Hay4Ho-npakT14ecKuii XypHar ISSN 2307-9266
Scientific and Practical Journal e-ISSN 2413-2241

OAPMALNA U
2021 Tom/Volume IX q)APMA KO”O rl/lﬂ

N2 1 PHARMACY & PHARMACOLOGY

O630pbi, NeKLUM OpraHusauua 1 5SKOHOMMKa
Reviews, Lectures dapmaueBTUYECKOro gena
— Organization and Economy
dapmakorHo3us, 6oTaHMKa of Pharmacy
Pharmacognosy, Botany —

f— DKOHOMMKA U MeHePKMEHT
dapmauieBTUYECKaA TEXHONOIUA MeAULVHbI

n 6uoTtexHonorun Economy and Management
Pharmaceutical Technology of Medicine

and Biotechnology —

— dapmaueBTMYECKOE OOGpasoBaHMe
(dapMmaLieBTMYeCKas Pharmaceutical Education

N TOKCUKOJNOrnyeckaa Xumua —

Pharmaceutical and Toxicological Kpatkue coobuieHus
Chemistry Cie Reports

]

®apmakonorusa n KnuHnyeckas Aunckyccum, peLieHsuum, iobuneu,
dapmakonorus Hay4Hble LWKOJIbl, UCTOPUA
Pharmacology and Clinical $apmaumm n papmakonorum
Pharmacology Discussions, Referee Reports,
— Anniversaries, Schools
MH$opMaLMOHHbIe TEXHONOIK of Thought, History

B papmauum of Pharmacy and

Information Technologies in Pharmacy Pharmacology

www.pmedpharm.ru s www.pharmpharm.ru




Scientific and Practical Journal Scilentific and practical journal
V IX,1 1, 2021

P H A R M ACY & Thoeumr::s medsi:l::gistration certificate:
M NedC77-67428 ot 13.10.2016

P H A R MACO LO GY ISSN 2307-9266 e-ISSN 2413-2241

Editor-in-Chief

Vladimir I. Petrov Academian RAS, PhD (Medicine), Professor, Volgograd, Russia
Deputy Editor-in-Chief

Aleksandr A. Ozerov PhD (Chemistry), Professor, Volgograd, Russia

Maxim V. Chernikov PhD (Medicine), Associate Professor, Pyatigorsk, Russia

Editorial Board
Pharmacognosy, Botany

Vladimir A. Kurkin PhD (Pharmacy), Professor, Samara, Russia
Ifrat N. Zilfikarov PhD (Pharmacy), Professor of the RAS, Moscow, Russia
Pharmaceutical Technology and Biotechnology
Elena I. Sakanyan PhD (Pharmacy), Professor, Moscow, Russia
Pharmaceutical and Toxicological Chemistry / Information Technologies in Pharmacy
lwona Wawer PhD, Professor, Warsaw (Poland)
Pharmacology and Clinical Pharmacology
Roman A. Khanfer'yan PhD (Medicine), Professor, Moscow, Russia
Pascal Bousquet MD, PhD Professor, Strasbourg, France
Campisi Corradino Professor, MD, PhD, Genoa, Italy
Organization and Economy of Pharmacy / Economy and Management of Medicine
Igor A. Narkevich PhD (Pharmacy), Professor, Saint-Petersburg, Russia
Somasundaram Subramanian MD, Russia/India

Manuscripts presented in sections Reviews, Lectures / Pharmaceutical Education / Brief Reports / Discussions,
Referee Reports, Anniversaries, School of Thought, History of Pharmacy and Pharmacology
can be considered by any members of the editorial board.

Executive Editor: Koryanova Ksenia N., PhD (Pharmacy), Pyatigorsk, Russia
Proofreader: Mischenko Ekaterina S., Pyatigorsk, Russia
Translator: Davydenko Lubov G., PhD (Philology), Associate Professor, Pyatigorsk, Russia
Technical editor: Dotsenko Marina A., Pyatigorsk, Russia

Founder: Volgograd State Medical University. 1, Pavshikh Bortsov Sq., Volgograd, Russia, 400131
Editors office address: 11, Kalinin ave., Pyatigorsk, Russia, 357532
Pyatigorsk Medical and Pharmaceutical Institute — branch of Volgograd State Medical University

Phone number: +7(8793) 32-44-74. E-mail: pharmjournal@mail.ru
www.pharmpharm.ru

Union catalogue. Russian Press / Newspapers an journals. Code 94183
A4 size, 1000 issues circulation. Price free

Journal “Pharmacy & Pharmacology” is recommended International Comittee Of Medical Journal Editors
and included in Higher Attestation Commission, Scopus, Web of Science (ESCI), Russian citation database,
eLibrary, ARISTI (All-Russian Institute of Scientific and Technical Information), RSL (Russian State Library),
CyberLeninka, Socionet, EMBASE, Chemical Abstracts (CAS), Directory of Open Access Journals (DOAJ),
EBSCO Discovery Service, RNMJ, University of CAMBRIDGE, Ulrich’sWeb, Google Scholar,
Biefeld Academic Search Engine (BASE), Directory of Open Access Scholarly Resources (ROAD),
Research Bible, Open Archives Initiative, Academic Keys, JournalTOCs, WorldCat, OpenAIRE,
University of Oxford, The British Library, Universitait Gent, Université de Montréal, University of Saskatchewan.

Printed in the LLC “Amirit” in accord with provided materials, 410004, Saratov, 88, Chernishevsky Str.

© Volgograd State Medical University, 2021

© Pyatigorsk Medical and Pharmaceutical Institute —
branch of Volgograd State Medical University, 2021
©Authors, 2021



Hay4Ho-npakTn4eckum xypHan MNeproanyHocTe 6 HomMepoB B roa
Tom 9, Bbinyck 1, 2021

q)A P M A Ll I/I H I/I CeupetenscTBo peructpaumm CMUL:

M Ne®dC77-67428 ot 13.10.2016 .

(DA P M A KO” O r I/I FI ISSN 2307-9266 e-ISSN 2413-2241

FnaBHbIN pegaKTop
MNetpos Bnagmmup MeaHoBnY aKkageMuk PAH, ooKTOp MeaMUMHCKUX HayK, npodeccop, r. Boarorpaa, Poccua
3amecTuUTenu raBHOro pegakropa
O3epoB AneKcaHap AneKkcaHApPOBUY [IOKTOP XMMMUYECKUX HAyK, npodeccop, r. Boarorpag, Poccua
YepHunKoB Makcm BaneHTUHOBMY  OOKTOP MeAUUMHCKUX HAyK, AoUeHT, I. [aturopck, Poccua
PepakunoHHas Konnerusa
dapmaKkorHo3ua, 60TaHUKa
KypKunH Bnagumup AnekcaHgpoBuy  AOKTOp dapmMaLeBTUUYECKMX HayK, npodeccop, r. Camapa, Poccua

3undpukapos Nppat Hasmmosuy npodeccop PAH, goKTop dapmaueBTUYECKUX HAYK, I. MockBa, Poccus
dapmaueBTUYECcKan TexHonorua u buorexHonorus

CakaHsaH EneHa MBaHOBHa [OKTOp dapmaLEeBTUYECKMX HAyK, Npodeccop, r. Mockea, Poccusa

dapmaueBTUUECKan U TOKCUKoormueckasa xumma / UHpopmaumoHHbie TexHonorum B papmaumm
Basep VBoHa PhD, npodeccop, r. Bapwaga, Monblua

dapmaKonorus u KniMHu4eckas papmakonorus

XaHdpepbsaH PomaH ABakoBuMY [OKTOpP MeAMLMHCKMX HayK, npodeccop, r. MockBa, Poccua
bycke Mackanb MD, npodeccop, r. Ctpacbypr, PpaHums
Kamnusu KoppagnHo npodeccop, MD, PhD, r. TeHya, Ntanua

OpraHu3auma U 3KOHOMMUKA GapMaLLeBTUYECKOTO Aena / IKOHOMMUKA U MEHELKMEHT MeAULUHDI
Hapkesun4 Uropb AHaToNbeBUY [OKTOp dapmaLeBTUYECKMX HAyK, npodeccop, r. CaHKT-MNeTepbypr, Poccus
ComacyHaapam CybpamaHuaH MD, Poccusa/UHamns

CraTbu, NnpeacTaBneHHble B pasgenst 063opbl, nekunn / dapmauestTuueckoe obpasosaHue /
KpaTkue coobwenns / ickyccum, peueHsun, tobuneun, HayuHble WKOAbI, UCTopuA dapmaumnm
1 papmaKkonormm moryT 6biTb PacCMOTPEHbI JI0ObIMM YNEHAMM PEAAKLMOHHON KONErnn.

OTBeTCTBEHHbIN cekpeTapb: KopaHosa KceHuna HMKonaesHa, KaHAMAAT dapMaLeBTUYECcKUX Hayk, T. MAaTuropck, Poccua
KoppekTtop: MuweHko EkatepuHa CepreesHa, r. Maturopck, Poccua
MepeBoguuk: [asblaeHKo /1l0608b MPUropbeBHa, KaHAUAAT GUNONOTMYECKMX HAYK, AOLEHT, I. MATuropck, Poccua
TexHUueckuii pepakrop: [loueHko MapuHa AneKkcaHapoBHa, r. MAaturopck, Poccua

Yupedumens: ®edepanvHoe 2ocydapcmeeHHoe 6lodxemHoe 0bpazosamesnsbHoe y4ypexcdeHue 8bicuie2o 06pa308aHUsA
«Boneoepadckuli eocyoapcmeeHHbili meduyuHcKuli yHusepcumem» MuH30paea Poccuu.
400131, Poccus, 2. Bonzoepad, naowads lNaswux bopyos, 0. 1
Adpec usdamenvcmea: 357532, 2. [Mamueopck, np-m KanuHuHa, 11.
MamueopcKkuli meduKo-ghapmauyesmuyeckuli uHcmumym — ¢puauan @r60Y BO BonelMY MuH3dpasa Poccuu
TenegpoH: +7 (8793) 32-44-74. E-mail: pharmjournal@mail.ru
www.pharmpharm.ru
06veduHeHHbIl kKamanoe. [pecca Poccuu. Fazemel u ycypHansl. MHOeKc 94183
dopmat A4, Tnpax 1000 3k3. LieHa cBoboaHas.

ypHan «®apmauus u Gapmakosorua» BKAOYEH B NepeyeHb peLeH3npyemMbiX HayYHbIX U3AaHUM,
BXOAALUMX B MeXAYHapogHble pedepaTmBHble 6a3bl AaHHbBIX U CUCTEMbI LLUTUPOBAHUSA, U B COOTBETCTBUM
C NYHKTOM 5 npaBun popmrpoBaHUA NepeyHsa peLeH3npyemMbiX HayuyHbIX U34aHWUIA, B KOTOPbIX 40/KHbI 6bITb
ony61MKoBaHbl OCHOBHbIE HayuYHble pe3ynbTaTbl AUCCEPTALLMIA HA COUCKAHME YUEHOI CTeneHn KaHaMAaTa Hayk,
Ha COMCKaHUe yueHoli cteneHn aoKTopa HayK (MepeueHb BAK), Scopus, Web of Science (ESCI), PUHL, eLibrary,
BUHUTMU, PIb, KubepneHuHka, CounoHet, EMBASE, Chemical Abstracts (CAS),

Directory of Open Access Journals (DOAJ), EBSCO Discovery Service, RNMJ, University of CAMBRIDGE,
Ulrich’sWeb, Google Scholar, Biefeld Academic Search Engine (BASE), Directory of Open Access Scholarly
Resources (ROAD), Research Bible, Open Archives Initiative, Academic Keys, JournalTOCs, WorldCat, OpenAIRE,
University of Oxford, The British Library, Universitait Gent, Université de Montréal, University of Saskatchewan.

OmneyamaHo 8 coomeemcmauu ¢ npedocmassneHHbIMU Mamepuaaamu 8 000 «Amupumy,
410004, 2. Capamos, yn. YepHbiwescKozo, 88.

© ®rb0Y BO «Bonrorpaackuii rocy,apcTBeHHbIN
MeaNUMHCKUIA yHuBepcuteT» MuHsgpasa Poccun, 2021
© MNATUropcknin megmKo-PpapmaLLeBTUYECKUIA UHCTUTYT —
dunvan ®reQy BO BonrTMY MuHsgpasa Poccum, 2021
© AsTopbl, 2021



ISSN 2307-9266 e-ISSN 2413-2241

Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

CONTENS / COOEPXXAHUE

REVIEWS / OB30OPbI

M.W. Amjad

DENDRIMERS IN ANTICANCER TARGETED
DRUG DELIVERY: ACCOMPLISHMENTS,
CHALLENGES

AND DIRECTIONS FOR FUTURE........cccccevuiiiiiiniiiiiiene, 4

A.L. Budantsev, V.A. Prikhodko,

I.V. Varganova, S.V. Okovityi?

BIOLOGICAL ACTIVITY OF HYPERICUM

PERFORATUM L. (HYPERICACEAE):

A REVIEW . ..oiiiiiiiiiiiieiiiiiiveiereivisievevevavasavavavesesesesesenenanees 17

A.A. Klimenkova, L.N. Geller, A.A. Skripko,

L.A. Gravchenko, E.A. Korzhavykh

PHARMACEUTICAL SERVICES:

STATUS AND DEVELOPMENT TRENDS .....cvveeeevereennnee. 32

M.B. AmOxcad

OEHAOPVMEPBI B TAPTETHOM JOCTABKE
NMPOTWMBOOMYXONEBbIX MPEMAPATOB:
OOCTUMEHWA, NPOBNEMbI U MEPCMEKTMBBI
OANBHEALLINX UCCNEAOBAHUM ..., 4

A./l. BydaHyes, B.A. MpuxodbKo,
WU.B. BapeaHosa, C.B. Okogumeoili

BMO/TOTMYECKAA AKTUBHOCTb
HYPERICUM PERFORATUM L. (HYPERICACEAE):

(015510 ] =PRI 17
A.A. KnumeHkosa, /1.H. lennep, A.A. CKpuriko,

J1.A. [pasyeHKo, 3.A. Kopxcasbix
OAPMALIEEBTUYECKUE YCNYTU:

COCTOAHUE U TEHOEHLU WU PA3BUTUA..........cc........ 32

RESEARCH ARTICLE / OPUTUHA/IbHbBIE CTATbM

Pharmaceutical Technology and Biotechnology / ®apmauesTuueckaa TexHonorua u 6uorexHonorus

E.Yu. Zagorulko, A.S. Karavaeva
APPROACHES TO THE SELECTION OF EXCIPIENTS

FOR DENTAL GEL WITH CETYLPYRIDINIUM
CHLORIDE ....oooiiiiiiiiiiiiitecrec e 54

E.10. 3azopyneko, A.C. Kapasaesa
noaxoabl K BbIBOPY BCITOMOTATE/IbHbIX BELLLECTB

ON1A TENA CTOMATO/IOTMYECKOIO
C LETUANMUPUANHNA XNOPUAOM ... 54

Pharmaceutical and Toxicological Chemistry / ®apmauesTuueckan U TOKCMKONIOrMYecKasa XMmus

0.V. Monogarova, A.A. Chaplenko, K.V. Oskolok

MULTISENSORY COLORIMETRIC

ANALYSIS OF DRUGS DYDROGESTERONE,
TROXERUTIN AND ADEMETIONINE

USING BARCODES ..ot 64

0.B. MoHozaposa, A.A. YanneHko, K.B. Ockonok

MYNbTUCEHCOPHbIV LBETOMETPUYECKWUIA
AHANTN3 MPEMAPATOB ANAPOTECTEPOHA,
TPOKCEPYTUHA N AAEMETUOHUNHA
CUCMNOJIb3OBAHUEM LWUTPUX-KOAOB .................. 64

Pharmacology and Clinical Pharmacology / ®apmakonorusa n knmHuueckasa ¢papmakonorus

A.V. Matveey, E. A. Egorova, E. |. Konyaeva,
E. Yu. Bekirova, L. A. Adzhimamutova

STUDY OF THE SAFETY OF ANTIANEMIC

PREPARATIONS BY METHOD

OF THE SYSTEM OF PROBLEMS

RELATED TO MEDICINAL

PREPARATIONS ....cviiiiiiiiiiiiiiic e, 73

A.B. Mameees, E.A. E2oposa, E.UN. KoHAaeaa,
3.10. bekuposa, /1.A. Adxcumamymosa

M3YYEHWE BE3OMACHOCTU NMPUMEHEHWUA
AHTUAHEMWYECKUX MPEMAPATOB

C UCNOJTIb3OBAHVUEM METOJA CUCTEMBI

MPOBJIEM, CBA3AHHbIX

C JIEKAPCTBEHHbBIMMW MPEMAPATAMMU.......cevviiien 73

Informational Technologies in Pharmacy / UHdopmaumnoHHbie TexHonorum B papmauum

I.P. Kodonidi, A.S. Chiriapkin, D.E. Tworowski

MOLECULAR DESIGN OF N-ACYL

DERIVATIVES OF 2-(2-OXOPYROLIDIN-1-YL)-

ACETAMIDE WITH GABA-ERGIC

AND GLUTAMATERGIC

ACTIVITIES ..o 84

W.IM. KodoHudu, A.C. YupankuH, [.E. TeoposcKuli

MONEKY/TAPHOE KOHCTPYNPOBAHUE

N-AUWIbHBIX MPOU3BOAHbIX
2-(2-OKCOMUPONNANH-1-UN)-ALETAMUIA,
OBIALLAIOLLMX TAMK-EPTUYECKOWM

N TNYTAMATEPTUYECKOM AKTUBHOCTAMM ............. 84

NECROLOGY / HEKPOJ1IOT

OBITUARY FOR YURI N. CHERNOV
5Nov 1937 —1Jan 2021 ...oueeeiieiiiiiiieeeeeeeeeceee e 98

HEKPOJ10I. NAMATKU HO.H. YHEPHOBA
(5 HOABPA 1937 1. — 1 AHBaPA 2021 I.).cveeeeeeeieeeeeene 98



REVIEWS Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

ISSN 2307-9266 e-ISSN 2413-2241

@)y

DENDRIMERS IN ANTICANCER TARGETED DRUG DELIVERY:
ACCOMPLISHMENTS, CHALLENGES AND DIRECTIONS
FOR FUTURE

M.W. Amjad

Northern Border University
Rafha, Saudi Arabia, 76322

Email: mwbamjad@yahoo.com

Received 17 Nov 2020 Accepted 26 Feb 2021

Dendrimers are nanoparticles with unique features including globular 3D shape and nanometer size. The availability of
numerous terminal functional groups and modifiable surface engineering permit modification of dendrimer surface with
several therapeutic agents, diagnostic moieties and targeting substances.

The aim. To enlighten the readers regarding design, development, limitations, challenges and future directions regarding
anticancer bio-dendrimers.

Materials and methods. The data base was represented by such systems as Medline, Cochrane Central Register of Controlled
Trials, Scopus, Web of Science Core Collection, PubMed. gov, Google-Academy. A search was carried out for the following
keywords and combinations: Polypropylene imine (PPI); Poly-L-lysine (PLL); Polyamidoamine (PAMAM); cancer; drug delivery;
dendrimers.

Results. High encapsulation of drug and effective passive targeting are also among their therapeutic uses. Herein, we have
described latest developments in chemotherapeutic delivery of drugs by dendrimers. For the most part, the potential and
efficacy of dendrimers are anticipated to have considerable progressive effect on drug targeting and delivery.

Conclusion. The newest discoveries have shown that the dendritic nanocarriers have many unique features that endorse
more research and development.

Keywords: Polypropylene imine (PPI); Poly-L-lysine (PLL); Polyamidoamine (PAMAM); cancer; drug delivery; dendrimers
Abbreviations: PPl — Polypropylene imine; PLL — Poly-L-lysine; PAMAM — Polyamidoamine; PDI — Polydispersity index; SIRNA —
Small interfering ribonucleic acid; DOX — Doxorubicin; PTX — Paclitaxel; G4 — Generation 4; DTX — Docetaxel; TZ—Trastuzumab;
HER2 — Human epidermal growth factor receptor type 2; FA—Folic acid; HABA — 4’-hydroxyazobenzene-2-carboxylic acid; DSC
— Differential scanning calorimetry; rMETase — recombinant methioninase; DAB — 1,4-diaminobutane; scFvs — single chain
fragment variables; Ara-C — Cytarabine; GL — Glycyrrhizin.

ODEHOPUMEPLI B TAPFTETHOW OOCTABKE
NMPOTUBOOIMYXOJEBbIX NMPEMNMAPATOB: JOCTUXEHUA,
NMPOBJIEMbI U NEPCINEKTUBbI

OANBbHENLNX UCCITIEQOBAHUN

M.B. Amaxkag,

YHusepcuteT CeBepHbIx MpaHuL,
76322, Padxa, CaygoBckas Apasus

E-mail: mwbamjad@yahoo.com

NonyyeHo 17.11.2020 MpuHATa K Neyatn 26.02.2021

For citation: M.W. Amjad. Dendrimers in anticancer targeted drug delivery: accomplishments, challenges and directions for future. Pharmacy &
Pharmacology. 2021;9(1):4-16. DOI: 10.19163/2307-9266-2021-9-1-4-16
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Hay4HO-npakTu4eckuin xypHan

OAPMALIA U
OAPMAKOSIOMS

Ob30PbI
DOI: 10.19163/2307-9266-2021-9-1-4-16

[eHApUMEpPbI — 3TO HAHOYACTULbI C YHUKANbHBIMU XapaKTEPUCTUKAMM, MPEACTaBAALLMMU COBOM chepuyeckyto Tpexmep-
HYt0 GOPMY M HAHOMETPOBBIN pasmep. [LOCTYNHOCTb MHOFOYMC/IEHHbIX KOHLLEBbLIX GYHKLUMOHAMbHBIX Fpynn u moanduumpye-
MasA MHXeHepwusa NOBEePXHOCTU MO3BONAET U3MEHUTbL MOBEPXHOCTb AEHAPUMEPOB C MOMOLLbIO HECKOIbKMX TEPaNeBTUYECKMX
areHToB, AMArHOCTUYECKMX FPYNN U TapreTHbIX BELLEeCTB.

Lienb. O3HaKOMUTb YnTaTeNen ¢ AU3aNHOM, Pa3paboTKoM, OrpaHNYeHnaMKU, Npobaemamm 1 NepcnekTMBaMm AanbHenLwmnx
nccnefoBaHUA NPOTMBOOMYXOEBbIX BUoaeHAPUMEPOB.

Marepuanbl u metogbl. basa AaHHbIX Oblna NpeacTaBneHa Takmmu cuctemamu Kak Medline, Cochrane Central Register of
Controlled Trials, Scopus, Web of Science Core Collection, PubMed. gov, Google-Academy. MpoBesAeH NOUCK MO CneayoLmm
KNKOYEBLIM C/I0BaM M COYETAHUAM: MNOSIMNPONUAEHUMUH, NOAN-L-nn3uH, Moanammaoamun — Polyamidoamine (PAMAM);
paK; AO0CTaBKa NeKapCTB; AeHAPUMEDDI.

Pe3ynbTatbl. Bbicokaa uHKancynauua npenapata U spdeKTMBHOE NAacCMBHOE TapreTMpoBaHMUe OTHOCATCA K YMC/Y ero Tepa-
NeBTUYECKMX NPUMEHEHWUI. bbinn onucaHbl nocieaHWe pa3paboTkn B 061acTV XMMMOTEPANEBTUYECKOM AOCTaBKM NEKAPCTB
C MomoLLbto AeHAPUMEPOB. Mo 6osbLien YacTu, noTeHuMan U 3GHEKTUBHOCTb AEHAPUMEPOB, KaK OXKMAAETCS, OKAXKYT 3Ha-
YyuTesbHOE NPOrpeccUBHOE BAMAHME HA TapreTMpoBaHME NPW AOCTaBKE IeKAapPCTB. 3aKkatoueHne. HoBellune OTKPbITUA NOoKa-
33U, YTO AEHAPUTHbIE HAHOHOCMTENN 06134at0T MHOTMMU YHUKAIbHBbIMW CBOMCTBAMM, KOTOPbIe TPEBYIOT LONONHUTENbHbIX
nccnefoBaHUM U pa3paboTok.

KntoueBble cnoBa: noavnponuneH nmun (PPI); Monun-L-nusuH (PLL); nonvamugoammy (PAMAM); pak; fOCTaBKa /ieKapcTs;
LeHapumepbl

CokpaweHus: PPl — noamnponuneHnmuH; PLL — Monu-L-nn3mnH; PAMAM — MNoanamugoamumH; PDI — UHaeKkc noamaucnepc-
HocTH; SIRNA — Manas uHtepdpepupytowas puboHyknenHosas kucnota; DOX — lokcopybuumH; PTX — Maknutakcen; G4 —
MokoneHune 4; DTX — doueTakcen; TZ — Tpactyaymab; HER2 — Peuentop anuaepmanbHOro paktopa pocta YesioBeka Tuna 2;
FA — ®onunesas kucnota; HABA — 4’-ruapokcrnasobeHson-2-kapboHosas kKucnota; DSC — AnddepeHumanbHas cCKaHMpyroLwas
KanopumeTpus; rMETase — PeKOMBMHAHTHaA MeTUOHUHa3a; DAB — 1,4-aMamuHobyTaH; scFvs — MepemeHHble dparmeHTbI

ogHol uenu; Ara-C — UutapabuH; GL — MnumppusnH

INTRODUCTION

Chemotherapeutic agents are administered to can-
cer patients with an intent to inhibit the growth of pro-
liferating cells [1]. However, in many circumstances due
to the lower extent of drug delivery, generalized delivery
of drug to all parts of the body including areas which do
not have tumors and various side effects, the expected
aims and goals are not achieved. Nanomedicine is a field
of science that deals with therapeutic agents/substanc-
es whose average particle size is in the range of nano-
meters [2]. In comparison to the traditional drug de-
livery agents including tablets, capsules etc, the design
and development of targeted drug delivery systems has
gained attention in the recent decades as they offer sev-
eral advantages over their traditional counterparts [3,
4]. Although chemotherapeutic agents are available in
the management and treatment of cancer however they
possess numerous side effects and also exhibit weak
anticancer activity. Moreover, these traditional systems
cannot deliver the drug selectively to tumor intersti-
tium. Novel drug delivery systems are designed keeping
in mind the challenges faced by traditional chemother-
apeutics and to address the issues related to them. The
novel drug delivery systems include polymeric micelles,
nanoparticles, liposomes and dendrimers, [5, 6] while
some systems have found their way to the market such
as Doxil® (liposomes loaded with doxorubicin) and Ab-
raxane® (paclitaxel bound to albumin) [7].

Dendrimers are 3D globular molecules possessing
a central core and from that core numerous arms orig-
inate with extensive branching [8, 9]. Compounds and
conjugates to formulate dendrimers are synthesized
sequentially step-by-step which provides uniform and
even branching to molecules, specific groups on the
surface, low polydispersity index (PDI) and unique mo-

Tom 9, Buinyck 1, 2021

lecular size. Hence dendrimers synthesized by stepwise
process possess numerous advantages over polymers
synthesized in single step. The first reporting of den-
drimers was recorded almost 3 decades ago [10, 11],
though early exploration only focused on their chemical
and physical characteristics and the synthesis steps, and
it was since the last decade when researchers started
to discover their potential in the field of nanomedicine
and other associated biomedical fields. Dendrimers have
shown promise in many areas such as in chemothera-
py, vaccine development, antivirals, antibacterials, siR-
NA/gene delivery and various diagnostic applications in
medicine and health sector [12—-15].

The structure of dendrimers is the key in offering
benefits for biomedicine, drug delivery and diagnostic
applications. Courtesy controlled multivalency of den-
drimers, a plethora of drug molecules, targeting and
solubilizing groups can be linked to their surface. Addi-
tionally, due to low dendritic PDI, they exhibit predict-
able/reproducible clinical pharmacokinetics in contrast
to conventional linear polymers. Moreover, unlike den-
drimers most traditional linear polymers exhibit uneven
coiled structure, however the 3D globular dendritic
structure influences biochemical properties, leading to
positive outcomes related to their 3D macrostructure.
Recently, synthetic or semisynthetic polymers have
shown promise in drug delivery as polymeric micelles
[16—18], this finding has motivated researchers working
on dendrimers to synthesize new macromolecules in
their design and development and possible exploration
of novel chemotherapeutics.

THE AIM. This article is written aiming to enlighten
the readers regarding design, development, limitations,
challenges and future directions regarding anticancer
bio-dendrimers.
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MATERIALS AND METHODS

The data base was represented by such systems as
Medline, Cochrane Central Register of Controlled Trials,
Scopus, Web of Science Core Collection, PubMed, Goo-
gle-Academy. A search was carried out for the following
keywords and combinations: Polypropylene imine (PPI);
Poly-L-lysine (PLL); Polyamidoamine (PAMAM); cancer;
drug delivery; dendrimers.

RESULTS AND DISCUSSION

1. An overview of dendrimers as therapeutic,

diagnostic, theranostic and targeted

delivery agents

Targeting ligands, drugs and diagnostic agents are
attached to dendrimers. Anticancer drug-loaded Drugs
bound to dendrimers have been found at higher con-
centrations in the systemic circulation in addition to en-
hanced cellular transfection and circumvention of efflux
transporter. For instance, At least 50 unbound cisplatin
molecules need to be transfected into the cell to exhibit
efficacy. Nevertheless, cisplatin-bound dendrimers were
found to exhibit better efficacy at lower concentrations
of the drug with decreased cytotoxicity.

1.1. Dendrimers in diagnosis of diseases

Apart from acting as potential drug delivery mole-
cules dendrimers have also been explored in diagnostic
and imaging applications in cancer treatment [19, 20].
Chemotherapy works either by one or a combination of
these ways including angiogenesis inhibition, apoptosis
induction, gene expression modulation, signal trans-
duction inhibitor blockage and vaccines. Anticancer
drugs can either be enclosed in the core (via hydrogen
bonding, hydrophobic interaction or electrostatic at-
tachment) or can be attached covalently to the surface/
shell/branches to dendritic end groups [21]. The extent
of drug loading depends on the generation of dendrimer
being used: higher the generation better is the entrap-
ment, moreover it also offers a plethora of functional
groups for drug conjugation.

1.2. Drug release kinetics of dendrimers

The dendrimer-drug interaction governs the fate of
drug release from the dendritic complex [22]. The rate
of drug release from the core varies significantly from
that of dendrimer end groups. Usually the drug bound
to the surface releases first and at a faster pace while
drug inside core is the last to be release and gives a sus-
tained release effect. Furthermore, the pH and other
environmental factors play a key role in drug release.
Chemotherapeutic drugs act non selectively and cannot
specifically target the tumor, a major challenge in the
success of conventional chemotherapy. Henceforth, re-
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searchers have devised an approach to selectively target
tumor, a strategy similar to antibody-toxin, immunocon-
jugate concept where potential units/molecules are first
identified and then attached to the nanoparticulate/
drug delivery system surface which propels the carrier
towards the tumor directly without being distributed to
all parts of body [23]. An important feature of this ap-
proach is to take DNA zipper which allows the targeting
agent, e.g. folate targeted PAMAM [24], to be attached
to dendritic complex by cDNA. Latest dendritic complex-
es which possess the capacity to attach carbohydrates
are currently using these agents. A good example is the
application of dendrimer in vaccine development where
oligosaccharides (which are exclusive to cancer cells) are
attached onto the dendrimer surface [25-28]. Recently,
it has been found that dendrimers direct the carbohy-
drates’ multimeric presentation vital to enhancing the
cluster glycoside effect (responsible for enhanced den-
drimer targeting) [29-31]. An additional approach to
apply glycosylation in cancer treatment involves sialic
acid expression on cellular surface by the use of N-ace-
tyl-mannosamine analogs [26, 32]. Dendrimers can load
and attach a range of targeting agents which can direct
them towards the cancer cells [33, 34]. Biocompatibili-
ty and safety of drug delivery systems has always been
of concern, however dendrimers have been found to be
safe and biocompatible and are easily eliminated out of
body. The complexes of drug-PAMAM remain in systemic
circulation for long in comparison to unbound free drug.
The elimination pathway of dendrimers is renal and they
are also used up by growth factors, folic acid, peptides
and antibodies [35-39]. In some positively charged
dendrimers, peripheral end groups have been found to
cause toxicity against normal cells [40-42].

2. Dendrimer types

2.1 Poly(amidoamine) PAMAM dendrimers

Poly(amidoamine) PAMAM are the most common-
ly used dendrimers in drug deliver due to their hydro-
philic, biocompatible and non-immunogenic nature. The
cores of PAMAM dendrimers are usually made up of di-
aminododecane, ethylenediamine, diaminohexane and
diaminobutane [43, 44]. The moieties which are used
to fabricate branches comprise methyl acrylate and eth-
ylenediamine, possess amine and carboxyl end groups
[45].

2.1.1. Anticancer drug loaded PAMAM

dendrimers: Doxorubicin (DOX)

One of the most frequently used drug in chemother-
apy is doxorubicin. In spite of its numerous efficacious
effects it exerts major adverse effects, the most dan-
gerous of which is cardiotoxicity [46]. Many researchers
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around the globe have recently developed dendrimers
for drug delivery and they have successfully loaded DOX
onto them to reduce its adverse effects thereby increas-
ing its efficacy [47-49]. Zhong et al. [50] while working
on pulmonary drug delivery formulated DOX-loaded
dendrimers and investigated their activity in decreasing
the extent of metastasis when administered locally into
lungs. Acid-sensitive hydrazone bonding was used to
conjugate DOX to the surface of G4 PAMAM dendrimers.
Mice were xenografted with melanoma B16-F10 cells to
study the metastasis reducing effect of local pulmonary
administration of DOX-loaded dendrimers, the size of
tumor was found to be reduced with reduction in cardi-
ac circulation of cancer cells, moreover, the pulmonary
accumulation of DOX conjugated dendrimers was also
found to be enhanced. The acid-responsive hydrazone
bond between the dendrimers and drug helps in stim-
ulus-sensitive release of drug release in tumor or endo-
somal vesicles [51] on low pH exposure thus enhancing
tumor targeting and release.

2.1.2. Anticancer drug loaded PAMAM

dendrimers: Paclitaxel (PTX)

In past two decades, researchers have thorough-
ly studied stimuli responsive drug release and a lot of
progress has been made in this area [52,53]. Working on
this strategy [54] G4 PAMAM dendrimers were attached
to PTX using a peptide linker (which can be cleaved by
an enzyme cathepsin B in vivo), the PTX-loaded dendritic
complex was found to be more cytotoxic to cancer cells
(possessing high cathepsin B activity in comparison to
normal cells) in contrast to unbound PTX. PTX-loaded
dendrimers were found to exhibit better tumor inhibi-
tion efficacy than free drug in vivo in mice with actively
expressing cathepsin B MDA-MB-231 xenograft.

2.1.3. Anticancer drug loaded PAMAM

dendrimers: Docetaxel (DTX)

To improve the targeting ability of dendrimers such
as PAMAM, their surface can be modified and attached
with numerous ligands, this attachment results in of-
fering better tumor targeting with reduced adverse ef-
fects [55]. One of the commonly used ligands in active
targeting are the antibodies. Kulhari research group
[56] used an antibody trastuzumab (TZ) as a ligand and
conjugated it to surface of DTX-loaded G4 dendrimers
using PEG as linking agent. Human epidermal growth
factor receptor type 2 (HER2) are reported to be over ex-
pressed in numerous types of cancers, TZ being present
on dendrimers surface gets attached to them and stop
downstream signaling [57]. Two types of cells such as
MDA-MB-453 (HER2 positive) and MDA-MB-231 (HER2
negative) were used to investigate the efficacy and tar-
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geting potential of TZ-bearing dendrimers. After a 4 h
incubation period, in contrast to DTX-loaded dendrimer
(without TZ), 70% higher cellular uptake of TZ-DTX den-
drimers was seen in MDA-MB-453 (HER2 positive) cells,
whereas no significant difference in cellular uptake was
observed in MDA-MB-231 (HER2 negative) cells. Fur-
thermore, in contrast to DTX-loaded dendrimer (with-
out TZ), TZ-DTX dendrimers showed higher cytotoxicity
against MDA-MB-453 cancer cells. Additionally, the IC_
exhibited by TZ-DTX dendrimers was found to be 3.6-
fold greater than the DTX-loaded dendrimer (without
TZ), though no considerable difference was observed in
the efficacy of any of the formulations or the free drug
in MDA-MB-123 cells.

2.1.4. Anticancer drug and siRNA co-loaded

PAMAM dendrimers: DOX and siRNA

To address the issue of multidrug resistance (caused
by protein P-gp) Pan research group [58] used P-gp an-
alog siMDR-1 in co-delivery of anticancer drug DOX and
siRNA and the initial results were promising. PEG-com-
plexed G4 PAMAM dendrimers were co-loaded with siM-
DR-1 and DOX. PEG helps homogenizing the structure of
dendrimers in addition to shielding the cationic charge.
PAMAM assists in the complexation of siRNA, enhanc-
ing interaction with the cells and aiding in endosomal
escape. To enhance the therapeutic potential, maintain-
ing an equilibrium between interaction with cells and
cytotoxicity is important. To co-deliver siRNA and DOX,
the optimum ratio of MDM was discovered to be 1:10.
MDM dendrimers (1:10) complexed with siMDR-1 were
found to decrease the function and levels of membrane
attached P-gp, hence resulting in decreased multidrug
resistance. Together with effectively delivering siRNA to
cancer cells and reducing multidrug resistance, the den-
drimers also exhibited better cytotoxicity against cancer
cells in comparison to free DOX.

2.1.5. PAMAM dendrimers in combination

chemotherapy: DOX and Cisplatin

PAMAM dendrimers have been extensively explored
in various aspects of drug delivery, an important area is
the combination drug delivery. Guo and coworkers [59]
studied the effect of loading a combination of chemo-
therapeutics onto dendrimers. To realize their idea,
first they fabricated amine terminated G4 PAMAM den-
drimers modified with hyaluronic acid (HA@PAMAM)
followed by co-loading (covalent conjugation) of cispla-
tin and DOX (HA@PAMAM-Pt-Dox). By performing vari-
ous studies and tests it was found that HA@PAMAM-Pt-
Dox dendrimers enhanced the efficacy of cisplatin and
DOX against breast cancer, the efficacy of HA@PAMAM-
Pt-Dox was found to be better than free/unbound cis-
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platin and DOX combination. Notwithstanding numer-
ous achievements and gains, some challenges were also
encountered in this strategy including lack of targeted
delivery to cancer cells, drug solubility issues and occa-
sionally issues faced due to drugs’ antagonistic nature.
The researchers thoroughly studied the physicochemical
characteristics of HA@PAMAM-Pt-Dox dendrimers both
in vitro and in vivo and the results positively indicated
their synergistic potential in breast cancer therapy.

