicity and anti-
inflammatory activity, as well as critical stages of development and further production of a topical hydrophilic dosage form
based on the obtained compound.

Materials and Methods. The target compound was obtained from the interaction of 5-butyl-6-hydroxy-2,3-di-
phenylpyrimidin-4(3H)-one and an equimolar amount of an aqueous solution of sodium hydroxide. Acute toxicity was
determined on white mice (5 groups of 10 animals, which were injected with a solution of the study compound at a dose of
1100, 1200, 1300, 1400, and 1500 mg/kg respectively), observing the development of the main symptoms and recording
the time of death of the animals within 72 h from the moment of the drug administration. For the experimental assessment
of anti-inflammatory activity, two models were used: formalin-induced mice paw edema and cotton pellet implantation-
induced granuloma in rats (for each model there were 3 groups with 10 animals per group: the 1st group received the refer-
ence drug diclofenac, the 2nd — the compound under study, the 3rd (control) — sodium chloride solution).

Results. The yield of the obtained sodium 5-butyl-1,2-diphenyl-6-oxo-1,6-dihydropyrimidine-4-olate was 85 + 1%. It
has been proven in vivo that the test compound belongs to the 5th class of toxicity (practically non-toxic) and has a pro-
nounced anti-inflammatory activity. An Ishikawa diagram was drawn up to determine the critical stages of the develop-
ment and manufacture of a semisolid dosage form, a gel with a target substance.

Conclusion. A new compound with anti-inflammatory action has been synthesized, sodium 5-butyl-1,2-diphenyl-6-
0x0-1,6-dihydropyrimidin-4-olate, which has low toxicity and pronounced anti-inflammatory activity. The critical stages in
the development and manufacture of a gel with synthesized compound are: preparation of the base and drug substance,
introduction of the drug substance into the base, homogenization and packaging.

Keywords: water-soluble hydroxypyrimidines, acute toxicity, anti-inflammatory activity, ICH Q8 Pharmaceutical
Development, Ishikawa diagram.
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BBE/JIEHUVE

CoeuHeHNs, UMeIOIINE B CBOEM CTPOEHUHU
MUPUMUANH-4,6-TUOJIBHBIN (parMeHT, 00J1a7aI0T
BBIPDA’KEHHOH ¥ Pa3HOOOpa3HOM OUOJIOTHYECKOH
aKTUBHOCTHIO, OTHAKO ACCOPTHUMEHT JIEKAPCTBEH-
HBIX IIPENapaToB Ha MX OCHOBE Ha (dapMareBTuue-
ckoM peiHKe HeBesnuk [1]. ITo pmamaeiM T'ocymap-
CTBEHHOTO peecTpa JEeKapCTBEHHBIX CPEJCTB [2],
aCCOPTUMEHT TUAPOKCUITUPUMHUINHOBBIX JIEKap-
CTBEHHBIX IIPENapaToB BKJIIOYAET 104 TOPTOBBIX
HAVMEHOBAHUS C yUYETOM JIEKApCTBEHHOH (POPMBI U
pousBoauTeis. Beero Ha repputopun Poccuiickoit
Denepanuy 3aperUCTPUPOBAHO 8 MeEKTYHAPOIHBIX
HemaTeHTOBaHHBIX HanmMmeHoBaHud (MHH) nexap-

INTRODUCTION

Compounds with a pyrimidine-4,6-diol fragment in
their structure have pronounced and diverse biological
activity, but the assortment of drugs based on them on
the pharmaceutical market is small [1]. According to
the State Register of Medicines [2], the line of hydroxy-
pyrimidine medicines includes 104 trade names, tak-
ing into account the dosage form and manufacturer. In
total, 8 international non-proprietary names (INN) of
medicinal products containing hydroxypyrimidine are
registered in the Russian Federation.

The low water solubility of many hydroxypyrimi-
dine derivatives is a significant drawback in the
development of new medicines. The pharmaceutical
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CTBEHHBIX ITPENApaTOB C COJIEPKAHUEM THIPOKCH-
MUPUMUINHA.

Huzkass pacTBOPUMOCTh MHOTHX ITPOU3BOIHBIX
TUZPOKCUITUPHUMUIMHA B BOJIE SIBJISIETCSA CyIIIECTBEH-
HBIM HEJIOCTATKOM C TO3UIIUUA CO3JAHUS HOBBIX
JIEKapCTBEHHBIX CpeACcTB. B xome ananmmsa dapma-
[IEBTUYECKOTO PHIHKA OBLIIO BBIABJIEHO IIPUCYTCTBHE
BBICOKOU /101u (79 %) mumnoUIbHBIX JIEKapCTBEH-
HBIX [IPEnapaTos.

N3 5-0yTui-6-ruapoKcu-2,3-1udeHuIIHPUMEA-
nuH-4(3H)-ona [3] ObLIa MoJTydeHa ero BOA0pacTBo-
pumasi Gopma B BH/Ie HATPUEBOH COJIU — 5-OyTHII-
1,2-1udeHnn-6-0kco-1,6-TUTHIPONUPUMUINH-4-
oAt HaTpus [4]. Ilepes TeM Kak MPUCTYIUTD K DKC-
[IEPUMEHTTPHOMY HCCJIEIOBAHUIO OMOJIOTHIECKOH
aKTUBHOCTH JIAHHOTO BEIIECTBA IN VU0, OB IPOBE-
JIeH KOMIThIOTEPHBIA CKPUHHUHT €TI0 BO3MOKHOM OH0-
JIOTHYECKOM aKTUBHOCTH in Silico ¢ MOMOIIBIO IIPO-
rpammbl PASS (Prediction of Activity Spectra for
Substances), pacrosio;keHHOW Ha BeO-cepBHCE CO
cB0OOIHBIM ZlocTyIIOM uepe3 uTepHer. B mporecce
CKpPUHHHTA OBUIN TOJIyYeHBI JJAHHBIE O IIPEJIIIOJIO-
JKUTEJIBHOU MMPOTUBOBOCITATUTEILHOW U aHAJIBIeTH-
YeCKO! aKTHBHOCTU JAHHOTO BEIECTBA C BEPOSATHO-
CTBIO p_ ~ 0.5.