2.1.6. PH-responsive PAMAM dendrimers

surface-decorated with FA in DOX delivery

Working on stimuli-responsive drug release Zhang
and coworkers [60] selected partially acetylated G5
PAMAM dendrimers, conjugated folic acid onto the
surface followed by DOX conjugation by a pH-sensitive
cis-aconityl linkage yielding G5.NHAc-FA-DOX conjugate.
FA receptors are known to be overexpressed in a vari-
ety of cancers and this is the rationale behind attaching
FA onto the surface of drug delivery agents so that they
could offer cancer targeting. The fabricated dendrimers
co-loaded with DOX and folic acid showed promise in re-
ducing the severity and growth of tumor.

2.1.7. Biotinylated PAMAM dendrimers

for Paclitaxel (PTX) delivery

Alongside DOX, researchers have worked on other
chemotherapeutics as well to enhance their efficacy and
reduce their side effects, Yao and Ma [61] strived to im-
prove cell uptake and reduce unwanted adverse effects
of Paclitaxel. In doing so, they performed biotinylation
of PAMAM dendrimers and conjugated paclitaxel (PTX)
onto them. To assess the level of dendritic biotinyla-
tion, 4’-hydroxyazobenzene-2-carboxylic acid (HABA)
assay was performed. HABA assay results confirmed a
comprehensive dendritic biotinylation. To confirm the
retention of the complex’s basic integrity, differential
scanning calorimetry (DSC) was performed which con-
firmed the integrity of complex. Following their develop-
ment, various physicochemical tests including determi-
nation of drug loading (%) and in vitro drug release were
performed to investigate characteristics of the PTX-bi-
otinylated dendrimers complex. To investigate the cell
transfection potential of PTX-biotinylated dendrimers in
HEK293T and OVCAR-3, a study involving fluorescence
was performed. The dendrimer complex exhibited high
drug loading 12.09% and a sustained drug release 70%
for 72 h in comparison to free drug and other formula-
tions. OVCAR-3 (cancer) cells, in comparison to HEK293T
(normal) cells up took more biotinylated dendrimers.
Through a set of statistical and experimental studies
and experiments it was found that the biotinylated den-
drimers release the drug in a sustained manner for up
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to 72 hours, augmented the cellular uptake with lesser
toxicity and adverse effects.

2.1.8. PAMAM dendrimers surface-decorated

with Hyaluronic acid (HA) for recombinant

methioninase (rMETase) delivery

Li and coworkers [49] strived to deliver chemother-
apeutics to gastric cancer (GC), one of the most com-
mon causes of cancer-associated deaths. Against GC,
recombinant methioninase (rMETase) is commonly used
anticancer drug in polymer based nanoparticulate deliv-
ery. The researchers developed a novel dendritic drug
delivery system comprising G5 PAMAM-Au-METase and
surface modified it with Hyaluronic acid (HA), the sys-
tem exhibited promising biocompatibility, solubility and
other characteristics. In an in vivo study carried out in
Nu/Nu nude mice xenografted with CD44(+) GC cells,
HA decorated G5 PAMAM-Au-METase dendrimers were
seen to decrease the size of tumor and inhibiting its
growth.

2.1.9. PAMAM dendrimers modified with Alkyl

PEG and Cholesteryl formate

Pishavar research group [62] modified G5 PAMAM
dendrimers into two different ways such as alkyl-PEG
and cholesteryl formate modification, additionally they
also surface-modified G4 PAMAM with tumor necrosis
factor receptor-associated apoptosis-inducing ligand
for targeted colon cancer delivery. The resultant mod-
ified dendrimers showed better transfection efficiency
by overcoming numerous barriers (both extracellular
and intracellular) in addition to reducing the toxicity
of PAMAM. Furthermore, an in vivo study performed
in mice bearing C26 tumor xenografts showed the tu-
mor inhibitory potential of the dendritic drug deliv-
ery system. An important aspect related to different
generations of PAMAM dendrimers is maintaining an
equilibrium between the efficacy and toxicity, usually
the higher the generation so is the efficacy and toxicity.
Considering this factor, many researchers are using G4
PAMAM dendrimers as drug and siRNA/ gene delivery
agents owing to their better efficacy and moderate tox-
icity.

2.2. Poly (propylene imine) PPl dendrimers

After PAMAM, PPI dendrimers are commonly used
and they contain a core which is usually made up of
1,4-diaminobutane (DAB), however it can also be syn-
thesized using ethylenediamine or other agents and by
double Michael addition. Propylene imine monomers
are frequently used as branching units in these den-
drimers. Thus, their core is composed of tertiary tris
propylene amine monomers, and the surface ends are
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usually made up of primary amines [64]. In contrast to
PAMAM, their core is more hydrophobic due to the pres-
ence of alkyl chains and amide groups [65].

2.2.1. PPl dendrimers encapsulated

with anticancer drug: Melphalan

Kesherwani research group worked on different
generations of PPl dendrimers and also modified them
[66,67]. G3, G4 and G5 PPI dendrimers were encapsu-
lated with melphalan and G4 and G5 complexes exhib-
ited better inhibition of tumor and prolonged survival
in BALB/c mice bearing MCF-7 cell xenografts. As the
generation number goes up, so does the hemolytic
toxicity of the dendrimers [68]. The targeting ability of
these PPl dendrimers was found to be enhanced on FA
surface modification, moreover their efficacy was also
augmented and toxicity reduced possibly due to cation-
ic group concealment by FA. However, the biocompat-
ibility of G5 was found to be compromised in contrast
to lower generations such as G3 and G4. Furthermore,
dendrimers surface modified with FA showed better
tumor inhibition in BALB/c mice bearing MCF-7 xeno-
grafts.

2.2.2. PPl dendrimers encapsulated with PTX

and surface decorated with monoclonal antibody

To enhance the targeting efficiency of PPl den-
drimers, Jain and coworkers [69] fabricated carboxylic
acid-terminated G4.5 PPl dendrimers, surface-decorat-
ed them with monoclonal antibody mAbK1 for better
targeting and loaded them with chemotherapeutic drug
PTX (mAbK1-PPI-PTX). Mesothelin is a protein which
has been found to be overexpressed in certain cancers
and mAbK1 specifically binds to it. mAbK1-PPI-PTX den-
drimers showed better cytotoxicity in vitro in OVCAR-3
(mesothelin overexpressed ovarian cancer) cells in com-
parison to free PTX or PPI-PTX dendrimers. It can be
concluded from the findings of numerous physicochem-
ical and in vitro experiments that the PTX-loaded G4.5
PPl immune-dendrimers possess potential to efficiently
target ovarian cancer cells due to the overexpression of
mesothelin receptors on them.

2.2.3. Maltose-modified PPl dendrimers (mal-PPI)

surface complexed with siRNA

Tietz research group [70] while working on short in-
terfering RNAs (siRNAs) found their application in can-
cer treatment. They worked on the development of new
polymer nanocarrier built up of transfection disabled
maltose-modified PPI dendrimers (mal-PPl) attached to
single chain fragment variables (scFvs) for the targeted
siRNA delivery. The results showed mal-PPI dendrimers
to be efficient carriers of siRNA in cancer therapy, more-
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over this study also highlighted a novel strategy for
bio-conjugation of nano-biomaterials to protein ligands.

2.2.4. PPl dendrimers loaded with anticancer

drug: Cytarabine (Ara-C)

Szulc lab [71] worked to improve the already pres-
ent strategies in leukemia treatment. Cytarabine, ab-
breviated as Ara-C is a chemotherapeutic drug, not-
withstanding its efficacy it faces numerous challenges
such as insufficient cellular uptake, buildup in tumor
cells rather it should be converted to active triphos-
phate analogue, and the development of resistance.
PPI dendrimers were complexed with nucleotide Ara-C
triphosphate (Ara-CTP). PPl glycol-dendrimers effi-
ciently loaded, carried and delivered cytarabine to can-
cer (1301 and HL-60 leukemia) cells in vitro. The results
showed potential of the drug-PPI dendritic complex in
targeted chemotherapy.

2.2.5. PPl dendrimers surface-decorated

with Glycyrrhizin (GL) (GL-PPI) for DOX delivery

et al. [69] developed two different nanocarriers for the
delivery of DOX i.e. GL-conjugated PPI dendrimer complex
(GL-PPI-DOX) and GL decorated multi-walled carbon nano-
tubes (GL-MWCNT-DOX) in hepatic cancer. GL-PPI-DOX
dendrimers showed better drug loading and entrapment
efficiency (87.26+0.57%) in contrast to GL-MWCNT-DOX
nanotubes (43.0210.64%). Moreover, the hemolytic toxic-
ity of DOX was also found to be decreased by 12.38+1.05%
in case of GL-PPI-DOX and 7.30+0.63% while loaded onto
GL-MWCNT-DOX, and the possible explanation of this phe-
nomenon is the presence of GL in nanocarriers. An in vitro
(MTT) assay carried out on HepG2 cells exhibited a de-
crease in the IC_ of DOX from 4.19+0.05 uM (of free dox)
to 2.7£0.03 in case of GL-MWCNT-DOX and 2.0£0.01 uM
for DOX loaded onto GL-PPI-DOX.

2.3. Poly-I-lysine PLL dendrimers

Because of their promising oligonucleotide con-
densation potential, poly-L-lysine (PLL) dendrimers are
frequently employed in siRNA and gene delivery appli-
cations [89]. Like other polymers (PAMAM and PPI) used
to fabricate dendrimers, PLL also exhibits promising hy-
drophilic characteristic, elasticity, biocompatibility and
biodegradability. The core and the branching monomers
are both made up of amino acid lysine, and structural
peptide bonds are also prevalent [90]. PLL dendrimers
differ from PAMAM and PPl in their asymmetrical na-
ture. However, they still possess specificity with the
presence of terminal amine groups and arranged/se-
quenced number of lysine groups emanating from core.
Lysine present in terminal PLL contains two modifiable
primary amines that can be functionalized for improved
biomedical applications [91, 92].
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2.3.1. PLL dendrimers loaded

with anticancer drug: DOX

DOX can be successfully loaded onto PLL dendrimers
and its targeted delivery can also be realized resulting
in better chemotherapeutic activity and less adverse
effects [66, 92]. G6 PLL dendrimers (without carrying
any drug) with strong cationic charge showed efficient
in vivo anticancer activity in mice bearing B16F10 xeno-
grafts [93]. Another study found these dendrimers to
exhibit deep in vivo penetration in mice bearing B16F10
melanoma xenografts and in vitro 3D DU145 prostate
cancer tumor model, accrediting to their small average
diameter and strong cationic charge [94, 95]. Li research
group [96] also strived to improve DOX targeted de-
livery by using G6 PLL dendrimers. Niidome et al. [97]
found higher PLL dendrimers tumor accumulation and
reduction in tumor size in vivo in BALB/cN mice bear-
ing Colon-26 mouse rectum carcinoma xenografts, with
apparently no adverse effects. The attachment of PEG
to PLL dendrimers resulted in improved accumulation
in tumor by enhanced permeation and retention (EPR)
effect, while the presence of oligopeptide bond created
a hydrophobic cavity leading to enhanced DOX encapsu-
lation. Some PLL dendrimers are in Phase | clinical trials
such as a PEGylated-PLL dendritic delivery system sur-
face-modified with docetaxel DEP® (Starpharma, Aus-
tralia) exhibited improved targeted delivery and tumor
(breast, ovarian, lung and prostate) inhibition efficiency
than that by Taxotere® (docetaxel), an established anti-
cancer drug [88]. Jain lab also studied the chemothera-
peutic potential of PLL dendrimers in the treatment of
cancer. The researchers developed PLL dendritic system
surface decorated with FA (FPLL) as a DOX nanocarrier
to enhance antiangiogenesis, tumor cell cytotoxity, tar-
geted DOX delivery and a pH-responsive release. Ryan
et al. [98] developed and compared the in vivo anti-lym-
phoma activities of three different drug delivery systems
including PEGylated-PLL dendrimers loaded with DOX,
DOX-loaded PEGylated liposomes and DOX-encapsulat-
ed pluronic micelles by studying their plasma and lymph
pharmacokinetics. The results revealed that on subcu-
taneous and intravenous dosing the PEGylated-PLL den-
drimers substantially augmented the recovery of DOX
in thoracic lymph better than the DOX-encapsulated
pluronic micelles.

2.3.2. PLL dendrimers surface-complexed

with siRNA

PLL possesses potential to efficiently attach and
condense siRNA/gene on to its surface, a character-
istic courtesy which it has gained a lot of attention by
researchers. Patil and coworkers developed a triblock
PAMAM-PEG-PLL dendritic system for targeted siRNA
delivery and gene silencing. Each monomer of the tri-
block was carefully selected and had certain roles to
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play for instance PAMAM acted as a proton sponge and
aided in endosomal escape and the cytoplasmic delivery
of siRNA; likewise PEG linked PLL to PAMAM, provided
stability against nucleases and also helped retain siRNA
integrity in plasma; moreover, PLL provided enhanced
transfection and penetration, and strong siRNA binding
onto the surface by the presence of primary amines. Ap-
parently no toxicity related to the triblock polymer was
reported, moreover the toxicity of PLL was also found to
be significantly reduced, and the possible explanation to
this observation is PEG-PAMAM conjugation. The find-
ings revealed promising transfection efficiency of the tri-
block PAMAM-PEG-PLL dendritic system into cancer cells
and also exhibited significant stability in plasma.

CONCLUSION

Dendrimers have seen considerable growth and
progress in their design and development for biomedical
applications during last two decades. Dendrimers, due
to their globular structure and polyvalent character pos-
sess potential to address the challenges and problems
faced by conventional drug delivery such as poor solu-
bility, non-selective delivery and poor bioavailability and
distribution. Moreover, dendrimers have also recent-
ly shown promise in the areas of imaging; diagnostics,
theranostics, targeting drug delivery and others.

An area that still needs an in depth analysis and
attention of researchers is acquiring more information
regarding the bioavailability and distribution of den-
drimers so that these characteristics could be optimized
for best effect. Dendrimers when administered in vivo
should be able to stay in plasma long enough to gather
at the target sites, nonetheless their timely elimination
out of the body is also equally important to avoid caus-
ing toxicity or other adverse effects, these areas need
further attention and research. Another major challenge
is to predict the fate of dendrimers (tissue localization)
in vivo in advance; additionally, the effect of peripheral
groups on the physicochemical properties of dendrimers
also needs to be studied in depth. Drug release and ki-
netics is another field which needs more attention of
researchers and can be significantly improved in getting
more predictable and reproducible. The alteration/mod-
ification of enzymatically cleavable links in dendrimers is
challenging due to compressed 3D globular dendrimer
structure; nonetheless, dendrimers are useful platforms
for using alternate release pathways such as cascade
release. Few researchers have reported their findings
lately in this area; however, more studies are needed to
draw a conclusion.

The unique characteristics, qualities and advantages
of large dendrimers over other linear polymers lie be-
hind their stepwise synthesis; newest discoveries have
shown that the dendritic nanocarriers have many unique
features that endorse more research and development.
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Hypericum perforatum L. (St. John’s wort) is a medicinal plant that has been intensively studied by clinicians, pharmacolo-
gists, and chemists. It has resulted in the publication of both original articles and a number of reviews devoted to the general
spectrum of the biological activity of its extracts and the separate chemical components of this species. Unlike many other
known medicinal plants, the pharmacological study of which is accompanied by the establishment of new (or rediscovered)
structures of chemical compounds, the dynamics of the present study of H. perforatum is mostly associated with a detailed
study of the mechanisms of its therapeutic effect and less with the search for new components.

The aim of this work is to review and analyze the data on the biological activity of extracts and individual compounds of
Hypericum perforatum L. (Hypericaceae), or St. John’s wort, published in the scientific literature over the past 10 years.
Materials and methods. To collect and analyze the information, such electronic databases as PubMed, Scopus, Web of Sci-
ence, Google Scholar, and other available resources have been used. The following keywords and word combinations were
used for search in the databases for 2010-2020: “Hypericum perforatum”, “St. John’s wort”, “the biological activity of St.
John’s wort”, “hypericin”, “hyperforin”.

Results. The review provides information on antidepressant, neuroprotective, nootropic, anxiolytic activity, antibacterial,
cytotoxic, anti-inflammatory properties, analgesic, hypoglycaemic effects, and other types of activity of H. perforatum ex-
tracts, as well as individual compounds (hypericin, hyperforin, amentoflavone, and others) isolated from this species. It is well
known that the secondary metabolites of St. John’s wort are naphthodianthrons, flavonoids and other phenolic compounds,
several classes of lipophilic substances including phloroglucinol derivatives and terpenoids. Apart from extracts and their
fractions, the biological activity of photoreactive naphthodianthrone hypericin and hyperforin (a phloroglucinol derivative)
has been studied in detail.

This review provides an analysis of published data from 2010 to 2020 on the biological activity of St. John’s wort. At the
present time H. perforatum is primarily well-known for its antidepressant-like properties, which are confirmed by numerous
pharmacological studies and clinical trials. Still there is no consensus on the effective treatment of severe or even moder-
ate depression with St. John’s wort. This review also provides information on the neuroprotective, nootropic, antiepilep-
tic, anxiolytic, antimicrobial, antiviral, antiprotozoal, antitumor, cytotoxic, analgesic, anti-inflammatory and other effects of
H. perforatum extracts, as well as its individual compounds.

Conclusion. Despite the popularity of H. perforatum as a plant with an antidepressant-like activity, intensive research work
continues to be carried out to elucidate the molecular mechanisms of the actions of extracts and individual compounds in
disorders of the nervous system. Studying its antibacterial, antiviral, and cytotoxic activity may also open up some great
prospects, along with determining the possibility of using St. John’s wort in metabolic disorders, genitourinary disorders, and
other fields of medicine.

Keywords: St. John’s wort; antidepressant; neuroprotective; nootropic; anxiolytic; antibacterial; cytotoxic; hypoglycaemic
activity; hypericin; hyperforin; amentoflavone

Abbreviations: ROI — reactive oxygen intermediate; GABA — y-aminobutyric acid; K562 — K-lines of acute erythroid leucosis;
MAO-A — monoaminooxidase A; cAMP — cyclic adenosine monophosphate; CNS — central nervous system; A375 — human
melanoma cell line; A375, 501mel — unpigmented melanoma cell lines; ADAMTS8, ADAMTS9 — a disintegrin-like and metal-
loprotease with thrombospondin type 1 motif 8, 9; BDNF — brain-derived neurotrophic factor; CaMK-IV — calcium/calmod-
ulin-dependent protein kinase; cAMP — cyclic adenosine monophosphate; CLL — chronic lymphocytic leukemia cell line; COX —
cyclooxygenases; CREB — cAMP response element-binding protein; CUMS —chronic unpredictable mild stress; CXCL9, CXCL10,
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— C-X-C motif chemokine; CYP3a CYP2c — cytochromes; D273 — medulloblastoma cell line; GABA — y-aminobutyric acid; HT-29
— colon adenocarcinoma cell line; HT22 — immortalised mouse hippocampal neuronal cell line; iNOS — inducible nitric oxide
synthase; JAK1 — janus kinase 1; JEG-3 — choriocarcinoma cell line; K562 — acute erythroid leukemia cell line; MAO-A — mono-
amine oxidase A; MAPK — mitogen-activated protein kinase; MCF-7 —human breast cancer cell line; MEK — mitogen-activated
protein kinase kinase; MG-63 osteosarcoma cell line; NGF — nerve growth factor; NMDAR — N-methyl-D-aspartate receptor;
PC12 — pheochromocytoma cell line; PGE, - prostaglandin E2; PI3K — phosphatidylinositol 3-kinase; PKB/Akt — protein kinase;
RINmM5F —insulinoma cell line; SCC — human squamous carcinoma cell line; SH-SY5Y — neuroblastoma cell line; TNFa — tumor
necrosis factor a; TrkB — tropomyosin-related kinase B; TRPM2, TRPV1, TRPC6 — transient receptor potential cation channel;
U937 — human acute myeloid leukemia cell line; UCT Mel-1 — pigmented melanoma cell line; B,-AR — B -adrenergic receptors.

BUOJIOTMYECKAA AKTUBHOCTb
HYPERICUM PERFORATUM L. (HYPERICACEAE): Ob30P
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Hypericum perforatum L. (38epo60i1 NpoAbipsABAEHHbIN) ABAAETCA NEKAPCTBEHHbBIM PAacTEHMEM, KOTOPOE B NOC/efHee Bpe-
MA MHTEHCUBHO M3YyYaeTcsA KNMHULUCTaMM, GapMaKoIorammn U XMMUKaMu. Pe3ynbTatamu 3TOro ABAAIOTCA NyB6ANKaLMM Kak
OPUIMHANBHbBIX CTaTel, Tak U pAga 0630p0B, NOCBALLEHHbIX CNEKTPY 6MOI0rMYeCKON aKTUBHOCTU SKCTPAKTOB U OTAENbHbIX
XUMMUYECKMX KOMMNOHEHTOB 3TOrO BMAA. B OTIMUME OT MHOTMX APYrMX U3BECTHbIX IEKAPCTBEHHbIX pacTeHui, dapmakono-
TMYeCcKoe M3y4YeHne KOTOPbIX COMPOBOXKAAETCA YCTAHOBAEHWEM CTPYKTYP HOBbIX (MM BHOBb OBHAPYKEHHbIX) XMMUYECKUX
coeAVHEHUN, AMHAMUKA COBPeMEeHHOro u3yveHus H. perforatum no 6onbluei YacTu CBA3aHA C AeTaNbHbIM U3yYeHUeM Me-
XaHM3MOB ero TepaneBTUYECKOro AeNCcTBUA U, B MEHbLUEN CTEMEHMU, C MOMCKOM HOBbIX KOMMNOHEHTOB.

Lienb: 0630p cBegeHWi Mo BUONOTMYECKOM aKTUBHOCTM SKCTPAKTOB M OTAE/bHbIX KOMNOHeHToB Hypericum perforatum L.
(Hypericaceae) — 38epo60s NpoabipsABAeHHOTO, OMy6/IMKOBaHHbIX B HAyYHOM AnTepaType 3a nociesHue 10 ner.
Martepuanbl U metoabl. [114 cbopa 1 aHann3a cBeAeHU UCNONb30BaIY 3NEKTPOHHbIe 6a3bl AaHHbIX PubMed, Scopus, Web
of Science, Google Scholar n gp. gocTynHble pecypcbl. Nounck B 6a3ax AaHHbIX TpoU3BoAMACA No Nybankaumam 3a 2010-2020
IT. MO TaKMM K/IOYEBLIM C/IOBAM, Kak: Hypericum perforatum, 3sepoboii npoablpsaBneHHbil, St. John’s wort, 6uonoruyeckas
AKTUBHOCTb 3Bepobos.

Pe3synbrathbl. B 0630pe npeacraBneHbl cBegeHUA 06 aHTUAENPECCUBHOM, HEMPONPOTEKTOPHOM, HOOTPOMHOM, aHKCUONNTU-
YeCcKOoM aKTUMBHOCTW, aHTUBAKTEpPUaNbHbIM, LUTOTOKCUYECKUM, MPOTMBOBOCMA/IUTENIbHBIM CBOMCTBAM, aHa/lbre3npytoLLEeM,
TMMNOIIMKEMUYECKOM AENCTBMU, a TaKKe APYrnX BUAAX aKTUBHOCTU SKCTPAKTOB H. perforatum v MHAMBMAYaNbHbIX coeau-
HeHW (rMnepuumnHa, rMnepdopuHa, ameHTodNaBOHA M ApP.), BblAENEHHbIX U3 3TOro BUAA. Kak M3BECTHO, My/ BTOPUYHbIX
MeTaboNnTOB 3TOro BMAA BK/IOYAET HAPTOAMAHTPOHbI, G1IaBOHOMAbI U Apyrve GeHOoNbHbIe COeANHEHWUA, HECKOIbKO K1accoB
NIMNOGUNBbHBIX BELLECTB, B TOM YMC/Ie NPOU3BOAHbIX GNOPOrAOLMHA U TepneHonabl. Mpu aTom Hanbonee NoapobHO (Momu-
MO 3KCTPAKTOB U MX GpaKLMif) n3ydanacb buonormyeckas akTMBHOCTb GOTOPEAKTUBHOrO HadTOAMAHTPOHA FMNepULMHA 1
runepdoprHa — Npom3BoAHOro GpoportoumHa. [JaHHbIM 0630p NOCBALLEH aHAaNN3y CBeAEeHUIM MO 6MONOrMYECKOM aKTUBHO-
CTV 3Bepobos NpoabiaBAeHHOro, onybankoBaHHbIX B antepatype ¢ 2010 no 2020 roabl. B HacToswee Bpemsa NonyiapHOCTb
H. perforatum cBa3aHa npex e BCero ¢ ero aHTUAEeNpPeccMBHbIMU CBOMCTBAMM, KOTOPbIE NOATBEPKAEHbI MHOTOYMCNEHHbBIMU
OOKIMHNYECKUMW UCCNeA0BaHUAMU U KIUHUYECKUMU UCTBITAHUAMM, XOTA 0 CUX NMOP HET €4UHOTO MHEHMS O BO3MOXHOCTHU
3bdEKTUBHOCTM MCNONb30BaHUA 3Bep0b0A ANA NeUYEeHNA KaK TAXKENON, TaK U Aaxe yMmepeHHOW aenpeccuun. Kpome Toro, B
[aHHOM 0630pe NpuBeaeHbl CBEAEHUA O HEMPONPOTEKTOPHOM, HOOTPOMHOM, NPOTUBO3MNUIENTUYECKON, aHKCUONUTUYECKOW,
aHTUBaKTEPMANbHOM, aHTUBUPYCHOW, MPOTUBOMNPOTO30MHOM aKTUBHOCTU, NPOTUBOOMYXONEBBIX, LUTOTOKCMYECKMX, aHaIbre-
3UPYIOLLMX, MPOTUBOBOCMANUTENbHBIX U APYrMX CBONCTB SKCTPAKTOB U MHAMBUAYA/IbHbIX KOMMOHEHTOB 3TOT0 BMAA.
3akntoueHue. HecmoTtps Ha u3BecTHocTb H. perforatum, 38epo60sA NPOAbIPABAEHHOrO, KaK PACcTeHWUA C aHTUAENPECCMBHOM
AKTUBHOCTbBIO, MPOAO/IKAKTCA UHTEHCMBHbIE UCCNEA0BAHUA, HAaNPaBleHHblIe Ha BbIACHEHWE MOJIEKY/NIAPHbIX MEXaHU3MOB
OeNCTBUA IKCTPAKTOB U MHANBUAYANbHBIX COEAMHEHWUI NPU NAaTONIOrMAX HEPBHOM cucTemMbl. Kpome 3Toro, BecbMa nepcrnek-
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TUBHBIMW MOTYT CTaTb UCCNEA0BaAHWUA €ro aHTMbaKTEPUaNbHOWM, aHTUBMPYCHOM, LUMTOTOKCUYECKOW aKTMBHOCTW, Hapaady C
onpeaeneHnem BO3MOXKHOCTU NPUMEHEHUA 3. NPOAbIPABAEHHOIO NPU HapYyLIEHUAX 0OMeEHa BeLLecTs, GYHKLMIA MOYEnoo-
BOW CUCTEMbI U B APYr1x 061acTax MeanLIUHbI.

KnioueBble cnosa: 38epoboit NpoabIpABAEHHDbIN; H. perforatum; aHTUAENPECCUBHAA aKTUBHOCTb; HEMPOMPOTEKTOPHAA aK-
TUBHOCTb; HOOTPOMHAA aKTUBHOCTb; aHKCUOIMTUYECKAA aKTUBHOCTb; aHTUBAKTepUabHaA aKTUBHOCTb; LIUTOTOKCUYECKAA aK-
TUBHOCTb; TMMOMIMKEMUYECKAA aKTUBHOCTb; TMNEPULMH; rnnepdopuH; ameHTod1aBoH

Cnuncok cokpalleHuit: AOK — akTnBHble popmbl Kuciopoaa; TAMK — y-amuHomacnaHasa kncaota; K562 — Knetku avHumn K562
OCTPOro apuTponaHoro nerikosa; MAO-A — moHoaMMHOOKcKaasa A; LAM® — uuknunyeckuin ageHosnHmoHodocoat; LHC
— LeHTpanbHas HepBHas cuctema; A375 n 501mel — KneToyHble IMHUM HEMUTMEHTUPOBAHHDBIX KETOK MenaHoMbl A375 u
501mel; ADAMTS8 — fe3MHTErpuH M MeTaonpoTenHasa ¢ MOTMBOM TpombocnoHanHa 8; ADAMTSY fe3nHTErpuH U me-
TannonpoTenHasa c Motrusom TpombocnoHanHa 9; BDNF — mosrosoit HelipoTpoduueckuii paxktop; CaMK-1V — Ca?*/kanbmo-
OyNVH-3aBUCcMMan KnHa3a IV tmuna; CLL — kneTkun anHum CLL xpoHunyeckor ammdountapHon nenkemmnmn; COX2 — LMKNOOKCH-
reHasa 2; CREB — ¢akTtop TpaHckpunumm CREB; D273 — kneTku anHum D273 meaynnobnactombl; HT-29 — KNeTOUYHMA INHUA
HT-29 apeHokapumHoMbI ToNcToM KMwKK; iINOS — nHayumnpyemas NO-cuHTasa; JAKL — AHyc-KmMHasza 1; MAPK — mutoreH-akTu-
BUpYyeMas npoTenHknHasa; MCF-7 — kneTku nvHum MCF-7 paka mono4yHol kenesbl; MEK — KMHa3a MUTOreH-akTMBUpyeMom
npoTenHKMHasbl; MPGES — mnkpocomanbHasa npocrarnaHamHcnHTasa; NMDA — N-metun-D-acnapTaTHble peuentopsl; PC12
— Knetku peoxpomoumTtombl PC12 ; PI3K — dochatnamnmHosuton-3-knHasa; PKB — npotenHkunHasa B; RINmMSF — knetku au-
HuM RINmM5F nHcynnHombl; SCC— kneTkn anHmm SCC YelynyaTon KapumHomMbl Yenoseka; TNFo — dakTop HEKpO3a onyxonu o;
TrkB — TPONOMMO3MHOBBIV TUPO3UHKUHA3HBIM peuenTop B; TRPM2, TRPV1, TRPC6 — KaHa/bl TPaH3UTOPHOTO PeLenToOpHOro
noTeHunanbHoro KatnoHa TRPM2, TRPV1, TRPC6; U937 — kneTku anHumn U937 octpont mnenongHom neimkemum; UCT Mel-1 —

KknetoyHaa nuHuA UCT Mel-1 nurmeHTUpPOBaHHbIX KNETOK MENAHOMbI; Bl—AP = Bl—ap,peHopeu.enTop

INTRODUCTION

Despite the fact that Hypericum perforatum L. (St
John’s wort) has been known for its medicinal properties
for more than 2000 years, it has not yet lost its popular-
ity and continues to be studied intensively by clinicians,
pharmacologists, and chemists. The indicator of the ac-
tive interest in H. perforatum is the number of reviews
published over the last decade. They are devoted to
both the general biological activity profile of its extracts
and individual chemical components, as well as to spe-
cific types of activity, which are considered in the corre-
sponding sections of this article.

Unlike many other medicinal plants, pharmacologi-
cal studies of which are accompanied by the determina-
tion of the structures of certain new (or rediscovered)
chemical compounds, modern research of H. perfora-
tum is more focused on the mechanisms of its therapeu-
tic action, and less on the identification of new compo-
nents.

It is well known that among the secondary metabo-
lites of St. John’s wort, there are naphthodianthrons, fla-
vonoids and other phenolic compounds, several classes
of lipophilic substances including phloroglucinol deriva-
tives and terpenoids. Apart from extracts and their frac-
tions, the biological activity of hypericin, a photoreactive
naphthodianthrone, and hyperforin — a phloroglucinol
derivative, have been studied in most detail [1-5].

Today, H. perforatum is known primarily for its
antidepressant-like properties, which have been con-
firmed by numerous preclinical studies and clinical tri-
als. Still, there is no consensus on the effectiveness of St.
John’s wort for severe or at least moderate depression
(e.g. [2]).

And yet, the aforementioned beneficial properties
of H. perforatum, as well as those yet unknown, contin-
ue to be studied with unceasing regularity, in different
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models and within different approaches. A brief (but by
no means exhaustive) summary of such studies conduct-
ed over the past decade, is presented in this review.

THE AIM of this work is to review and analyze the
data on the biological activity of extracts and individual
components of Hypericum perforatum L. (Hypericace-
ae), or St. John’s wort, published in the scientific litera-
ture over the past 10 years.

MATERIALS AND METHODS

To collect and analyze the information, electron-
ic databases PubMed, Scopus, Web of Science, Google
Scholar, and other available resources have been used.
The following keywords and word combinations were
used for search in the databases for 2010-2020: “Hyperi-

cum perforatum”, “St. John’s wort”, “the biological activ-
ity of St. John’s wort”, “hypericin”, “hyperforin”.

RESULTS AND DISCUSSION

Antidepressant activity

Despite St. John’s wort being a popular “mild” treat-
ment choice for depression, its mechanism of action
is not entirely known yet. According to current under-
standing, among its most active components are the
naphthodianthrone hypericin, the phloroglucinol de-
rivatives hyperforin and adhyperforin, the biflavonoid
amentoflavone, and other flavonoids [6—13].

According to a systematic review and a meta-anal-
ysis, which included 27 clinical trials, St. John’s wort is
as effective in the patients with mild-to-moderate de-
pression as are some of the most common synthetic an-
tidepressants, at the same time being better tolerated
[14-16]. H. perforatum is most effective in patients with
mild and moderate depression [15—18], and in those ex-
periencing pronounced somatization and gastrointesti-
nal symptoms [19].
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Standardized H. perforatum extracts WS 5572, LI
160, WS 5570, ZE 117 were found to be as effective for
mild depression as sertraline and imipramine [20, 21].
In moderate depression, H. perforatum did not differ in
effectiveness from citalopram [22] while surpassing par-
oxetine [23]. According to a retrospective observation-
al study, IperiPlex’, a multi-fractionated H. perforatum
extract, was significantly more effective in the patients
with moderate depression than Nervaxon®, a mono-frac-
tionated extract [24]. However, H. perforatum effective-
ness in patients with moderate and severe depression
remains somewhat unclear [25, 26].

A multicenter observational study showed the drugs
Helarium® and Helarium-425°, both containing extracts
of H. perforatum, to be well-tolerated by patients with
mild to moderate depression [27]. However, H. perfora-
tum treatment was associated with a greater frequency
of some specific adverse events, including damage to
the nervous system, reproductive organs, eyes, ears, liv-
er, and kidneys [28]. A case of psychosis has been report-
ed in a patient who self-administered H. perforatum as a
herbal infusion [29].

H. perforatum extract potentiated yohimbine tox-
icity, and exhibited maximal antidepressive activity at
90 mg/kg [14]. Administered over time, both H. perfo-
ratum ethanolic extract and fluoxetine were found to
affect hippocampal and hypothalamic gene expression
in chronically stressed rats. Among those affected were
genes coding for a number of biomolecules involved in
neuroinflammatory and oxidative stress pathways, and
some of those associated with Alzheimer’s disease [30].

In 2018, T. Herraiz et al. showed that in various dos-
age forms, H. perforatum inhibited monoamine oxidase
A (MAO-A). Of all the identified plant constituents, quer-
cetin (IC,= 3.4 pg/ml) and its glycosides were found
to be the most active; hypericin (IC, = 17.9 pg/ml) did
not contribute significantly to the overall effect of the
preparations, and hyperforin failed to show any activity
throughout the studied concentration range. According
to the authors, taking into account the average content
of active ingredients in total preparations with H. perfor-
atum, the observed MAO-A inhibition was most likely an
additive effect [31].

When compared to venlafaxine, a serotonin and
norepinephrine reuptake inhibitor, hypericin decreased
blood corticosterone levels, prevented weight loss and
anorexia, reduced anhedonia, and stimulated explorato-
ry behaviour in rats with a chronic unpredictable mild
stress (CUMS). Moreover, those effects had a shorter
onset in the hypericin-treated group than in the venla-
faxine-treated one. At the same time, hypericin affect-
ed the metabolism of norepinephrine, serotonin, and
excitatory amino acids (glutamate and glutamine) [12].
Hypericin also inhibited calcium ion influx into hippo-
campal neurons, thus increasing an action potential du-
ration, which could possibly play a role in enhancing a
synaptic efficiency [32].
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Pretreatment of glioblastoma cells with hyperforin
and hyperoside hindered lateral mobility of B,-adrener-
gic receptors (B,-AR) and caused their internalization.
The two compounds reduced cyclic adenosine mo-
nophosphate (cAMP) formation by 10% and 15%, re-
spectively, and by 23% and 15% under subsequent cell
stimulation with 5 uM dobutamine. Similar effects were
observed when cells were pretreated with desipramine,
a tricyclic antidepressant [7]. H. perforatum extract and
hyperforin were found to increase presynaptic calcium
concentrations and thus stimulate the release of the ex-
citatory neurotransmitter glutamate [33].

B. Pochwat et al. found that hyperforin potentiated
antidepressant-like activity of lanicemine, a N-meth-
yl-D-aspartate receptor (NMDAR) antagonist, in chronic
corticosterone-treated mice as well as in healthy controls.
A combination of lanicemine and hyperforin increased
the expression of synapsin |, a subunit of glutamate re-
ceptor A, and neurotrophin BDNF (brain-derived neuro-
trophic factor) in frontal cortical neurons. Hyperforin also
attenuated cognitive dysfunction caused by dizocilpine, a
NMDAR antagonist having marked dissociative and psy-
chedelic properties. Nonetheless, 0.3—10 um hyperforin
did not affect NMDAR electrical activity in vitro [13].

Much less is known about adhyperforin than about
its parent compound, hyperforin. However, adhyperfo-
rin has also been shown to exert an antidepressant-like
activity, stimulate exploratory behaviour, and reduce an-
hedonia and hypodynamia in rodents. It suppressed nor-
epinephrine, serotonin and dopamine reuptake in vitro,
and, just like hyperforin, antagonized reserpine-induced
effects in vivo [8, 34].

Neuroprotective activities

An ethanolic extract of H. perforatum containing
6.0% of hyperforin stimulated neurite outgrowth in
HT22 hippocampal cells, increased their resistance to
glutamate toxicity, and inhibited the release of tumor
necrosis factor a (TNFa) from macrophages [35].

Pretreatment of PC12 pheochromocytoma cells
with an H. perforatum extract increased their viability at
toxic concentrations of hydrogen peroxide, and prevent-
ed DNA fragmentation [36]. Another H. perforatum ex-
tract normalized lateral mobility of integral membrane
proteins and phospholipids in glioblastoma cells, which
made a more efficient transmembrane signal transduc-
tion possible [37]. Ethyl acetate, water, and methanolic
extracts of H. perforatum inhibited acetyl- and butyryl-
cholinesterase; ethyl acetate and water extracts also in-
hibited tyrosinase [38].

An extract of H. perforatum reduced the severity
of oxidative stress in leukocytes obtained from patients
with multiple sclerosis. Cell apoptosis was largely pre-
vented through the activation of antioxidant systems
and normalization of intracellular calcium levels [39].
A similar effect associated with the blockade of calci-
um channels by H. perforatum was also observed in rat
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dorsal root ganglion neurons [40]. Later, some of the ac-
tive constituents of H. perforatum were found to inhibit
TRPM2 and TRPV1 channels, which mediate calcium ion
influx under oxidative stress conditions [41].

A hyperforin-enriched (6.0%) extract (4 mg/kg/dx45
d) effectively prevented degeneration of nigral neurons
induced in rats by a chronic exposure to rotenone. Quite
on the contrary, an extract containing only 0.2% hyperfo-
rin and pure quercetin both exhibited significantly low-
er activity when administered by the same route and at
the same doses [42]. The rats treated with an ethanolic
extract of H. perforatum (200 mg/kg/d) for 1 week be-
fore and 1 week after the administration of 6-hydroxy-
dopamine showed an increase in survival rates of nigral
neurons, as well as an attenuation of astrogliosis, in-
flammation, oxidative stress, and motor dysfunction as
compared to control animals [43]. Both St. John’s wort
extract and pure hyperforin alleviated the symptoms of
experimental autoimmune encephalomyelitis, a com-
mon model of multiple sclerosis, in mice [44, 45]. An
ethanolic extract of St. John’s wort also prevented apop-
tosis of neurons and attenuated oxaliplatin-induced neu-
rotoxicity in rats [46].

In the study by S. Valvassori et al., an H. perfora-
tum extract (300 mg/kg /d x 28 d) significantly impaired
memory acquisition and object recognition, and de-
creased the levels of the transcription factors BDNF and
NGF (nerve growth factor) in rat hippocampi [47].

In an ex vivo experiment in isolated hippocampal
neurons, hyperforin (0.3 uM, 24 h) promoted the forma-
tion of stubby dendritic spines and, at the same time,
decreased the proportion of thin spines [48]. Interest-
ingly, similar alterations in spine morphology have been
observed for classical antidepressant agents such as flu-
oxetine [49], imipramine, and rolipram [50], but in those
cases, they had a significantly slower onset, and most
probably differed in nature [48].

Hyperforin activated MEK (mitogen-activated pro-
tein kinase), MAPK (mitogen-activated protein kinase),
phosphatidylinositol 3-kinase (PI3K), protein kinase B
(PKB/Akt), and calcium/calmodulin-dependent protein
kinase (CaMK-IV) in PC-12 pheochromocytoma cells and
hippocampal neurons [51]. These changes culminated in
the phosphorylation and activation of the transcription
factor CREB (cAMP response element-binding protein),
which is considered to be a promising therapeutic target
for the treatment of Alzheimer’s disease [52—-54]. More-
over, the therapeutic effect of H. perforatum in Alzhei-
mer’s disease was seemingly independent of hyperforin
concentration in the preparation [55]. Hyperforin was
confirmed to exert neuroprotective effects against alu-
minum maltolate-induced toxicity in PC12 and SH-SY5Y
cells [56].

Hyperforin stimulated CREB phosphorylation, in-
duced TRPC6 calcium channel and TrkB BDNF receptor
expression in embryonic mouse cortical neurons [57].
The extract of H. perforatum reduced a B-amyloid accu-
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mulation and increased levels of P-glycoprotein in the
brain tissue of transgenic mice with Alzheimer’s disease.
However, another study found an H. perforatum extract,
hyperforin, and high concentrations of quercetin to in-
hibit P-glycoprotein activity in brain capillary endothelial
cells [59]. A methanolic extract of H. perforatum inhib-
ited acetylcholinesterase and reduced glutamate levels,
at the same time potentiating noradrenergic and dopa-
minergic neurotransmission in an aluminum chloride-in-
duced rat model of Alzheimer’s disease. The extract
caused a decrease in B-amyloid deposition rates and
ameliorated oxidative stress in treatment groups [60].
A 28 days-long H. perforatum treatment course inhibit-
ed neuroinflammation, lipid peroxidation, and lowered
blood proinflammatory cytokines levels in rats subjected
to mechanic sciatic nerve injury [61].

An intracerebroventricular administration of hy-
perforin to rats subjected to middle cerebral artery
occlusion, significantly reduced infarct volume and
post-stroke neurological deficit. Hyperforin inhibited
the calpain-mediated TRPC6 channel degradation, thus
maintaining normal CREB activity and, ultimately, in-
creasing neuron viability following ischemia [62].

TRPC6 activation is thought to be a non-essential
or, at the very least, not the only mechanism of a hy-
perforin action [9, 34]. For instance, a complete ab-
sence of TRPC6 had no effect on inward membrane ion
currents in microglial cells treated with a hyperforin
solution. Its molecule being highly lipophilic, and its
properties depending heavily on pH of the medium,
it was suggested that hyperforin acted as a protono-
phore and induced a transmembrane proton transfer
in a channel-independent fashion [34]. However, in an
in vivo experiment in mice, its neurotropic activity was
blocked completely by a prior administration of either
larixyl acetate or MK 2206, which inhibited TRPC6 and
PKB, respectively [13].

Amentoflavone and hypericin are thought to have
an opposite effect on a MAPK pathway activity com-
pared to hyperforin [63-65]. Amentoflavone protected
HT22 hippocampal neurons against glutamate-induced
excitotoxic injury. Besides maintaining the activity of
some of the most important antioxidant enzymes and
inhibiting reactive oxygen species generation, it inhibit-
ed MAPK phosphorylation [66].

Amentoflavone has been shown to exert a direct
effect on cholinergic neurotransmission in the cen-
tral nervous system. It significantly attenuated scopol-
amine-induced retrograde amnesia through inhibition
of acetylcholinesterase and enhancement of antioxidant
enzymes activity, thus perpetuating long-term spatial
memory [67].

Nootropic activity

A 2016 meta-analysis confirmed H. perforatum to
possess a significant nootropic activity independent of
its antidepressant-like activity. The authors suggested
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that the modulation of 5-HT, serotonin receptor activ-
ity, dopaminergic, glutamatergic, and y-aminobutyric
acid (GABA)-mediated neurotransmission was among
the possible mechanisms of H. perforatum nootropic ac-
tion [68]. Long-term H. perforatum treatment has been
shown to inhibit the release of adrenocorticotropin and,
as a result, that of the glucocorticoid corticosterone,
which is the main hormonal mediator of chronic stress
response in rodents [68, 69]. An H. perforatum extract
(125, 250 or 500 mg/kg/d x 30 d) prevented an increase
in corticosterone and TNF-a levels in blood and hippo-
campus in bilateral ovariectomized rats [70].

The nootropic effects of H. perforatum preparations
have been confirmed experimentally using acute [71]
and chronic restraint stress models [72], and a model of
cognitive deficit associated with diabetes mellitus [73].

H. perforatum preparations have been demon-
strated to have a beneficial effect on neuronal synaptic
plasticity in animal [74, 75] and human studies [76]. A
single dose of 250 mg of H. perforatum tabletted dry
extract (Remotiv®) improved short-term verbal and spa-
tial memory in healthy volunteers. Quite surprisingly, no
nootropic effect was observed at the dose of 500 mg,
although both doses improved the patients’” mood and
emotional stability. Similarities to and differences from
some other neurotropic agents such as citalopram,
bromocriptine, and sulpiride, as well as the inverse
dose-dependency of H. perforatum effects suggest that
its primary mechanism of action could involve the aug-
mentation of dopaminergic transmission [77].

The effectiveness of H. perforatum for the treatment
of autism spectrum disorder is limited. St. John’s wort
modestly improved irritability, stereotypy and abnormal
speech patterns, while clinician ratings on several symp-
tom assessment scales remained unchanged [78].

Antiepileptic activity

Amentoflavone exhibited antiepileptic properties
in @ number of in vitro and in vivo studies. It attenuat-
ed oxidative stress, inhibited neuroinflammation, and
increased GABA binding affinity to GABA, receptors
[79-81]. An ether extract of H. perforatum lowered
the seizure threshold and increased the after-discharge
duration, while n-butanolic and water extracts, on the
contrary, inhibited epileptogenesis [82]. A methanolic
extract of H. perforatum reduced seizure duration and
mortality in a mouse model of picrotoxin-induced epi-
lepsy [83].

Anxiolytic activity

Anxiolytic properties of H. perforatum are related to
its nootropic, neuroprotective and antidepressant-like
kinds of activity, and are thought to be mediated by its
effects on monoaminergic transmission and neuroin-
flammatory processes [71, 74].

The anxiolytic effect of amentoflavone (25 mg/kg),
observed in mice following a single administration, was
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reduced by pretreatment with flumazenil, a benzodi-
azepine receptor antagonist. This fact suggested that
amentoflavone exerted its anxiolytic effect through the
interaction with the benzodiazepine-binding site of the
GABA, receptor [84]. This mechanism of action was
subsequently confirmed by radioligand binding assays
[85].

Crupi et al. revealed that three-week treatment with
an H. perforatum methanolic extract decreased anxiety
in mice with chronic corticosterone-induced stress [74].
Extract-treated (50 or 100 mg/kg/d x 5 d) mice exhib-
ited higher levels of exploratory activity and were less
anxious following six hours of acute restraint stress, al-
though those parameters still fell outside normal ranges
[71]. An H. perforatum extract (100 or 200 mg/kg/d x
14 d) ameliorated anxiety and depression in streptozo-
tocin-induced type Il diabetic rats [86].

Antimicrobial, antiviral and antiprotozoal activity

Antibacterial activity of H. perforatum has been re-
viewed by Z. Saddige et al. in 2010 [87]. The antibacte-
rial activity of individual compounds and extracts of St.
John’s wort is somewhat unclear. Aerial parts macerat-
ed with olive oil showed little overall activity, and only
a few samples were active against Trypanosoma brucei
rhodesiense and Staphylococcus aureus [88]; hyperforin
(but not hypericin) also moderately inhibited Staphylo-
coccus aureus growth [89]. The aqueous fraction of an
ethanolic extract of St. John’s wort suppressed Strep-
tococcus sobrinus and Lactobacillus plantarum growth
[90], and an alcoholic extract and hypericin were active
against Lactobacillus acidophilus, allowing to consider
them as potential oral disinfectants [91]. Photoactivated
hypericin inhibited Candida albicans, C. parapsilosis, C.
krusei [92], and Staphylococcus aureus growth, but did
not affect that of Escherichia coli [93]. Hyperforin and a
methanolic extract of the aerial parts of the plant were
active against Mycobacterium JLS, although hypericin
and pseudohypericin were not [94]. An ethyl acetate ex-
tract of H. perforatum exhibited antiviral activity against
infectious bronchitis virus in vitro and in vivo (IBV strain
M41) [95], human influenza virus A/PR/8/34 H1N1 [96],
influenza A virus [97], and hepatitis B virus [98].

Antitumor and cytotoxic properties

An overview summarizing existing knowledge on the
anticancer activity of Hypericum species was published
in 2017 [99]. It was established that ultraviolet radiation
increased the antiproliferative activity of a water/alcohol
extract in human melanoma A375 cell line [100]. Inves-
tigations are underway to assess the cytotoxic activity
of H. perforatum components in photodynamic thera-
py. For instance, hyperforin and aristofolin (a synthetic
derivative of hyperforin) induced apoptosis of HT-29
colon adenocarcinoma cells subjected to hypericin-me-
diated photodynamic therapy [101], and death of both
unpigmented (A375 and 501mel) and pigmented (UCT
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Mel-1) melanoma cells [102]. Photoactivated hypericin
decreased the viability of RINm5F insulinoma cells, hu-
man squamous carcinoma cells (SCC) [104], D273 me-
dulloblastoma cells [105], and was effective against an-
aplastic thyroid cancer [106]. A flower extract inhibited
growth and induced apoptosis of K562 (acute erythroid
leukemia) cells [107], an ethanolic extract blocked prolif-
eration and induced apoptosis of MCF-7 human breast
cancer cells [108], and hyperforin induced death of CLL
(chronic lymphocytic leukemia) cells ex vivo [109]. Hy-
pericin exerted a cytotoxic effect on MCF-7 cells [110],
promoted expression of genes coding for metallopro-
teinase family enzymes ADAMTS9 and ADAMTSS8 having
anti-angiogenic and antitumor properties in MCF-7 cells
[111]. Hyperforin induced apoptosis of U937 (human
acute myeloid leukemia) cells line [112]. An essential oil
showed anti-angiogenic properties [113].

Analgesic, anti-inflammatory

and wound-healing properties

There has been published a number of reviews
focused on the anti-inflammatory and analgesic prop-
erties of H. perforatum extracts and their components
[114-118]. A dry extract relieved neuropathic pain in an
experimental study [119]. Hypericin inhibited the pro-in-
flammatory enzyme janus kinase 1 (JAK1) in silico, which
could explain its anti-inflammatory properties [120].

Hyperforin inhibited the activity of cyclooxygenases
(COX) 1 and 2 and microsomal prostaglandin synthase
PGE,, which play key roles in inflammation and tumor-
igenesis [121]. Over the past decade, the investigations
of anti-inflammatory properties of the four-component
fraction of H. perforatum ethanolic extract containing
amentoflavone, quercetin, chlorogenic acid and pseudo-
hypericin, have been continued [122, 123]. The extract
was found to be devoid of anti-inflammatory activity,
in contrast with the four compounds [124]. H. perfora-
tum flowering tops extract suppressed the expression of
proinflammatory factors and stimulated that of anti-in-
flammatory ones in cultured adipocytes [125].

An extract facilitated wound healing properties in a
clinical trial [126], and was effective for the treatment
of psoriasis, lowering TNFa levels in dermis, endothelial,
and dendrite cells [127]. An ethanolic extract prevent-
ed lipid peroxidation in neutrophils of patients with Be-
hcet’s syndrome [128]. An oil extract was effective for
the prevention and treatment of pressure sores [129].
Wound-healing properties of H. perforatum extracts
were confirmed in different models [130—-133] including
diabetic animals [134-136]. An oil extract prevented the
narrowing of the oesophageal lumen caused by burn in-
juries [137], and had anti-inflammatory, anti-angiogenic,
and anti-fibroblastic effects when applied after corneal
alkali burns [138]. Hyperforin reduced the migration of

It was reported that the cytotoxicity of photodynamic hypericin was
higher for amelanotic A375 melanoma cells in comparison with pig-
mented Mel-1 cells; in this regard, melanin was suggested to play a role
in the chemoresistance of melanoma cells (Sharma, Davids, 2012b).
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fibroblasts in 2D and 3D models of artificial skin and was
proposed for the treatment of hypertrophic scars [139].

Hypolipidaemic and hypoglycaemic properties

Hypolipidaemic and hypoglycaemic properties have
been discovered for extracts of the aerial parts of H.
perforatum [141-143]. A hydroalcoholic (50%) extract
of the whole plant at the doses of 100 and 200 mg/kg
of body weight per day for 15 days exhibited hypocho-
lesterolaemic properties [144], and similar effects were
observed for an aqueous extract of the aerial parts at
the dose of 300 mg/kg for 60 days [145]. A methano-
lic extract and hyperforin prevented pancreatic B-cells
from damage by the cytokines iNOS, CXCL9, CXCL10, and
COX2, which is associated with the development of type
| diabetes [146]. It was found that excessive intake of
H. perforatum flower extract, hypericin, and hyperforin
could aggravate diabetes and obesity by inhibiting the
differentiation of preadipocytes and inducing insulin re-
sistance in mature fat cells [147].

Effects of H. perforatum

in genitourinary system disorders

A powder of shoots at the dose of 200 mg/kg (8
weeks) in diabetic nephropathy showed a nephroprotec-
tive effect [147]. A methanolic extract of the aerial parts
of H. perforatum, hypericin, and hyperforin exhibited
spasmolytic activity and modulated detrusor contractile
activity in isolated urinary bladder; for hypericin, this
effect was associated with an increase in plasma mem-
brane depolarization, and for hyperforin, with a stimula-
tory effect on the cholinergic system [149]. A hydroalco-
holic extract of leaves reduced the size and number of
ethylene glycol-induced renal calculi [150].

Clinical trials found out that a powder of St. John’s
wort given at the doses of 270-330 pg for 2 months re-
duced hot flashes, menopausal symptoms, and depres-
sion [151], and the extract was effective for the treat-
ment of premenstrual syndrome [152]. In an in vitro
experiment, the extract (25 pug/mL) and hypericin (7.5
and 75 ng/mL) increased calcium concentration in JEG-3
placental cells [153]. The extract intake (100 mg/kg and
300 mg/kg) from mating till delivery prolonged foetal
development and damaged foetal liver due to oxidative
stress [154]; at the same doses, the extract worsened
ovarian function and decreased fertility [155].

Effects of H. perforatum in maxillofacial injuries

An aqueous extract of the aerial parts activated a
bone tissue regeneration in the orthopaedically ex-
panded premaxillary suture, which is performed in or-
thognathic surgery [156]. Another experiment proved
a standardized methanolic extract to restore mandible
bone tissue in a stress model [157]; an ethanolic extract
activated dental pulp regeneration [158]), and an oil ex-
tract improved bone healing after xenograft-implanta-
tion [159].
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Other effects

Several H. perforatum extracts prevented acet-
aminophen-induced liver injury [160, 161], a petroleum
ether leaf extract had protective effects in a hepatic
ischaemia-reperfusion model [162], and another extract
accelerated hepatic clearance of technetium-99 [163].
Certain fractions of a water/ethanol extract of the aerial
parts of H. perforatum had spasmolytic, bronchodilator,
vasorelaxant and cardiotropic activities [164]; H. perfo-
ratum polysaccharides and a methanolic seed extract
showed antioxidant properties [165, 166]. It is assumed
that the antioxidant properties underly the photopro-
tective and anti-inflammatory effects of hyperforin on
skin tissues [167]. At the doses of 250 and 500 mg/kg, a
H. perforatum dry extract reduced binge eating episode
frequency [168]. A leaf extract had antimutagenic prop-
erties [169]; the effects of hyperforin were described
as antigenotoxic [170] and DNA-protective [171] in dif-
ferent in vitro models. An ethanolic extract of H. per-
foratum stimulated human osteoblast-like MG-63 cell
proliferation in osteoporosis induced by ovariectomy

[172]. A hydroalcoholic extract (110 mg/kg for 2 weeks)
enhanced cellular immunity [173], and a methanolic ex-
tract of the aerial parts, dissolved in olive oil, prevented
the development of myringosclerosis after myringotomy
[174]. The B-diketone 2,6,9-trimethyl-8-decene-3,5-di-
one, hyperforatins B, D, and F, 15-epi-hyperforatin D,
and 32-epi-hyperforatin E inhibited an acetylcholines-
terase activity [175, 176], and a methanolic extract stim-
ulated hepatic and renal activities of the cytochromes
CYP3a and CYP2c [177].

CONCLUSION

Despite the popularity of H. perforatum as a plant with
an antidepressant-like activity, intensive research work con-
tinues to be carried out to elucidate the molecular mecha-
nisms of the actions of extracts and individual compounds
in disorders of the nervous system. Studying its antibacte-
rial, antiviral, and cytotoxic activity may also open up some
great prospects, along with determining the possibility of
using St. John’s wort in metabolic disorders, genitourinary
disorders, and other fields of medicine.
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The aim of the review is to provide an analysis and generalization of the main directions of research in the sphere of pharma-
ceutical services, and their characteristics associated with the determination of their main development trends.

Materials and methods. For the analysis, the information store on the basis of scientific publications by Russian and foreign
scientists, devoted to research in the field of pharmaceutical services (PSs), has been used. The search for publications was
carried out in the open and accessible sources of the latest twenty years (the retrospective period of 2001-2021), located
in scientific and technical libraries of institutions, as well as in electronic databases: Elibrary, Medline / PubMed, Cochrane
Library, Scopus, CyberLeninka, Google-Academy, J-stage. When forming the information array, the search for publications
was carried out according to the following requests: pharmaceutical services (pharmaceutical care services), the provision of
pharmaceutical services, the quality of pharmaceutical services. For the conceptualization of the study, 87 scientific publica-
tions obtained as a result of information retrieval, have been used.

Results. In the course of the study, a logical and structural analysis of the main directions in which research in the field of
providing PSs in our country is developing, has been carried out. The main trends in the study of the providing services’
activity in the sphere of drug circulation, are characterized. A comprehensive analysis of the category of “pharmaceutical
service” has been carried out. The terminological content of this concept, the groups of features characterizing the economic
and social essence of educational institutions have been generalized, and the most characteristic features that make up the
structure and content of educational institutions, have been identified. The existing approaches to the development of the
nomenclature and types of PSs have been analyzed and the systematization of pharmaceutical works and services using the
process approach, have been proposed by the authors.

Conclusion. The conducted study indicates the presence of several directions in the development of research in the field of
providing PSs, aimed at improving the quality of services for the population in pharmaceutical organizations. However, the
most important role in the research is assigned to the study and assessment of the quality of educational institutions, the
development of approaches to its optimization. As evidenced by the results of the analysis and generalization, the most suc-
cessful activity in the provision of services in the field of drug circulation requires the implementation of a process approach
and the implementation of Quality Management Systems (QMSs).

Key words: literature review; pharmaceutical aid; pharmaceutical service; quality of pharmaceutical services; pharmacy or-
ganization; pharmaceutical retailer

Abbreviations: MPs — medicinal preparations; MRs — Medicine remedies; QMS — quality management system; SOP — Stan-
dard Operation Procedure; PAs — Pharmaceutical assortment; PA — pharmaceutic aid; PSs — pharmaceutical services
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Lienb. B 0630pe npuBoanTCA aHann3 1 0606LLeHMEe OCHOBHbIX HaNpPaBAEHWI NcCnefoBaHNi No u3yyeHuto chepbl bapmaues-
TUYECKMX YCAYT U UX XapaKTEPUCTUKE, ONPefeNeHNI0 OCHOBHbIX TEHAEHLMI Pa3BUTHA.

Martepuanbl U metogbl. [ NpoBeAeHNA aHaiM3a aBTOPaMM MCMoib30BaH MHOOPMALIMOHHBIA Maccus, cdOpMUpPOBAH-
HbI Ha 6a3e Hay4HbIX NYBANKALMIA POCCUIMCKUX U 3apYBEXKHbIX YYEHbIX, MOCBALLEHHbIX UCCef0BaHMAM B obnactv npeso-
cTaBneHuna dapmaueBTnyeckux yeayr (PY). Mounck nybankaumii ocyLLecTBAANCA CPEAMN OTKPbLITbIX U AOCTYMHbIX UCTOYHWUKOB
nocnegHux geaauati net (nepmog petpocnekumm 2001-2021 rr.), pasMmeLeHHbIX B Hay4HO-TEXHUYECKUX BUbAnoTeKax yu-
peKaeHUIN, a TaKXkKe B 3/1eKTPOHHbIX 6a3ax gaHHbix: Elibrary, Medline/PubMed, Cochrane Library, Scopus, KnbepieHuHka,
Google-akagemus, J-stage. NMpu popmupoBaHUN MHGOPMALLMOHHOTO MaccuBa NOUCK Ny6AMKaLMiA OCYLLECTBAAACA MO 3anpo-
cam: dapmaueBtnyeckme ycnyru (pharmaceutical services, pharmaceutical care services), npegocraBneHune bapmauesTuye-
CKMX YC/IYT, Ka4ecTBO GpapmMaLeBTUHECKUX YCaYT. [1nA NOCTPOEHNA KOHLENTYyalbHOM OCHOBbI UCCIEA0BAHUA Mbl UCMO/Ib30BA-
N 87 Hay4YHbIx Ny6AMKaLMI, NONYYEHHbIX B pe3y/bTaTe MHGOPMALLMOHHOIO MOUCKA.

Pesynbratbl. B xo4e Uccief0BaHMA NPOBEAEH JIOTMYECKUI U CTPYKTYPHbIM aHa/N3 OCHOBHbIX HaNpPaBAEHWI, MO KOTOPbIM
pasBMBatoTCA UccieaoBaHMA B obaacTu npepocTaBneHna ®Y B Hawel ctpaHe. OXapaKTepu3oBaHbl OCHOBHbIE TEHAEHLMUN
W3y4yeHUs OeATeSIbHOCTU MO NpeAoCTaBeHUto yeayr B cdepe 060poTa NEKapCTBEHHbIX cpeacTs. MpoBeaeH KOMMAEKCHbIN
aHanu3 KaTeropmm «dapmaueBTUUECcKana yCayra», B TOM YUCAE PACKPbITO TEPMUHOIOTMYECKOE CoAepKaHMe AaHHOTO MNOHA-
A, 0606LLEHbI TPYMMbl MPU3HAKOB, XapaKTEPU3YIOLLMX SKOHOMMUYECKYIO U COLMaNbHYIO CyLLHOCTb DY, BbiABIEeHbl Hanbo-
/lee XxapaKTepHble 0CO6EHHOCTH, COCTaBAAOLLME CTPYKTYPY U codeprKaHue Y. ABTopamu NpoBeseH aHain3 CyLLLECTBYHOLMUX
NoAXo[oB K pa3paboTke HOMEHKNATypbl U BUAOB DY, npeasioxKeHa cuctematnsauma dapmaLeBTUIeckux paboT U ycayr ¢
MCMOab30BaHWEM MPOLECCHOro NoAxoAa.

3akntoueHue. MpoBeaeHHOE UcCneoBaHWe CBUAETENbCTBYET O HA/IMUMU HECKOIbKMX HaNpaB/ieHUI pasBUTUA UCCIea0Ba-
HWW B 06/1aCTN NpeaocTaBieHna Y, HanpaBAEHHbIX Ha NOBbIWEHWE Ka4yecTBa 06C/yK1BaHWUA HaceneHua B papmaveBTuye-
CKMX opraHusaumax. OgHako, Hanbonee BaXKHasA pPosib B UCCNEA0BAHUAX OTBOAWUTCA BONPOCAM MU3yYEHUA U OLLEHKM KayecTsa
®Y, paspaboTKe NOAXOAOB K ero onTumm3auun. Kak cBMAETENbCTBYIOT pe3y/ibTaThl MPOBEAEHHOIO aHan3a u 06o6LieHus,
Hanbonee ycnewHas feATe/IbHOCTb MO NPeA0CTaB/IeHUIO YCAYT B chepe 060poTa IEKapCTBEHHbIX CPEACTB TpebyeT peannsa-
LM MPOLLECCHOrO MOAX0Aa U BHEAPEHMA CUCTEM MeHeAKMeHTa KavecTa (CMK).

KnioueBble cnoBa: 0630p siMTepaTypbl; GapmMaLeBTUYecKas NoMoLLb; GdapMaLeBTUYECKas YCayra; KayecTso papmaLeBTuye-
CKMX YC/IYT; anTe4YHasa opraHun3auma; cybbekT PO3HUYHOW TOProBan dpapmaLeBTMYECKMMU TOBapamm

Cnucok coKpaweHumit: /1N — nekapcteeHHble npenapaTtsl; JIC — nekapcteeHHble cpeactsa; CMK — cuctema meHe g KMeHTa Ka-
yectBa; COIM — cTaHgapTHaA onepaunoHHasa npoueaypa; TAA — ToBapbl anTeyHoro accoptumeHTa; P — papmauesTuyeckasn
nomotyb; PY — bapmaueBTUHECKNE yeayrm

INTRODUCTION

The process of providing the population with PSs
is closely connected with the field of PSs, which, along
with pharmaceutical products and information about
them, are integral components of PSs. PSs are import-
ant in the health care system. Currently, in internation-
al practice, the term “pharmaceutical services” refers
to all types of the services provided by pharmaceutical
specialists to solve the problems of pharmacotherapy in

Tom 9, Buinyck 1, 2021

pharmacy organizations [1]. The provision of such ser-
vices is the result of the activities of a pharmaceutical
organization and implies the implementation of a num-
ber of sequential labor functions, actions and operations
of pharmaceutical personnel aimed at organizing and
providing high-quality, timely and affordable PSs to the
population.

A modern market of pharmaceutical services is a
system of economic relations that have developed be-
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tween the consumer and the provider of the demanded
services. The area of a financial management is very ex-
tensive and includes both manufacturers of pharmaceu-
tical products, wholesale and retail trade entities, and
organizations of various levels that exercise supervision
and control in the field of medicinal preparations and
pharmaceutical assortment (PAs) circulation [2]. The ef-
fectiveness of providing ultimate customers with PSs is
determined by the organization level of the entire sys-
tem of production and sales of PSs, while the influence
of each economic entity involved in this area, is also sig-
nificant. Taking into account the existing duality of the
socio-economic importance of PSs, a proper manage-
ment (a rational organization of the PSs system) large-
ly determines the quality of providing the population
with PSs. The appropriate level of the customer service
directly contributes to strengthening the competitive-
ness and ensuring the financial and economic stability of
pharmaceutical organizations.

It should be noted that in the provision of PSs, the
most important role is assigned to the pharmaceutical
retailers (hereinafter the retailer), since they are the
central link in the logistics chain for the promotion of
pharmaceutical goods to the ultimate consumer and
complete the process of distribution. In addition, they
are a connecting element between the attending physi-
cian and the patient. In this regard, not only the type and
quality of the provided PSs and, as a consequence, sat-
isfaction of the requirements and expectations of con-
sumers, but also the effectiveness of pharmacotherapy
in general, depend on work organization of retail trade
entities [3].

Taking this circumstance into account, and to de-
termine approaches to the research of PSs in pharmacy
retail organizations, a detailed analysis of scientific pub-
lications has been carried out.

THE AIM of the review is to provide an analysis and
generalization of the main directions of research in the
sphere of pharmaceutical services, and their character-
istics associated with the determination of their main
development trends.

MATERIALS AND METHODS

For the analysis, the information store on the basis
of scientific publications by Russian and foreign scien-
tists, devoted to research in the field of pharmaceutical
services (PSs), has been used. The search for publica-
tions was carried out in the open and accessible sources
of the latest twenty years (the retrospective period of
2001-2021), located in scientific and technical librar-
ies of institutions, as well as in electronic databases:
Elibrary, Medline/PubMed, Cochrane Library, Scopus,
Cyberleninka, Google-academy, J-stage. When forming
the information array, the search for publications was
carried out according to the following requests: pharma-
ceutical services (pharmaceutical care services), the pro-
vision of pharmaceutical services, the quality of pharma-
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ceutical services. The results of the information search
contained 237 literature sources, including scientific ar-
ticles, monographs, study guides, publications from the
abstracts of candidate and doctoral theses defended by
Russian scientists during the specified period. The list of
the sources was manually checked by the researchers,
and the selection was based on the titles of the publica-
tions. For the conceptualization of the study, 87 scientif-
ic articles by authors from Russia and other countries,
the titles of which contained the term “pharmaceutical
services”, have been used.

RESULTS AND DISCUSSION
In the course of conducting a content analysis of

Russian publications selected according to the results of

search queries, it was found that, depending on the field

of study chosen by the author, the array of publications
devoted to the study of PSs can be divided into several
groups:

1. Studying the socio-ethical aspects in providing PSs.
This group of publications covers the issues of re-
lationships between suppliers and consumers of
PSs, increasing consumers’ loyalty to the pharmacy
network, studying the social role of pharmaceutical
specialists in providing PSs and implementing the
concept of “pharmaceutical service”. The works by
S.N. Fomicheva are devoted to the research in this
area. [4], Yu.O. Agadzhanyan et al. [5], A.D. Sibireva
[6, 7], .M. Razdorskaya, Zanina I.A. [8].

2. Studying the matters of quality management in the
field of providing PSs — this group of publications
includes the results of studies on assessing the ef-
fectiveness and ways of optimizing the quality of
certain PSs types provided in pharmaceutical orga-
nizations — A.M. Gosudarev [9], K.A. Livshits [10],
P.A. Lisovskiy [11], F.N. Bidarova [12], R.G. Dyachen-
ko et al. [13], D.A. Blokhina [14, 15].

3. Studying individual areas of pharmaceutical ser-
vices — a group of publications includes the results
of marketing research in the provision of informa-
tion, consulting and additional services provided by
pharmaceutical organizations — E.A. Fedina [2], N.O.
Karabintseva [17], L.N. Tsarakhova [18], A.Kh. Gaisa-
rov [19, 20], S.V. Semenova [21, 22].

4. 4. Studying the local market of pharmaceutical ser-
vices and goods — a group of publications brings
together the results of studies of regional aspects
of providing PSs when selling (dispensing) certain
types of goods, for example, cosmetics, pharmaceu-
tical products for dentistry, over-the-counter prod-
ucts, herbal medicines, etc.: S.\V. Kononova [23];
Yu.N. Bogdanova [24]; N.A. Samarova. [25], G.M.
Fedotov [26], I.V. Popov et al. [27].

5. Studying the economic aspects of PSs — the subject
of research in this segment was the organization-
al and economic relations arising in the process of
functioning the pharmaceutical market subjects,

Volume IX, Issue 1, 2021



Hay4HO-npakTu4eckuin xypHan

OAPMALMA N
OAPMAKOJOIUA

Ob30PbI
DOI: 10.19163/2307-9266-2021-9-1-32-53

the problems of ensuring the PSs economic security,

the problems of promoting PSs and the formation of

a competitive environment —T.V. Zernova [28], S.V.

Esaulov [29], A.l. Basargina [30].

Taking into account the data of the conducted con-
tent analysis of the literary sources, it has been estab-
lished that in the Russian pharmaceutical science the
problems of PSs are thoroughly investigated and actively
developed. At the next stage of the study, it was nec-
essary to find out the structure of such studies and the
main trends in their development.

The main research trends of Russian scientists

in the field of providing PSs

The results generalization of the content analysis of
the information array and the study of scientific publi-
cations devoted to the problems of providing PSs, made
it possible to identify a number of characteristic trends
in the authors’ studies. Most of the directions in which
Russian research in the field of financial education is de-
veloping, coincide and can be combined into the follow-
ing 4 groups:

1) Clarification of the terminological content of the
“pharmaceutical services” concept;

2) Studying the essence and distinctive characteris-
tics inherent in PSs;

3) Development of the nomenclature and types of
PSs;

4) The development of methodological approaches
to optimizing the quality of PSs, aimed at increasing the
degree of consumer satisfaction, including the following:
assessing the quality and efficiency of providing PSs, de-
veloping standards for the provision of PSs certain types,
developing approaches to optimizing the work of phar-
maceutical specialists in the provision of PSs, etc.

A schematic list of the areas reflecting the current
research trends in PSs in our country is shown in Fig. 1.

Based on the data of the literary sources content
analysis and taking into account the identified areas of
research, an integrated approach was applied to the
study and assessment of the category of “pharmaceuti-
cal service”. It makes it possible to most fully reveal the
terminological content of this concept, to substantiate
the groups of features that characterize their economic
and social essence, to conduct a systematization of phar-
maceutical works and services and to determine the ap-
proaches to assessing and optimizing the PSs quality.

Comprehensive analysis of the

“pharmaceutical service” category

1. Clarification of terminological content

of the “pharmaceutical service” concept

To conduct a comprehensive analysis of this catego-
ry, it was first of all necessary to clarify the terminologi-
cal content of the “pharmaceutical services” definition.
While studying foreign literature, it was found out that
the term “pharmaceutical services” was originally used
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by Helper C.D. and Strand L.M. to identify all types of
services a pharmacist needs to solve patients’ pharma-
cotherapy problems, from providing them with drug in-
formation and to drug distribution. According to the au-
thors, timely and high-quality provision of such services
is necessary to guarantee the PSs provision [31-33].

According to the definition given by WHO special-
ists, pharmaceutical services refer to all types of services
provided by pharmaceutical personnel to support and
provide patient-centered PSs. Herewith, different areas
of pharmaceutical specialists’ activities are taken into ac-
count (administrative and regulatory bodies, profession-
al associations, public health, educational institutions).
Thus, in addition to providing pharmaceutical products,
PSs include information, education and communication
to promote public health, drug information and counsel-
ing, regulatory services, education and training of per-
sonnel.?

Similar concepts of PSs with minor differences are
accepted in different countries of the world. For exam-
ple, in the United States, PSs must be consumer-orient-
ed, including patients, healthcare professionals and third
parties. Despite the diversity of PSs, they all share the
same philosophy and goals, namely, “the responsible
provision of drug therapy in order to achieve specific re-
sults that improve the quality of life of patients [34-35].

In the Brazilian health care system, the implementa-
tion of PSs is generally focused on the activities intended
for patients. At the same time, PSs are a set of system-
atically performed actions aimed at strengthening, pro-
tecting and restoring the health of the population by en-
suring the availability and rational use of drugs [36—39].

The concept of the pharmaceutical services sector
in Slovakia defines PSs as the basic part of pharmacy, the
main task of which is to provide pharmaceutical aid. PSs
is a set of professional actions of a pharmacist aimed at
ensuring the safety of drugs, as well as optimizing effec-
tive, safe and high-quality pharmacotherapy [40].

In Australia, a professional pharmaceutical service
is an action or a set of actions taken in or organized
by a pharmacy, carried out by a pharmacist or another
healthcare professional who applies his or her special-
ized knowledge personally or through an intermediary
to a patient (a client, community) in order to optimize
the pharmaceutical aid delivery process to improve
health outcomes [41-42].

In our country, traditionally, the term “pharmaceu-
tical services” refers to all types of services provided by
pharmaceutical specialists to solve the problems of pa-
tient pharmacotherapy [19]. However, in the works of
domestic scientists, in the course of a comparative anal-
ysis of scientific publications, various approaches used
to concretize and clarify this term, have been found out.
The results of the analysis are presented in Table 1.

* Counseling, concordance, and communication: innovative education
for pharmacists. The Hague: International Pharmaceutical Federation
(FIP) and International Students’ Federation; 2005. Available from: //
www.fip.org/. (Date of access 03 Sep 2019).
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Thus, the analysis of the definitions structure of
“pharmaceutical services” indicates that very often this
term is understood as a certain form of activity in drug
provision, drug care, drug service.

Thus, variations in the definition of the term “phar-
maceutical services” proposed by A.V. Soloninina. and
L.V. Moshkova, contain such a connotation as “a set of
measures” related to providing consumers with nec-
essary pharmaceutical products. In their studies, N.B.
Dremova, A.l. Ovod, E.A. Korzhavykh, L.N. Geller con-
sider PSs as “a certain type of professional activity”,
and A.S. Nemchenko. and A.L. Panfilova when defining
this term, are guided by the result of such activities.
P.A. Lisovskiy and K.A. Livshits use the term “process”,
and according to S.A. Smirnova, S.V. Kononova and G.A.
Oleinik, PSs mean “work”. Considering the economic
essence of PSs, A.M. Gosudarev and C.V. Esaulov at-
tributed them directly to the “types of services provid-
ed by pharmaceutical organizations”. N.O. Karabintseva
et al, characterize PSs delivery activities as “the result
of interaction between PSs consumers and pharmaceu-
tical specialists”.