[TpoTrBOBOCTIATTUTETHHAS dapmakorepamus
SIBJISIETCS CUMIITOMATHYECKOH, Tpernaparsl MepBOu
JIMHUHM — 3TO HECTEPOU/IHBIE TPOTHBOBOCIIAJINTE -
HbIE CPE/ICTBA. PUCK pa3BUTHS CEPbE3HBIX TOOOUHBIX
s dexToB (HapyleHHe arperanuy TPOMOOITUTOB,
ocyoxkHeHUs co ctopoHbl JKKT, Hapyiienue GyHK-
[V TT0YEK, IIEUEeHH U IP.) IPU CUCTEMHOM ITpUMeHEe-
HHU TaKUX MIPENapaToB KpaliHe BBICOK U OIPe/IesIsieT
aKTyaJIbHOCTH TOWCKA JIPYTHX IOJIXOZI0B K TEpAITHH.
OfHUM W3 HUX SIBJISIETCS KUCIIOJIB30BAHUE IMPOTHBO-
BOCHIAJIUTEJIbHBIX W aHAJIBIre3UPYIOIIUX CPEJICTB B
BH/JIE HAPYKHBIX JIEKAPCTBEHHBIX (POPMAX, UTO COIPO-
BOXKZIA€TCS CHIPKEHUEM PHCKA Pa3BUTUS MTOOOUHBIX
53¢ ¢eKToB M0 CPaBHEHUIO C IpermapaTamMyd CHUCTEM-
HOTO JIEUCTBHSA M3-32 3HAUYUTEIHHOTO YMEHbBIIIEHUS
KOHIIEHTPAIIUH JEHCTBYIOUX BEIIECTB B KPOBH.

00630p (papMareBTHYECKOTO PhIHKA [2] MOKa3aJl,
YTO aCCOPTUMEHT JIEKAPCTBEHHBIX CPEJICTB, UMEIO-
[UX B CBOEM CTPOEHUU THUAPOKCUTTHPUMHUIUHOBBIH
¢parmeHT, B BU/ie HAPYKHBIX JIeKapCTBEHHBIX (POpM
KpaliHe MaJsl. M1 MOCKOJIBKY HCCJIEJlyeMO€e COeMHE-
Hue o0sajaer ruApoPUIBHBIMU CBOWCTBAMU, TO
aKTyaJIbHBIM SIBJISIETCS 3aK/II0UEHUE CyOCTAaHIUHU B
JleKapCTBEHHYI0 (pOpMy — TeJb.

IEJb NCCJIEAOBAHUA
[MomyunTth BomOpacTBOpUMYTO (hOPMY HOBOTO IIPO-
W3BOJTHOTO  THJIPOKCUITUPUMU/INIHA,  OIPEAEIUTh

OCTPYIO TOKCHUYHOCTb ¥ IIPOTHBOBOCIIAJINTE/IBHYIO

market analysis revealed the presence of a high pro-
portion (79%) of lipophilic drugs.

From  5-butyl-6-hydroxy-2,3-diphenylpyrimi-
din-4 (3H)-one [3], we have obtained its water-solu-
ble sodium salt, sodium 5-butyl-1,2-diphenyl-6-oxo-
1,6-dihydropyrimidine-4-olate [4]. Before the exper-
imental study of the biological activity of this
substance in vivo, a computer screening of its possi-
ble biological activity in silico was carried out using
the PASS (Prediction of Activity Spectra for Sub-
stances) software product located on a web service
with free access via the Internet. During the scree-
ning, data were obtained on the presumptive anti-
inflammatory and analgesic activity of this substance
with a probability of p_ = 0.5.

Anti-inflammatory pharmacotherapy is aimed at
treating symptoms, and first-line drugs are non-ste-
roidal anti-inflammatory medicines. The risk of
developing serious side effects (impaired platelet
aggregation, gastrointestinal complications, impai-
red renal and liver function, etc.) with the systemic
use of such drugs is extremely high and determines
the relevance of the search for other treatment
approaches. One of them is the use of anti-inflamma-
tory and analgesic agents in topical dosage forms,
which is accompanied by a decrease in the risk of
side effects in comparison with drugs of systemic
action due to a significant decrease in the concentra-
tion of active substances in the blood.

Areview of the pharmaceutical market [2] showed
that the range of drugs with a hydroxypyrimidine
fragment in their structure in the form of topical
dosage forms is extremely limited. Since the investi-
gated compound has hydrophilic properties, it may
be relevant to enclose the substance in a gel dosage
form.

AIM OF THE RESEARCH

To obtain a water-soluble form of new hydroxy-
pyrimidine derivative, to determine the acute toxic-
ity and anti-inflammatory activity of the synthesized
substance in vivo, as well as the critical stages of fur-
ther manufacture of the topical hydrophilic dosage
form.

MATERIALS AND METHODS

5-butyl-6-hydroxy-2,3-diphenylpyrimidin-
4(3H)-one was obtained as a result of the reaction of
N’-phenylbenzene carboximidamide with diethylbu-
tylpropanedioate in dimethylformamide during
catalysis by potassium hydrogen carbonate. The syn-
thesis scheme is shown in Fig. 1.

The target water-soluble compound was obtained
by treating 5-butyl-6-hydroxy-2,3-diphenylpyrimi-

48
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aKTUBHOCTh CHHTE3UPOBAHHOTO BeEIIECTBAa in vivo, a
TaKKe KPUTHYECKUEe CTA/IUN TATbHENITIEro H3TOTOBJIe-
HUS HAPYKHOM THAPOPWIBHON  JIeKapCTBEHHOU

¢opmbI.

MATEPUAJIBI 1 METO/IbI

5-0yTHII-6-THAPOKCH-2,3-TUbEHUITUPUMUTH-
4(3H)-oH ObUT MOJIyYeH B Pe3yJIbTaTe B3aUMOZEH-
ctBusi  N'-dpeHWI6eH30IKapOOKCUMHUAaMuIa €
JMUSTWIOYTHIPOIAHANOATOM B Cpefie JUMETUII-
dopmamuza mnpu KaTaau3e THUAPOKApOOHATOM
kanus. Cxema CHHTe3a IIpeJICTaBJIeHa Ha PUC. 1.

[lesreBoe BOIOPACTBOPUMOE COEUHEHHE IIOJTY-
yayu myTeM 0OpaboTKH 5-OyTHI-6-THAPOKCU-2,3-
JubeHTMUpUMUIUH-4(3H)-0Ha 3KBUMOJISPHBIM
KOJINUECTBOM BOJIHOTO pPacTBOpa THJIPOKCHUZA
HaTpus MPU MEePEeMeNINBAaHUM B TedeHue 30 MUH
(puc. 2). TBepbIH 11€71€BOU TPOAYKT MOIyYasId yIia-
pUBaHUEM PeaKIMOHHOU Macchl mpu 40—45 °C u
JaByieHnu 80—96 mbap.

OCTpyI0 TOKCUYHOCTb U OUOJIOTHYECKYIO aKTHB-
HOCTh OTpEZeJIsIIN in Vivo. Bece skcmepuMeHTHI Ha
JKHBOTHBIX OBLTM TIPOBEJEHBI B COOTBETCTBUU C
Pemermem CoBera EBpasuiicKodl SKOHOMHYECKOU
KOMUCCHHU OT 3 HOSIOPsT 2016 1. N@ 81 «O6 yTBEpxKIE-
Huu [IpaBui HajuIekained J1abopaTOpHOH ITpak-
THKH EBpaswiickoro 5KOHOMHYECKOTO COM03a B
chepe oOpaleHHs1 JIEKAPCTBEHHBIX CPEACTB» U
Hanmonansubim crangapTom Poccuiickoit ®esepa-
muu 'OCT P 53434-2009 «IIpuHOHIBI HaJIeKa-
1elt 1abopaTOPHOM MPAKTUKH ».

OCTpyI0 TOKCHYHOCTH I VIVO OIpENessiu Ha
OeJTbIX MBIIIax-caMIlaX MacCoH 20 + 2 T, U3 KOTOPBIX
6pUTH cPOPMUPOBAHBI 5 TPYNI IO 10 JKUBOTHBIX.
PactBop 5-0yTHiI-6-0KCO-1,2-TU(pEHUT-1,6-TUTH/I-
PONHMPUMU/IUH-4-0JISITA HATPUSA B BOJIE JIJIST HHBEK-
uuii (0.5 MJI) BBOAWIU OJHOKPATHO BHYTPUOPIO-
IIUHHO B JIO3WPOBKaX 1100 MI/Kr (1-s rpymma),
1200 (2-s rpynma), 1300 (3-a rpymma), 1400 (4-s
rpyImmna) u 1500 Mr/Kr (5-1 rpynna). BernkuBaemocTs
JKUBOTHBIX OIIPe/IeJIsIN, HabJIioast 3a HUMU B Teue-
HHE 72 4 (4epe3 24 U 48 94) OT MOMEHTA BBEJIEHUs

KHCO“ DMF, t°

din-4(3H)-one with an equimolar amount of an
aqueous solution of sodium hydroxide with stirring
for 30 min (Fig. 2). The solid target product was
obtained by evaporation of the reaction mixture at
40—45°C and a pressure of 80—96 mbar.

Acute toxicity and biological activity were deter-
mined in vivo. All experiments on animals were
carried out per the Decision of the Council of the
Eurasian Economic Commission dated November
3, 2016 No. 81 About approval of the Rules of
proper laboratory practice of the Eurasian Eco-
nomic Union in the field of drug circulation, and
the National Standard of the Russian Federation
GOST R 53434-2009 Principles of Proper Labora-
tory Practice.

Acute toxicity in vivo was determined on white
male mice weighing 20 + 2 g, from which 5 groups
of 10 animals each were formed. A solution of
sodium 5-butyl-6-0x0-1,2-diphenyl-1,6-dihydropy-
rimidine-4-olate in water for injection (0.5 ml) was
injected once intraperitoneally at doses of 1100
mg/kg (1st group), 1200 (2nd group), 1300 (3rd
group), 1400 (4th group), and 1500 mg/kg (5th
group). The survival rate of the animals was deter-
mined by observing them for 72 h (after 24 and 48
h) from the moment of administration of the test
compound. The development of the main symp-
toms and the time of death of animals were
recorded [5].

For experimental evaluation of anti-inflamma-
tory activity, two models were chosen: formalin-
induced mice paw edema and cotton pellet-induced
granuloma in rats.

The dose of the reference drug was calculated tak-
ing into account the conversion factor

Dose (mg/kg) = SD/M - k,

where SD — a single dose of the drug, dose (mg/ml)
in one ampoule;

M - the average weight of a person (70 kg);

k — conversion factor for a rat (11.8) and a mouse

(5.9).