Comparative characteristics of the features used by
different authors in the terminological substantiation of
the “PSs” concept, are presented in Table 2.

Thus, the provision of PSs is primarily focused on
meeting the needs of the consumers (patients) and
is aimed at providing his drug treatment, preserva-
tion and maintenance of health. The content analysis
showed that such a meaning is embedded in all the
definitions of PSs proposed by leading Russian scien-
tists. In addition, common attributing features are the
process of interaction between the consumer and the
pharmaceutical specialist and the provision of the nec-
essary information during the course of pharmaceuti-
cal consulting.

In the term “pharmaceutical services” the authors
often highlight such a common feature as “meeting the
needs of the population” 3, 11, 28, 43, 45]. Most of the
definitions of PSs include and use such necessary com-
ponents as “provision of pharmaceutical care”, “drug
treatment of the patient” [3, 28, 29, 31, 43, 46, 47].
However, some authors, when interpreting the term
“PSs”, clarify the presence of a commercial component
in the provision of pharmaceutic aid [28, 46].

The judgments of a number of domestic research-
ers regarding the impact of PSs on the quality of a phar-
maceutical product through information and consulting
support and ensuring compliance with the rules and
regulations for its handling, are also of interest [23, 44].
In the authors’ opinion, this definition emphasizes the
result of a service as a change in the quality of the object
under consideration. This definition is more in line with
modern ideas that have developed in the economic the-
ory about the essence of the services. From this point of
view, PSs should include various labor operations of the
personnel of a pharmaceutical organization that contrib-
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ute to the formation and preservation of the quality of
the products sold. [23, 44].

In Geller L.N.'s definition, the effect of “useful action
of PSs” is reflected, and PSs are considered as a set of
some attributes (the benefits that the consumer is look-
ing for), and it is the attributes that “create services” and
the degree of satisfaction with them [45]. The useful ef-
fect of the activity, forms the consumer value i.e. useful-
ness of the service. Consequently, the beneficial effect
of PSs is the result of living or materialized labor. Thus,
pharmaceutic services exist as labor (activity, work) em-
bodied in a specific material object (product) in the form
of a useful effect of living labor consumed directly in the
service process.

The results obtained make it possible for us to con-
clude that the term “pharmaceutical service” in the
works of domestic researchers, was considered from
different points of view and until now there is no un-
ambiguous terminological definition of PSs. Most often,
PSs are viewed as an activity (process, set of activities)
aimed at providing pharmaceutic aid and providing con-
sumers with the necessary pharmaceutical products. A
comparative analysis of publications showed that there
is some similarity in the definitions proposed by various
authors. But this circumstance does not indicate the
consistency to the definition of the term “pharmaceu-
tical service”. In turn, the lack of a common language in
relation to PSs, to a certain extent, complicates further
research in this area.

The results of studying the available approaches to
the definition and the essence of the concept of “PSs”
indicate that the unambiguous identification of the term
is difficult due to the significant divergence of opinions
of Russian scientists regarding the very essence of the
PSs. This circumstance suggests that the existing ambi-
guity is a consequence of terminological uncertainty in
the theory of services.

In this regard, it is necessary to first dwell on the
consideration of the concept of “service”. Despite the
fact that service provision activities play an important
role in the service sector, there is no single and gen-
erally accepted definition of the term “service” in the
economic theory. Due to its heterogeneity, the term
“service” is interpreted by scientists in different ways
and carries many semantic shades, including everyday
and scientific ideas [48]. During the content analysis of
the scientific publications on the topic under consider-
ation, it was found out that the term “service”, in most
cases, is used in the context of concepts that reflect the
results of the production process: “economic product”
(“economic benefit” “produce”, “goods”), “work”. As a
rule, a service is understood as the performance of a
certain activity or a set of activities aimed at meeting
the needs of others.

In the specialized literature and normative legal doc-
uments, such concepts as “occupation” and “service” are
often used together, but the current legislation does not
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have a clear definition of these terms. These concepts
are so inseparable and close to each other that until now
there is no consensus on their delimitation, and some-
times these concepts are identified by different authors.

The differentiation of the concepts of “pharmaceu-
tical occupations” and “PSs” is given in the papers by
V.N. Mikhailova et al. [47]. In their opinion, PSs are a set
of measures aimed at providing pharmaceutical assort-
ment (PAs) consumers with the necessary information.
The authors comprise all types of work aimed at the
implementation of PSs and pharmaceutical activities on
the whole [50].

In our opinion, the difficulty of differentiating these
concepts is also confirmed by the fact that the work
performed is a flow of work, aimed at obtaining the fi-
nal result in the form of useful activities and subject to
assessment and payment [49]. However, no service is
possible without performing the corresponding produc-
tion activity (work), and the result of the service cannot
be separated from the business processes performed
during its provision. Thus, the concepts of “service” and
“work” are closely interrelated, however, a service is a
more complex phenomenon, it has a purpose, contains
a certain set of labor actions and is accompanied by a
certain useful effect, due to which the service becomes
demanded by the consumer.

According to the interpretation of GOST R 50646-
2012 “Services to the population. Terms and definitions”,
a service can be represented as both the service provid-
er’s own activity to meet the needs of the consumer,
and the direct interaction between the contractor and
the consumer during the goods release. A similar inter-
pretation of the term is presented in the ISO standards,
according to which a service is the result of the suppli-
er’s internal activities aimed at meeting the needs of the
consumer and direct interaction between the consumer
and the supplier.

Thus, it can be concluded that the concept of “ser-
vice” includes some internal activity of the performer
(work), the process of interaction between the contrac-
tor (work) and the consumer (service), and the result of
the service demanded by the consumer (a useful effect
of the service). In turn, the result of the service mani-
fests itself in the form of a useful effect, in the first case
—in the form of a transformed work, and in the second —
in the form of serving the consumer. It is this effect that
has a use value. In addition, it should be noted that the
beneficial effect of most services is consumed in the pro-
cess of serving the consumer, simultaneously with their
provision [50-52].

Among a lot of approaches to define a service, the
most acceptable, in the authors’ opinion, is the approach
of the American scientist T. Hill, according to which the
result of a service activity is a change in the quality of the
object that the service itself is aimed at [55]. According
to this approach, the activity of providing services can
be considered as a process of changing the state of the
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subject by one of the participants in economic relations,
if they have a voluntary agreement.

Thus, it has been established that the provision of
PSs is aimed at formation of use value and maintaining
the consumer characteristics of pharmaceutical products
in the process of their promotion from manufacturer to
consumer. The process of providing PSs itself implies
both information and consulting support of pharma-
ceutical products during their transfer to the consumer,
as well as changing and (or) preserving the condition of
pharmaceutical products, ensuring their good quality in
the process of circulation.

In the process of PSs implementation, on the one
hand, a pharmaceutical product is sold, and on the oth-
er hand, a service is provided as a consequence of the
transformed work. The specificity of the pharmaceuti-
cal industry is the fact that all goods, services and work
in it are interrelated and inseparable from each other.
The algorithm of the PSs rendering process is shown
in Fig. 2.

Taking into account various terminological interpre-
tations of the “service” concept in the definition dictio-
nary of the Russian language, GOST R 50646-2012, the
reference book of ISO and WHO terms, publications by
scientists and the results based on the author’s own
research, the following working definition of the term
has been proposed: a pharmaceutical service is a set of
professional and continuously implemented labor oper-
ations to promote pharmaceutical products to the ulti-
mate consumer to meet his needs of being physically,
socially and spiritually healthy.

2. Study of the essence

and distinctive characteristics of PSs

In their works, the authors give PSs the following
main characteristics:

— impalpability, continuity of production and con-
sumption, variability of quality, inability to store
[44];

— a high use value (it contributes to the maintenance
and preservation of human health); delayed and
differentiated nature of the result; a special form
of payment (financing is carried out both by the
state and by the consumer); pronounced territorial
boundaries of the PSs market; the state regulation of
the PSs market [23];

— a high social significance; a high degree of individu-
alization of PSs in accordance with the requirements
of the consumer; the importance of the role of a
specialist producing PSs, which is due to the high sci-
entific content of the pharmaceutical sector and the
lack of consumer awareness [11];

— elusiveness, immateriality, simultaneous manufac-
turing and consumption, the dependence of the
quality of the service on the level of qualification of
the contractor and the complexity of the measure-
ment [2].
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Table 1 — Analysis of publications on the terminological definition of the “pharmaceutical service” term

Author/Source RS:?or;h Interpretation of the term "pharmaceutical services"

AV Soloninina [43] 2001 A set of measures for the provision of medicinal, therapeutic and prophylactic, diagnostic
agents, medical devices, parapharmaceutical products in the health care system.

SV Kononova, 2003 The work, in the process of which a new drug is not created, but its quality may change

GA Oleinik [23] due to the information and consulting support and ensuring compliance with the rules and
regulations for its circulation. The process of selling services is accompanied by the sale of
goods and the provision of services, i.e. goods and services are interconnected.

AM Gosudarev [9] 2003 The services provided to the population and healthcare organizations by legal entities —
wholesalers, pharmacies of any form of ownership and individuals engaged in entrepre-
neurial activities.

KA Livshits [10] 2004 The process of promoting a pharmaceutical product from a manufacturer to an intermedi-
ate or final consumer.

SA Smirnova [44] 2005 The aggregate quality product of research, production, information, advisory, medicinal
and other purposes necessary for the consumer and the types of work during which a new
medicinal product is not created, but its quality may change due to the information and
consulting support and ensuring compliance with the rules and regulations for its circula-
tion.

LN Geller [45] 2008 The activity of a pharmacy organization on the formation of a set of pharmaceutical ser-
vices attributes of a functional, aesthetic, emotional and other kinds of nature, the results
of which are expressed in a beneficial effect that satisfies a person’s needs to be physically,
socially and spiritually healthy.

TV Zernova [28] 2008 A set of actions on meeting the needs for maintaining a given level of consumer life quality,
based on establishing a balance of commercial and social significance through drugs and
information and pharmaceutical services.

PA Lisovsky [11] 2009 A process aimed at meeting the needs of the population in pharmaceutical products by ob-
taining information about them and then purchasing them in pharmacies, as well as within
the framework of medical and preventive care.

NB Dremova, 2009 A form of a pharmaceutical activity in which a specific need of a patient or medical institu-

Al Ovod, EA tion is satisfied.

Korzhavykh [3]

AS Nemchenko, 2010 Pharmaceutical assistance provided to the population at the service (commercial) level as

AL Panfilova [46] a result of the professional activities of pharmaceutical specialists in order to preserve and
maintain the citizens’ health.

NO Karabintseva, 2010 The result of the interaction of pharmaceutical specialists and direct consumers of these

LV Moshkova, MP services, who can be both patients and doctors.

Boyko [17]

SV Esaulov [29] 2012 The services provided by pharmacy organizations in the production process, dispensing,
consultations on the use of pharmaceutical products.

VN Mikhailova et 2012 A set of measures aimed at providing drug consumers with pharmaceutical goods and nec-

al [47]

essary information.
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Figure 5 — Model of the process for providing pharmaceutical services in the retail subject

Table 2 — Comparative characteristics of the features used in the terminological substantiation

of the term “pharmaceutical services”
Source
Definition signs
3 9 10 11 17 23 28 29 31 43 44 45 46 47 WHO
A set of activities + + + +
Activities + + +
Process + +
Work + +
Services + +
Product +
Result of the interaction between + + + + + +
the consumer and a pharmaceutical
specialist
Result of professional activities + + +
Provision with pharmaceutic aid, drug + + + + + +
treatment
Meeting the needs + + + +
Impact on product quality +
Product promotion (selling, + +
distribution)
Providing information, consulting + + + + + +
Commercial level of pharmaceutic aid + +
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Table 3 — Groups of features characterizing PSs

Item . -
Feature group Service characteristics
number
1 Attitude towards the product Monetary-dependent services
2 Attitude towards the consumer Personal services
Public services
3 Attitude towards the society Socially significant services
4 Attitude towards perception Intangible consumer services
5 Attitude towards the contractor Professional services inseparable from the contractor
6 Attitude towards quality Conditionally constant quality services
7 Attitude towards the degree of Internal activity services (non-contact type of service)
consumer engagement Services of interaction with the consumer (contact type of services)
8 Attitude towards duration of exposure  Fragile services
9 Attitude towards the production Services that are inseparable from production activities, retained in the
processes and a service consumption "goods/works/services" complex and implemented at the time
of the product sale
Table 4 — The Pharmacy Practice Activity Classification (PhPAC)
Code Classification of pharmacy practice activities
A Ensuring appropriate treatment and outcomes
Al Ensuring appropriate pharmacotherapy
A2 Ensuring patient’s understanding/adherence to his or her treatment plan
A3 Monitoring and reporting oucomes
B Dispensing medications and devices
B1 Processing the prescription or medical order
B2 Preparing the pharmaceutical product
B3 Deliverying the medication or device
C Health promotion and disease prevention
Cc1 Delivering clinical preventive services
Cc2 Surveillance and reporting of public health issues
C3 Promoting safe medication use in society
D Health system management
D1 Managing the practice
D2 Managing medications through the health system
D3 Managing the use of mediations within the health system
D4 Participation in research activities
D5 Engaging in interdisciplinarycollaboration
Table 5 — Systematization of pharmaceutical occupations and services using a process approach
f ) .
Item Categ.ory ° Production processes accompanying the .
occupations and . Types of work and services performed
number . provision of PSs
services
1 Occupationsand  Development processes are a set of 1. Occupations and services for planning activities;
services of strate- production processes that ensure the 2. Occupations and services for monitoring and
gic importance improvement of the quality of services analyzing activities;
provided 3. Occupations and services for improving
activities.
2 Organizational Managing processes are a set of produc- 1. Occupations and services for management and
and managerial tion processes aimed at organizing the control;

occupations and
services

work of a pharmacy organization, ensure a
proper production of all types of services.

activities;
3. Occupations and services related to marketing
activities.
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Category of . .
Item ) Production processes accompanying the .
number occupatlpns and provision of PSs Types of work and services performed
services
3 Augmented oc- Supporting processes are a set of produc- 1. Resource-supporting occupations and services;
cupations and tion processes aimed at creating condi- 2. Occupations and services to ensure the sanitary
services tions for the production of PSs regime;
3. Occupations and services for the maintenance
of equipment;
4. Occupations and services for the distribution of
goods;
5. Occupations and services for loading and
transporting goods.
4 Developing oc- Main processes are a set of production 1. Occupations and services related to the
cupations and processes aimed at preserving the con- purchase of goods;
services sumer properties of goods within a phar- 2. Occupations and services related to the
macy organization acceptance of goods;
3. Occupations and services related to
manufacturing medicinal products;
4. Occupations and services related to the storage
of goods
5 Practical (true) Basic processes are a set of production 1. Services related to the sale of goods;
services processes aimed at the interaction of a 2. Services related to the release of goods;

pharmaceutical specialist with an PA con-

sumer

3. Information and consulting services;
4. Services that ensure customer loyalty.

According to the analysis of the scientific literature,
it has been established that the PS is a structural unit
of the pharmaceutical market, it has the properties of
both the product and the service itself. The PSs system
operates within the pharmaceutical market regulated
by the state and includes pharmaceutical manufactur-
ers, intermediaries for the provision of PSs (wholesale
and retail organizations), consumers of goods and PSs.
The relationship between these elements is carried out
through goods-money relations and information inter-
action. As a result, PSs have a market value, i.e. they
acquire the properties of a product and can act as an
object of market relations [10]. In addition, this type of
service, inherent in the service sector of the population,
is the result of the professional activities of pharmaceu-
tical specialists. It is quite natural that the main require-
ment for the conditions for providing PSs is the security
of their provision [2].

When analyzing the economic characteristics of
PSbl, Russian researchers emphasize their high social
priority and importance in maintaining and preserving
people’s health [2, 10, 28, 45, 46].

In our opinion, the study of the PSs essence from the
standpoint of service management and service marketing
is of considerable interest. First of all, it should be not-
ed that PSs reinforce the very purpose of pharmaceutical
products and form the population’s need for the corre-
sponding marketable types of pharmaceutical produce. It
is no coincidence that such foreign scientists as G. Assel
and F. Kotler, who consider the category of goods as a
complex of tangible properties and intangible advantages,
designed to meet the needs of consumers, emphasized
the inextricable link between goods and services that sup-
port them. The marketing strategy put forward by them
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served as the basis for the conceptual model of a pharma-
ceutical product developed by the authors (Fig. 3).

The developed model consists of 3 internal inextri-
cably linked blocks, which are integral, mandatory and
interacting components of a pharmaceutical product,
complementing each other and generally forming a full-
fledged product of labor that is in demand among PA
consumers.

The first block contains the basis of the correspond-
ing product (core) and is an intangible component of a
given pharmaceutical product, which determines the
presence of the merits for which the product is pur-
chased by the buyer and the benefits that will be ob-
tained as a result of its use. The intangible components
of the product encourage the buyer to purchase it to
meet existing needs and expectations.

The second block contains the same product in real
performance (a physical product), which is a tangible
component of a pharmaceutical product. It has certain
properties and characteristics that provide an opportu-
nity for an appropriate description of the specified prod-
uct. At the same time, tangible properties of a product
should include not only physical characteristics (taste,
smell, color), but also the level of its quality, a type of
a dosage form, a number of units, comfort and ease of
use of a consumer packaging, a name of a manufacturer,
brand (brand), etc. The tangible components reinforce
the buyer’s position when choosing a product.

The third block contains the same product with rein-
forcement (an augmented product) — a set of PSs accom-
panying the product. This component of a pharmaceuti-
cal product implies accompanying the sale of the product
with benefits for the buyer (both before and during the
sale, as well as after it). This component, as a rule, in-
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cludes the PSs, accompanying a pharmaceutical product

throughout the entire life cycle and contributing to the

preservation of its consumer properties in the process
of bringing it to the consumer to provide the greatest
effect, as well as service and after-sales services.

The above-listed components of the internal blocks
of a pharmaceutical product are equally involved in the
formation of its consumer properties, which further de-
termines the use value of the specified product and the
degree of its compliance with consumer expectations
and preferences, which are taken into account by the
buyer when making a purchase [53].

For a proper understanding of the considered con-
tent of PSs and their consumer usefulness, the concept
of multi-altributivity of goods, which is widely used in
marketing services, was additionally used. With this con-
ceptin mind, PSs can be viewed as a set of attributes, i.e.
the benefits that the consumer is looking for. However,
it should it should be also taken into account that attri-
butes (separate indispensable and integral components
of a service), in the eyes of a PSs consumer, have unequal
significance. In different services there are different sets
of attributes, respectively, the consumer’s assessments
in relation to the presence and expression of this or that
attribute in services are also different. Knowing the rel-
ative (subjective) significance of the attributes allows a
pharmaceutical organization to develop a segmentation
strategy aimed at providing a wide range of PSs with an
appropriate level of service.

From the standpoint of the multi-attribute concept,
in the aggregate, the content of the PSs includes three
main components:

— activities to dispense and preserve the quality of
pharmaceutical products through compliance with
the rules and regulations for their circulation (a core
service);

— organizational, managerial and other activities
aimed at creating conditions for the production of
core (necessary) services;

— activities related to pharmaceutical services aimed at
creating concomitant conditions that have a benefi-
cial effect on the level of customer satisfaction and
the formation of their loyalty (an augmented ser-
vice).

It should be noted that the set of core services cor-
responds to the PSs functional use of a certain class of
goods, ensures their efficiency and safety. A pharmaceu-
tical organization, by the specifics of its activities (provi-
sion of special storage conditions, a system of protection
against poor-quality goods, maintenance of a man-
datory range), guarantees the quality and safety of all
received pharmaceutical products. Additional services
form secondary usefulness and ensure the satisfaction
of the consumer’s needs for some secondary qualities of
the product (attributes of aesthetic, emotional and oth-
er kinds of nature). A necessary service lies in the prop-
er organization of the work of the retail entity, strategic
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planning of its activities to achieve the stated mission.
The augmented services are not directly related to the
“core” service and represent an important element of
the service activities of the pharmacy.

Based on traditional concepts and the “4 negations”
rule inherent in the paradigm of service activities, the
decisive and most characteristic difference between a
service and a product is the possession of at least the
following four specific features: immateriality (intangi-
bility), non-persistence, inseparability from the source,
and inconstancy of quality. In addition, the key features
of the difference between a service and a product should
also include the continuity of production and consump-
tion processes, fragility, lack of ownership, heterogene-
ity, complexity of assessment, a consumer involvement
in the service process, etc. However, these characteris-
tics cannot be considered universal for all types of ser-
vices.

Guided by the above-listed specific key features of
the difference between a service and a product, in the
course of the study, the most characteristic features that
make up the essence of PSs, were identified, generalized
and grouped into the following nine groups (Table 3).

1. An attitude towards the product (a monetary-de-
pendent service) means that the PSs market occupies an
intermediate position between the market for materi-
ally-tangible goods and the “pure services”. First of all,
this circumstance is associated with a high content of
the main commercial component of PSs — a pharmaceu-
tical product. The implementation of this type of service
is aimed at preserving or changing the consumer prop-
erties of a material product that increase its use value.
In practice, the produced PSs are “embedded” and in a
certain way “substantiated” in the objects that the ser-
vices themselves are aimed at (in the pharmaceutical
product). Accordingly, the majority of PSs can be sold to
PA consumers only in conjunction with a pharmaceutical
product in the process of a pharmaceutical service and
do not represent any value of its own to the consumer.
This circumstance is confirmed in the works by a number
of authors. So, P.A. Lisovsky highlights a PS of the mate-
rial and informational character, the essence of which is
to provide accurate information about the drug, exclud-
ing its misuse, and the result of the provision of such a
service is the purchase of these MPs [11]. According to
TV. Zernova a PS is also product-containing and includes
2 basic components: tangible and intangible ones [28].

2. An attitude towards the consumer means that
the character of the PSs is determined by the essence of
the consumer. PSs can reliably be classified as personal
services (when providing them to the population), and
as public (institutional) services when providing them to
other organizations to be used in the production of the
services their own.

3. An attitude towards society (socially significant
services) means that PSs are provided to the population
in order to improve their living conditions, preserve and
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maintain their healths. The effectiveness of the PSs pro-
vision directly affects the effectiveness of treatment and
prevention of diseases, improving the quality of life of
the population.

4. An attitude towards perception (the services intan-
gible by the consumer) means that, like other types of ser-
vices, PSs are intangible for the consumer, in most cases,
they can only be perceived at the mental level together
with a pharmaceutical product. The consumer is often
not aware of the labor operations taking place within the
pharmaceutical organization, and therefore cannot feel
the process of providing PSs during the pre-sale prepa-
ration of goods and the preservation of their consumer
properties. However, when providing a number of PSs,
a tangible component can also be distinguished. It has
a “useful effect” for the consumer and can be perceived
by him when making a purchase and embodied in a pur-
chased product (a direct delivery of goods, information
and consulting assistance, additional services).

5. An attitude towards the contractor (professional
services are inseparable from the contractor) means that
PSs belong to the category of professional services and
cannot be provided to the consumer without a participa-
tion of a specialist who has the appropriate professional
training and level of qualifications. The exception is the
PSs which can be provided without a direct participation
of a specialist , with the help of technology (including
information and computer technologies).

6. An attitude towards quality (conditionally con-
stant quality services) means that the quality of PSs on
the whole depends on the personality of the contractor
and on the circumstances in which they appear to be. In
this regard, the definition and measurement of the qual-
ity of services is difficult. However, taking into account
the current trends and a global consumer orientation,
more and more attention is paid to the unification of
the quality of the provision (standardization) of services.
The quality level of PSS is generally determined by the
system of state regulation of pharmaceutical activities.
However, in the authors’ opinion, to a greater extent,
the quality of PSs depends on the level of the QMS of
the pharmaceutical organization and the internal con-
trol mechanism for its proper PSs functioning. The ap-
plication of standards and norms has a beneficial effect
on the consistency of the PSs quality, since it allows us
to establish uniform requirements for the level of their
quality and the technology of their provision. In order to
reduce the variability of the quality of PSs on the basis
of a thorough analysis of their parameters for retailers,
it is advisable to develop not only SOPs for production
processes, but also the Standard for pharmaceutical ser-
vices as a rational model of the public service quality.

7. An attitude to the degree of interaction with the
consumer in the process of providing services depends
on the degree of a direct participation of the consumer
in the production of services. There are two categories
of PSs:
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— the services of internal activities of a pharmacy orga-
nization (a non-contact type of service) include var-
ious labor actions of personnel aimed at the forma-
tion and preservation of consumer characteristics of
goods within a pharmacy organization. The provision
of such services does not require a direct presence
of the consumer or requires his participation only
partially.

— the services of interaction with the consumer (a
contact type of services) include a number of labor
actions of personnel that require the mandatory
presence of the consumer and are carried out at the
time of distribution (sale) of pharmaceutical goods,
provision of information and consulting support, etc.
8. An attitude towards the duration of exposure as

a temporary factor means that since pharmaceutical
products are classified as non-durable goods, they are
consumed at once or in several doses. In this regard, for
the consumer, PSs are fragile services, and the frequen-
cy of their provision directly depends on the duration of
the benefits obtained (for example, the therapeutic ef-
fect of the drug).

9. An attitude towards the production processes and
consumption of services means that, according to most
researchers, the PSs are characterized by the continuity
of these processes, although some authors tend to con-
sider the production and consumption of PSs separated
both in time and space [44]. In the authors’opinion, it
should be borne in mind that PSs and the production ac-
tivity that facilitates their provision, are inseparable from
each other, since they are embodied in the pharmaceuti-
cal product itself and are preserved in the “goods/works/
services” complex. In this case, the process of converting
the work performed into a service and the direct imple-
mentation of such a service occurs directly at the time of
the sale of a pharmaceutical product to the consumer.

When considering the PSs subject area, it is advis-
able to highlight the following structural elements:

— a consumer (the object that the service itself is
aimed at);

— a pharmaceutical specialist (a contractor, a service
subject);

— relationships between the consumer and the phar-
maceutical specialist (service psychology);

— a pharmaceutical product (a monetary component,
a service carrier);

— the degree of satisfaction of the consumer’s needs
and expectations (a result of the service).

The structure and content of PSs are schematically
shown in Fig. 4.

3. Development of nomenclature and types of PSS

In domestic pharmaceutical science, a number of
authors have repeatedly attempted to classify PSs ac-
cording to various criteria, but so far, the country has not
developed a holistic approach to structuring, typology
and classification of PSs.
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Due to the specificity and multidirectionality of PSs,
the development of their rigorous scientific classifica-
tion is rather difficult. Meanwhile, the need for scientific
substantiation and development of a unified PSs nomen-
clature is caused both by the need for their certification
and standardization, as well as forecasting demand and
accounting for the implementation of services provided.

For a scientific substantiation of the PSs classifica-
tion, domestic scientists use the general principles and
approaches practised in the economy of the service in-
dustry. One of the most common variants of such an ap-
proach is the differentiation of PSs into basic ones aimed
at the formation of the properties of goods, and aug-
mented services — the ones that contribute to increasing
consumer loyalty and attracting new customers [54].

According to the scientific classification suggested
by E.A. Fedina, all the services provided by pharmacy
organizations are divided into internal (carried out by
specialists of a pharmacy of a medical organization to
departments and divisions of this organization) and ex-
ternal (provided to the population and third-party orga-
nizations). In addition, in the studies by E.A. Fedina, the
analyzed and systematized PSs are provided to pharma-
cies visitors. The author considers 3 classes of PSs: in-
formational, consulting, materialized (associated with a
direct release of a pharmaceutical product). At the same
time, the author distinguishes services with a delayed
purchase of pharmaceutical products of interest (the
information about them and their purchase are carried
out on different days, or not purchased at all) and ser-
vices with a simultaneous purchase of the chosen phar-
maceutical products [2].

P.A. Lisovskiy classifies PSs according to several cri-
teria: by the nature of the service (informational and
material-informational), the financing entity (commer-
cial and budget-dependent), the degree of contact with
a representative (a high and low degree of contact), de-
pending on the consumer of the service (intermediate
and final) [11].

E.S. Zvereva allocates PAs sale services (dispensing)
and other kinds of services carried out within the frame-
work of practical pharmaceutical activities (for example,
manufacturing and packaging of drugs, dispensing drugs
and PAs, reference and information services on the avail-
ability of drugs, providing advice, etc.) [55].

The PSs typology proposed by L.N. Geller, contains
12 main types of PSs, distinguished by six different char-
acteristics. The list of the main types of PSs includes per-
sonal and public services consumed by the population
and the organization, by market and non-market, basic
and augmented, service ones, medical and health-im-
proving services, as well as PSs with low and high de-
grees of a consumer participation in their production
[45].

LV. Moshkova et al. substantiated a simple (indi-
visible) PS (for example, providing information on the
availability of a medicinal product), a complex PS, which
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is a combination of a complex of simple services (for
example, dispensing an extemporal medicinal product
by medical prescription = a drug manufacturing service
and a service for dispensing a medicinal product) and a
complex PS combining simple PSs of different kinds (for
example, information on the availability of drugs in the
pharmacy and dispensing of the requested drug) [54].

The PSs nomenclature was supplemented by A.M. Go-
sudarev in accordance with the types of pharmaceutical ac-
tivities. Herewith, PSs are grouped by types: retail sales of
medicinal preparations, dispensing drugs by free of charge
and preferential medical prescriptions, dispensing drugs for
medical organizations, manufacturing drugs, selling drugs
by orders, realization of medicinal preparations by order,
according to the principle of cumulative discounts, realiza-
tion of medicinal preparations according to the principle of
discounts for disadvantaged population, realization of me-
dicinal preparations via the Internet [9].

K.A. Livshits allocates the actual service for the sale
of pharmaceutical goods and the accompanying service
for goods information support. According to the author,
a pharmaceutical service acts as an integrated product
in the market, combining a set of services for the sale of
a pharmaceutical product and providing the consumer
with information on the properties of the product. This
information is comprehensive for his level of compe-
tence [10].

A list of targeted services that can be provided to
the consumers in the field of occupational pathology has
been formed by N.O. Karabintseva et al. This list includes
the services for the sale of medicinal preparations, mar-
keting, pharmacoeconomic, information and consulting
services, sanitary and educational (educational) services,
valeological, preventive and primary medical services.
The authors also highlighted the services of pharmaceu-
tical care, which include pharmaceutical consultations,
control over the use of drugs, maintaining individual pa-
tient records, etc. The authors note that the provision of
all these types of services is impossible without organi-
zational activities, which are defined as an organization-
al service [17].

The works by a number of authors are focused on
improving the quality of pharmaceutical services. There-
fore, the essence of PSs has been considered by R.G. Dy-
achenko from the position of the QMS and a detailed list
of pharmaceutical works and services has been devel-
oped to be included in the SOP, depending on the PSs
functions performed by pharmacy organizations [13].
The main stages of medicinal preparations and PAs cir-
culation in the pharmacy organization of the grouping of
pharmaceutical works and services in the context of the
performed PSs functions, proposed by V.N. Mikhailova
et al., have been sufficiently detailed [47].

From the above mentioned examples it can be con-
cluded that in the works by most authors, a pharmaceu-
tical informative and consulting service is highlighted, it
is present in all PSs classifications and is one of the nec-
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essary services in PAs dispensing. In many classifications
there are augmented services focused on increasing
competitiveness, attracting buyers and promoting sales.
The existing classifications are based on the principle of
allocation to a separate category of PSs associated with
the sale and delivery of pharmaceutical products direct-
ly to consumers [13, 44, 46].

In the course of the study, the officially existing
classification systems for pharmaceutical jobs and
pharmaceutical services, have been studied. Currently,
in our country, at the legislative level, the List of the
works performed and the services provided, which
form the profile of pharmaceutical activities, has been
approved.? This list only enumerates the types of work
and services in the field of medicinal preparations
(MPs) circulation for the medical use, without their
corresponding detailing, and includes wholesale trade,
their storage, transportation, retail trade, dispensing,
manufacturing. There is no such detailing in the cur-
rent codes of pharmaceutical activities of the all-Rus-
sian classifiers (Russian Classification of Products by
Economic Activities 2 u Russian National Classifier of
Types of Economic Activity 2), which provide services
for the wholesale trade of pharmaceutical products
(code 46.46.1) and services for the retail trade of MPs
in specialized stores (pharmacies) (code 47.73.1). The
“Q” code (health and social services) presented in
these classifiers of economic activities, does not con-
tain the required PSs characteristics either.

The current “Nomenclature of works and services in
health care” contains five main sections: simple medical
services (section A), complicated and complex medical
services (sections B, C), manipulations, research, proce-
dures and works in health care (section D), medical ser-
vices (section F). At the same time, PSs are missing in the
nomenclature of medical services (sections A, B, C, F).
Section D of the nomenclature “Manipulation, research,
procedures and work in health care” sufficiently struc-
tures different types of work in the health care system.
However, to a greater extent, the specified list of works
is focused on the activities of medical organizations and
their departments.

Code “D 08” of the specified list includes certain
types of pharmaceutical occupations: pharmaceutical
occupations in medical institutions (organizations), an
occupation of a clinical pharmacologist, an occupation in
the wholesale trade of MPs and the occupations related
to the release (sale) of MPs in pharmacies.

To a certain extent, code “D 08.4” details the list of
pharmaceutical occupations for retailers and includes
the following:

— sale of officinal medicines to the population by medi-

cal prescriptions and without them (D 08.04.01);

— manufacturing MPs by medical prescriptions and re-
quirements of healthcare institutions (organizations)

2 Decree of the Government of the Russian Federation of December
22,2011 N 1081 “On licensing of pharmaceutical activities”
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and manufacturing intrapharmacy preparations (D

08.04.02);

— packaging of manufactured medicinal products and
plant raw materials (D 08.04.03);

— dispensing medicines to the population (D 08.04.04);

— consulting patients by pharmacists (D 08.04.05);

— consulting medical specialists of health care institu-
tions, education, social security and other persons,
by pharmacists (D 08.04.06);

— organization of MPs storage and products medical
reliese in pharmacies (D 08.04.07);

— ensuring control over compliance with the rules of
storage of medicines and medicinal products in phar-
macies (D 08.04.08);

— work on the registration, storage and distribution of
narcotic drugs, psychotropic substances, toxic and
superpotent substances in pharmacies (D 08.04.09).

However, the list presented is far from complete, it
lacks such important types of pharmaceutical occupa-
tions as procurement and organizational and manageri-
al activities, control and supervision, statistical types of
work, etc.

The foregoing indicates that the current domestic
pharmaceutical practice does not always take into ac-
count the entire breadth and diversity of the PSs pro-
duction area, which, in turn, negatively affects the level
and quality of pharmaceutical aid provided to the pop-
ulation.

In this regard, the American Model of The Pharmacy
Practice Activity Classification (PhPAC) adopted by the
American Pharmacists Association (APhA) and approved
by the International Pharmaceutical Federation (IPF), is
of particular interest. The PPAC classification includes
groupings of codes for the types of activities of pharma-
cy practice, which, in turn, are detailed into a number of
subgroups (Table 4)3.

Taking into account clinical, economic and social po-
sitions, not only a classification of all types of pharma-
ceutical practice activities is provided in the presented
model. There is also a new approach to the description
and registration of the activities of pharmaceutical spe-
cialists, aimed at such an activity as the provision of PA,
is demonstrated. The use of the classification made up
using generally accepted terminology, contributes to
obtaining comparable data for research in various di-
rections. As a result, pharmacists can occupy a variety
of positions in the pharmaceutical industry: in adminis-
trative and regulatory bodies, professional associations,
the public health system, educational institutions, when
they are directly involved in the provision of PA as col-
leagues and partners, ranging from traditional distribu-
tion of pharmaceutical products to direct providing ser-
vices to the patient.

It should be noted that although the American mod-
el of PhPAC opens up a wide scope for pharmaceutical

3 Development of pharmaceutical practice: focus on the patient. WHO;
MFF The Hague, The Netherlands, 2006: 110 p.
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specialists in the field of clinical pharmacy and clinical

practice, providing for their participation as full mem-

bers of the medical team, due to the specifics of pro-
fessional training, this area of activity is still not quite
accessible to Russian pharmaceutical specialists.

Providing qualified PA at all levels of the healthcare
system, counseling, informing and monitoring drug ther-
apy, as well as the technical aspects of providing PSs, re-
quire from pharmacists not only a thorough knowledge
of pharmaceutical products, but also expert knowledge
of therapy, a deep understanding of the pathogenesis of
diseases and their symptoms [3].

In the authors’ opinion, a set of pharmaceutical spe-
cialists and services produced by a specific retail entity,
is formed taking into account its production activities
and PSs operations performed. This circumstance de-
termines the expediency of systematization and further
standardization of PSs from the standpoint of the QMS,
which allows to achieve the preservation of stability of
quality parameters and characteristics of goods, as well
as to increase the level of quality of providing the popu-
lation with PSs [56].

Taking into consideration the fact that the produc-
tion process is the basis of the activities of any enter-
prise, and also the activities of a retail entity as a sequen-
tial and cyclically repeated implementation of a set of
interrelated production processes aimed at meeting the
needs and expectations of PA consumers, the authors
based the proposed classification model using the pro-
cess approach. A process-oriented organization provides
a continuous cycle of production of services within itself,
as well as a well-functioning mechanism for controlling
their quality. It is the application of the process approach
that makes it possible to take into account the focus on
the target tasks of the enterprise and the receipt of final
results, as well as the interest of each contractor in im-
proving the quality of the services provided [57].

The process of providing PSs in a retail entity is a
closed and continuous cycle, accompanied by the trans-
formation of input data (resources) into output ones —a
finished product (Fig. 5).

The content of the production activity of a retail en-
tity necessarily includes the following components:

— an expedient activity (labor) is carried out in the PSs
system of operating production processes and con-
tains a certain set of works;

— a subject of labor (a pharmaceutical product) is the
object which the activity is aimed at;

— means of labor (a set of resources) are the means
that can be used as instruments of influence in the
process of transforming goods, adapting them to
meet the needs of the consumer;

— a product of a production activity (a transformed
pharmaceutical product) is a material benefit that
meets the needs and expectations of PA consumers.
The model presented in the figure, makes it possible

for us to conclude that the main object of influence in
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the production process of the PSs complex is a pharma-
ceutical product intended for the distribution (sale) to
ultimate-users of PA. The production of PSs is accom-
panied by the transformation of the original form of a
pharmaceutical product into a more complex (integrat-
ed) one, which can meet the needs and expectations
of consumers to the full ex pharmaceutical tent. The
process of transformation of a product is active and is
the result of PSs integration of a system of interrelated
production processes that add a consumer value to the
original product and ultimately form a complex of PSs
produced.