OH

o

2CHOH

Puc. 1. Cunre3 5-0yTHI-6-THIPOKCH-2,3-TudeHmTmupuMuani-4(3H)-ona
Fig. 1. Synthesis of 5-butyl-6-hydroxy-2,3-diphenylpyrimidin-4 (3H)-one
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NT X /\/\Cﬁ3 NaOH sks., nepememnmBanue NT X cH

| NaOH eq., stirring _ | 3
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=

|

Puc. 2. Cunres 5-0yTHI-1,2-TU()EHIT-6-0KCO-1,6- TUTHAPOTTUPUMU/TAH-4-0JIATA HATPHUA (9KB. — SKBUMOJISIPHBII)
Fig. 2. Synthesis of sodium 5-butyl-1,2-diphenyl-6-o0x0-1,6-dihydropyrimidine-4-olate (eq. — equimolar)

HCCIIEyEMOTO cOoe/luHeHus. PerucrpupoBaiu pas-
BUTHE OCHOBHBIX CHMIITOMOB U BpeMs THOeIn
JKABOTHBIX [5].

JUisi BKCIIEpUMEHTAIBHON OIEHKU IPOTHBOBOC-
MAJINTEJIPHOM aKTHUBHOCTA ObLIM BBIOPAHBI JIBE
MoOAeNu: «(pOPMAIMHOBBIA OTEK JIAll MBIIIEH» U
«BaTHAs IPAHyJIEMA Y KPBIC».

Jlo3y mpemapaTa CpaBHEHUs PACCUUTBHIBATIU C
ydyeToM koadduIireHTa nepecuera

Joza (mr/xr) = PII/M - k,

rae PJT — pasoBas /1o3a mpemnapata — 703a (Mr/mn)
B OZTHOU aMITyJIe;

M — cpenHAA Macca 4esloBeKa — 70 KT

k — xoaddunueHT nepecuera Ha Kpoicy (11.8) u
MBIIb (5.9).

Jlo3UpOBKa HCCIIElyEMOTO BEIECTBA PACCYUTHI-
BaJlaCh 9YKBHUMOJIAPDHO TEPANEBTUUYECKOU J/103€
pedepeHTHOTO TIpemnapara.

s mMopenupoBaHusi «(HOPMaTUHOBOTO OTEKa»
[5] ucmosp3oBanmu GeJIbIX MBIIIEH-CAMIIOB MacCOM
20 + 2 T, U3 KOTOPBhIX OBUIH CHOPMHUPOBAHBI
3 TPYIIIIBI TT0 10 0cobel B Kak1ou (Tabur. 1).

JKVBOTHBIE OIIBITHBIX TPYIII ITOJIYYAIIA UCCIIETye-
MO€ COeIMHEHUE U TMpernapaTr CpaBHEHUS, KOTOPhIE
BBOJIMJTH BHYTPUOPIOIIMHHO 32 1 4 JI0 HaYaia SKCIe-
pumeHnta. YKUBOTHbIE KOHTPOJIBHON TPYIIIBI MOJTY-
YaTi BHYTPUOPIOIIMHHO 0.9% PacTBOP HATPHs XJI0-

The dose of the test substance was calculated as
equimolar for therapeutic dose of the reference
drug.

For formalin-induced edema modeling [5],
white male mice weighing 20 + 2 g were used, of
which 3 groups of 10 animals each were formed
(Table 1).

The animals of the experimental groups
received the test compound and the reference
drug, which were injected intraperitoneally 1 h
before the start of the experiment. Animals of the
control group received 0.9% sodium chloride
solution intraperitoneally. Acute edema was
induced by subplantar injection (under the plan-
tar aponeurosis) of 2% formalin solution in a vol-
ume of 0.5 ml to each animal. The edema inten-
sity was assessed by the change in the thickness
of the paw (mm) using an electronic micrometer
before and 1, 2, 24, and 48 h after the injection of
the formalin solution. The anti-inflammatory
activity of the test compounds was determined by
the formula

. . . S, =S
Suppression of inflammation (%) = (1 - ﬁ J 100,
37 Py
where S, — the thickness of the paw (mm), measured
after a certain period after the formalin injection in
the animal that received the test drug;

Ta6uuna 1. OnucaHue TPYII 3JKUBOTHBIX MOJIETH «(OPMaTHHOBBIN OTEK»
Table 1. Description of groups of animals of the formalin edema model

I'pynna / Group BemectBo / Substance

Jlo3a, oobpem / Dose, volume

1-s1 / 1st
25 MT/MJI)

Juxnodenak (pacTBop A1 uHbeknuit, Hemofarm,

12.6 mr/xkr (mg/kg)

Diclofenac (solution for injection, Hemofarm,

25 mg/ml)
2-51 / 2nd
nbekui (Renewal))

Wccenenyemoe coenuuenue (pacTBop B BOJE IS

20 mr/xkr (mg/kg)

Test compound (aqueous solution for injection

(Renewal))
3-51 (koHTpOJB) / 3rd (control)

PacrBop Hatpus xiaopuza 0.9% (Solopharm)

0.5 vt (ml)

Sodium chloride solution 0.9% (Solopharm)

50

Journal homepage: http://jsms.ngmu.ru



Kuvaeva E.V. et al. / Journal of Siberian Medical Sciences Vol. 6, No. 1 (2022)

puna. OCTpBI OTEK BBI3BIBAIU CyOIIAaHTAPHBIM
BBeZieHHeM (I107] TIOZIOIIBEHHBIA arOHEBPO3) 2%
pactBopa dopmasnHa B 00beMe 0.5 MJ KaXKIOMY
JKUBOTHOMY. BBIpa’keHHOCTh OTEKa OIIEHWBAJIU II0
U3MEHEHHIO TOJINUHBI Jankd (MM) € IIOMOIIBIO
BJIEKTPOHHOTO MHUKPOMETpPA /I0 U 4Uepe3 1, 2, 24 U
48 4 mocJie BBeZIeHUs pacTBopa hpopMasuHa. [Ipotu-
BOBOCIIA/TUTE/IHPHYIO aKTUBHOCTD HCCJIEZyEMBIX CO€-
JIMHEHUH onpezesisiyiv no popMmysie

3 4

S-S
Yruerenue Bocniasenus (%) = [1 - SlZJ 100,

rae S, — TOJIIWHA JanKu (MM), U3MEPEHHOH Yepes
OTIpe/ieJIEHHBIN ITPOMEKYTOK BpEMEHU TIOCIe BBe/le-
HUsA GOPMAaHHA Y JKUBOTHOTO, ITOJIYUABIIIETO HCCIIE-
JlyeMbIH IIperapar;

S, — TonMHA Janky (MM), U3BMEPEHHOH 10 BBe-
neHusi GopMajIMHA Yy JKUBOTHOTO, IIOJIyYaBIIETO
HCCIIeyeMbIH ITpernapar;

S, — TonmMHAa Janky (MM), U3MEPEHHO! uepe3
OTIpe/ieJIEHHBIA ITPOMEKYTOK BpEMEHU IIOCJIe BBee-
HUA GOpPMAaJINHA Y KOHTPOJIBHOTO JKUBOTHOTO;

S, — ToiuuHa nanku (Mm) 0 BBeeHus hopma-
JITHA Y KOHTPOJIBHOTO JKHBOTHOTO.

s MozieTMpoBaHUs «BaTHOUM I'paHyJIEMbI» [5]
WCIIOJIb30BAIM  O€JIBIX  KPBIC-CAMOK ~ MAaccoi
300 £ 20 T, U3 KOTOPBIX ObUTH CHOPMUPOBAHBI
3 TPYIIIIBI 10 10 0cobed B Kaxkiou (Taburt. 2).

Kpricam, HaxOAANUMCS IO, XJIOPAITUIPATHBIM
Hapko30oM (300 MTI/KT), B 00JIaCTH CIIMHBI BHIOPHU-
BaUIH IIEPCTH U JIeJIaJTU IPO/IOIbHBIN Ha/Ipe3 KOXKU U
IIOIKO’KHOM KJIETYATKU. 3aTeM MHUHIETOM B IIOJ-
KOKHOH KyleTuaTke (OPMUPOBAIH IIOJIOCTh, B KOTO-
PYIO ITIOMEIIH CTEPUIIBHBIN BaTHBIN IIAPUK (15 MT)
U HaKJIa[bIBaIU 1 1moB. MceeayeMblil IpenapaTt u
Iperapar CpaBHEHHS BBOJAMJIN BHYTPUOPIOIIMHHO
1 pa3 B CyTKM B TeueHue 7 jHel. KOHTposbHOU
TpyIIle B TeUueHHWe 7 THEH BHYTPUOPIOMIMHHO BBO-
auaua 0.9% pacTtBop HaTpus xyopuzaa. Ha 8-i1 menp
WMIUIAaHTAPOBAHHBIA IIapUK ¢ oOpasoBaBIencs
(bubpPO3HO-TPAHYIAIIMOHHON TKAHBIO HU3BJIEKAIH,

S, — the paw thickness (mm), measured before
formalin injection in the animal that received the test
drug;

83 — the thickness of the paw (mm), measured
after a certain period after the formalin injection in
the control animal;

S , the paw thickness (mm) before formalin
injection in the control animal.

For the cotton pellet-induced granuloma model-
ing [5], white female rats weighing 300 + 20 g were
used, of which 3 groups of 10 animals each were
formed (Table 2).

In rats under chloral hydrate anaesthesia
(300 mg/kg), hair was shaved in the back area, and
a longitudinal incision was made in the skin and
subcutaneous tissue. Then, in the subcutaneous tis-
sue a cavity was formed with tweezers, into which a
sterile cotton pellet (15 mg) was placed, and 1 stitch
put. The test drug and the reference drug were
administered intraperitoneally once a day for 7 days.
The control group was injected intraperitoneally
with 0.9% sodium chloride solution for 7 days. On
the 8th day, the implanted pellet with the formed
fibro-granulomatous tissue was removed, weighed
and dried to constant weight at 60°C. Anti-inflam-
matory activity was assessed by the calculated val-
ues of the mass of the granuloma, which characte-
rizes inflammation.

RESULTS AND DISCUSSION

Sodium 5-butyl-1,2-diphenyl-6-o0x0-1,6-dihydro-
pyrimidine-4-olate (Fig. 3) was obtained by the reac-
tion of 5-butyl-6-hydroxy-1,2-diphenyl-1,6- dihydro-
pyrimidine-4(3H)-one with an equimolar amount of
an aqueous solution of sodium hydroxide. The yield
was 85 + 1%.

The experimental median lethal dose was
1350 + 11.21 mg/kg. Thus, the test compound belongs
to the 5th class of toxicity, practically non-toxic
(according to K.K. Sidorov’s Classification).

Ta6smuna 2. OnrcaHue rPyII KIBOTHBIX MOJIE/IA «BATHAS TPAHYJIEMA»
Table 2. Description of groups of animals of the cotton pellet granuloma model

I'pynna / Group BemectBo / Substance

Jo3a, oobem / Dose, volume

1-s1 / 1st
25 MTr/ M)

Juknodenak (pactBop s uHbekiuin, Hemofarm,

6.32 mr/kr (mg/kg)

Diclofenac (solution for injection, Hemofarm,

25 mg/ml)
2-1 / 2nd
nabekuil (Renewal))

Wccenenyemoe coerHenre (pacTBop B BOJIE IS

33.3 mr/kr (mg/kg)

Test compound (aqueous solution for injection

(Renewal))

3-51 (kouTposip) / 3rd (control) PacrBop Hatpus xopuza 0.9% (Solopharm)

0.5 mu1 (ml)

Sodium chloride solution 0.9% (Solopharm)
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B3BEIINBAJIN U BBICYIIIMBAIN JI0 IIOCTOSTHHON Macchl
npu 60 °C. I[IpoTHBOBOCHAIIUTEIBHYI0 AKTUBHOCTD
OIIEHUBAIN 10 PACUYETHBIM BEJIMYHMHAM MAacChl Tpa-
HYJIEMBI, XapaKTEPU3YIOIINM BOCIIaJIEHHE.