To transform pharmaceutical products in accordance
with the requirements and expectations of PA consum-
ers, as well as taking into account the established norms
of the current legislation -—to the circulation of pharma-
ceutical products, it is required to produce not one spe-
cific PSs, but a whole complex containing a certain set of
pharmaceutical works and services.

Thus, the result of the ongoing production process-
es is the formation of an integrated form of a pharma-
ceutical product containing a material carrier (a pharma-
ceutical product) and a certain set of occupations and
services that increase its use value.

From the point of view of the QMS, the process of
production and providing the population with PSs means
the distribution of responsibilities among personnel, the
implementation of an appropriate amount of work and
a proper management (managing activities, planning,
analysis of quality criteria for the services provided, con-
trol and optimization).

Accordingly, the content of each individual produc-
tion process, the quality of its implementation and the
effectiveness of the QMS functioning at the institutional
level, have a decisive impact on the formation of the PSs
quality and, consequently, on the procedure for provid-
ing PA itself.

Considering the forgoing, the production activity of
a retail entity can be represented using the “pharmaceu-
tical goods — pharmaceutical works — pharmaceutical
services” complex, i.e. the transformation technology
consists in adding the desired value to the original prod-
uct through the use of various types of occupations and
services.

As a result, depending on the nomenclature group
of pharmaceutical goods, the specifics of logistics, a
merchandise flow, price setting, acceptable storage
conditions, and release conditions, there is a natural ty-
pology of the production activities of a retail entity to
provide PSs. The whole complex of PSs, carried out by
the subject of a retail trade, forms a typical variety of
production processes of five consecutive provision levels
(Table 5).

It should be noted that occupations and services of
1-4 levels (of strategic importance, organizational and
managerial, augmented, developing occupations and
services) have value only within a pharmaceutical orga-
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nization and represent a hidden range of services, intan-
gible by the consumer. The provision of such works and
services does not require the presence of a consumer, or
requires only an insignificant extent. In turn, the provi-
sion of practical (true) services requires the mandatory
presence of the consumer and is carried out directly at
the time of the release (sale) of pharmaceutical goods,
i.e. at the time of the transaction: purchase and sale,
provision of information, consulting assistance, etc. The
services of the fifth level are in demand by the consum-
er most of all and constitute the visible spectrum of the
PSs.

Each of the listed levels of pharmaceutical occupa-
tions and services, is characterized by the performance
of strictly defined labor actions, PSs and operations that
contribute to the formation of a more detailed nomen-
clature of pharmaceutical occupations and services for
retailers.

Thus, the process of PSs production is not homo-
geneous; in their performance, two successive stages
can be distinguished. The first stage of providing PSs is
carried out within a pharmaceutical organization itself,
without contact with the consumer of the PA, by trans-
lating the labor actions of the personnel into a phar-
maceutical product in order to preserve its consumer
properties. On the other hand, for the second stage of
PSs provision, a close contact with the PA consumer is
required, accompanied by a high degree of individual-
ization and a targeted approach in accordance with the
requirements of the consumer.

4. Development of methodological approaches

to optimizing the quality of PSs

A significant and relevant trend in the research of
scientists from different countries is the study and as-
sessment of the quality of PSs. The aim of such studies is
to develop new and improve existing approaches aimed
at optimizing the quality of PSs and, as a consequence,
PA on the whole. The problem of delivering PSS of prop-
er quality is becoming increasingly important. First of
all, this circumstance is due to the dual socio-economic
meaning inherent in PSs. On the one hand, a PS is one
of the main tools for providing PA to the population,
since the PSs implementation is expressed in meeting
the main social need of a person — health maintaining,
and therefore, the process of providing PSs requires ad-
herence to certain ethical norms and rules. On the other
hand, the provision of PSs refers to the sphere of pub-
lic service and represents the sphere of production and
economic activities of a pharmaceutical organization
aimed at increasing the degree of consumer loyalty, ob-
taining economic benefits (profits) and the formation of
certain competitive advantages.

According to the literature data, the studies related
to the research and assessment of the customer satis-
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faction level, are currently quite relevant. Taking into
account the client-oriented approach and a focus on
the buyer, the level of customer satisfaction can be posi-
tioned as an indicator of a pharmaceutical organization
functioning on the whole. It also demonstrates the de-
gree to which the quality of the services provided meets
the expectations of consumers. In this regard, consumer
satisfaction is becoming an increasingly important indi-
cator of the quality of any service type (including phar-
maceutical) [59-61].

The authors from various countries (South Africa,
Brazil, Ethiopia, USA, UK, ltaly, Germany, Belgium, Den-
mark) show that customer satisfaction is an integral part
of the PSs quality. Satisfaction influences adherence to
treatment and loyalty to pharmacy organizations. In
this case, the patient constitutes the core of PSs and
the relationship with him includes not only technical,
informational and communicative components, but also
emotional aspects. The authors noted that the range
of PSs is gradually expanding, the provision of this type
of services goes beyond the traditional drug provision
and becomes more and more focused on the patient. To
achieve the best result and improve the patient’s qual-
ity of life, an integrated approach and joint activities of
pharmaceutical and medical professionals are required
[61-66].

In Russian pharmacy, the administrative matters of
PSs quality management at different stages of drug cir-
culation are reflected, to one degree or another, in the
works by E.A. Fedina, R.G. Dyachenko, P.A. Lisovsky, L.N.
Geller, A.M. Gosudarev, S.V. Kononova, LV. Moshkova,
S.A. Smirnova and L.V. Kosova, K.A. Livshits and other au-
thors [2, 9, 11, 13, 23, 44, 45]. According to K.A. Livshits,
the PSs quality of is determined by the quality of its
two components: the quality of the drug and the qual-
ity of information about the drug. The service quality is
considered by E.A. Fedina as a set of characteristics of
a service that determine its possibility to meet the es-
tablished or assumed needs of a person. Some authors
noted that the effectiveness of the provision and the
quality of PSs depends on the person who provides it,
where, how and when it was provided. In other words,
the quality of the service largely depends on the person-
ality of the contractor and the circumstances of its oper-
ation. Since PSs refer to social types of services and con-
tribute to the maintenance and preservation of human
health, for this type of service the criterion of “safety”
is of great importance. The security of PSs provision is
a set of requirements for the quality of professional ac-
tions of a pharmaceutical specialist and must be ensured
without fail during its provision [2, 3]. Since the process
of providing PSs to the population is a basic component
of PA, the optimization of the PA management strategy
dictates the need to achieve consistency in the quality of
PSs and conduct their standardization.
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According to the literature data, as well as taking
into account the modern realities of the current legis-
lation, it has been established that an important role in
ensuring the standard quality of pharmaceutical spe-
cialists and services, is assigned to the introduction of
the QMS in the pharmaceutical industry, including the
subjects of retail trade. The analysis of the literature
sources indicates that the implementation and PSs
organization of the QMS is a key tool in managing the
quality of services provided and improving the QMS
[67-70]. In our country, as in a number of other coun-
tries, national standards of Good Pharmacy Practice
have been developed and are successfully applied on
the basis of the QMS. Despite the fact that the activities
of retail trade entities are regulated by the state, the
established requirements for the implementation of
pharmaceutical activities do not cover the entire range
of activities of pharmacy organizations. Herewith, the
need to form competitive advantages requires constant
improvement of activities and an increase in the quality
of services provided to the population. The experience
of implementing the QMS shows that as a result, it is
possible to identify weak links in the execution of indi-
vidual production processes, determine the insufficient
efficiency of certain relationships and direct resources
to improve the quality of products and services provi-
ded.

The use of the QMS and the process approach in
pharmaceutical industries is being actively studied at
the present time. The works by EV Nevolina are devot-
ed to modeling the QMS in pharmacy organizations.
The author has identified and documented the main
business processes and proposed a universal QMS
model that meets the requirements of GOST R ISO
9000 standards [71]. Dyachenko R.G. A list of phar-
maceutical occupations and services was developed
for their inclusion in the QMS and the development of
SOPs, an indicative model was proposed for assessing
the effectiveness of the implementation of the QMS in
the work of retail pharmaceutical organizations [13].
The matters of quality management of pharmaceutical
goods and services from the position of the organiza-
tion’s QMS, were considered by F.N. Bidarova. The au-
thor proposed and developed approaches to creating a
QMS for testing analytical laboratories [12]. Taking into
account modern trends, the research related to sub-
stantiation of the essence and development of meth-
odological approaches to assessing the effectiveness
of the QMS in pharmaceutical organizations, is gaining
relevance [72-75].

Despite the active study of the matters of PSs qual-
ity optimization, there is currently no holistic approach
to the PSs quality management. The matters of quality
management of pharmaceutical services in pharmacy
organizations have been also worked out insufficiently.
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The fact that the implementation of PSs to the pop-
ulation combines a range of pharmaceutical occupations
and services related to the preservation of consumer
properties and the sale of pharmaceutical products,
has been taken into consideration. Herewith, the qual-
ity of the PSs should be determined with due regard to
all their components: the quality of the pharmaceuti-
cal product; the quality of information accompanying
a pharmaceutical product; the quality of professional
training of the service provider. Taking into account the
active and long-term contact of the consumer with the
pharmaceutical specialists when receiving the PSs, the
socio-ethical components of the PSs quality should be
also taken into account. All these factors have a direct
impact on the consumer’s loyalty and the degree of his
satisfaction with the service of a particular pharmacy or-
ganization.

The main task of management in the service sec-
tor is to ensure the quality of services that meet cus-
tomer expectations and increase the level of customer
satisfaction. The basis of the criterion of customers’
judgments about the quality of a service product is its
compliance with existing expectations. If the perceived
quality has exceeded expectations, then the consum-
er is satisfied with the service, otherwise, he will re-
main dissatisfied. Thus, a key tool in PSs quality man-
agement is, first of all, a comprehensive assessment of
their quality, which involves identifying critical points
and justifying the necessary measures to improve the
service process, and this is the plan of our further re-
search.

CONCLUSION

The review indicates the presence of a number of
trends in the development of domestic research in the
field of PSs provision, which generally contribute to an
increase in the quality of PA provision to the popula-
tion. However, the most important role in research is
assigned to the study and assessment of the quality
of PSs, the development of approaches to its optimi-
zation. As evidenced by the results of the analysis and
generalization, the most successful activity in the provi-
sion of services in the field of drug circulation requires
the implementation of a process approach and the im-
plementation of the QMS. As a result of the research,
the main trends in the study of activities for the pro-
vision of services in the field of drug circulation, have
been characterized. The results of a comprehensive
analysis of the category of “pharmaceutical service”
are presented in the following way: the terminological
content of the concept has been cleared up, the groups
of features characterizing the economic and social es-
sence of PSs have been substantiated, and the system-
atization of pharmaceutical occupations and services
using a process approach, has been proposed.

49



REVIEWS
ISSN 2307-9266 e-ISSN 2413-2241

Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

10.

11.

12.

50

FUNDING

This study did not receive financial support from outside organizations.

CONFLICT OF INTEREST
The authors declare that they have no conflict of interest.

AUTHORS’ CONTRIBUTION
L.N. Geller, A.A. Skripko — critical analysis of the scientific review and its editing,
A.A. Klimenkova — content analysis of periodicals and review writing,
L.A. Gravchenko — collection of materials for the preparation of the scientific review,
E.A. Korzhavykh — terminology formulation and general editing of the scientific review.

REFERENCES

Korzhavyh EA, Kabakova TI, Umirova AA. Vyyavlenie i
analiz vektorov razvitiya sovremennyh issledovanij po
farmacevticheskoj pomoshchi. Eurasian Scientific Associ-
ation. 2019;4-3(50):175-181. Russian

Fedina EA. K voprosu o farmacevticheskih informa-
cionno-konsul’tacionnyh uslugah [To the question of phar-
maceutical data consulting services]. Sistemnyj analiz i up-
ravlenie v biomedicinskih sistemah. 2005; 4(4):466-467.
Russian

Dremova NB, Ovod Al, Korzhavyh EA. Osnovy farmacev-
ticheskoj pomoshchi v zdravoohranenii. Kursk: GOU VPO
KGMU Roszdrava. 2009:412. Russian

Fomicheva SN, Imanakov AYu. Osobennosti eticheskoj
regulyacii v farmaciito Aktual'nye problemy eksperimen-
tal’'noj i klinicheskoj mediciny. Volgograd: Publishing
House VSMU. 2005:13-15. Russian

Agadzhanyan YuO, Konnova MA, Mishchenko MA,
Ponomareva AA. Analiz sistemy upravleniya vzaimoot-
nosheniyami aptechnyh organizacij s potrebitelyami far-
macevticheskih uslug [Analysis of customer-relationship
management system in pharmacies]. Crimean Scientific
Bulletin. 2019: 3(24):30-36. Russian

ZHeltkevich OV, Sibireva AD. Koncepciya informa-
cionno-kommunikacionnoj uslugi v aptechnoj organizacii
[The concept of information and communication ser-
vices in a pharmacy]. Pharmacy. 2021;70(3):42-49. DOI:
10/29296 / 25419218-2021-03-08. Russian

Zheltkevich OV, Sibireva AD. Personality traits affecting
the communication between pharmacists and consumers.
Remedium. 2019;(1-2):56—60. DOI: 10.21518/1561-5936-
2019-1-2-56-60. Russian

Razdorskaya IM, Zanina IA. Farmacevticheskaya usluga
kak faktor otzyvchivosti aptechnoj organizacii [Pharma-
ceutical service as a factor of the responsiveness of a
pharmacy organization]. Pharmacy. 2018;67(7):43-48.
DOI: 10.29296/25419218-2018-07-08.

Gosudarev AM. Osobennosti marketinga farmacevtich-
eskih uslug. Logistika, transportnye tekhnologii i market-
ing: Sbornik trudov VGAVT. (N. Novgorod). 2000:28-30.
Russian

Livshic KA. Informacionnaya usluga kak neot “emlema-
ya chast’ prodvizheniya lekarstvennyh sredstv na rynke.
Sovremennye aspekty ekonomiki. 2004;13(64):68-70.
Russian

Lisovskij P.A. Organizacionno-ekonomicheskie osobenno-
sti predostavleniya farmacevticheskih uslug naseleniyu
gorodov. Aktual’nye problemy ekonomiki, sociologii i pra-
va. 2007:106—109. Russian

Bidarova FN, Andreyeva IN. Razrabotka sistemy ocen-

13.

14.

15.

16.

17.

18.

19.

20.

21.

ki kachestva farmacevticheskih uslug na regional’nom
urovne [Evaluation system of quality working out of phar-
maceutical services at a regional level]. Vladikavkazskij
mediko-biologicheskij vestnik. 2010;17(10):23-27. Rus-
sian

D’yachenko RG, Andreeva IN, Bidarova FN, Bondareva
TM, Gabrielyan NV. Puti sovershenstvovaniya upravleniya
kachestvom aptechnyh tovarov i farmacevticheskih uslug
v aptechnyh organizaciyah. Sovremennye problemy nauki
i obrazovaniya. 2013;5:371-379. Russian

Blohina DA, Koshkareva NV, Zamiralova EV. Primenenie
processnogo podhoda v organizacii, okazyvayushchej far-
macevticheskie uslugi [Application of a process approach
in a pharmaceutical service organization]. Vestnik Altajskoj
akademii i ekonomiki i prava. 2019;8:119-126. Russian
Blohina DA, Zamiralova EV. Tendencii k vnedreniyu stand-
arta ISO 9001 v organizaciyah, okazyvayushchih farmace-
vticheskie uslugi [Trends for implementation of iso 9001
in organizations that provide pharmaceutical services].
Colloquium-journal. 2019;11-4(35):34-36. Russian
Petrova SV, Kononova SV, Ponomareva AA, ZHukova OV,
SHalenkova EV, CHesnokova NN, Bogomolova LS, Dadus
NN. Farmacevticheskoe konsul'tirovanie: effektivnost’ i
bezopasnost’[Pharmaceutical advice: effi cacy and safety].
Remedium. 2019;11:40-46. DOI: 10.21518/1561-5936-
2019-11-40-46. Russian

Karabinceva NO, Moshkova LV, Bojko MP. Adresnye far-
macevticheskie uslugi pri professional’nyh zabolevani-
yah [Targeted pharmaceutical services for occupa-
tional diseases]. Sibirskij medicinskij zhurnal (Irkutsk).
2010;99(8):117-120. Russian

Tsarakhova LN, Levkova IL. Marketing studies of additional
services rendered in pharmaceutical organizations of the
republic of North Ossetia — Alania. Pharmacy & Pharma-
cology. 2015;3(6(13)):72-75. DOI: 10.19163/2307-9266-
2015-3-6(13)-72-75. Russian

Gajsarov AH. Pravovoj status farmacevticheskogo kon-
sul’'tirovaniya kak farmacevticheskoj uslugi, predostavly-
aemoj v aptechnyh organizaciyah [The legal status of
customer counseling as the pharmaceutical service
provided at the pharmacies]. Health and education in
the XXI century. 2018;20(5):117-120. DOI:10.26787/ny-
dha-2226-7425-2018-20-5-117-120. Russian

Gajsarov AH. Pravovoj status informirovaniya pokupa-
telej kak farmacevticheskoj uslugi, predostavlyaemoj
v aptechnyh organizaciyah [The legal status of the in-
forming of customers as the pharmaceutical service
provided at the pharmacies]. Health and education in
the XXI century 2018;20(4):140-143. DOI: 10.26787/ny-
dha-2226-7425-2018-20-4-140-143. Russian

Semenova SV. Issledovanie dopolnitel’'nyh  uslug,

Volume IX, Issue 1, 2021



Hay4HO-npakTu4eckuin xypHan

OAPMALMA N
OAPMAKOJOIUA

Ob30PbI
DOI: 10.19163/2307-9266-2021-9-1-32-53

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

predostavlyaemyh farmacevticheskimi organizaci-
yami [Study additional services provided by phar-
maceutical organizations]. Science of young (Erudi-
tio Juvenium).2017;5(2):306-311. DO0I:10.23888/
HMJ20172306-311. Russian

Semenova SV. Dopolnitel’'nye uslugi pokupatelyam: indi-
vidual'nyj zakaz lekarstv lidiruet. [Additional services to
customers: individual ordering of medicines is in the lead].
New pharmacy. 2020;1:94-98. Russian

Kononova SV, Olejnik GA. Farmacevticheskie uslugi:
formirovanie rynka [Pharmaceutical Services: Market For-
mation]. New pharmacy. 2003;6:25. Russian

Bogdanova YuN. Vyyavlenie faktorov, opredelyayushchih
potrebitel’skoe povedenie na farmacevticheskom rynke
[Understanding the determinants of consumer behavior
in the pharmaceutical market]. Vector of Science TSU.
2013;4:79-81. Russian

Samarova NA. Marketingovye issledovaniya lokal’nyh ryn-
kov farmacevticheskih uslug [Marketing research of local
markets for pharmaceutical services]. Problems of mod-
ern economics. 2007;3(23):372—-375. Russian

Fedotov GM. Razvitie rynka farmacevticheskih uslug Ros-
sii: regional’'nye problemy [Development of the market
for pharmaceutical services in Russia: regional problems].
Bulletin of the Chuvash University.2014;3:229-233. Rus-
sian

Popov LV, Kozlova VV, Popova Ol, Konovalov DA. Study for
methodological support organization for qualituy estima-
tion of pharmaceutical services in phytotherapy at the
Caucasian Mineral Waters resorts. Pharmacy & Pharma-
cology. 2015;3(2(9)):67-71. DOI: 10.19163/2307-9266-
2015-3-2(9)-67-71. Russian

Zernova TV. Analiticheskie procedury ocenki effektivno-
sti sostava i realizacii predprinimatel’skoj strategii prod-
vizheniya farmacevticheskih uslug [Analytical procedures
for assessing the effectiveness of the composition and im-
plementation of an entrepreneurial strategy for promot-
ing pharmaceutical services]. Reforming the management
system at a modern enterprise. 2007:92—-97. Russian
Esaulov SV. Problemy obespecheniya ekonomicheskoj
bezopasnosti uslug, sostavlyayushchih farmacevtich-
eskuyu deyatel’nost’ [Problems of ensuring the economic
security of services that make up pharmaceutical activi-
ties]. Actual problems of labor and human development.
2012:297-298. Russian

Basargina Al. Problemy razvitiya konkurencii na farmace-
vticheskom rynke Rossii [Problems of the development of
competition in the pharmaceutical market of Russia]. Col-
lection of materials of the3th Russian scientific-practical
conference. Kemerovo. 15-16 Oct 2020 Competition and
monopoly. p. 32-37.

Hepler CD, Strand LM. Opportunities and responsibil-
ities in pharmaceutical care. Am J Hosp Pharm. 1990
Mar;47(3):533-43.

Koster ES, Blom L, Philbert D, Rump W, Bouvy ML. The
Utrecht Pharmacy Practice network for Education and Re-
search: a network of community and hospital pharmacies
in the Netherlands. Int J Clin Pharm. 2014 Aug;36(4):669—
74.DOI: 10.1007/s11096-014-9954-5.

Minkman MM. Values and Principles of Integrated Care.
Int J Integr Care. 2016 Mar 30;16(1):2. DOI: 10.5334/
ijic.2458.

Martin-Calero MJ, Machuca M, Murillo MD, Cansino J,

Tom 9, Buinyck 1, 2021

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Gastelurrutia MA, Faus MJ. Structural process and imple-
mentation programs of pharmaceutical care in different
countries. Curr Pharm Des. 2004;10(31):3969-85. DOI:
10.2174/1381612043382549.

Emptage RE. Providing homebound patients with pharma-
ceutical services. Interview. Am J Health Syst Pharm. 2005;
62(14)1491-14933. DOI: 10.2146/ajhp050088.

Emmerick IC, Luiza VL, Pepe VL. Pharmaceutical services
evaluation in Brazil: broadening the results of a WHO
methodology. Cien Saude Colet. 2009;14(4):1297-1306.
DOI: 10.1590/s1413-81232009000400036.

Emmerick IC, Luiza VL, Pepe VL. Pharmaceutical services
evaluationin Brazil: broadening the results of a WHO meth-
odology. Cien Saude Colet. 2009 Jul-Aug;14(4):1297-306.
DOI: 10.1590/51413-81232009000400036.

Costa EA, Araujo PS, Penaforte TR, Barreto JL, Guer-
ra AA Junior, Acurcio FA, Guibu IA, Alvares J, Costa KS,
Karnikowski MGO, Soeiro OM, Leite SN. Conceptions on
pharmaceutical services in Brazilian primary health care.
Rev Saude Publica. 2017 Nov 13;51(suppl 2):5s. DOI:
10.11606/51518-8787.2017051007107.

Gerlack LF, Karnikowski MGO, Areda CA, Galato D, Oliveira
AG, Alvares J, Leite SN, Costa EA, Guibu IA, Soeiro OM,
Costa KS, Guerra AA Junior, Acurcio FA. Management of
pharmaceutical services in the Brazilian primary health
care. Rev Saude Publica. 2017 Nov 13;51(suppl 2):15s.
DOI: 10.11606/51518-8787.2017051007063.

Stanko P, Fulmekova M. Logistika v lekdrenstve [Logis-
tics in the pharmaceutical service]. Ceska Slov Farm.
2005;54(6):251-255. Czech

Moullin JC, Sabater-Hernandez D, Fernandez-Llimos F,
Benrimoj Sl. Defining professional pharmacy services in
community pharmacy. Res Social Adm Pharm. 2013 Nov—
Dec;9(6):989-95. DOI: 10.1016/j.sapharm.2013.02.005.
Moullin JC, Sabater-Hernandez D, Benrimoj SI. Qualita-
tive study on the implementation of professional phar-
macy services in Australian community pharmacies us-
ing framework analysis. BMC Health Serv Res. 2016 Aug
25;16(1):439. DOI: 10.1186/s12913-016-1689-7.
Soloninina AV. Missiya i nomenklatura farmacevtich-
eskih organizacij [Mission and nomenclature of pharma-
ceutical organizations]. Economic Bulletin of Pharmacy.
2001;5:15-18. Russian

Smirnova SA, Kosova IV. Ocenka kachestva farmacevtich-
eskogo obsluzhivaniya [Assessment of the quality of phar-
maceutical services]. Bulletin of the Peoples’ Friendship
University of Russia. 2004;4:157-161. Russian

Geller LN, Korzhavyh EA. Tipologiya farmacevticheskoj po-
moshchi [Typology of pharmaceutical care]. Collection of
scientific papers. Perm. 2008:21-23. Russian

Panfilova AL, Nemchenko AS. Teoriya i praktika organi-
zacii farmacevticheskoj pomoshchi naseleniyu v usloviyah
medicinskogo strahovaniya [Theory and practice of orga-
nization of pharmaceutical aid to the population in the
conditions of medical insurance]. International Medical
Journal. 2010;16(2):101-106. Russian

Mihajlova VN, Shumilovskih EV, Shahina SG, Soloninina
AV. Organizacionnye podhody k standartizacii farmacev-
ticheskih rabot [Organizational approaches to standard-
ization of pharmaceutical works]. Modern problems of
science and education.2015;2-2:510-517. Russian
Burmenko TD, Baganov VYu, Baeva ON. Institucional’nye
izmeneniya v sfere social’'no znachimyh uslug [Institu-

51



REVIEWS
ISSN 2307-9266 e-ISSN 2413-2241

Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

52

tional changes in the field of socially significant services].
Irkutsk Publishing House Baikal State University.2013:p.
266. Russian

Atakueva MT. Problemy sootnosheniya ponyatij «raboty»
i «uslugi [Problems of the relationship between the con-
cepts of “work” and “services”]. Business in the law.
2012;4:29-31. Russian

Sabanova MM, Vindizhev TH. Marketing uslug: sushch-
nost’ i perspektivy razvitiya [Service marketing: es-
sence and development prospects]. Capital of science.
2020;8(25):71-79. Russian

Drovovozova O.V., Uzhegova A.M. Perspektivy razviti-
ya marketinga uslug [Prospects for the development of
marketing services]. International Journal of Human-
ities and Natural Sciences.2020;7-2:106-109. DOI:
10.24411/2500-1000-2020-10897. Russian

Brezhneva V.M. Formirovanie strategii innovacionnogo
razvitiya marketinga uslug [Formation of a strategy for in-
novative development of marketing services].” Economy,
governance and finance in the XXI century: facts, trends,
forecasts”. Materials of scientific and practical confer-
ences. Publisher: Kursk Institute of Cooperation (branch)
of the Belgorod University of Cooperation, Economics and
Law. Kursk. 2018. 2018:10-14. Russia.

Klimenkova, A.A., Geller L.N., Skripko A.A. Farmacevtiches-
kie tovary i ih specifika [Pharmaceutical products and their
specifics]. All-Russian Scientific And Practical Conference
“Innovative Technologies In Pharmacy” Dedicated To The
100th Anniversary Of The Formation Of The Irkutsk State
Medical University. Publisher: Irkutsk State Medical Univer-
sity (Irkutsk) Irkutsk, June 14-15, 2019:438-443. Russian
Moshkova LV, Korzhavyh EA, Tret’yakova EV. Informaciya
o lekarstvennyh formah v aptechnoj praktike [Information
on dosage forms in pharmacy practice]. Publishing house:
Moscow, 2009: 90 p. Russian

Zvereva ES. Vidy uslug pri osushchestvlenii farmacevtich-
eskoj deyatel’nosti [Types of services in the implementa-
tion of pharmaceutical activities]. New pharmacy. 2005;
10:9-13. Russian

Klimenkova AA, Geller LN, Skripko AA, Gravchenko LA,
Fedorenko NV. Quality management system of a phar-
maceutical organization: criteria and implementation.
Pharmacy & Pharmacology. 2019;7(3):170-179. DOI:
10.19163/2307-9266-2019-7-3-170-179.

Zhuravel VF, Karachurin VL. Business processes and quali-
ty: basic approaches. Quality in production and socio-eco-
nomic systems, collection of scientific papers of the 9th
International Scientific and Technical Conference. In 2
volumes. Publisher: Southwestern State University. Kursk,
April 16, 2021, 215-218. Russian

Kirshchina IA, Karimova AA, Soloninina AV. Ohrana zdor-
ov'ya naseleniya kak professional’naya funkciya farmace-
vticheskogo rabotnika — analiz ozhidanij i predpochtenij
potrebitelej farmacevticheskih uslug [Public health pro-
tection as a professional function of a pharmacist — anal-
ysis of expectations and preferences of pharmaceutical
services consumers]. Modern organization of drug sup-
ply.2020;7(4):25-36. DOI 10.30809/s0l0.4.2020.3. Russian
Semyonova SV, Kuznecov DA. lzuchenie otnosheniya po-
trebitelej k programme loyal’nosti s pozicii marketingov-
oj bezopasnosti farmacevticheskih organizacij [Studying
the attitude of consumers to the loyalty program from
the perspective of marketing security of pharmaceutical

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

organizations]. Pharmacoeconomics: theory and practice.
2019;7(1):68-69. DOI: 10.30809/phe.1.2019.40. Russian.
Luzhnova NV, Kireeva MM. Harakteristika modeli pov-
edeniya potrebitelej na osnove udovletvorennosti, loy-
al’nosti i otnosheniya k poluchaemoj ot predpriyatiya
informacii [Characteristics of the consumer behavior
model based on satisfaction, loyalty and attitude to the
information received from the enterprise]. Economics and
Business: Theory and Practice. 2020;3-1:112-115. DOI:
10.24411/2411-0450-2020-10181. Russian

Grey E, Harris M, Rodham K, Weiss MC. Characteristics of
good quality pharmaceutical services common to communi-
ty pharmacies and dispensing general practices. Int J Pharm
Pract. 2016 Oct;24(5):311-8. DOI: 10.1111/ijpp.12253.
Rencburg AJ, Kotze |, Lubbe MS. An elderly, urban popula-
tion: their experiences and exoectations of pharmaceuti-
cal services in community pharmacies. Health SA Gesond-
heid. 2017;22:241-251. DOI: 10.1016/j.hsag.2016.12.002
Ayalew MB, Taye K, Asfaw D, Lemma B, Dadi F, Solomon
H, Tazeze H, Tsega B. Patients’/Clients’ Expectation Toward
and Satisfaction from Pharmacy Services. J Res Pharm
Pract. 2017 Jan—Mar;6(1):21-26. DOI: 10.4103/2279-
042X.200995.

Garattini L, Padula A. Pharmaceutical care in Italy and
other European countries: between care and com-
merce? Postgrad Med. 2018 Jan;130(1):52-54. DOI:
10.1080/00325481.2018.1399043.

Merks P, SWieczkowski D, Jaguszewski MJ. Patients’ per-
ception of pharmaceutical services available in a com-
munity pharmacy among patients living in a rural area of
the United Kingdom. Pharm Pract (Granada). 2016 Jul-
Sep;14(3):774. DOI: 10.18549/PharmPract.2016.03.774.
Bratkowska K, Religioni U, Krysinski J, Merks P. Quality of
Pharmaceutical Services in Independent Pharmacies and
Pharmacy Chains in Poland from the Patient Perspective.
Patient Prefer Adherence. 2020 Dec 14;14:2459-2467.
DOI: 10.2147/PPA.S284014.

Betlloch-Mas I, Ramoén-Sapena R, Abellan-Garcia C, Pas-
cual-Ramirez JC. Implementation and Operation of an In-
tegrated Quality Management System in Accordance With
I1SO 9001:2015 in a Dermatology Department. Actas Der-
mosifiliogr (Engl Ed). 2019 Mar;110(2):92-101. English,
Spanish. DOI: 10.1016/j.ad.2018.08.003.

Velasco Gimeno C, Cuerda Compés C, Alonso Puerta A,
Frias Soriano L, Camblor Alvarez M, Bretén Lesmes |, P4
Mestre R, Izquierdo Membrilla |, Garcia-Peris P. Implan-
tacion de un sistema de gestion de calidad en una uni-
dad de nutricion segun la norma une-en-iso 9001:2008
[Implementation of a quality management system in a
nutrition unit according to iso 9001:2008]. Nutr Hosp.
2015 Sep 1;32(3):1386-92. Spanish. DOI: 10.3305/
nh.2015.32.3.9403.

Allen LC. Role of a quality management system in improv-
ing patient safety — laboratory aspects. Clin Biochem.
2013 Sep;46(13-14):1187-93. DOI: 10.1016/j.clinbio-
chem.2013.04.028.

De Silva T. Best practice in pharmacy management. Risk-
based thinking: A holistic approach for pharmacy practice.
Journal of Pharmacy Management. 2018;34(3):85-91.
Nevolina EV. Sistema menedzhmenta kachestva (SMK) v
aptechnoj organizacii [Quality management system (QMS)
in a pharmacy organization]. New pharmacy. 2008;4:70—
80. Russian

Volume IX, Issue 1, 2021



Hay4HO-npakTu4eckuin xypHan

OAPMALMA N
OAPMAKOJOIUA

Ob30PbI
DOI: 10.19163/2307-9266-2021-9-1-32-53

72. Dzhuparova IA, Harina IA. Metodicheskij podhod k ocen-
ke sistemy kachestva v aptechnoj organizacii [Methodical
approach to assessing the quality system in a pharma-
cy organization]. Modern organization of drug supply.
2019;2:18-19. Russian

73. Kharina IA, Dzhuparova IA. Quality system effectiveness in
a pharmacy organization. Journal of Siberian Medical Sci-
ences. 2019;(4):54-61. DOI: 10.31549/2542-1174-2019-
4-54-61. Russian

74. Dmitrishak MV. Sistema menedzhmenta kachestva v
aptechnoj organizacii [Quality management system in a
pharmacy organization]. Health of Ugra: experience and
innovations. 2020;2:7-16. Russian

75. Rogov OA, Davidov SB. Elementy sistemy menedzhmen-
ta kachestva v aptechnyh organizaciyah [Elements of the
quality management system in pharmacy organizations].
Modern organization of drug supply. 2018;2:111-113.
Russian

AUTHORS

Aleksandra A. Klimenkova — Assistant of the De-
partment of Management and Economics of Pharmacy,
Irkutsk State Medical University”. ORCID ID: 0000-0002-
7984-3531. E-mail: al.mas@bk.ru

Lev N. Geller — Doctor of Sciences (Pharmacy),
Professor, Professor of the Department of Manage-
ment and Economics of Pharmacy, Irkutsk State Med-
ical University. ORCID ID: 0000-0002-3598-6514.
E-mail: levhg@mail.ru

Anna A. Skripko — Candidate of Sciences (Pharma-
cy), Associate Professor, the Head of the Department of

Tom 9, Buinyck 1, 2021

Management and Economics of Pharmacy, Irkutsk State
Medical University. ORCID ID: 0000-0002-5844-4988.
E-mail: anna_kulakova@mail.ru

Liliana A. Gravchenko — Candidate of Sciences
(Pharmacy), Associate Professor of the Department of
Management and Economics of Pharmacy, Irkutsk State
Medical University. ORCID ID: 0000-0002-0150-4468.
E-mail: l.gravchenko@ismu.baikal.ru

Eleonora A. Korzhavykh — Doctor of Sciences (Phar-
macy), Peoples’ Friendship University of Russia. ORCID
ID: 0000-0002-4958-9018. E-mail: o_kea@mail.ru

53



RESEARCH ARTICLE Scientific and Practical Journal

PHARMACY &
ISSN 2307-9266 e-ISSN 2413-2241 PHARMACOLOGY

@)y

APPROACHES TO THE SELECTION OF EXCIPIENTS
FOR DENTAL GEL WITH CETYLPYRIDINIUM CHLORIDE

E.Yu. Zagorulko, A.S. Karavaeva

Saint Petersburg State Chemical and Pharmaceutical University
Bld. A, 14, Prof. Popov Str., St. Petersburg, Russia 197376

E-mail: elena.zagorulko@pharminnotech.com

MonyyeHo 26.12.2019 MpuHAaTa K neyatn 25.11.2020

The aim of the study was to determine the excipients influence on the characteristics of gels with cetylpyridinium chloride
and to select the dental gel formulation gelation agents promising for the development of dental gel compositions. Hereby,
the properties of the active pharmaceutical ingredient, characteristics of the specific gelation agents, as well as their influ-
ence on stability, biopharmaceutical and application properties of gels, were taken into account.

Materials and methods. In this study, polymers with various gelation mechanisms were considered. Their compatibility with
cetylpyridinium chloride as well as storing kinetic and colloid kinds of stability, pH of aqueous solutions, spreadability and
textural properties, a penetration ability by the agar diffusion method, an osmotic activity and rheological properties of the
gels, were examined. For a complex evaluation of gel compositions study results, a desirability function was used.

Results. Stable homogenous dental gels with cetylpyridinium chloride can be obtained by using 25% poloxamer 407 and 5.0%
high molecular weight chitosan as the basis.

The addition of poloxamer 188 to high molecular weight chitosan gels can produce stable systems with improved textural
characteristics as well as increase their osmotic activity. Agar and low molecular weight chitosan addition significantly de-
crease, whereas poloxamer 188 and various molecular weight polyethyleneglycol increase the osmotic activity of 25% polox-
amer 407 gels which are also characterized by a high penetration ability.

Conclusion. A complex evaluation of biopharmaceutical, physicochemical and application properties of the gels made it pos-
sible to establish that combinations of poloxamer 407 with polyvinylpyrrolidone, agar, and low molecular weight chitosan,
can be recommended as a base for a dental gel with cetylpyridinium chloride.

Keywords: cetylpyridinium chloride; dental gel; composition; excipients; biopharmaceutical properties; chitosan; poloxamer;
desirability function

Abbreviations: PP — pharmaceutical preparation; DF — dosage form; CMC — carboxymethylcellulose; PVP — polyvinylpyrroli-
done; PEG — polyethyleneglycol; FDA — Food and Drug Administration (U.S.)
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Lienb. N3yyeHne BAMAHMA BCMOMOraTe/IbHbIX BELLLECTB HA CBOMCTBA refle ¢ LeTUANMUPULNHUA X0PUA0M 1 Bbibop reneobpa-
30BaTesiel, NepcrneKkTUBHbIX A4/1A Pa3paboTKM cocTaBa resid CTOMATONI0rMYecKoro. Mpu 3TOM y4YnTbIBaIM CBOMCTBA AEWNCTBYIO-
LLLero BellecTBa, 0COBEHHOCTM KOHKPETHbIX resieobpa3oBaTesieit, a TakKe UX BAMAHUE Ha YCTOMUYNBOCTb, BruodapmaueBtnye-
CKMe 1 NoTpebuTenbcKme CBOMCTBA renew.