PE3YJ/IBTATBI 1 OBCYKIEHUNE
5-0yTui-1,2-1udeHuI-6-0KCO-1,6-TUTHAPOITH -
PUMU/IUH-4-0JIAT HAaTpHA (pHC. 3) OBLI OJIyYeH B3a-
UMOJENCTBUEM 5-0yTHII-6-TUAPOKCH-1,2-Anu(peHnT-
1,6-purugponupumMuui-4(3H)-oHa ¢ 3KBUMOJIAP-
HBIM KOJIMYECTBOM BOJITHOTO PaCTBOpPA THIPOKCHUZIA
HaTpuA. Beixon coctaBui 85 + 1 %.
JKCcepUMeHTaJIbHAs ~ CpeJHesIeTaIbHAs /1032
cocTaBwia 1350 + 11.21 wmr/kr. Takum o6pasowm,
ucesezyeMoe coeINHeHNe OTHOCUTCA K 5-My KJIaccy
TOKCHYHOCTU —  «IIPAKTUYECKH HETOKCHUYHO»
(cormacuo knaccudukanuu no K.K. Cumoposy).
UccenoBanms TPOTUBOBOCTIAINTETHHON AKTHB-
HOCTH 1N V1V0 TTOKA3aJIH, YTO 5-0yTHII-1,2-1u(heHmnI-
6-0KCO-1,6-TUTUAPOITUPUMUIUH-4-0JIAT HaTpuUs
o0OJyialaeT BBIPAYKEHHOH MPOTUBOBOCIAIUTETIHPHOMN
aKTUBHOCTBIO, JIEUCTBYSI KaK HA 3TAIle OCTPOTO DKC-
CYIaTUBHOTO BocmayieHus: (Mozenb «(hOopMaInHO-
BBIU OTEK»), TAK U HA CTQ/IUH XPOHUYECKOTO IIPOJIU-
(epaTUBHOTO M WMMYHHOrO BOCHaJIeHHsA (MOJETh
«BaTHas TPaHyJIeMa» ), a TAaK:Ke HaXOIUTCS Ha OTHOM
VPOBHE C IIperapaToM cpaBHeHus (Tab. 3, 4) [6].
Takum oOpa3oM, YIUTHIBAsA BBIPAYKEHHYIO IIPO-
TUBOBOCIIAJIUTEIbHYI0 aKTUBHOCTh U HUBKYI0 TOK-
CUYHOCTh CHHTE3UPOBAHHOTO BOJIOPACTBOPUMOTO
JIEKapCTBEHHOT'O BEIECTBA, IeJ1eco00pa3Ho paspa-
60TaTh HAPYKHYIO JIEKAPCTBEHHYIO (GOPMY C HUM.
CoryacHO TpeOOBAaHUAM PpETryIATOPHOU IpaK-
THKH, JIJIS YIYYIIEHUS Ka4ecTBa TOTOBOTO MTPOJIYKTa
U TIPOIIeCCa ero MPOU3BO/ICTBA HEOOXOAUMO IPUHU-
MaTh BO BHuUMaHue pekomenaanuu ICH Q8 «®ap-
mareBTuyeckass paspaborka» (ICH Q8 Pharma-
ceutical Development), pazpaboraHHble B paMKax
Mex/1yHapoTHON KOH(MEPEHITNH 110 TAPMOHHU3AIUHN
TpeOOBAaHUN K PErUCTpPaliil  JIEKAPCTBEHHBIX
cpencTB AJis yesoBeka. Haubosiee pacmpocTpaHeH-
HBIM WHCTPYMEHTOM aHAJIN3a OIEHKH KPUTUUECKIX
TOYEK MOMKET CJAYKUTh JauarpamMma VicukaBbl
(«PpIOuUii ckeseT»), KOTOpas 3a CYET CBOEH He3aM-
KHYTOCTH TIO3BOJISIET ONPEJIEJIUTh BO3MOXKHBIE
PHICKH: WCXOJIHOE ChIpbE, TEXHOJIOTHYEeCKHe (aK-
TOpHI U JIp. Ha OCHOBaHUY KOMILJIEKCHOTO aHAIN3a
paspaboTaHHOUM muarpaMMbl (pUC. 4) OIpeeIeHbl
KPUTHUUYECKHE CTaJUHM Pa3pabOTKU W HU3TOTOBJIEHUS
MATKOU JIEKapCTBEHHOU (HOPMBI — TeJis ¢ 5-0yTHI-
1,2-1udeHnI-6-0KCOo-1,6-TUTHIPOTTUPUMUTUH-4-
OJIITOM HATPHS: MIOJTOTOBKA OCHOBHI U JIEKAPCTBEH-
HOTO BEI[eCTBA, BBeJIEHUE JIEKAPCTBEHHOTO BeIle-
CTBa B OCHOBY, TOMOTeHU3anus 1 ¢pacoBKa.

In vivo anti-inflammatory activity studies have
shown that sodium 5-butyl-1,2-diphenyl-6-ox0-1,6-
dihydropyrimidine-4-olate has a pronounced anti-
inflammatory activity, acting both at the stage of
acute exudative inflammation (formalin edema
model), and at the stage of chronic proliferative and
immune inflammation (cotton pellet granuloma
model), and is also at the same level as the reference
drug (Tables 3, 4) [6].

Thus, given the pronounced anti-inflammatory
activity and low toxicity of the synthesized water-
soluble medicinal substance, it is advisable to develop
its topical dosage form.