Matepuanbl U meToabl. B ccnegoBaHUmn paccmaTpuBaam NoaMMeEpPbI € PasvyHbIMU MexaHM3Mamm reneobpasosaHus. Us-
yyanm nx COBMeCTUMOCTb C LLeTUANMUPUAUHUA XNTOPULOM, YCTOMYMUBOCTb refieil Mpu XpaHeHUM, KUHETUYECKYHO YCTOMYMBOCTb
N KONNIOUAHYI0 CTabunbHOCTb, pH BOAHbIX M3BAEYEHWM, HAMA3blBaEMOCTb M TEKCTYPHbIE CBOMCTBA, NMPOHMKaLOLLYO CNoCco6-
HOCTb MeToAOM ANdPY31Kn B arap, OCMOTUYECKYIO aKTUBHOCTb M PeOIOrMYeckne CBOMCTBA renei. [Ina KoMnaeKCcHOro aHaiu-
3a pe3ynbTaToB UCCe0BaHWUIM reneBblX KOMNO3ULMI NCNONb30BaN 060OLLEHHYIO GYHKLMIO XKenaTesbHOCTH.

Pe3ynbratbl. YCTOMYMBbIE OAHOPOAHbIE FeIM CTOMATONOTUYECKUE C LLETUANMUPUANHUA X0PUAOM MOTYT BbITb NOyYeHbI NPU
MCNO/Ib30BaHUM B KayecTBe OCHOBbI 25% nosokcamepa 407 n 5,0% xnto3aHa BbICOKOMONEKYIAPHOrO. BBegeHwe B renv xu-
TO3aHa BbICOKOMOEKYIAPHOIO Nosiokcamepa 188 no3BosAeT Nosly4atb CTabuibHble CUCTEMbI C YYULIEHHbIMU TEKCTYPHbBIMU
XapaKTEPUCTUKAMK, A TaK¥Ke 3HAaUMTENbHO YBENNYMBAET X OCMOTUYECKYIO aKTUBHOCTb. [lobaBneHue arapa, a TakKe XUTo-
3aHa HM3KOMOJIEKYIAPHOTO 3HAYUTE/IbHO YMEHbLLUAET, @ Nosiokcamepa 188 v NONUITUNEHTANKONEN Pa3HbIX MOTEKYNAPHbIX
Macc — yBe/IM4YMBaeT OCMOTUYECKYIO aKTUBHOCTb renei 25% nonokcamepa 407, KOTOPble XapaKTEPU3YIOTCA TaKKe U BbICOKOM
NPOHMKaKOLLLEN CNoCcoBHOCTbIO.

3akntoueHue. Mo nToram KOMNIEKCHOM OLUEeHKN BrnodapmaueBTUYECKUX, GUINKO-XMMMUYECKUX U NOTPEOUTENBCKUX CBOMCTB
resiell yCTaHOB/IEHO, YTO B KaYeCcTBe OCHOBbI A/1A e/l CTOMATO/IOMMYECKOro C LLeTUANUPUANHUA XN0PULO0M MOTYT BbiTb pe-
KOMeHA0BaHbl KOMBUHaLMK nonokcamepa 407 ¢ NONNBUHUANUPPOANLOHOM, arapoOM U XMTO3aHOM HU3KOMONEKYIAPHBIM.
KntoueBble cnoBa: LETUNNUPUANHUA XNOPUL,; Felb CTOMATONOTMYECKUIA; COCTaB; BCMOMOraTe/ibHble BellecTsa; buodapma-
LeBTUYECKME CBOMCTBA; XMTO3aH; NONIOKCaMep; GYHKLMA KenaTenbHoCTH

Cnucok cokpaueHuid: /1M — nekapcTBeHHbIN npenapart; /I® — nekapctBeHHaa ¢opma; KML, — KapboKCMMETUILLEN01033;
MBM — noansnHuanupponnaoH; N3 — nonnatuneHrnnkons; FDA — YnpaBneHne no CaHUTAPHOMY HaZA30py 3a KAaYeCTBOM

NULLEBbIX NPOAYKTOB 1 meamKkameHTos CLLUIA / U.S. Food and Drug Administration

INTRODUCTION

Currently, oral cavity diseases are ones of the most
common. Periodontal diseases can be distinguished
among them. Periodontium is a complex of tissues that
form supporting apparatus of teeth; frequent symptoms
of periodontal diseases are inflammations, primarily or
secondarily associated with the growth of the infectious
microorganisms [1, 2].

Dental gels are ones of the dosage forms (DFs) used
for the local treatment of periodontal diseases.

The pharmaceutical preparations (PPs) in such DFs,
registered in Russia, belong to local anesthetic, anti-
septic, antimicrobial, non-steroidal anti-inflammatory
agents. In such compositions, antimicrobial components
are metronidazole, chlorhexidine digluconate, cetylpyr-
idinium chloride, cetalkonium chloride, benzalkonium
chloride and their combinations [3].

Cetylpyridinium chloride is one of the most com-
mon antimicrobial preparations prescribed for inflam-
matory infections of the oral cavity [4]. Its therapeutic
concentration safety was confirmed by the clinical data
and proved by FDA [5-7].

Among the DFs with cetylpyridinium chloride for the
oral cavity, sprays and lozenges are prevalent [3, 8, 9].
In dental gels, 0.1% cetylpyridinium chloride is present-
ed only in combination with lidocaine hydrochloride in
local anesthetic preparations prescribed for children in
cutting of the teeth [3, 9].

Currently, a large number of studies on dental gels
with synthetic and natural substances development, in-
cluding those with antimicrobial properties, are known
[10-20]. There are investigations on the study of local
adhesive DFs with cetylpyridinium chloride [9, 21-25].
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But to date, there is no submitted research on the
development of dental gels which contains only cetylpyr-
idinium chloride as an active pharmaceutical ingredient.
Therefore, the development of such a PP is relevant [9].

DFs for the local use in the oral cavity contain from
0.05 to 0.50% cetylpyridinium chloride [3]. The devel-
oped gel will contain one active pharmaceutical ingredi-
ent. For this reason, the choice of the maximum thera-
peutic concentration (0.50%) for this DF is appropriate.

When developing a gel composition, the base choice
which will affect the biopharmaceutical properties of the
DF, including its penetration ability and osmotic activi-
ty, is very important. The prolongation of gel presence
on mucosa can be achieved by including mucoadhesive
polymers as well as their combinations, in the gel com-
position. It is important to consider this fact in the phar-
maceutical development of this DF [26—-29].

It is common knowledge that the characteristics of
active pharmaceutical ingredients can impact the phys-
icochemical and technological properties of a gel base.
This fact is especially important for cetylpyridinium chlo-
ride, which, as a cationic compound, can affect the con-
formation of gelation agents molecules, sensitive to the
presence of ions in the system [9, 27, 30].

The possibility of the chemical interaction between
cetylpyridinium chloride and acids should be also taken
into account. The problem of combining cetylpyridini-
um chloride and acidic compounds in one DF is complex
and depends on the type of the DF, its aggregate state,
the presence of stabilization agents, the method of sub-
stances introduction and, in particular, the degree of
substitution of acid groups in cellulose derivatives gell-
ing agents [9, 23, 25, 31].
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Hence, the selection of excipients for dental gel base
is a complex problem that should be solved by determin-
ing biopharmaceutical, physicochemical and technologi-
cal characteristics of a gel base with the consideration of
special aspects of this DF administration.

THE AIM of the study was to determine the ex-
cipients influence on the characteristics of gels with
cetylpyridinium chloride, and to select the dental gel for-
mulation gelation agents promising for the development
of the dental gel composition.

The research objectives included the selection
of compatible with cetylpyridinium chloride gelation
agents and viscosity modifying agents, the selection of
their concentrations, the investigation of physicochem-
ical and biopharmaceutical properties of the gel com-
positions, their complex evaluation and the excipients
selection for the dental gel.

MATERIALS AND METHODS

The cetylpyridinium chloride substance (“Diam”,
Russia) and the excipients — acid-soluble high molecular
weight chitosan (ZAO «Bioprogress», Russia), aqua-solu-
ble low molecular weight chitosan (ZAO «Bioprogress»,
Russia), polyvinylpyrrolidone (PVP) (Plasdone K 29/32,
ISP Pharmaceuticals, Switzerland), agar (Agar 900, Qix-
iang, China), poloxamer 407 (Kolliphor P 407, BASF, Ger-
many), poloxamer 188 (Kolliphor P 188, BASF, Germany),
polyethyleneglycol 300 (PEG 300) (Polyethylenglycol
300, Merck, USA), polyethyleneglycol 6000 (PEG 6000)
(NORCHEM-008, Russia), glycerine (NevaReaktiv®, Rus-
sia), carbomer (Carbopol™ 974 P NF, IMCD, Netherlands),
sodium alginate (FOODALRA®, 500, FOODCHEM, Russia),
iota carregeenan (Benvisco, USA), xanthan gum (NOW*
FOODS, USA), methylcellulose (Methocel”A15, DOV ce-
mical company limited, USA), carboxymethylcellulose
(CMC) (Akucell” AF 2785, Akzo Nobel, Netherlands), aca-
cia gum (Instantgum™ BA, CNI, France) — were used.

N-tris hydroxymethyl-aminomethane (trometamol)
(NevaReaktiv®, Russia) was used to obtain carbomer gel
and hydrochloric acid for chitosan gel (Lenreaktiv, Rus-
sia). A 10% Cetylpyridinium chloride aqueous solution
was introduced in the gels.

The storing stability was examined by gels expo-
sure infilled to the top orange glass jars (BTC-20-27,5-
0S-1 type) at the room temperature for 6 months. The
gel samples’ appearance, homogeneity and consistency
were determined.

A kinetic stability was studied by centrifugation of
the gel samples at 6000 rpm for 15 min. The kinetic sta-
bility coefficient (H,) was calculated by the formula (1):

T Hy, (1)

where: H_ is the height of the released fluid layer,
H,,is the total height of the gel layer [32].
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The gel was considered kinetic stable at H,=0.0.

The colloid stability was determined by centrifuga-
tion of the gel samples at 6000 rpm for 5 min after their
freezing and thawing [33]. The colloid stability coeffi-
cient (K ) was calculated as the ratio of the phase height
released after centrifugation to the total height of the
gel sample in the centrifuge tube. For the colloid stable
gels, the value of K_should be equal to 0.0.

The spreadability and textural properties were deter-
mined by estimation of the gel sample (0.5 g) distribution
between the glass plates with a force of 0.5 kg [34].

The penetration ability was studied by the agar dif-
fusion method according to the developed methods [20]
based on the classic approach to the biopharmaceutical
characteristics of semi-solid dosage forms [33].

The determination of the osmotic activity was car-
ried out by the Kruvchinsky equilibrium dialysis method
through a semipermeable membrane with a pore diam-
eter of 12—-14 kDa («Orange Scientific», Belgium) [35]. A
0.9% aqueous solution of Sodium chloride was used as
a dialysis liquid.

The dynamic viscosity was examined on Brookfield
DV-I1+PRO programmable viscometer (Brookfield Engineer-
ing Laboratories, Inc., CLLUA) subject to OFS. 1.2.1.0015.15
“Viscosity” [36]. The sample viscosity in the range of shear
rates from 10 to 200 s and from 200 to 10 s™ was deter-
mined. The torque values ranged from 30 to 80%.

For complex evaluations of gel compositions, a de-
sirability function was used [37].

The results of parallel measurements were pro-
cessed according to GPM 1.1.0013.15 “Statistical pro-
cessing of the results of a chemical experiment” [36].

RESULTS AND DISCUSSIONS

Selection of compatible excipients

At the first stage, the compatibility of cetylpyridin-
ium chloride with widely used in dental gels excipients,
was studied [3, 10, 12-15, 17-19, 27]. The calculated
amounts of a 10% aqueous solution of cetylpyridinium
chloride were added to gels or excipients aqueous solu-
tions until its 0.5% concentrations in the samples. The
obtained systems were described immediately and after
30 days of storage. The mixtures of cetylpyridinium chlo-
ride with 1.0% carbomer, 2.0% iota carrageenan, 8.0%
acacia gum, 2.0% methylcellulose, 4.0% carboxymeth-
ylcellulose, 6.0% high molecular weight chitosan, 4.0%
low molecular weight chitosan, 20.0% poloxamer 407,
15.0% poloxamer 188, 1.0% agar, 3.0% xanthan gum,
1.0% sodium alginate, 20.0% PVP, 10.0% PEG 300, 5.0%
PEG 6000 and 40.0 glycerol were studied.

It has been established that heterogeneous systems
are formed at the addition of a cetylpyridinium chloride
solution to carbomer, iota carrageenan, cellulose de-
rivatives, xanthan gum gels, and acacia gum solutions.
There were various kinds of a residue structure of these
systems — from the white adhesive mass in carrageenan
gels to a fine precipitate in methylcellulose gels.
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Homogeneous systems with no changes in the ap-
pearance were formed with chitosans, poloxamers, PVP,
agar, PEG 400 and 6000 and glycerol. High molecular
weight chitosan and poloxamer 407 were selected as a
base gelation agent with the properties of their aqueous
systems taken into account.

Poloxamer 407 is a non-ionic polymer of a synthetic
origin. It is used as a gelation agent, a viscosity modify-
ing agent, emulsifier and solubilizer (HLB value 18-23) in
liquid and semi-solid DF technologies. Thermoreversible
properties of poloxamer 407 are its technology features.
Gelation mechanism is connected with a micelles forma-
tion and association, as the temperature rises [38, 39].

Chitosan is a chemically modified gelation agent of
the natural origin with known antiseptics and wound
healing activities. The characteristics of chitosan mol-
ecules depend on their molecular weight. Gelation
mechanism is connected with ionization and changes
in molecular conformation at the interaction with acid
solutions [29, 40, 41].

Chitosans, poloxamers, agar, PVP and PEG of vari-
ous molecular weight have-of mucoadhesive properties
which are developed differently [26, 28, 29, 39]. Muco-
adhesive properties are the aim of a separate research
in the framework of a dental gel with cetylpyridinium
chloride pharmaceutical development, and are not con-
sidered in this work.

Excipients influence on gel

with cetylpyridinium chloride characteristics

At the next stage, the working concentration of ge-
lation agents was chosen. For this textural, biopharma-
ceutical and physicochemical properties of 20.0-30.0%
poloxamer 407 and 2.0-6.0% high molecular weight
chitosan gels were investigated [20]. According to their
properties, complex evaluation gels of 25.0% poloxamer
407 and 5.0%, chitosan were chosen for a further study.

To develop a composition that meets the require-
ments for dental gels, taking into account the character-
istics of their use and the properties of the active sub-
stance, combinations of the main gelation agents with
compatible excipients were made up. Their stability, pH,
penetration ability, osmotic activity, spreadability, and
textural properties, as well as organoleptic characteris-
tics, were studied. Fifteen compositions of dental gels
were selected for the investigation (Table 1).

Appearance, a storing stability, kinetic and col-
loid stabilities were determined for gels compositions
(Table 2).

It has been established, that compositions 2, 3 and
5 with high molecular weight chitosan as a base gela-
tion agent, separated into two phases after 6 months of
storage. The gels separation can be explained by the sig-
nificant difference between the molecular weight of the
base gelation agent — high molecular weight chitosan
(200 kDa) and viscosity modifying agents — low molec-
ular weight chitosan (1-30 kDa), PEG 300 and 6000 as
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well as the absence of synergism during gelation. The
gels formation was due to simple physical molecules in-
terweaving of high molecular weight chitosan and the
excipients. This did not provide stability of the systems,
and further on, the gels separated into two phases — the
lower one contained mainly high molecular weight chi-
tosan, and the upper lighter phase contained viscosity
modifying agents.

At the same time, by combining high molecular
weight chitosan with poloxamer 188 (ratio 5:10 and 4:20)
and PVP (5.0 : 1.5), stable homogeneous systems were
obtained. However, composition 6 showed a change in
consistency towards its density. For these reasons, 2, 3,
5 and 6 gels were excluded from the further study.

The gels with a poloxamer 407 base did not show
any changes in properties.

For stable compositions, a pH value, spreadability
and textural properties were determined (Table 3).

Based on the analysis of the data obtained, it has
been established that compositions 1 and 7 with high
molecular weight chitosan and poloxamer 407 without
viscosity modifying agents addition had equally low
spreadability values. However, the textural properties of
cationic high molecular weight chitosan with the addi-
tion of a non-ionic surfactant (poloxamer 188) forming
different conformation micelles (compositions 4 and 15)
were improved significantly. Sample 15 has the highest
spreadability value of all the studied gels.

It s has been additionally noted that when spread-
ing over the surface, this composition formed foam. At
the same time, the addition of poloxamer 188, PVP, PEG
300 and 6000 as well as low molecular weight chitosan
in poloxamer 407 based gels, has a slight effect on their
spreadability. Hence, the introduction of excipients im-
proving textural properties, is necessary for the main
part of the obtained gels.

Poloxamer 407 based gels were characterized by a
high penetration ability. Poloxamer 407 is known to be
used as a penetrant in a semi-solid DF technology [38,
39]. To approximate the model to physiological condi-
tions, the penetration ability was determined by thermo-
stating the samples at 37°C. When choosing the exper-
imental conditions, it was noted that the agar diffusion
depth for poloxamer 407 gels at the room temperature
was higher than at 37°C. The viscosity poloxamer 407
gels increasing at rising the temperature can explain this
fact. Therefore, their agar diffusion was difficult.

When studying the penetrating ability of the gels
based on chitosan, it was found out that the samples
absorbed water and spread over the surface of the me-
dium (compositions 1, 4, and 15). No diffusion into the
agar can be explained by a high molecular weight of the
base gelation agent.

The pH value of all examined samples is close to the
physiological pH values of mixed saliva [42].

The results of the gels osmotic activity determina-
tions are presented in Fig. 1.
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Table 1 — Compositions of gels with cetylpyridinium chloride

Compo- Content,%

nj:q?er CPC to(s::r']'h. P 407 toig'n' . PP /;%%r P188 PEG 300 :oEoGo Glycerol 10% HCl P\;‘I;'Izd
1 0.5 5.0 - - - - - - - - 50 to0100.0
2 0.5 3.0 - 4.0 - - - - - - 30 10100.0
3 0.5 5.0 - - - - - 3.0 - 7.0 50 t0100.0
4 0.5 5.0 - - - - 10.0 - - - 50  to100.0
5 0.5 5.0 - - - - - - 10.0 - 50 to0100.0
6 0.5 5.0 - - 15 - - - - - 50 to0100.0
7 0.5 - 25.0 - - - - - - - — 101000
8 0.5 - 25.0 - - - 10.0 - - - —  t0100.0
9 0.5 - 25.0 - - - - 10.0 - - — 101000
10 0.5 - 25.0 - - - - 3.0 7.0 - ~  t0100.0
11 0.5 - 25.0 - - 0.1 - - - - — 101000
12 0.5 - 25.0 - 15 - - - - - —  t0100.0
13 0.5 - 300 01 - - - - - - — 101000
14 0.5 - 250 04 - - - - - - — 101000
15 0.5 4,0 - 0.2 - - 20.0 - - - 40 101000

Note: CPC — cetylpyridinium chloride; chitosan h.— high molecular weight chitosan; P 407 — poloxamer 407; chitosan |.— low molecular weight
chitosan; P 188 — poloxamer 188; 10% HCl — 10% hydrochloric acid solution
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Figure 1 — Dependence of the absorbed isotonic solution mass fraction on the time of gel dialysis
Note: A — compositions 1, 7, 8, 10, 12 and 15; B — compositions 4, 8, 11, 13 and 14
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Figure 2 — Viscosity curves for compositions 7, 12 (A) and 11, 14 (B) at 20°C
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Table 2 — Stability of gel samples with cetylpyridinium chloride

Compo- Samples appearance after receipt Samples appearance after 6 month of storage
sition
number Appearance H, K Appearance H, K
1 Slightly opale.scent homo.geneous dense 00 00 N RS 00 00
yellowish non-flowing mass
Opalescent homogeneous dense light Separation into a clear liquid 'and strongly
2 . 0.0 0.0 opalescent gel phases, approximately equal 0.4 0.6
brown non-flowing mass .
in volume
Opalescent homogeneous dense whitish Separation into a clear liquid (about 30% in
3 ; 0.0 0.0 0.3 0.5
flowing mass volume) and strongly opalescent gel phases
4 Strongly opalnescent yellowish 00 00 No changes 00 00
flowing mass
. Separation into a clear liquid and strongly
5 strongly opalesc'ent LR L 0.0 0.0 opalescent gel phases, approximately equal 0.3 0.4
flowing mass .
in volume
6 strongly opalescer?t dense yellowish 0.0 0.0 Strongly opalescent jelly-like mass 0.0 0.0
non-flowing mass
7 clear homogeneotljs dense colorless 00 0.0 N RS 00 00
non-flowing mass
3 Clear homogeneOL_Js dense colorless 00 0.0 No changes 0.0 0.0
non-flowing mass
ST SIS C I LIRS Clear homogeneous dense colorless
9 non-flowing mass with foam on thesur- 0.0 0.0 & . 0.0 0.0
non-flowing mass
face
10 Clearr homogenegus densi colorless 00 0.0 No changes 0.0 0.0
non-flowing mass
11 Slightly opalescent homogeneous dense 00 00 o s 00 00
colorless non-flowing mass
12 Strongly opalescent hompgeneoui dense 00 00 No changes 0.0 0.0
colorless non-flowing mass
13 Strongly opalt.escent homqgeneous dense 00 00 e s 00 00
yellowish non-flowing mass
14 Opalescel?t homoger?eous_llght brown 00 00 No changes 0.0 0.0
non-flowing mass with a light texture
Slightly opalescent homogeneous dense
15 yellowish non-flowing mass with air bub- 0.0 0.0 No changes 0.0 0.0
bles in volume and foam on the surface
Note: *Gel acquires a liquid consistency under cooling
Table 3 — Characteristics of gel samples with cetylpyridinium chloride
Composition number
Parameter
4 7 8 10 11 12 13 14 15
pH value
0,
aq(l).l];(s)fs/ugel 5.45+0.05 5.30+0.04 6.46+0.05 6.22+0.05 6.14+0.04 6.26+0.05 6.36+0.04 6.16+0.05 5.20+0.05 5.54+0.05 5.34+0.05
solutions
Agar diffu-
sion depth, - - 13.940.4 14.1+0.7 14.6+0.5 12.6+0.5 15.0+0.9 12.6+0.5 14.840.9 15.0+0.6 -
mm
Sprgai;b"" 33103 3.840.4 27+03 2.6+02 3.1¢03 2.6+04 3.1¢02 3.0:03 2.9+0.3 3.0:t0.4 5.0:0.3
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Table 4 — Desirability function response variables

. Individual Desirability function response variables
Desira
bility desirability
functions d, d, d, d, d, dq
The gel has a light texture,
“erY  1080:1.00] 6.80-7.40 0.0-50 20-40 4.0-50 Ccvenlydistributed with little effort, Neutral
good» completely remains on the distribu-
tion surface
The gel has a light texture,
«good» [0.63;0.80] 6.20-6.79 5.1-10.0 41-60 3.0-3.9 the distribution is slightly f:llfﬁcult, Mild, easily
a small part of the gel remains on the corrected
spreading surface
<accen- The dense gel, evenly distributed with  pronounced,
tablez [0.37;0.63] 5.60-6.19 10.1-15.0 61-80 2.0-2.9 effort, most of the gel remains on the  correction is
distribution surface possible
The dense gel, distributed unevenly,
o . Very pro-
while it may foam or form an inelas- nounced. the
«bad»  [0.20;0.37] 5.00-5.59 15.1-20.0 81-100 1.0-1.9 tic film, which remains equally on T
T correction is
both the distribution surface and the e
. difficult
spreading surface
«ver more than ™2™ |ass than The dense gel, the surface distribution no\(Jeane’zirothe
¥ [0.00; 0.20] 4.20-4.99 than is difficult, most of the gel remains on o
bad» 20.0 1.0 . correction is
100 the spreading surface . .
impossible
Table 5 — Generalized desirability coefficient values for dental gels
Composition number 1 4 7 8 9 10 11 12 13 14 15
D value 0.34 0.36 0.60 0.53 0.35 0.35 0.62 0.68 0.43 0.55 0.44

It has been established that samples 1, 4 and 14 with
high molecular weight chitosan, its combination with
poloxamer 188 (5:10) and a composition of poloxamer
407 and low molecular weight chitosan (25:0,4) have
the lowest osmotic activity value (less than 50% per first
exposition hour). At the same time, 20% of poloxamer
188 addition in chitosan gel significantly increased its
osmotic activity.

The additions of agar (sample 11), as well as low mo-
lecular weight chitosan (sample 14) significantly reduce
the osmotic activity of 25% poloxamer gels.

The osmotic activity increases with the increase of
poloxamer 188 and 407 concentration (compositions
8 and 13). PEG 300 and 6000 (composition 10 and 9)
introduction significantly increases the poloxamer 407
gels osmotic activity.

Meanwhile, sample 10 has the highest value of the
osmotic activity: its mass increases more than twice for
the first exposition hour.

Compositions complex evaluation

for the selection of dental gel base

with cetylpyridinium chloride

The following demands to the excipients selection
were taken into account: the gel base should have a light
spreadability and good textural properties, pH value
close to the physiological condition, a low osmotic ac-
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tivity (to avoid the moisture loss by mucus membranes),
a low penetration depth (to prevent the entry of local
antiseptics into the bloodstream) and a neutral flavour
[12-14, 27].

Harrington’s generalized desirability function can
provide a complex evaluation of gels compositions [37].
Taking into account the above-listed requirements for
dental gels, the following responses of the desirability
function have been selected:

1. d, - pH value of 5.0% aqueous gel solutions;

2. d,— agar diffusion depth, mm;

3. d,— osmotic activity per first exposition hour;

4. d, - spreadability, cm;

5. d, —textural properties;

6. d, —flavour.

The characteristics of desirability function response
variables are presented in Table 4.

Generalized desirability coefficient (D) was calcula-
ted by the formula (2):

Dzé/dlxdzxdgxd4><d5><d6,, ()
The results of the determination are presented in
Table 5.
Based on the analysis, it was established that com-
position 12 with poloxamer 407 and PVP has a high gen-
eralized desirability coefficient value.
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Meanwhile, compositions 7, 11 and 14 also had
rather high D values. Their bases contain 25% poloxam-
er and its combinations with agar and low molecular
weight chitosan. These gels can be used as a base with
the introduction of excipients that correct their proper-
ties.

When choosing excipients, their effect on the struc-
tural and mechanical properties of gels is of great im-
portance.

That’s why at the next stage, rheological characteris-
tics of compositions 7, 11 and 14 were determined. The
viscosity curves are presented in Fig. 2.

It has been established that all studied samples had
similar dynamic viscosity values in the range of shear
rates from 30 to 200 s™*. With an increase in the shear
rate, the dynamic viscosity of all these compositions de-
creased, which makes it possible to attribute it to sys-
tems with a pseudoplastic type of flow. It should be not-
ed that all examined samples restored the viscosity after
unloading, which allows predicting the retention of the
structural and mechanical properties of these systems
during their production and packaging.

CONCLUSION

Cetylpyridinium chloride forms stable homoge-
neous systems with chitosans, poloxamers, PVP, agar,
PEG 300 and 6000. When studying the properties of gels
containing these substances in different combinations,
their influence on the properties of the resulting compo-
sitions was determined. Hence, it was found that polox-

amer 188 addition to the high molecular weight chitosan
(20:4) can obtain stable systems, as well as improve their
spreadability and textural properties, and increase their
osmotic activity. At the same time, a further stabilization
is required by combinations of high molecular weight
chitosan with PEG 300 and 6000, low molecular weight
chitosan (in the ratio 5:3, 5:10 and 3:4, respectively) to
prevent their separation.

Poloxamer 407 based gels were characterized by a
high penetration ability. The studied excipients (polox-
amer 188, agar, low molecular weight chitosan, PVP, PEG
300 and 6000) do not significantly impact on these char-
acteristics. Additions of agar, as well as low molecular
weight chitosan, significantly reduce the osmotic activity
of 25% poloxamer gels., while poloxamer 188 and PEG of
various molecular weight increase it. It should be noted
that poloxamer 407 gels require the introduction of ex-
cipients that improve their texture properties.

The complex evaluation of gels biopharmaceutical,
physicochemical and application properties established
that combinations of poloxamer 407 with polyvinylpyr-
rolidone, agar, and low molecular weight chitosan can be
recommended as a base for a dental gel with cetylpyri-
dinium chloride. These systems were characterized by
the pseudoplastic type of flow and restored the viscosity
after an applied load of shear rates in the studied range.

The final composition selection can be made after
studying mucoadhesive and antimicrobial properties of
the developed dental gels, which will be discussed in the
further research.
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The aim of this study is to develop a universal, rapid and affordable method for the identification of dydrogesterone, troxeru-
tin, and ademetionine in drugs by multisensor digital colorimetry using a unique two-dimensional code. The developed
approach can be applied to rapid detection of counterfeit drugs at the preliminary stage of the analysis (before using more
expensive specialized equipment).

Materials and methods. To implement the proposed approach, the substances of dydrogesterone (“Abbott Biologicals B.V.”,
Netherlands), troxerutin (JSC “Interfarma”, Prague, Czech Republic) and ademetionine (LLC “Farmamed”, Moscow, Russia),
troxerutin capsules 300 mg (LLC “Pranafarm”, Samara, Russia), lyophilisate for an intravenous solution and the intramuscular
administration “Heptral”® (ademetionine) 400 mg (“Abbott Laboratories”, GMBH, Germany), tablets “Duphaston”” (dydro-
gesterone) 10 mg (“Abbott Healthcare Products B.V.”, Netherlands), were used. A multisensor colorimetry method has been
implemented using the following set of 8 sensors (C—C,): an intact solution —a 96% (v/v) aqueous ethanol solution — C ;
1 mM alcoholic solution of anthraquinone green (CAS#4403-90-1) — C,; a 0.2% aqueous solution of 3-methylbenzothiazoli-
none hydrazone (CAS#1128-67-2) — C,; a 0.2% methyl orange aqueous solution (CAS#547-58-0) — C,; a 1 mM alcoholic solu-
tion of sulforhodamine B (CAS#3520-42-1) — C,; a 1 mM alcoholic solution of 1-hydroxypyrene (CAS#5315-79-7) — C; 1 mM
alcoholic solution of allura red AC (CAS#25956-17-6) — C,; a1 mM aqueous solution of iron (Ill) chloride — C,- Transparent
flat-bottomed polypropylene plates with 96 cells, with a cell volume of 350 pl (Thermo Fischer Scientific, USA, cat. No.
430341) were used as a base for the chip. For obtaining raster images, an Epson Perfection 1670 office flatbed scanner
(CCD-matrix) with a removable cover was used. The obtained digital images of the cells were processed using the Image)
software (Wayne Rasband, National Institutes of Health, USA; http://imagej.nih.gov/ij) with a 24-bit RGB color model (8 bits
per channel).

Results. The adequacy of the developed approach was confirmed by the analysis of the above-listed drugs. It has been shown
that the results obtained have no statistically significant differences from the values determined by the spectrophotometric
method.

Conclusion. The possibility of using multisensor digital colorimetry for pharmaceutical analysis has been shown. The devel-
oped methods for the identification of the active substances can serve as a good supplement to more expensive traditional
methods.

Keywords: dydrogesterone; troxerutin; ademetionine; digital multisensor colorimetry; barcode

Abbreviations: RGB — red, green, blue; MBTH — 3-methylbenzothiazolinone hydrazone; PCA — Principal Component Analysis;
PC1 — Principal Component 1.
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MYJTIbTUCEHCOPHbIW LUBETOMETPUYECKUI AHATIU3
NMPENAPATOB ANOPOIreECTEPOHA, TPOKCEPYTUHA
N ADEMETUOHUHA C UCTOJIb3AOBAHUEM LWUTPUX-KOOOB
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Lienb. Pa3paboTka yHMBEPCAZIbHOFO 3KCNPECCHOrO M AOCTYMHOro cnocoba onpeaeneHna AnaporecTepoHa, TPOKCepyTUHa
1 afleMeTUOHMHA B JIEKaPCTBEHHbIX Mpenapatax MeTo40M My/IbTUCEHCOPHON LUUMPPOBON LLBETOMETPUN C UCTMONb30BaAHNEM
YHWUKaNbHOTO ABYMEPHOro Koga. Pa3paboTaHHbIM Nogxos MOXKeT bbiTb NpUMeHeH A/1a 6bicTporo BbiABneHUA danbcuduka-
TOB /IEKAPCTBEHHbIX CPEACTB Ha NpeABapuTe/IbHOM 3Tane aHaausa (4o ncnonb3oBaHusa 6onee 4OPOroro cnewunanmsnpoBaH-
Horo o6opynoBaHus).

Marepuanbl U metoapl. [117 peanvsaumm NpeasioKeHHOro NoAXo4a UCMoib30BaHbl CybCTaHLMM AMaporecTepoHa («3660TT
Buonoaxunkans b.B.», HuaepnaHgbl), TpokcepytuHa (AO «MHTepdapmar, Mpara, Yexua), agemeTmoHuHa (000 «dapmames»,
MockBa, Poccus), Kancynbl TpokcepyTrHa 300 mr (OO0 «lMpaHadapm», Camapa, Poccus), anodunmnsat ana npurotoBneHUs
pacTBopa A8 BHYTPUBEHHOIO M BHYTPMMbILEYHOTO BBeaeHus «fentpan»” (agemetrormnH) 400 mr («3660TT J1abopaTopus»,
IMBX, lfepmatus), Tabnetku «JrodactoH»’ (auaporectepoH) 10 mr («3660TT Xenckea Mpoaakte b.B.», Huaepnanapl). Metog,
MYNIbTUCEHCOPHOI LIBETOMETPUM Peann30BaH € MCMNo/b3oBaHWeM ciedytolero Habopa u3s 8 ceHcopos (C,—C,): MHTaKTHbIN
pacteop — 96% (v/v) BoAHbIii pacTeop 3TaHoNa — C ; 1 MM cnnpToBOI pacTBOP aHTPaxMHOHOBOTO 3eneHoro (CAS#4403-90-1)
- C,; 0,2% BoAHbIV pacTBOp 3-MeTUI6€H30TUa30NMHOH-TAPa30Ha (CAS#1128-67-2) — C,; 0,2% BOAHbIN pacTBOp METUJIO-
paHxa (CAS#547-58-0) — C,; 1 MM cnupToBo# pacTBop cynbdopoaammuta B (CASH#3520-42-1) - C.; 1 MM cnnpToBoii pacTBop
1-ruapokennupera (CAS#5315-79-7) — C.; 1 MM cnupTOBO PacTBOP KpacHOro o4aposatesibHoro AC (CAS# 25956-17-6) — €
1 mM BogHbIV pactBop xenesa (ll) xnopuaa — C,. B KayecTBe OCHOBbI 417 YMMA UCTIONb30BA/IM NPO3PaYHbIe NAaHLeTbl U3
NOAMMNPONUIEHa C NIOCKMM AHOM Ha 96 aveeK, 0b6bem Avelikm — 350 mka (Thermo Fischer Scientific, CLUA, kaT. Ne 430341).
[ns nonyyeHWs pacTpoBbiX M306pakeHUin NpUMeHANn odUCHbIM NAAHLWWETHBIM cKkaHep Epson Perfection 1670 (CCD-ma-
TPULLA) CO CbEMHOW KpbIWKOW. MonyyeHHble LmMbpoBbie N306pakeHna aueek obpabaTbiBann B Nnporpamme Imagel (Wayne
Rasband, National Institutes of Health, USA; http://imagej.nih.gov/ij) c ncnonbzosaHnem LseToBoi mogenn RGB 24 6ur (8
61T Ha KaHan).

Pe3ynbratbl. ALEKBAaTHOCTb Pa3paboTaHHOro NoaAxoAa NOATBEPNKAEHA NPY aHaIM3e BbllenepeyncNeHHbIX NeKAPCTBEHHbIX
npenapaTtos. [oKa3aHo, YTO NOyYEHHbIE Pe3y/ibTaTbl HE UMEIOT CTAaTUCTUYECKM 3HAYUMBIX OT/IMUYUI OT BEZIMYMH, ONpeaenEH-
HbIX CNEKTPODOTOMETPUYECKMM METOLOM.

3akntouyeHue. [oKkazaHa BO3MOMXKHOCTb MCMO/Ib30BAHWUA MY/IbTUCEHCOPHON LMPPOBON LiBeTOMeTpUN AnA dapmaLeBTuye-
CKOro aHanu3a. Pa3paboTaHHble cnocobbl onpeaeneHna AeNCTBYIOLLMX BELWECTB MOTYT C/IYXKNTb XOPOLUMM JONONHEHUEM K
6onee AOPOroCTOALLMM TPAAULMOHHBIM METOAAM.

KntoueBble cnoBa: AUApOrecTepoH; TPOKCEPYTUH; aeMETUOHWH; LMdPOBaA My/IbTUCEHCOPHAA LLBETOMETPUSA; LUTPUX-KOA,
Cnucok cokpaweHuii: RGB (K3C) — KpacHbIi, 3eneHbli, cuHuii; MBTT — meTun6eH30T1a3onnHoH-rnapasoH; PC1 — rasHasn
KommnoHeHTa 1 / Principal Component 1; PCA — meTog, maBHbIX KOMNOHEHT / principal component analysis.

INTRODUCTION

For a preliminary rapid detection of counterfeits (even
before using more expensive analytical equipment), it is ad-
visable to practise simple, accessible and express methods.
One of these methods is a digital colorimetry, based on the
registration of electromagnetic radiation in the visible range of
wavelengths by digital devices to get color raster images [1-6].
Digital colorimetry has become widespread in pharmaceutical
analyses. In this area, the method is used to: analyze medicinal
plants [7, 8]; assess the quality of collections, which include

Tom 9, Buinyck 1, 2021

powders of medicinal plants [9—11]; determine the whiteness
of powdered and tableted drugs [12]; identify the biologically
active substances and drugs both by their own color and by the
color of the products of color reactions used in pharmacopoe-
ial tests [12]; identify the DOA and banned products [13, 14].
Digital colorimetry combines the availability of chemical
test methods with a visual detection and a good performance
of instrumental methods, primarily optical molecular spectros-
copy. The extremely low cost of the analysis by this method
is due to the possibility to measure the analytical signal using
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consumer digital optical devices not certified as measuring in-
struments [1, 5, 15, 16]. Despite the obvious advantages, the
colorimetric method is not devoid of a number of limitations,
the main one of which is its low selectivity [4, 17].

To increase the selectivity of the method, the use of
molecular sensors was proposed [18]. It is advisable to use
a cell of several chromogenic agents as sensors, in which a
series of analytical reactions can be carried out simultane-
ously. The multisensor colorimetry method [19-29] is based
on obtaining colored products of an analyte interaction with
molecular sensors, getting information about their color
characteristics, and then converting them into a discrete
substance “barcode” that can be used for chemical analyses
[17, 30].

A unique colorimetric two-dimensional code makes it
possible to estimate both the nature and the content of ac-
tive substances in the drugs at the minimum level of infor-
mation noise [17, 30]. To form the “barcodes”, it is advisable
to choose such sensors and color channels, the values of the
lightness of which correlate with the content of the analyte.
Lightness shall mean the color coordinate on one of the color
channels in the RGB system (varies in the range from 0 to
255).

The drugs of three different pharmacological groups
were selected as the test objects. Dydrogesterone is synthet-
ic progestogen that fully ensures the onset of the secretion
phase in the endometrium in cases of endometriosis and
dysmenorrhea. Troxerutin is a flavonoid, a phleboprotective
drug that has venotonic, angioprotective, anti-inflammatory,
anti-edema and antioxidant effects. Ademetionine is an anti-
oxidant, hepatoprotective, detoxifying agent. The structural
formulas of the active substances are shown in Fig. 1. The
development of alternative methods for their identification,
suitable for a preliminary screening analyses of drugs, is an
important and urgent task of the pharmaceutical and analyt-
ical chemistry.

THE AIM of this study is to develop a universal method
by multisensor digital colorimetric analysis of drugs of vari-
ous pharmacological groups using dydrogesterone, troxeru-
tin and ademetionine as examples. The developed complex
of molecular sensors in combination with new approaches
to the processing of analytical signals will make it possible
to identify the above-mentioned active substances in the
drugs.

MATERIALS AND METHODS

Study objects

To implement the proposed approach, the substances of
dydrogesterone (“Abbott Biologicals B.V.”, Netherlands), troxeru-
tin (JSC “Interfarma”, Prague, Czech Republic) and ademetionine
(LLC “Farmamed”, Moscow, Russia), troxerutin capsules 300 mg
(LLC “Pranafarm”, Samara, Russia), lyophilisate for an intrave-
nous solution and an intramuscular administration of “Heptral”®
(ademetionine) 400 mg (“Abbott Laboratories”, GMBH, Ger-
many), tablets “Duphaston”” (dydrogesterone) 10 mg (“Abbott
Healthcare Products B.V.”, Netherlands) were used.
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Materials

For a quantitative analysis, a series of calibration solu-
tions was prepared using the substances troxerutin and ade-
metionine (4.0-20.0 mg/ml) in increments of 4 mg/ml, dydro-
gesterone (1.0-3.0 mg/ml) in increments of 0.5 mg/ml. The
concentration range had been selected in such a way that the
content of the active substance in the real drug would be in the
middle of the calibration curve.

The calibration solutions were analyzed by multisensor
colorimetry using the following set of 8 sensors (C,—C,): an in-
tact solution — a 96% (v/v) aqueous ethanol solution — C; 1
mM alcoholic solution of anthraquinone green (CAS#4403-90-
1) - C,; a 0.2% aqueous solution of 3-methylbenzothiazolinone
hydrazone (MBTH) (CAS#1128-67-2) — C,; a 0.2% methyl or-
ange aqueous solution (CAS#547-58-0) — C,; a 1 mM alcoholic
solution of sulforhodamine B (CAS#3520-42-1) - C; a 1 mM
alcoholic solution of 1-hydroxypyrene (CAS#5315-79-7) — C,;
1 mM alcoholic solution of allura red AC (CAS#25956-17-6) —
C,; a1 mM aqueous solution of of iron (Ill) chloride - C,.

Equipment

Transparent flat-bottomed polypropylene plates with 96
cells [31-33], cell volume 350 ul (Thermo Fischer Scientific,
USA, cat. No. 430341) were used as a base for the chip.

Using Biohit mLine dispensers (Sartorius, USA), 100 uL of
alcohol solutions of substances, sensor solutions (Cl—CS), and
purified water were placed into the cells of the plate. The num-
ber of sensors was determined so that it would be possible
to analyze the maximum number of samples on one plate (8
sensors by the number of rows of the plate).

For obtaining raster images, an Epson Perfection 1670 of-
fice flatbed scanner (CCD-matrix) with a removable cover was
used. The plate with the samples was scanned using the Epson
Scan software in the Professional mode (600 dpi resolution,
24-bit color depth). “Color restoration”, “Unsharp mask filter”
and “Descreening filter” options were disabled. To perform
a digital colorimetric analysis using a 96-cell plate (Thermo
Fischer Scientific, USA, cat. No. 1256604), a Teflon insert of
210%x297x17 mm in size, was made with a center rectangular
cut (128x86 mm) and was placed under the cover of an of-
fice A4 flatbed scanner. It made it possible to: expedite and
formalize the procedure for placing the plate on the working
glass table of the scanner; fix the coordinates and lighting
conditions of the plate with an electroluminescent lamp built
into the carriage; minimize the side stray illumination of the
plate with substrates by external illumination sources; improve
the accuracy of measuring results of plate raster images color
channels lightness.

The difference in the color channels lightness between
the analyte cell and the intact cell was used as an analytical
signal. The obtained digital images of the cells were processed
using the ImageJ software (Wayne Rasband, National Institutes
of Health, USA; http://imagej.nih.gov/ij) using the RGB 24-bit
color model (8 bits per channel), in each cell the central area
was selected and 3 averaged values of lightness were obtained
for it, one for each color channel of RGB. The choice of color
channels was carried out empirically.

Volume IX, Issue 1, 2021



Hay4HO-npakTu4eckuin xypHan

OAPMALMA N
OAPMAKOJOIUA

RESEARCH ARTICLE
DOI: 10.19163/2307-9266-2021-9-1-64-72

RESULTS AND DISCUSSION

Semi-quantitative colorimetric analysis of troxerutin,

dydrogesterone and ademetionine

The obtained values of the lightness of RGB-channels
were processed in the MS Excel spreadsheet editor, the opti-
mal threshold values of the difference in the lightness of the
channels for the analyzed solution and the intact cell were
chosen. The values above them were conventionally designat-
ed as “1” and below them as “0” (Table 1) and colorimetric
“barcodes” were created (Table 2). When choosing the optimal
threshold value for the difference in lightness, the following
requirements were met: (1) the code must be unique; (2) the
difference in coding between adjacent concentrations should
be minimal (1-2 values). To meet these requirements, it is ad-
visable to set individual thresholds for each channel. This prob-
lem was solved using MS Excel (Add-in “Search for a solution”).

The presented one-dimensional “barcodes” can be clus-
tered into a two-dimensional code (Table 3), which makes it
possible both to estimate the nature and the content of the
active substance in the drugs at the minimum level of the
information noise. The interpretation of a two-dimension-
al code for the identification of the substances is possible
both in visual and “instrumental” mode, for example, using
a software “barcode” scanner on a smartphone after its pre-
liminary setup. The latter mode is especially useful when
processing large data sets to increase the reliability of the
analysis results.

Thus, the technique of the semi-quantitative analysis of
drugs can be reduced to comparing the code of the test solu-
tion with the corresponding code of a standard solution of the
known concentration. Since the inaccuracy of the semi-quanti-
tative analysis results is initially high, there is no need to use an
inaccessible standard sample. It is just necessary to reproduce
the described conditions of measuring the analytical signal and
use a ready-made set of two-dimensional barcodes.

Colorimetric quantitative analysis of dydrogesterone,

troxerutin and ademetionine drugs

For the quantitative analysis, it is advisable not to use all
color channels and sensors, but only those the lightness values
of which correlate with the analyte content. The coefficients of
determination (r2) are calculated for all analytes, sensors and
color channels, sensors and channels for which the value of r2
> 0.99 is a linearity criterion for the pharmaceutical analysis

methods are identified. Thus, for the analysis of troxerutin, 4
color channels were selected (G4, G5, R7 and R8), for dydro-
gesterone — 5 channels (R2, G4, G6, B6 and R7), for ademe-
tionine — 6 channels (R2, G2, R3, B3, G5 and G7).

To test the developed approach, a colorimetric analysis of
the following drugs was carried out: tablets of dydrogesterone
“Duphaston”® 10 mg, capsules of troxerutin 300 mg and lyo-
philizate of ademetionine “Heptral”® 400 mg. In order to select
the optimal method for the identification of active substances,
a comparison of the metrological characteristics of the meth-
ods using all the proposed color channels and sensors, was
carried out. The content of the active substance in the drugs
was determined by the calibration curve method. The results
of the active substances identification in the indicated drugs
using the developed approach, are presented in Table 4.

For all variants of colorimetric techniques, the equality of
the means was proved using the modified Student’s t-test for
independent samples (P=0.95). The table shows that methods
of the troxerutin identification using the R-channel of sensor 7,
of ademetionine —the G- channel of sensor 2, and of dydroges-
terone — the R-channel of sensor 2, have the best metrological
characteristics. The presented data show that the results of the
analysis of the drugs by method of multisensor digital colorim-
etry, accord well with the data declared by the manufacturer
(obtained by high performance liquid chromatography and
spectrophotometric method).

Using the technique of the principal component analysis
for the assay of dydrogesterone, troxerutin and ademetionine
drugs.

An approach in which the set of lightness values of color
channels is considered as a kind of “colorimetric spectrum”,
seems promising. In this case the data can be processed using
chemometric algorithms, of which the principal component
analysis (PCA) is used most often. In this case, it is possible, on
the one hand, to select all useful information from all sensors
on all channels at once, on the other hand, the level of the
information noise can be reduced and the accuracy of the anal-
ysis results can be increased.

To test chemometric approaches, a series of calibration
solutions of the troxerutin and ademetionine substances (4.0—
20.0 mg/ml) in increments of 4 mg/ml, and dydrogesterone
(1.0-3.0 mg/ml) with a step of 0.5 mg/ml were used. The val-
ues of the first principal component (PC1) were calculated by
the formulas.

For dydrogesterone:

PC1=-0.01-AG, - 0.31-AR, - 0.02-AG, — 0.23-AB, -
-0.01-AR, - 0.01-AG, - 0.35-AB, — 0.01-AR, — 0.21-AG, — 0.01-AB, +
+0.01-AR, — 0.44-AG, — 0.40-AB_ - 0.01-AR, - 0.09-AG_ - 0.22-AB_ -

—0.24-AR, - 0.09-AG, — 0.02-AB, — 0.04-AR, — 0.46-AG, — 0.03-AB,

For troxerutin:

PC1=0.02-AR, +0.10-AG, + 0.05-AB, + 0.38-AR, + 0.01-AG, + 0.31-AB, +
+0.17-AR, + 0.48-AG, + 0.21-AB, + 0.13-AG, + 0.14-AB, +
+0.23-AR, + 0.16:AG, + 0.38-AB_ + 0.17-AR_+ 0.18-AG, +

+0.23-AR, +0.01-AG, + 0.02-AB, + 0.27-AR, — 0.02-AG, + 0.02-AB,
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HO

OH
a) b) <)
Figure 1 — Structural formulas of dydrogesterone (a), troxerutin (b), ademetionine (c)

Table 1 - Colorimetric codes corresponding to various concentrations of dydrogesterone,
troxerutin and ademetionine

Dydrogesterone
¢, mg/ml AR, AG, AG, AB, AR,
1.0 0 0 0 0 1
2.0 1 0 0 1 1
3.0 1 1 1 1 1

¢, mg/ml AG AG AR AR

4 or less 0 0 0 0
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Table 2 — Scale of “barcodes” corresponding to various concentrations of dydrogesterone,
troxerutin and ademetionine

Dydrogesterone Troxerutin Ademetionine
¢, mg/ml “Barcode” ¢, mg/ml “Barcode” ¢, mg/ml “Barcode”
1.0 4 4
1.5 8 m 8
2.0 12 I[ 12
2.5 16 ” 16
3.0 20 I.I 20
Table 3 — Two-dimensional “barcodes” for simultaneous analysis dihydrosterone,
troxerutin and ademetionine
Active C, C, C, C, C, C, C, C,
substance,
¢, mg/ml R G B R G B R G B B G B
Dydroge-
sterone
(2.5 mg/ml)
1.0
O
O
N N
O O

Troxerutin
(16 mg/ml)
4

8
12
16
20
Ademetionine ..:.
(8 mg/ml)

4

: ]
12 H H BN
16 a =N

20

Note: C,—C, — sensors; the dark fill of the cell corresponds to the presence of a signal, the light one — to its absence
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Table 4 — Results of active substances identification in medicinal products by multisensor digital colorimetry
using various color channels and sensors

Active ingredient content, mg/unit S
and ccs);eonrsé)l':annel Spectrophotometry Digital colorimetry (for .digital
(n=3,P=0.95) (n=11,P=0.95) colorimetry)
Dydrogesterone
R2 11.1+£1.2 0.048
G4 84+1.0 0.053
G, 10.2:0.1 7.0£0.8 0.050
B6 6.2+0.6 0.042
R, 144+1.7 0.053
Troxerutin
G, 294 %23 0.036
G, 284+ 25 0.040
R, 287%2 290 £ 20 0.036
R, 291+18 0.028
Ademetionine
R, 393 +42 0.048
G, 395+19 0.022
R, 389 +27 0.031
B, 3914 388 + 28 0.033
G5 400 £ 35 0.040
G, 376+ 24 0.029
Table 5 — Results of multisensor colorimetric identification of active substances
in drugs by the principal component analysis
Active ingredient content, mg/unit S,
(for digital
Spectrophotometry (n =3, P = 0.95) Digital colorimetry (n =11, P = 0.95) colorimetry)
Dydrogesterone
10.2+0.1 11.0+0.8 0.031
Troxerutin
287 +2 290+ 7 0.016
Ademetionine
391+4 388+9 0.020
200 + 200 + 200 ©
150 150 150
100 - 100 100
50 - 50 50
S o - S oty B oo bl
50 0 25 -50 0 4 8 /12 16 20 24 -50 0 4 8 /12 16 20 24
-100 - -100 -100 -
-150 -150 -150
-200 - C, mg/ml -200 — C, mg/ml ~200 -~ C, mg/ml
a) b) <)

Figure 2 — Dependence of the first main component vs concentration
of dydrogesterone (a), troxerutin (b), ademetionine (c) in calibration solutions
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For ademetionine:

PC1=0.02-AR, + 0.01-AG, + 0.27-AR, + 0.54-AG, + 0.03-AB, +
+0.28-AR, + 0.09-AG, + 0.29-AB, + 0.02-AR, + 0.08-AG, + 0.01-AB, +
+0.01AR, +0.16°AG, + 0.01-AG, + 0.13-AB_+
+0.43-AG, + 0.01-AB, + 0.02-AR, + 0.12-AG, + 0.46-AB,

It can be notified that there is a linear correlation between
the value of the first main component (PC1) and the content
of dydrogesterone, troxerutin and ademetionine in calibration
solutions (Fig. 2), which can be used to determine the content
of these active substances in the drugs. The results of the anal-
yses of the drugs for the identification of the active substances
in the drugs using the developed approach, are presented in
Table 5. The results obtained, accord well with the data de-
clared by the manufacturer. Tables 4 and 5 show that the use of
the principal component analysis improves the reproducibility
of the analysis results in comparison with the use of the cali-
bration dependence for the selected sensor and color channel.

CONCLUSION

An efficient approach (potentially having a wide appli-
cation) has been proposed for a screening analysis of drugs
of various pharmacological groups by multisensor digital col-
orimetry after a preliminary sample preparation. The simul-
taneous use of several chemical sensors in a chip provides
sufficient selectivity. Discretization of the multisensor signal
makes it possible to generate a unique barcode suitable for
the identification of the active substances in drugs. The de-
veloped methods for the identification of active substances
can serve as a good supplement to more expensive tradition-
al methods.
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Iron deficiency is the most common micronutrient deficiency worldwide. Prevention and treatment of iron deficiency condi-
tions are some of the most important health problems in many countries of the world. At the same time, the main problems
for it remain the timely diagnosis, elimination of the cause, as well as the choice of replacement therapy with iron-containing
drugs and correction of adverse reactions (ADR) that occur during their use.

The aim. This research aims to study the peculiarities of the development of antianaemic drugs ADRs in patients living in the
territory of the Republic of Crimea.

Materials and methods. The objects of research were cases of ADR occurrence associated with the use of a group of anti-
anaemic drugs and revealed during the 2009-2018 period in the territory of the Republic of Crimea. The main tasks in the
analysis of notification forms were the study of the ADR severity, the causality assessment for suspected drugs and ADRs, as
well as analysis of particular problems associated with the use of antianaemic drugs (Drug-related problems, DRP).

Results. Iron supplements in combination with other drugs became the leaders in the incidence of ADR among antianaemic
drugs (28 cases, 42.4% of all cases of ADR). The largest number of cases was registered in patients aged from 18 to 30 years,
with female patients prevailing. Among the clinical manifestations of ADR, the most cases were drug hypersensitivity reac-
tions of varying severity (40 cases) and disorders of the gastrointestinal tract (18 cases). The study of the problems associated
with the use of antianaemic drugs made it possible to determine that the highest rates of DRP values were observed with the
use of iron preparations for parenteral use and cyanocobalamine. The minimal DRP values were observed when prescribing
iron protein succinylate preparations.

Conclusion. The basis of pharmacotherapy for various types of anemias is the replenishment of iron and vitamin B,
(cyanocobalamin) depots. The effectiveness of the treatment in these cases largely depends on the patient’s adherence to
treatment, which is, in turn, depends on the frequency and severity of ADRs that occur during the use of antianaemic drugs.
Keywords: antianaemic drugs; iron supplements; adverse reactions; drug problems; DRP; dyspepsia

Abbreviations: DRP — Drug-related problems; WHO — World Health Organization; Cl — confidence interval; MP — medicinal
products; INN — international non-proprietary name; ADR — adverse drug reactions; MSS — musculoskeletal system; CR —
causal relationship; DHR — drug hypersensitivity reactions, CNS — central nervous system
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HepocTaTok kenesa aBasercA Hanbonee pacnpocTpaHeHHbIM AePULUTOM NUTATENIbHBIX MUKPOS/IEMEHTOB BO BCEM MMUpE.
MpodurnakTnKa uU neveHune KenesogednLMTHbIX COCTOAHUI ABAAETCA OAHOM U3 BaXKHeWLWMX nNpobiem 34paBOOXPaHEHMUS
MHOTUX CTPaH Mupa. OCHOBHbIMM Npobaemamu NPy STOM OCTAaeTCA CBOEBPEMEHHas NOCTaHOBKA AMArHO3a, yCTpaHeHWe nep-
BOMPUYMHBI 3a60NEBAHUA, @ TaKKe BbIBOP 3aMecTUTeNbHONM Tepanum NpernapaTamu Keaesa U KOPPEKLUN HeXenaTeNbHbIX
peaKLnii, BO3HUKAIOLWMX MPU UX MPUMEHEHMMN.

Llenb. M3yyeHne ocobeHHOCTEN Pa3BUTUA HEXENATEeNbHbIX PeaKLMIi aHTUAHEMUYECKMX NPENapaToB Y NaLUUEeHTOB, NPOXKMBaA-
IoWKX Ha Tepputopun Pecnybamkun Kpbim.

Martepuanbl U metoabl. O6beKTaMy MCCNef0BaHMA ABNAAUCL 3aperucTpupoBaHHble 3a nepuog 2009-2018 rr. Ha Teppu-
TOopun Pecny6avKkn KpbiM cly4an BOSHUKHOBEHWA HEXenaTeslbHbIX PEaKLMI NPy NPUMEHEHWUM FPYRMbl aHTUAHEMUYECKUX
npenapato8. OCHOBHbIMM HanNpaBAEHUAMW aHa/NM3a KapT-U3BELLEHUI CTaNo U3yYeHUEe Cepbe3HOCTU HexkenaTeNnbHbIX pe-
AKLWIA, AOCTOBEPHOCTU NPUYNHHO-CNEACTBEHHONM CBA3M MeXAy NoA03peBaeMbiMU NEKAPCTBEHHbIMM MpenapaTtaMy U BO3-
HUKAOLWLMMU HeXenaTesbHbIX PeakLuid, a TakKe Npobaem, CBA3aHHbIX C TPUMEHEHNEM aHTUAHEMUYECKUX SIEKAPCTBEHHbIX
cpeacts (Drug related problems, DRP).

Pe3synbratbl. /lngepammn no YactoTe PasBUTUA HEXKENATEbHbIX PeaKkLMil cpean aHTUAaHEMUYECKMX NpenapaToB CTaau npe-
napaTtbl Kesesa B KOMBUHALLMKU ¢ Apyrumuy npenapaTtamu (28 cayyaes, 42,4% ot Bcex cnyvaes pa3sutua HP). Hanbonbluee
KOIMYECTBO C/ly4aeB OblI0 3aperncTpupoBaHo y NaumeHToB B Bo3pacTe oT 18 go 30 neT, npu sTom npeobnaganv naLmeHTb
YKeHcKoro nosa. Cpeay KAMHUYECKMX MPOABAEHUIN HEXeNaTelbHbIX peakuuii npeobnagany cayvyau pasBuUTUA peakLmi ne-
KapCTBEHHOM rMNepyYyBCTBUTENIBHOCTM PA3/IMYHOM CTENEHU TAXKecTH (40 cyvaeB) U HAapYLLEHWUA CO CTOPOHbI KeNyA0YHO-Ku-
WweyHoro TpakTa (18 cnyyaes). M3yueHune npobiem, CBA3AHHbIX C IPUMEHEHNEM aHTUAHEMMYECKUX NMPENapaToB, MO3BOAUAN
onpeaenunTb, YTo Hanbonee BbICOKME MOKasaTenu 3HaveHuii DRP (DRP=10) Habitoganncb Npu NnpMMeHeHMU npenapaTos
Kenesa gna napeHTepanbHoro NpUMeHeHus U umaHokobanammuHa. MuHumanbHble nokasatenun 3HayeHnin DRP (DRP=6) Ha-
61104211Cb NPU HA3HAYeHWUM MPENapaToB Kesesa NPoTenHa CyKUMHUAATA.

3akntoyeHune. OcHOBOM papmaKkoTepanumn PasnYHbIX BUAOB aHEMWUIA ABNAETCA BOCMOHEHME 3aMacoB ¥Kefe3a U BUTaMu-
Ha B, (unaHokobanammuHa). SGHEKTUBHOCTL €HEHNA NALMEHTOB NPWU STOM BO MHOFOM 3aBMCUT OT MUX MPUBEPMHEHHOCTM
K IeYEHUI0, KOTOpasA 0bYCNOBAEHA YACTOTOM U TAMKECTbIO HEXKeNaTebHbIX PeaKLuii, BOSHUKAOWMX Ha GOHEe NpUMeHeHUA
QHTUAHEeMMYECKUX NpenapaTos.

KnioueBble cn0Ba: aHTMAaHEMUYECKME NpenapaThl; NPenapaThl }Kene3a; HeenatesbHble peakuun; npobaembl, CBA3aHHbIE C
NleKapCcTBeHHbIMK NpenapaTtamu; DRP; ancnencusa

Cnucok cokpaueHui: DRP — npobsiembl, CBA3aHHbIE C IEKAPCTBEHHbIMM Npenapatamu; BO3 — BcemnpHaa opraHusauma
34paBooxpaHeHus; AU — noseputenbHbli nHTepBan; JIC — nekapcTBeHHble cpeactsa; MHH — mexxayHapogHoe HenaTeHTo-
BaHHOe Ha3BaHWe; HP — HexenaTenbHble peakuun; OLA — onopHo-aBuratTenbHbii annapat; MCC — NpUYMHHO-cNeaACcTBEHHaA
cBA3b; P/IT — peakumm nekapcTBeHHOM runepyyBscTBuTenbHocTH; LIHC — LeHTpanbHas HepBHasA cuctema.

INTRODUCTION

According to the World Health Organization (WHO)
data, about 25% of the population worldwide is affected
by anemia [1]. Therefore, iron deficiency is one of the most
common health problems in the majority of the countries
all over the world [2]. The main categories of patients with
anemia are preschool children (47.4%; 95% confidence
interval (Cl) 45.7-49.1), pregnant women (41.8%; 95% ClI
39.9-43,8), as well as non-pregnant women of childbear-
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ing age (30.2%; Cl 28.7-31.6) [2]. Premenopausal women
and patients with inflammatory bowel diseases are also
high-risk iron loss and anemia groups [3].

The basis of pharmacotherapy for the conditions
caused by iron deficiency, is oral and parenteral prepa-
rations of ferrous and ferric iron [4]. A high efficiency of
these drugs, unfortunately, does not exclude the risk of
developing adverse reactions (ADRs) during their use [5].
The oral administration of iron preparations is associated
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with the development of gastrointestinal disorders in pa-
tients [6]. This is confirmed by a meta-analysis conducted
by Tolkien Z. et al. [3]. In the study, the incidence of con-
stipation in the patients taking oral iron preparations, was
12%; diarrhea was observed in 8%, and nausea —in 11%
of patients. This study also revealed that the frequency
of gastrointestinal ADRs after peroral use of iron prod-
ucts was twice higher than in the patients of the control
group, and 3 times higher than in the patients receiving
iron preparations in the parenteral forms [3].

The administration of parenteral forms of iron
preparations is much less frequently associated with
gastrointestinal tract disorders. However, the risks
of severe pseudoallergic reactions (the incidence of
1/200000 cases), manifested by severe hypotension,
loss of consciousness, urticaria, and bronchospasm, are
not excluded [7].

THE AIM is to study the development peculiarities
of the adverse reactions (ARs) of antianemic drugs in the
patients living in the territory of the Republic of Crimea.

MATERIALS AND METHODS

The objects of the study were ADRs cases registered
for the period 2009-2018 in the territory of the Republic of
Crimea, associated with the use of antianemia drugs. The
information about ADRs for the chosen group of medicinal
preparations (MPs) was extracted from the Autonomic Da-
tabase of Adverse Reactions in Crimea (ARCADe — Adverse
Reactions in Crimea, Autonomic Database). These were
spontaneous reports. Database has a limited access.

The identification of adverse reactions to antianemia
drugs was carried out using the codes of the Anatomical
Therapeutic Chemical (ATC) classification of WHO? (ATC/
DDD, Index 2019 (available at: https://www.whocc.no/
atc_ddd_index/), Summary of Product Characteristics
(SmPC) data from the State Registers of Medicines of the
Russian Federation and Ukraine (for the cases registered
before the accession of the Republic of Crimea to the
Russian Federation). In accordance with the ATC classi-
fication, antianemia drugs have been assigned the B0O3
code. The studied pharmacological group includes the
groups of iron preparations (BO3A), vitamins B12 and fo-
lic acid (BO3B), and other antianemia drugs (B03X).

The analysis of the ADRs severity was carried out in
accordance with Article 4 of Federal Law No. 61-FZ dated
April 12, 2010 «On the Circulation of Medicines»?.

The study of the causal relationship (CR) reliabili-
ty was carried out in accordance with the algorithms of
Naranjo and Karch F.E., Lasagna L.2 [8]. In accordance with

* ATC/DDD Index 2019. Available at: https://www.whocc.no/atc_ddd_
index/

2 Federal Law of the Russian Federation No.61-FZ dated April 12 for
2010 “On the Circulation of Medicines”. Electronic resource: http://
www.consultant.ru/document/cons_doc_LAW_99350/ (link active on
10.12.2019).

3 Standard operating procedure for monitoring the effectiveness and
safety of drugs in medical organizations of the state healthcare system
of the Moscow for general practitioners and nurses. Guidelines. —
Edited by M.V. Zhuravleva. — Moscow. — 2019. 42 p.

Tom 9, Buinyck 1, 2021

the Naranjo algorithm, a degree of CR is assessed by a cer-
tain number of points received when answering a ques-
tionnaire. The degree of reliability, expressed in points, is
classified as follows: certain (9 or more points), probable
(5-8 points), possible (1-4 points), doubtful (0 or fewer
points). Evaluation of CR using the Karch-Lasagna algo-
rithm assumes an answer to 5 questions with their scor-
ing and the selection of 5 main CR categories: certain (8 or
more points), probable (6—7 points), possible (4-5 points),
conditional (1-3 points), unlikely (O or fewer points).

The type of adverse reactions was determined using
two main classifications: the WHO (Rawlins-Thomson)
classification and the Will-Brown one [9]. In accordance
with the WHO classification, 6 main types of ADRs are
distinguished (type A — dose-dependent ADRs, type B —
dose-independent ADRs, type C— ADRs associated with a
prolonged use of drugs, type D — delayed reactions, type
E — withdrawal reactions, type F — ‘no effect’ reactions).
The Williams and Brown classification includes 9 types
of ADRs: type A — augmented dose-dependent, passing
when the drug is withdrawn or its dose is reduced; type
B — the action on microorganisms (for example, antibiot-
ics administration causes candidiasis); type C — chemical/
chronic ones, concentration-dependent; type D — ADRs
associated with the delivery method or a drug form (for
example, the occlusion of blood vessels by drug particles),
type E — withdrawal reactions, physical dependence; type
F —familial, reactions caused by a congenital metabolic de-
fect; type G — a genetic damage; type H — hypersensitivity
reactions; and type U — unclassified. The classification of
ADRs proposed by the WHO is based on the predictability
of ADRs and dose-dependence. The use of the Williams
and Brown classification allows to more fully characterize
ADRs, including the identification of the ones caused by
a genetic damage, congenital metabolic defects, and the
effect of a drug on microorganisms.

The second stage of the analysis of ADRs notification
cards for antianemia drugs, was the study of problems
associated with the use of drugs (Drug-related prob-
lems, DRPs). According to the Pharmaceutical Care Net-
work of Europe (PCNE), a DRP is defined as “an event or
circumstance associated with drug therapy that actually
or potentially prevents the patient from achieving the
desired results of pharmacotherapy” [10-14]. The DRPs
analysis was carried out using the updated version of the
DRPs qualification system PCNE V9.0 [13], which allows
assessing the problems, causes and interventions asso-
ciated with DRPs [19]. The benefit of the ninth version of
the PCNE V 9.0 system is the inclusion of category A (Ac-
ceptance) — “Interventions acceptance”, in the analysis.
The options for accepting interventions (code «A») are
as follows: the intervention is acceptable, the interven-
tion is not acceptable, or there is no information about
the adoption of certain interventions.

4 PCNE Classification for Drug-Related Problems V9. Available from:
https://www.pcne.org/upload/files/417_PCNE_classification_V9-1_
final.pdf )
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The evaluation of the obtained DRPs results makes it
possible to identify the main factors contributing to the
development of complications after the use of drugs.
Among such factors, an irrational choice of drugs, a vi-
olation of the dosage regimen, and the lack of taking
into account the possible drug-drug interaction, can be
singled out. The ADRs cases characterized by low DRPs
indices, indicate a relative safety of pharmacotherapy
for the patient. To determine the boundaries of the con-
fidence intervals, the Clopper-Pearson method was used
[15].

Each case of ADRs associated with the use of an-
tianemia drugs was assessed by three researchers
(Matveev AV., Egorova E.A., Bekirova E.Yu.), in case of
disagreement between them, the opinion of the fourth
expert (Koniaeva E.l.) was taken into account.

RESULTS

To analyze the adverse reactions associated with
the use of antianemia drugs (ATC code B03), 66 reports
(2009-2018) were selected from the ARCADe regional
database, which amounted to 0.96% of the total num-
ber of ADR cases registered for the corresponding pe-
riod in the Republic of Crimea (6843 notification cards).
The distribution of antianemia drugs by pharmacological
groups was as follows: 53 cases (80.3%) of ADRs to iron
preparations and 13 cases (19.7%) to vitamin B12 and
folic acid preparations (Table 1).

It is important to note a high incidence of ADRs to
iron supplements in combination with other drugs (28
cases, 42.4% of all cases of ADRs to antianemia drugs).
Among sporadic representatives of combined drugs, the
leader in the incidence of ADRs was a combination of
iron sulfate (Il) and ascorbic acid — 20 cases, less often
ADRs were caused by the use of a combination of iron
gluconate dihydrate and manganese and copper gluco-
nate — 5 cases. Two cases were associated with the use
of a combination of iron fumarate, cyanocobalamin, fo-
lic acid, pyridoxine hydrochloride, and sodium docusate;
and 1 case was associated with the use of a complex of
iron ammonium citrate with folic acid and cyanocobal-
amin.

The study of the gender characteristics of the ADRs
developed after antianemia drugs, made it possible to
determine that the majority of ADRs cases were ob-
served in female patients (50 cases, 83.3%), which may
be associated with a higher incidence of iron deficiency
anemia caused by menstrual blood loss, childbirth, and
lactation [16].

The analysis of the age categories of patients with
registered antianemia drugs ADRs, was of scientific in-
terest too. In 4 cases (4.5% of the total number of cases),
ADRs were observed in pediatric patients (from 0 to 18
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years old). In the remaining 62 notification cards, ADRs
were observed in patients over 18 years of age. The dis-
tribution of the ADRs incidence rate in this age group is
shown in Fig. 1.

The analysis of administration ways of antianemia
drugs in patients with clinical manifestations of ADRs
revealed the prevalence of the oral administration (43
cases, 65.2%). Much less often drugs were adminis-
tered parenterally (intravenously — 4 cases, 6%; intra-
muscularly — 15 cases, 22.7%). In 4 cases, there was no
information on the administration way of the suspect-
ed drugs.

Among the clinical manifestations of ADRs that oc-
cur in patients against the background of antianemia
drugs, the cases of development of drug hypersensitivity
reactions (DHSRs) of varying severity prevailed: urticaria,
skin hyperemia — 36 cases (54.5%); angioedema — 2 cas-
es (3.0 %); and anaphylactic shock — 2 cases (3.0%). In 18
cases (27.3%), patients had various clinical gastrointesti-
nal tract symptoms (bloating, diarrhea, nausea, spastic
pain). Hemodynamic disorders (weakness, hypotension)
and disorders of the central nervous system (headache,
dizziness) were observed much less frequently (3 cas-
es of ADRs). The distribution of the remaining cases of
ADRs according to their clinical manifestations is shown
in Fig. 2.

The obtained data confirm the results of other stud-
ies on the possibility of DHSRs after a parenteral use of
iron [17-20], which requires careful monitoring of the
patient’s condition during the infusion, and timely rec-
ognition and immediate medical intervention in case of
acute hypersensitivity reactions.

A high incidence of DHSRs necessitated an addition-
al analysis of cases based on concomitant allergic anam-
nesis of patients (household, contact or drug allergies).
The number of patients with an allergic anamnesis was
2, in the remaining patients (64 cases) the allergic anam-
nesis was not complicated.

Another important factor contributing to the de-
velopment of ADRs, is a simultaneous prescription of 2
or more drugs. According to Thong B. et al., the num-
ber of prescribed drugs is one of the most significant
risk factors for ADRs development [21]. The results of
the analysis of the notification cards made it possible to
reveal that in most cases (32 cases, 48.5%) antianemia
drugs were used as monotherapy, in 14 cases (21.2%) 1
concomitant drug was included in the patient’s therapy
list. Less frequently, a simultaneous prescription of 3
or more drugs was observed: 2 concomitant drugs — 5
cases (7.6%), 3 concomitant drugs — 8 cases (12.1%),
4 concomitant drugs — 4 cases (6.1%), 5 concomitant
drugs — 2 cases (3%), and 6 concomitant drugs — 1 case
(1.5%).
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Table 1 — Distribution of ADR cases by representatives of antianemia drugs

Drug

ATC-code

Amount of records, abs.

Amount of records,
% of total
antianemia drugs

Iron (I1) products for peroral use

Ferrous fumarate BO3AA02 5 7.6

Ferrous sulfate BO3AA07 2 3.0
Iron (lIl) products for peroral use

e BU3AB 3 46

Iron (I11) hydroxide polymaltose BO3ABO5 3.0

Iron protein succinylate BO3ABO09S 3.0
Iron products for parenteral use

Iron preparations for parenteral use BO3AC 11 16.7

Iron products in combinations with other products

::)hnefl;itéztcstlsn combinations with BO3AELO )8 424
Cyanocobalamin and Folic acid

Cyanocobalamin BO3BA0O1 12 18.2

Folic acid BO3BBO1 1 15

Table 2 — Median, maximum and minimum DRPs values for antianemia drugs ADRs
Drug Minimal DRP Maximal DRP Median DRP Range
Iron (1) and iron (lll) products for peroral use

Ferrous fumarate 10 8 9 2

g’::: lp:sr:parat'lons for per 9 9 9 0

Ferrous sulfate 9 10 9.5 1

o : 0 :

Iron protein succinylate 6 6 6 0
Iron products for parenteral use

Ifz)ornpz:z:::rtasl use 6 12 10 6

Iron products in combinations with other products

Iron products in

combinations 8 10 9 2

with other products
Cyanocobalamin and Folic acid

Cyanocobalamin 9 14 10

Folic acid 10 10 10 0
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Table 3 — Total indices of the median, maximum and minimum values of DRPs for antianemia drugs ADRs

in accordance with the standard qualification categories

Drug Category "P"  Category "C" Category "I" Category "A"  Category "O" Total DRP
Iron (1) and iron (lll) products for peroral use
Ferrous fumarate 1(1:1) 1(1:1) 5(4:6) 1(1:1) 1(1:1) 9(8:10)
g:r"o':;ﬁf:;at'°"s ey 1(1:1) 1(1:2) 5 (4:5) 1(1:1) 1(1:1) 9(9:9)
Ferrous sulfate 1(1:1) 1(1:1) 5.5 (5:6) 1(1:1) 1(1:1) 9.5 (9:10)
gslm';)ltx:mx'de 1(1:1) 1(1:1) 5.5 (5:6) 1(1:1) 1(1:1) 9.5 (9:10)
Iron protein succinylate 1(1:1) 1(1:1) 2(2:2) 1(1:1) 1(1:1) 6 (6:6)
Iron products for parenteral use
g::’erftr:faﬁ:efor 1(1:1) 1(0:3) 6(2:7) 1(1:1) 1(1:1) 10 (6:12)
Iron products in combinations with other products
Iron products in
combinations 1(1:1) 1(1:1) 5 (4:6) 1(1:1) 1(1:1) 9(8:10)
with other products
Cyanocobalamin and Folic acid
Cyanocobalamin 1(1:2) 1(1:4) 6 (5:7) 1(1:1) 1(1:1) 10 (9:14)
Folic acid 1(1:1) 1(1:1) 6 (6:6) 1(1:1) 1(1:1) 10 (10:10)
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Figure 1 — Distribution of antianemia drugs ADRs in accordance with the age categories of patients

78

Volume IX, Issue 1, 2021



Hay4HO-npakTu4eckuin xypHan

OAPMALMA N
OAPMAKOJOIUA

OPUTNHAJIbBHAA CTATbA
DOI: 10.19163/2307-9266-2021-9-1-73-83

Other

MS disorders#

Hemodynamic disorders

Disorders of the CNS*

Gastrointestinal tract symptoms

Clinical manifestations of adverse
drug reaction of antianemia drugs

Hypersensitivity reactions

10 15 20 25 30 35 40 45

Number of adverse reactions, absolute value

Figure 2 — Distribution of antianemia drugs ADRs in accordance with their clinical manifestations
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Figure 3 — Distribution of antianemia drugs ADRs in accordance with the degree of reliability of the causal
relationship by the Naranjo and Karch F.E.-Lasagna L. algorithms

An important stage in assessing the safety of an-
tianemia drugs is the identification and assessment of
serious ADRs, which require a timely discontinuation of
the drug therapy, hospitalization of the patient, and/or
emergency pharmacotherapy. In accordance with the
Federal Law of the Russian Federation No. 61-FZ dated
April 12, 2010 «On the Circulation of Medicines», the
category of serious adverse reactions includes such ADRs
that lead to death, hospitalization, or prolongation of its
terms, disability, or congenital anomalies, or a threat to
the lives of patients.