According to the requirements of regulatory
practice, in order to improve the quality of the fin-
ished product and its manufacturing process, it is
necessary to take into account the recommenda-
tions of ICH Q8 Pharmaceutical Development,
developed within the framework of the Interna-
tional Council on Harmonization for Registration
of Pharmaceuticals for Human Use. The most
common tool for analyzing the assessment of criti-
cal points can be the Ishikawa diagram (fishbone
diagram), which, due to its openness, allows to
determine possible risks inherent in the starting
materials, technological factors, etc. Based on a
comprehensive analysis of the developed diagram
(Fig. 4), critical stages of the development and
manufacturing of a semisolid dosage form, gel
with sodium 5-butyl-1,2-diphenyl-6-0x0-1,6-dihy-
dropyrimidine-4-olate were defined: preparation
of the base and drug substance, introduction of the
drug substance into the base, homogenization and
packaging.

CONCLUSION

A new compound has been synthesized, sodium
5-butyl-1,2-diphenyl-6-0x0-1,6-dihydropyrimi-
dine-4-olate. Experimental pharmacological stud-
ies have shown that the compound under study
has low toxicity and exhibits pronounced anti-
inflammatory activity. Based on a comprehensive
analysis of the Ishikawa diagram, the critical
stages of the development and manufacture of a
topical dosage form, a gel with synthesized
hydroxypyrimidine, were identified: preparation
of the base and drug substance, the introduction of
the drug substance into the base, homogenization
and packaging.
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Puc. 3. ®opmyria 5-6yTui-1,2-a1udeHns-6-0Kco-1,6-TUTruPOITUPUMHUIUH-4-0JITa HATPUS

¢ HyMepalfeH IJIaBHOTO ITUKJIa

Fig. 3. The formula of sodium 5-butyl-1,2-diphenyl-6-0x0-1,6-dihydropyrimidine-4-olate

with the numbering of the main cycle

Ta6smna 3. Pe3ysibraThl OIIEHKH IIPOTHBOBOCIIATTUTETHHOU aKTUBHOCTH B MOJIENIU «(DOPMAITHOBBIN OTEK» Y MbIIIeH (1 = 10)
Table 3. The results of evaluation of anti-inflammatory activity in the formalin edema model in mice (n = 10)

YraereHune BocnajgeHus, % / Inhibition of inflammation, %

15.70 £ 3.79

30.85 + 8.18

I'pynna / Group
yepe3 14 / after1h uepes 2 u / after 2 h uepes 24 u / after 24 huepes 48 u / after 48 h
Juknodenak —7.69 + 2.39% 12.20 + 3.07 14.82 + 3.00
Diclofenac
Hccnenyemoe 12.60 + 8.19** 25.65 + 5.68 26.81+ 6.77
Coe/IUHEHIIE

Test compound

* Ha ¢pone npuMeneHus pebepeHCHOTo mpenapaTa HabIr1anoch OTCYTCTBUE YTHETEHUA BOCIIAJIEHNs ¢ HEKOTOPOU €ro MPOBOKaIen.
The use of the reference drug was characterized by the absence of inhibition of inflammation, and to some extent by its provocation.

** Pa3sIn4us CTATUCTUYECKU 3HAYUMBI (P < 0.05) 110 CPAaBHEHUIO C IPyInoi «/ukiaodenax».
Differences are statistically significant (p < 0.05) compared with the diclofenac group.

TabGuuna 4. Pe3ysbpraThl OIIEHKH TPOTUBOBOCIIAIUTEILHON aKTUBHOCTHU B MOJZIEJTH «BaTHAs IPaHyseMa» y KpbIc (n = 10)
Table 4. The results of evaluation of anti-inflammatory activity in the cotton pellet granuloma model in rats (n = 10)

PacueTHas BeIMYMHA MACCHI
rpaHyJIeMbl, XapaKTePU3yIOIasi

BOCIaJIeHUE, T

Macca rpaHyJIEMbI, T Estimated value of granuloma mass
I'pynma :KHBOTHBIX Granuloma mass, g characterizing inflammation, g
Group of animals
ceipaa (M,) BeIcylneHHas (M,) skccyAaTuBHasA npoaudepaTuBHas
raw (M) dried (M,) daza (M, - M,) daza(M, - M)
exudative phase proliferative phase
M, -M,) M, -M)
HMmMImnanTanys BAaTHOTO 0.253 £+ 0.018 0.088 £+ 0.006 0.164 + 0.012 0.074 + 0.006
mapuka (KOHTPOJIb)
Cotton pellet implantation
(control)
HMmMImnasnTanus BATHOTO 0.199 + 0.011% 0.069 + 0.005* 0.129 + 0.01* 0.054 + 0.005%
mapuka + JukKIohpeHax
Cotton pellet implantation +
diclofenac
MmMinasnTanus BaTHOTO 0.186 + 0.009*# 0.060 £ 0.004*# 0.126 + 0.006%# 0.045 + 0.004*#
[IAPUKA + UCCIIEyeMOe
Coe/IUHEHIEe

Cotton pellet implantation +
test compound

IIpumeuanua: M — macca mapuka (0.015T).
* Pa3Inyus CTATUCTUYECKN 3HAYMMBI IIPH P < 0.05 II0 CPABHEHUIO C TPYIIIION KOHTPOJIA.
# CTaTUCTUYECKU 3HAUMMBbIX PA3/IM4YUH C IPYIIION cpaBHeHus (JuKkIo(deHak) HeT.
Notes: M, — the mass of the pellet (0.015 g).

* Differences are statistically significant at p < 0.05 compared to the control group.

# There are no statistically significant differences with the diclofenac group.
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3AK/IOYEHUE

CHHTE3UPOBAaHO HOBOE COEJIMHEHHE — 5-OyTHJI-
1,2-1udeHnn-6-0kco-1,6-AUTUIPONUPUMUITNH-4-
onar Hatpus. C IOMOIIBIO BKCIEPUMEHTAIIBHBIX
(apMaKOJIOTHYECKHX HCCIIEIOBAHUIN IOKA3aHO, UTO
HcceyeMoe coeliHeHre 00J1a/1aeT HU3KOM TOK-
CUYHOCTBIO U TIPOSIBJISIET BRIPAYKEHHYIO IPOTHBOBOC-
MMaJIUTEJIbHYI0 aKTHBHOCTh. Ha OCHOBaHUM KOM-
IUIEKCHOTO aHA/IM3a JuarpaMMbl VICUKaBbI Ompezie-

CIIMCOK JINTEPATYPbI

1. Jansa P., Holy A., Dra¢insky M. et al. 5-Substituted
2-amino-4,6-dihydroxypyrimidines and 2-amino-4,6-
dichloropyrimidines: synthesis and inhibitory effects
on immune-activated nitric oxide production // Medi-
cinal Chemistry Research. 2014;23(10):4482—-4490.
doi: 10.1007/s00044-014-1018-9.

2. TocymapcTBeHHBII peecTp JIEKapCTBEHHBIX CPEJICTB.
URL: grls.rosminzdrav.ru (mata o6parieHus: 21.10.2021).

3. 5-3aMelleHHbIe-O-THAPOKCU-2,3-AUPEeHUTITUPUMU-
nuH-4-(3H)-oHBI U crmocob ux nosiydeHwsi: llaTeHT
2738605 C1, Poccuiickas ®enepanmsa, MIIK Co7D
239/54 (2006.01). M.A. Komecuuk, E.B. Kysa-
eBa, T.JI. CemakoBa, O.IO0. Crpenoma, WN.II. fAxos-
JIeB; 3asBUTENb W maTeHToOOsamatesnr ®I'BOY BO
«Cankr-ITeTepOyprcKuil TOCYy/IapCTBEHHBIA XUMHUKO-
dapmaneBTHUyecKkuii yHUBepcuTeT» MuHn3spasa Poc-
cuu. Ony61. 14.12.2020.

4. Konecnuk /I.A., KyBaeBa E.B., fIlxosines I.I1., Kupui-
sgoBa E.H., CemakoBa T.JI. CuHTe3 runpo@uIbHBIX
dopm 6-rugpoxkcunupuMuanH-4(3H)-0HOB U o1leHKa
UX OCTPOI TOKCUYHOCTH in silico u in vivo // Bytiepos-
cKre coobIeHusA. 2021;66(4):41—45. doi: 10.37952/
ROI-jbc-01/21-66-4-41.

5. PyKOBOACTBO TI0 TIPOBENEHUIO JOKJIMHUYECKUX
HCCJIEZIOBAHUM JIEKAPCTBEHHBIX CPECTB / OTB. pe.l.
A.H. Muposos. Y. 1. M.: I'pud u K, 2012. 944 c.

6. KysaeBaE.B.,Komecuuk/[I.A.,JIeBmrykosaIl1.0., Kupui-
goBa E.H., UBkun [[.I0. OmeHka MOpOTHBOBOCIIAIH-
TEJIbHOW aKTUBHOCTU HOBOTO ITPOW3BOTHOTO 1,6-TUTH-
Jponupumunna // ®@apmanusa. 2021;70(4):44—47.
doi: 10/29296/25419218-2021-04-07.

CBEJAEHUA Ob ABTOPAX

KyBaeBa Ejaena BiaagumMupoBHa — KkaHja. dapma-
LIeBT. HAyK, JOUEHT KadeIpbl OpPraHNYECKOH XUMUU
®I'bOY BO «Caukr-IleTepOyprckuii rocy/iapcTBeH-
HBIA XUMHKO-GApMAaIeBTUYECKUH  YHUBEPCUTET»,
Cankr-Ilerep6ypr, Poccus.

Jlagyrbko Qaua MuxailsioBHa — KaHj. dapMaresT.
HayK, IeKaH apMalieBTUuecKoro GakyabTeTa, I0IeHT
kadeapbl TEXHOJIOTUU JieKapcTBeHHbIX (opm ®I'BOY
BO «Caukr-IleTepOyprcKuil roCy/lapCTBEHHBIH XU-
MHKO-(dapManeBTuieckuii  yHuepcureT», CaHKT-
ITetepbypr, Poccus.

Kosecnuk /leHuc AHapeeBHY — accuCTeHT Kade-
npel  oprannueckoi xumuu PI'BOY BO «CaHKT-
[TeTepOyprcKuii rocy/IapCTBEHHBIA XUMUKO-(hapMatieB-
TUYeCKUH yHUBepcureT», CaukT-IleTepOypr, Poccust.

JIleBmrykoBa ITosmmaa OJsieroBHa — acnupaHT Kade-
npel opranudeckoit xumuu ®I'BOY BO «Cankr-Ile-
TepOyprcKUil ToCyZapCTBEHHBIH XUMHKO-(hapMaIeB-
THYeCKUH yHUBepcuTeT», Cankt-IlerepOypr, Poccus.

®enoposa Ejxena BiuagumupoBHa — Kauj. dapma-
LIeBT. HayK, JOIEHT KadeJpbl OPraHNYECKON XUMUH
®I'bOY BO «Caukr-IleTepOyprckuil rocyiapcTBeH-
HBIA XUMHKO-GApMAIEBTUYECKUH  YHUBEPCUTET»,
Caukr-IlerepOypr, Poccus.

JIEHbI KPUTHYECKHE CTAZ[UU Pa3pabOTKKU U U3TOTOB-
JIEHUsI MATKOHW JIEeKapCTBEHHOW (POpPMBI — TeJIs C
CUHTE3UPOBAHHBIM TH/IPOKCUIIUPUMUIUHOM: TIO/I-
TOTOBKA OCHOBBI U JIEKADCTBEHHOTO BEIECTBA, BBE-
JleHUe JIEKAPCTBEHHOTO BEIIECTBA B OCHOBY, TOMOTe-
HU3aIuA 1 pacoBKa.

KoHdIuKT HHTEepEeCcOoB. ABTOPHI 3asIBJISIOT 00
OTCYTCTBUM KOH(MIINKTA UHTEPECOB.
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