The distribution of antianemia drugs ADRs in accor-
dance with the criteria of their severity was represented

Tom 9, Buinyck 1, 2021

by the following results: a threat to the patient’s life — 4
cases (6.1%), temporary disability — 3 cases (4.5%), the
need for hospitalization or prolongation of its terms — 4
cases (6.1%). Life-threatening conditions (2 cases of ana-
phylactic shock and 2 cases of angioedema) were caused
by the administration of an iron (lll) hydroxide sucrose
complex (2 cases), iron (lll) hydroxide polymaltose (1
case), and a combined preparation of iron (1 case for
iron fumarate + cyanocobalamin + folic acid+ pyridoxine
+ sodium docusate). The need for hospitalization or its
prolongation was due to the development of DHSRs in
the form of a confluent rash, as well as severe dyspeptic
ADRs (nausea and vomiting).
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For the studied group of drugs, the incidence rate of
serious ADRs was 8 cases (12.1%), which indicates a high
degree of antianemia drugs safety. This is of particular
importance in connection with the need for long-term
anemia pharmacotherapy. The average duration of an
oral iron supplementation course in iron deficiency ane-
mia, ranges from 3 (mild IDA) to 6 months (severe IDA)®
[22].

The study of the frequency and characteristics of
pharmacological correction prescribed by doctors to
stop antianemia ADRs made it possible to obtain the fol-
lowing results: the need for medical correction was nec-
essary in 30 cases of ADRs (45.5%), in the remaining 36
cases (54.5%) additional drugs for the relief of ADRs clin-
ical symptoms were not necessary. The main methods of
the ADRs correction were antihistamines of the 1st and
2nd generations (Diphenhydramine, Chloropyramine hy-
drochloride, Loratadine), systemic glucocorticosteroids
(Prednisolone, Dexamethasone, Hydrocortisone), and
antiemetics.

The assessment of the drug safety also includes
determining the degree of CR between the clinical and
pharmacological characteristics of the drug and the clin-
ical manifestations of ADRs? [8]. It is important to note
that at the current moment a CR determination is the
most important stage in the assessment of ADRs reports,
which is carried out in national and regional pharma-
covigilance systems in many countries of the world [23].

In this study, the causality assessment was carried
out using the Naranjo and Karch F.E.-Lasagna L algo-
rithms. The results of the CRs assessment of antianemia
drugs and the undesirable consequences for patients,
are presented in Fig. 3. The most frequent validation
categories of CRs, according to the Naranjo algorithm,
were probable and possible CRs. This factor indicates
the presence of a validation relationship between the
use of a drug and an ADR. The analysis of the notifica-
tions cards using the Karch F.E. and Lasagna L. algorithm,
revealed a high frequency of possible and doubtful CRs,
which could be explained by the absence of the time of
an ADR occurrence as well as the lack of information on
the results of re-challenge of the suspected drug.

The study of ADRs types was carried out using the
WHO classification and the Williams and Brown classi-
fication. The analysis of ADRs types in accordance with
the WHO classification made it possible to determine
that in 42 cases (63.3%) there were dose-independent
reactions (type B), in the remaining 24 cases there were
dose-dependent ADRs (type A). The distribution of ADRs
by type in accordance with the Williams and Brown
classification made it possible to obtain similar results:
hypersensitivity reactions (type H) were observed in 42
cases, and augmented, dose-dependent ones (type A) —
in 24 cases.

° National standard of the Russian Federation. Patient management
protocol. Iron-deficiency anemia. (Electronic resource). Available
from: http://docs.cntd.ru/document/1200068753
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In the study of the ADRs associated with the use
of antianemia drugs, the next stage was the study of
drug-related problems (DRPs) [29]. The calculation of
the total DRPs values for the ADRs cases made it pos-
sible to obtain the following results: DRPs values within
5-8 points were observed in 11 cases (6 DRPs — 6 cases,
7 DRPs — 1 case, and 8 DRPs — 4 cases). In most of the
notification cards the number of DRPs was in the range
of 9-10 (25 cases, respectively). In 6 cases, the DRPs val-
ues were higher than 11 (11 DRPs — 2 cases, 12 DRPs — 2
cases, 13 DRPs — 1 case, and 14 DRPs — 1 case). These
factors may indicate the likelihood of incorrect selection
of doses when prescribing antianemia drugs or an irra-
tional choice of the drug itself. The total number of DRPs
for all cases of ADRs was 623 DRPs; therefore, the aver-
age number of DRPs per patient is 9.4 DRPs.

Further on, a quantitative analysis of the problems
related to the use of various antianemia drugs was car-
ried out according to the main categories of the ATC
classification. For each group of antianemia drugs, the
minimum and maximum values, as well as the median
DRPs, were calculated (Table 2).

The study of sporadic categories of the DRPs system
(«P», «C», «I», «A», «O») revealed that for all the stud-
ied drugs, the maximum number of problems associated
with drugs, was recorded in the section «I» (Interven-
tions). High DRPs values in the presented cases may be
due to the interventions on behalf of the doctor in the
form of withdrawal or reduction of the dose of the sus-
pected drug and the prescription of additional pharma-
cotherapy to correct the ADRs.

The analysis of the final DRPs values for each an-
tianemia drug showed that the maximum DRP value
was observed for parenteral iron products (10 DRPs),
cyanocobalamin (10 DRPs), and folic acid (10 DRPs) (Ta-
ble 3). The study of these cases confirmed the irrational
prescription of cyanocobalamin in chronic pancreatitis
(self-treatment) and the irrational prescription of iron
for the lumbar dystopia of the right kidney, which caused
such high rates. The minimum DRPs values (6 problems)
were observed with the use of the same agents. Such
ADRs were associated with allergic reactions in case of
their rational prescription.

The results of the analysis presented in Table 3 show
that the largest range between the minimum and maxi-
mum DRPs values was usual for parenteral iron products
(max:min — 6:12), and the lowest for iron protein succi-
nylate (max:min — 6:6), peroral iron drugs (9:9) and folic
acid (10:10).

DISCUSSION

The study of safety criteria for antianemia drugs, in-
cluding iron preparations, is an urgent problem all over
the world. This is primarily due to the fact that iron de-
ficiency anemia is a clinical symptom of many diseases,
such as chronic renal failure, cancer, chronic heart fail-
ure, and inflammatory bowel disease [25].
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The research by Goodnough L.T. (2012) confirms the
authors’ results on a high rate incidence of gastrointes-
tinal ADRs after the use of oral forms of iron products.
According to the authors’ data, the incidence of such dis-
orders was more than 30% among the treated patients
[26]. A parenteral administration of iron drugs, accord-
ing to data of foreign researchers, is characterized by a
less favorable safety profile. First of all, an intravenous
administration of iron drugs may be associated with the
risk of anaphylactic reactions [27; 28]. According to Sze-
beni J. et al. (2015), the prevalence of hypersensitivity
reactions after a parenteral administration of iron prod-
ucts is about 0.1% [29]. A higher incidence of hypersen-
sitivity reactions (1.4%) associated with the use of iron,
was determined in a retrospective study conducted by
Australian researchers. They had analyzed the medical
records of patients in the municipal healthcare network
in the period from January 1, 2010, to December 31,
2019 [30].

The researchers distinguish the following main
risk factors for the development of hypersensitivity re-
actions after the administration of iron preparations:
a rapid rate of iron infusion, an allergic anamnesis of
the patient, severe atopy, and systemic inflammatory
diseases [31]. Numerous studies have also confirmed
the authors’ data on a more frequent development of
serious hypersensitivity reactions in female patients,
which is due to the high prevalence of anemia and the
need to prescribe iron supplements to this category of
patients [32]. In this case, the study by Qassim A. et
al. (2018) aimed at studying the efficacy and safety of
an intravenous administration of iron polymaltosate
preparations in the treatment of iron deficiency during
pregnancy, should be mentioned. A retrospective co-
hort study of 213 pregnant women was conducted
from January 2014 to January 2016 at a tertiary clinical
hospital. The data on the ADRs development related to
iron supplements, were collected from medical papers
and electronic records. The results of the study con-
firmed a rather high rate incidence of ADRs after an
intravenous administration of drugs (23.5%), the main
of which were local reactions at the administration
site (n = 8; 16%), headache (n = 8; 16%), symptomatic
hypotension (n = 8; 16%), back pain (n = 7; 14%), and
heartburn (n = 6; 12%). In one case, the administration
of iron polymaltosate was associated with a severe

anaphylactic reaction, manifested by wheezing, chest
tightness, and an increased blood pressure. It should
be noted that 32 women (15%) experienced side ef-
fects requiring discontinuation of treatment and thera-
py of ADRs symptoms [33].

Another adverse consequence of the use of paren-
teral iron-containing medicinal products is the ability to
reduce chemotaxis as well as the ability of polymorpho-
nuclear cells to the phagocytic activity, which leads to an
increase in the risk of infectious processes [32]. The au-
thors’ retrospective study of spontaneous messages in
the Republic of Crimea did not reveal such ADRs, which
may be due to a rather low frequency rate, as well as
the severity of their recognition at the post-authoriza-
tion stage.

The results of the other studies confirm a low inci-
dence rate of ADRs associated with the use of antiane-
mia drugs. However, a parenteral administration of iron
preparations can be accompanied by the development
of severe anaphylactic reactions that threaten the life
of patients, and requires a timely emergency aid to pa-
tients with such manifestations of ADRs.

CONCLUSION

The analysis of the ADRs notification cards, record-
ed in the Republic of Crimea, made it possible to reveal
that the most frequent causes of ADRs development
in the group of antianemia drugs, are combined iron
preparations. The most common clinical manifestations
of ADRs were drug hypersensitivity reactions (40 cases)
and dyspeptic disorders (18 cases). The frequency rate
of serious adverse reactions was 8 cases (12.1% of the
total number of ADRs), which indicates a fairly high safe-
ty profile of antianemia drugs.

The study of the problems related to the use of
antianemia drugs determined that the highest rates of
DRPs values were observed during the parenteral use
of iron preparations, use and cyanocobalamin. The min-
imum indicators of DRPs values were observed in the
prescription of iron protein succinylate products.

The optimization of pharmacotherapy and preven-
tion of DRPs makes it possible to reduce the incidence
rate of ADRs, and significantly increase patient adher-
ence to the treatment, which is essential for long-term
maintenance therapy of iron deficiency and megaloblas-
tic anemias.
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The first of the most successfully implemented nootropic drugs in medical practice is piracetam, which should be attributed
to cyclic derivatives of gamma-aminobutyric acid. The production of new piracetam derivatives with high nootropic activity
is a promising direction in the development of new neuroprotective drugs.

The aim of the study is to predict GABA-ergic and glutamatergic activities of N-acyl derivatives of 2-(2-oxopyrolidin-1-yl)-ac-
etamide by a molecular docking method through the energy analysis of interaction of modeled structures with GABA, and
AMPA receptors with their subsequent targeted synthesis.

Materials and methods. The objects of the research are new N-acyl derivatives of 2-oxo-1-pyrrolidineacetamide and a virtual
model of the GABA, receptor of the Homo sapiens organism with the identification code 6D6U and a three-dimensional mod-
el of the AMPA-receptor of the Rattus norvegicus organism with the identification code 3LSF from the RCSB PDB database.
The simulated compounds were designed in the HyperChem 8.0.8 program. This program was also used to optimize geome-
try using the force field of molecular mechanics MM+. Molecular docking was carried out using the Molegro Virtual Docker
6.0.1 program. The preparation of N-acyl derivatives of 2-(2-oxopyrrolidin-1-yl)-acetamide was carried out by the interaction
of 2-(2-oxopyrrolidin-1-yl)-acetamide with an excess of the corresponding anhydride under conditions of acid catalysis.
Results. Based on the results of molecular docking, a high affinity of all simulated compounds for the binding site of GABA,
and AMPA receptors can be estimated. According to the predict, the maximum GABA-ergic activity should be expected for
(N-[2-(2-oxopyrrolidin-1-yl)-acetyl]-butyramide. N-acyl derivatives of 2-oxo-1-pyrrolidineacetamide form a more stable com-
plex with amino acid residues Arg207, Phe200, Thr202, Tyr97, Tyr157, Tyr205 and Phe65 of the GABA, receptor binding site
than the GABA molecule. In terms of the minimum interaction energy, the N-acyl derivatives of 2-(2-oxopyrrolidin-1-yl)-acet-
amide are superior to a number of known ligands such as GABA, piracetam, anipiracetam, picamilon and pramiracetam. The
tested compounds have also shown a high affinity for the binding site of the AMPA receptor. The leader compound is also the
compound PirBut, as in the case of the GABA, receptor.

Conclusion. Molecular modeling of the ligands interaction with the active binding site of gamma-aminobutyric acid of the
GABA, receptor by molecular docking showed that all virtual N-acyl derivatives of 2-oxo-1-pyrrolidineacetamide can exceed a
number of nootropic drugs by activity. In the course of molecular design, a method for predicting a glutamatergic activity for
2-pyrrolidone derivatives has been developed. It suggests a significant nootropic activity for N-[2-(2-oxopyrrolidin-1-yl)-ac-
etamide amides.

Keywords: 2-(2-oxopyrolidin-1-yl)-acetamide; N-acyl derivatives; GABA, receptor; AMPA receptor; nootropics; Molecular de-
sign; molecular docking; structural pharmacology; QSAR

Abbreviations: GABA — gamma-aminobutyric acid; CNS — central nervous system; BAC — biologically active compound; BBB —
blood-brain barrier; IC50 — The half maximal inhibitory concentration.

For citation: I.P. Kodonidi, A.S. Chiriapkin, D.E. Tworowski. Molecular Design of N-acyl derivatives of 2-(2-oxopyrolidin-1-yl)-acetamide with
GABA-ergic and glutamatergic activities. Pharmacy & Pharmacology. 2021;9(1):84-97. DOI: 10.19163/2307-9266-2021-9-1-84-97
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MepBbiM M3 Hanbonee ycnewHo BHEAPEHHbIX B MEAULIMHCKYIO MPAKTUKY HOOTPOMHbIX JIEKAPCTBEHHbIX CPEACTB ABNAETCA
nupaweTam, KOTOPbIW CNeayeT OTHECTU K LIUKANYECKMM NMPOU3BOAHbIM Y-aMUHOMACAAHOW KMCNOTbI. MoayYeHne HoBbIX Npo-
M3BOZAHbIX MMpaLLeTama 06/1a4at0LWMX BbICOKOM HOOTPOMNMHOW aKTUBHOCTbLO, NpeAcTaBseT cobol nepcnekTuBHOe Hanpase-
HUWe NpU CO34aHNN HOBbIX HEMPOMPOTEKTOPHbIX MPENapaTos..

Lienb. MporHo3 TAMK-epruyeckon 1 rytamaTtepruyeckort akTtuBHOCTM N-aumanpom3BogHbIX 2-(2-0KconuponuamH-1-un)-
aueTammnaa MeToLoM MONEKYNIAPHOIO AOKMHIa NOCPeACTBOM aHa/IM3a SHePrum B3aMMOLENCTBUA MOLEMPYEMBIX CTPYKTYP
¢ TAMK - » AMPA-peLienTopamu ¢ NOCAeAyOWUM UX LieNIeHaNpasieHHbIM CUHTE30M.

Martepuanbl 1 metogbl. O6bEeKTaMK UcCe0BaHUA ABNAIOTCA HoBble N-auuabHble NPOU3BOAHbIE 2-0KCO-1-NMppoNnauHa-
uetamuaa u BupTyanbHas mogenb FTAMK -peuentopa opraHusma Homo sapiens c MAeHTUOMKaALMOHHbIM Kogom 6D6U un
TpexmepHaa mogenb AMPA-peLenTopa opraHuama Rattus norvegicus ¢ naeHTMOUKaLMOHHbIM Kogom 3LSF 13 6a3bl AaHHbIX
RCSB PDB. Mogenunpyemble coeanHeHna noctpoeHbl B nporpamme HyperChem 8.0.8. C NomoLLbto 3TOM NporpaMmmbl TaKKe
6blna NpoBeseHa ONTUMU3aLMA rEOMETPUM C UCMOIb30BAaHWEM CUIOBOFO NOA MONEKYNAPHON MeXaHUKn MM+. Moneky-
NAPHBINA AOKUHT OCYLLLECTBAANCA NocpeacTBomM nporpammbl Molegro Virtual Docker 6.0.1. MonyyeHune N-auuabHbIX NPOU3BO-
OHbIX 2-(2-0KCONUPPONUAMH-1-MN)-aLeTammnaa ocyLLeCTBAANOCH B3anmoaencteuem 2-(2-okconupponuamH-1-mn)-auetamm-
2 € N36bITKOM COOTBETCTBYIOLLEIO aHMMAPUAA B YCIOBUAX KUCNOTHOTO KaTaaunsa.

Pe3synbtartbl. [10 pe3ynbTatam MONEKYNAPHOrO AOKMHIAa MOXHO CYAMTb O BbICOKOM CPOACTBE BCEX MOAENNPYEMbIX COeANHe-
HWI K CalnTy CBA3bIBAHMA FTAMK,- 1 AMPA-pevenTopos. CoriacHo NporHosy, MakcmanbHyto TAMK-epruyeckyto akTMBHOCTb
cnepyet oxumaathb y (N-[2-(2-okconmpponngmnH-1-un)-auetun]-bytupammnaa. N-auuabHble NPou3BoAHbIE 2-0KCO-1-NMpponu-
OUHaueTammaa obpasyoT bosee yCTOMUMBBIA KOMMJIEKC C AMUHOKUCAOTHbIMU ocTaTkamu Arg207, Phe200, Thr202, Tyr97,
Tyrl57, Tyr205 n Phe65 caiita cBasbiBaHMsa TAMK FAMK,-peuenTopa, yem monekyna TAMK. Mo sennunHe MWHUMaNbHOWM
3Heprum B3aumopencTeua N-aumabHble NPOU3BOAHbIE 2-(2-OKCONUPPOAUANH-1-UN)-aueTaMma NPEeBOCXOAAT Lenbli pag,
M3BECTHbIX IMFAaHAO0B, TakMx, Kak TAMK, nupauetam, aHunupayeTam, NMKaMUIOH U NpamupaLeTam. Takxe nccnegyemble
COoeAMHEHMA NOKA3aun BbICOKOE CPOACTBO K CaiTy cBA3biBaHWA AMPA-peuenTtopa. CoeanHeHNEM-TMAEPOM TaKKe ABNAETCA
coesmnHenue PirBut, kak v B cnyyae ¢ TAMK -peuentopom.

3akntoueHue. MonekynapHoe MoAennpoBaHne B3aMMOAENCTBMA IMTaHA0B C aKTUBHbIM CaMTOM CBA3bIBaHMA ramMMa-aMu-
HOMacAaHo Kucnotel TAMK -pelientopa MeToA0M MO/IEKYNIAPHOTO JOKMHIa NOKa3aso, YTo BCe BUPTyanbHble N-auunbHble
NPou3BOAHblE 2-0KCO-1-NMppoNMAMHALLETaMMUAA MO aKTUBHOCTU MOTYT NPEBbIWAaTb Liebll P HOOTPOMHbIX NEKAPCTBEHHbIX
npenapaTos. B xofe MONeKyNAPHOro KOHCTPYMPOBaHWUA pa3paboTaHa MeToAMKa NPOrHO3MPOBAHMWA lyTaMaTePrmyecKom aK-
TUBHOCTW A/1A NPOU3BOAHbIX 2-NMpponnaoHa. OHa No3BONAET NPEANONOKUTb 3HAYUTENbHYIO HOOTPOMHY AaKTUBHOCTb A5
amnaoB N-[2-(2-oKkconupponmamnH-1-un)-auetammaa.

KntoueBble cnosa: 2-(2-okconuponmamH-1-un)-auetamuma,; N-aunibHble NPON3BOAHbIE; FAMK,-peuenTop; AMPA-peuenTop;
HOOTPOMbI; MOIEKYNPHOE KOHCTPYMPOBAHWNE; MONEKYNAPHBIN AOKUHT; CTPYKTYpPHasa dapmakonorus, QSAR

Cnucok cokpaueHuii: TAMK — ramma-amnHomaciaHas kucnota; LLHC — ueHTpanbHas HepBHas cuctema; BAC — 6ronornyecku
aKTMBHble coeanHeHus; Mb — rematoaHuedannyeckuin bapbep; IC50 — KOHUEHTPALMA NOJYMaKCMMaIbHOTO MHTMBUPOBAHUA

INTRODUCTION clinical practice are those with neuroprotective effects
In recent years, the requirement of a systematic on the brain function integrity, and beneficial for the
search for efficient therapeutic substances targeting the  resistance of neurons to aggressive endogenous and
human CNS diseases associated with emotional disorders  exogenous factors. Specifically, an interesting group
has been recognized. Among the drugs currently used in  of substances identified as “nootropics” have been
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proposed to improve mental performance, memory,
and other cognitive CNS processes. Nootropic drugs are
shown to enhance the resistance of nerve cells to the
effects of hypoxia, intoxication, and post-traumatic brain
injury [1].

An important advantage of nootropic drugs is their
low toxicity and compatibility with CNS drugs from other
pharmacological groups that affect the central nervous
system, and almost a complete absence of undesirable
side effects [2].

Nootropics are involved in the enhancement of
neuronal processes, the exchange of nucleic acids and
proteins in cells, the adenosine triphosphate production,
glucose transport across the blood-brain barrier (BBB)
and its further utilization in brain tissues [3].

To search for new biologically active compounds
(BACs) that affect the GABA-ergic and/or glutamatergic
systems, it is advisable to combine various methods
of molecular modeling. For example, the combination
of molecular logical descriptors and a structure-based
analysis of molecular databases comprising ligands
with known activities enables identification of common
structural fragments/motifs (“pharmacophores”)
responsible for a certain type of activity. The combination
of conformational analysis and molecular docking
methods makes it possible to identify the preferable
ligand positions at protein binding sites and to find
correlations with the strength of the pharmacological
effect of interest.

THE AIM of the study is to predict a GABA-ergic
and glutamatergic activities of N-acyl derivatives of 2-
(2-oxopyrolidin-1-yl) -acetamide by a molecular docking
method through the energy analysis of interaction of
modeled structures with GABA, and AMPA receptors
with their subsequent targeted synthesis.

MATERIALS AND METHODS

The geometry optimization was carried out by using
the MM+ molecular mechanics method as implemented
in the HyperChem 8.0.8 program [4]. The ligand-receptor
interactions at the gamma-aminobutyric acid binding
site of the GABA, receptor and at the active site of the
AMPA receptor were calculated using MolDockScore
algorithm implemented in the Molegro Virtual Docker
6.0.1 program [5]. In the molecular docking protocol
used in this study, 300 most stable conformations of
N-acyl derivatives of 2-(2-oxopyrolidine-1-yl)-acetamide
were docked into the 12-nm binding area of the GABA,
and the AMPA receptors. The initial 3D structures of the
GABA, and the AMPA receptors were taken from the
Protein Data Bank, with the PDB codes 6D6U [6] and
3LSF [7], respectively.

Molecular docking to the GABA

receptor-binding site

The biological target of docking is the GABA, receptor,
which is one of the family of Cys-loop receptors containing

86

disulfide bonds between two cysteine residues. All the
described GABA receptors are polymorphic protein
formations; its structure largely depends on their
localization in the tissues of the body. According to the
modern classification, GABA receptors are divided into
two groups — ionoform receptors of the GABA,/GABA_
type and metabotropic GABA, receptors [8].

The supramolecular structure of the GABA, receptor
is a heteropentameric glycoprotein complex. The
structure of the ionotropic receptor can include 7 types
of subunits: a, B, y, 6, €, 1 and 6. In turn, the a subunit
is represented by 6 isoforms, B and y include 3 isoforms
each, and the other types of subunits in the GABA,
receptor have 1 isoform each. In the mammalian brain,
the GABA, receptor is a pentamer formed by two a-and
B-subunits and one y-subunit (Fig. 1) [9]. Each subunit
of the ionotropic channel has a tertiary structure, which
is represented by the order of 400 amino acid residues.
The subunit includes an N-terminal extracellular
domain and 4 transmembrane domains — M1, M2,
M3 and M4, which have a structural organization in
the form of a-helices. It is the N-terminal domain that
has numerous sites for binding various ligands, which
can be represented by gamma-aminobutyric acid,
benzodiazepines, barbiturates, and neuronal hormones
[10]. It is assumed that the transmembrane domains M2
and M3 are involved in ligand binding and ion channel
modulation [11].

Molecular docking to the AMPA receptor

binding site

Previously, researchers found that amino acids
P494, S497, S754, S729, D760, Y424 and N764 are
responsible for the process of positive allosteric
modulation of the AMPA receptor. In this case, the
piracetam molecule can occupy three pharmacologically
active locations at the binding site of the AMPA
receptor. These spatial arrangements of piracetam
molecules are located in close proximity to each other.
In the first case, the piracetam molecule forms bonds
with amino acids P494, S497 and S754; in the second
case, it mainly interacts with amino acids D760 and
Y424, but also binds to amino acid S729. Herewith, the
first and second locations of the piracetam molecule
are mutually exclusive. In the third case, the piracetam
molecule interacts with amino acids S$729, D760
and N764 [7]. Thus, only two piracetam molecules
can simultaneously occupy pharmacologically active
locations at the binding site of the AMPA receptor. In the
study, the second location of piracetam was selected
at the binding site of the AMPA receptor, and amino
acids S729, D760, Y424 and N764 were designated as
Ser 217, Asp 248, Tyr 35 and Asn 252, respectively. Two
possible simultaneous variants of the location of the
piracetam molecule at the binding site of the AMPA
receptor in the 3LSF protein-ligand complex are shown
in Fig. 2.
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Figure 1 — Molecular structure of the GABA, receptor

Note: A is a horizontal position of the GABA, receptor in the plane; B is a vertical one
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Figure 2 — Location of the piracetam molecule at the binding site of the AMPA receptor
in the 3LSF protein-ligand complex

Note: A —the second location option. B — the third location option
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Figure 3 — Synthesis of N-acyl derivatives of 2-oxo-1-pyrrolidinacetamide
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Table 1 — Structural formulas of ligands from the Binding DB
with corresponding K indices

Ligand code, structural Ligand code, structural Ligand code, structural Ligand code, structural
formula, K nM formula, K nM formula, K nM formula, K nM
BDBM50128264, 370 BDBM50107595, 218 BDBM50126764, 175 BDBM50252922, 112
HO o o HO o) 0

NH
H,N 0\ NH,
Cl
o\ =y N\ /
VI ©
o
BDBM50252920, 80 BDBM50252873, 61 BDBM50060632, 45

0 HO 0

NH
| H,N
0 N

HN HN HN

Br Cl

o

BDBM50060635, 4

HN

Table 2 — The minimum value of the ligand-receptor
interaction of the predicted ligands in the active
center of the GABA, receptor

Minimum energy of ligand-receptor

Ligand complex formation, kcal/mol
GABA —71.708
Piracetam —-86.509
PirAc —88.691
PirPr -95.354
PirBut —95.507
Aniracetam -81.509
Fonturacetam -97.105
Phenibut —94.692 Figure 4 — Location of the gamma-aminobutyric
Picamilonum —78.629 acid molecule in the active center
Pramiracetam -76.046 of the GABA, receptor
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Figure 5 — Location of piracetam and its N-acyl derivatives in
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according to the results of molecular docking
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Figure 6 — The location of ligands at the binding site of the AMPA receptor according
to the results of molecular docking

Note: A — piracetam; B-PirAc; C — PirPr; D — PirButt
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Table 3 — The formation energy of ligand bonds
with amino acids Thr 130, Arg 67, Tyr 205, Tyr 157 and Phe65, kcal/mol
Ligand Amino acid sum Amino acid sum
Thr 130 Arg 67 Tyr 205 Tyr 157 Phe 65

GABA -3.402 -11.652 —15.054 -6.693 -8.628 -8.315 —23.635
Piracetam —3.295 -3.771 —7.066 -15.209 -17.001 —8.056 —40.266
PirAc -3.126 -7.932 —11.058 -18.353 -10.854 -12.668 -41.875
PirPr —3.387 —7.281 —10.669 -16.311 -12.056 -12.136 —40.504
PirBut —3.045 —7.515 —10.559 —10.936 —15.734 —10.192 —36.862
Aniracetam -2.707 -6.371 =9.077 -17.433 -16.844 -9.811 -44.089
Fonturacetam -0.501 -12.521 -13.022 —23.481 —16.458 —14.223 —54.162
Phenibut -1.416 -9.197 —-10.614 -26.125 -12.417 -11.563 =50.105
Picamilon —7.555 -3.325 —10.880 =25'993 —10.147 —13.068 —49.207
Pramiracetam -2.281 -7.117 —9.399 —17.954 —14.522 —10.145 —42.620

Table 4 - Calculated interaction energies of the studied compounds with residues of amino acids Thr 130,
Arg 67, Tyr 205, Tyr 157, Arg 207, Glu 155, Phe 200, Thr 202, Tyr 97, Asp 44 u Leu 118, kcal/mol

Amino acid GABA Piracetam PirAc PirPr PirBut
Arg 207 0.561 = —0.590 —2.436 —3.291
Glu 155 -1.881 -1.524 —2.67262 —0.83446 —0.998
Phe200 —5.189 —13.994 —11.515 —10.532 —16.502
Thr 202 -4.137 -5.205 -8.562 —7.454 -8.294
Tyr 97 =il 28}l =723 -4.117 —5.967 —4.487
Tyr 157 -8.628 —17.001 -10.854 —12.056 -15.734
Tyr 205 —6.693 —-15.209 —18.353 -16.311 —10.936
Arg 67 -11.652 -3.771 -7.933 -7.281 -7.515
Asp 44 0.718 - - - -
Leu 118 -1.989 -1.795 -1.951 —-1.887 -1.954
Thr 130 —3.40186 —3.295 —3.125 —3.387 —3.045

Table 5 — The minimum value of the interaction energy of ligands with the binding site of the AMPA receptor

Minimum energy of ligand-receptor

Ligand interaction, kcal/mol
Piracetam —80.3646
PirAc -94.9684
PirPr -101.0150
PirBut -107.0790

Table 6 — Interaction energies of the studied compounds with amino acids
of the AMPA receptor binding site, kcal/mol

Amino acids Piracetam PirAc PirPr PirBut
Asp 248 —8.6384 -7.0767 —7.2909 —7.1325
Leu 247 —-17.2258 —-10.5279 -10.946 -10.5261
Lys 251 —3.2265 -3.7261 —4.2831 —3.9035
Met 107 -7.8311 -14.4516 -15.6796 -14.981
Phe 106 -2.7516 -11.6726 -12.144 -11.9543
Pro 105 —-0.9851 —7.7395 -10.1021 -12.8108
Ser 108 —-0.6031 —9.5983 -10.9815 -11.098
Ser 242 —4.3652 —6.5524 -6.1867 —6.4454

Tyr 35 —3.6829 -1.7938 —2.3966 -1.9694

Asp 216 -0.3789 - - -

Lys 218 -1.24 -2.8374 -3.687 -6.3321

Ser 217 —7.1949 -11.9722 —-11.3445 -12.6389
Sum -58.124 —87.9485 —95.042 -99.792
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Table 7 — The interaction energy value of ligands from the database bindingdb.

org with amino acids Ser 217 and Asp 248 of the binding site of the AMPA receptor

Ligand code according to the

Interaction energy

Interaction energy

Total

database bindingdb.org K nM Wii:;j;r;ﬁZ Witsjﬁiﬁ& intericc:f;:;?ergy:
BDBM50128264 370 —10.4842 -1.3701 —11.8543
BDBM50107595 218 -15.0233 —2.2196 —17.2429
BDBM50126764 175 -13.3183 —-5.1289 —-18.4472
BDBM50252922 112 —-18.9924 —4.4265 —-23.4189
BDBM50060627 105 —14.7070 -4.4979 —19.2049
BDBM50252920 80 -17.1936 -2.4128 -19.6064
BDBM50252873 61 —-15.8562 -5.0815 —-20.9377
BDBMS50060632 45 -14.1395 —-7.0648 -21.2043
BDBM50060635 4 -14.2827 —-7.0615 —21.3442
BDBM50166287 2.9 -20.0334 -6.1673 —26.2007

Table 8 — The predicted value of the biological activity of N-acyl derivatives of 2-oxo-1-pyrrolidine acetamide

Interaction energy Interaction energy Total K oredicted
Ligand with Ser 217, with Asp 248, interaction energy, P M !
kcal/mol kcal/ mol kcal/mol
Piracetam —7.1949 —8.6384 —15.8333 224.3759
PirAc -11.9722 -7.0767 —-19.0489 140.6609
PirPr —-11.3445 —7.2909 —-18.6354 151.4260
PirBut -12.6389 —-7.1325 -19.7714 121.8514
400
o
y =26.034x + 636.58 300
R?=0.7866
Q.
. 200
s
= b
> e .o
‘ ° 100
o . o 0
-30 <125 -20 -15 -10 -5 0
-100

Total energy of interaction with amino acids Ser
217 and Asp 248, kcal/mol

Figure 7 — Precise diagram of the linear relationship between the value of the inhibition constant and the total
interaction energy of ligands with amino acids Ser 217 and Asp 248 of the AMPA-receptor binding site

The index of the inhibition constant (K) can
be used to assess the affinity of low-molecular
compounds to the binding site of the protein target.
In order to develop a methodology for predicting the
biological activity of the studied compounds in relation
to the AMPA receptor, 10 structural formulas and their
corresponding K values for the Rattus norvegicus
organism were used, they had been given in the
Binding Database (https://www.bindingdb.org/bind/
index.jsp) (Table 1).

Tom 9, Buinyck 1, 2021

Objects of molecular design

N-acyl-substituted  2-(2-oxopyrrolidine-1-yl)-acet-
amide (piracetam) were selected as ligands for the mo-
lecular design of GABA-ergic and glutamatergic BACs and
the subsequent synthesis. They are: N-[2-(2-oxopyrroli-
dine-1-yl)-acetyl]-acetamide (PirAc), N-[2-(2-oxo-pyrroli-
dine-1-yl)-acetyl]-propionamide (PirPr) and N-[2-(2-oxo-
pyrrolidine-1-yl)-acetyl]-butyramide (PirBut).

The synthesis of N-acyl derivatives of 2-(2-oxopy-
rolidine-1-yl)-acetamide was carried out by dissolving
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a suspension (0.01 mol) of 2-(2-oxopyrrolidine-1-yl) ac-
etamide in the excess of the corresponding anhydride
at the temperature of 70-80°C during the stirring. Then
0.1 ml of concentrated sulfuric acid was added. The acy-
lation reaction was monitored by thin-layer chromatog-
raphy. The target product was isolated from the cooled
reaction medium with diethyl ether. Recrystallization of
the substance was performed from ethyl or isopropyl al-
cohol (Fig. 3) [12].

RESULTS AND DISCUSSION

Molecular docking to the GABA  receptor

binding site

The study of the ligand-receptor complex of gamma-
aminobutyric acid 6D6U revealed that ligand forms two
hydrogen bonds with amino acids Thr 130 and Arg 67,
and enters into hydrophobic interactions with Tyr 205,
Tyr 157 and Phe 65 in the active center of the GABA,
receptor (Fig. 4).

The results of molecular docking (Table 2) show
that all N-acyl derivatives of 2-(2-oxopyrolidine-1-yl)
acetamide exceed a number of the known ligands by
the value of the minimum interaction energy, such
as GABA, piracetam, anipiracetam, picamilonum
and pramiracetam. The calculated energies are also
comparable to the interaction energy of phenibut, but
are inferior to phenylpuracetam (fonturacetam). From
the values of the average energy of interaction with the
active site of the GABA receptor it follows that PirAc,
PirPr and PirBut have the greatest affinity for the GABA
receptor among the studied structures.

The further study of the ligand-receptor interaction
consisted in comparing the energies of hydrogen bonds
and hydrophobic interactions. The energies of hydrogen
bonds with amino acids Thr 130 and Arg 67 show that
the ligands under study form a more stable hydrogen
bond with Arg 67 residue. GABA and phenylpiracetam
can form the strongest hydrogen bonds. In terms of the
total energy of hydrogen bonds, they are inferior to Pi-
rAc, PirPr and PirBut, but all these ligands are superior
in energy values to the modified drug — piracetam (Ta-
ble 3). In other compounds, this energy is comparable to
similar energies of N-acyl derivatives of 2-oxo-1-pyrroli-
dine acetamide. The calculated energies of hydrophobic
interactions with amino acid residues Tyr 205, Tyr 157
and Phe 65 show that the simulated structures are char-
acterized by higher interaction energies compared to
GABA. However, these values are comparable to those
of piracetam, aniracetam and pramipiracetam, but are
inferior to fonturacetam, phenibut and picamilon. These
results can be explained by the structural feature of
phenylpuracetam, phenibut and picamilon, i.e. the pres-
ence of volumetric aromatic fragments in their struc-
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ture. The molecules of phenylpuracetam and phenibut
contain a benzoin ring, and picamilonum contains a pyr-
idine heterocyclic system.

The experimental data of the X-ray diffraction anal-
ysis of the GABA -receptor complex with a gamma-ami-
nobutyric acid molecule [6] made it possible to increase
the number of amino acid residues involved in the for-
mation of the ligand—receptor complex. Fragments of
Arg 207, Glu 155, Phe 200, Thr 202, Tyr 97, Asp 44 and
Leu 118 should be added to the previously considered
amino acid residues. A comparative analysis of the cal-
culated energy characteristics of binding GABA, pirace-
tam and its modified derivatives (Table 4) suggested that
the N-acyl derivatives of 2-oxo-1-pyrrolidinacetamide
form a more stable complex with amino acid residues
Arg 207, Phe 200, Thr 202, Tyr 97, Tyr 157, Tyr 205 and
Phe 65 than the GABA molecule. The interaction ener-
gy of the designed structures with the Arg 67 residue
is lower compared to GABA, and the results for amino
acids Leu 118 and Thr130 are comparable. PirAc has a
stronger interaction with the Glu 155 residue than PirPr
and PirBut. The amino acid of the active center of the
GABA, receptor Asp 44 does not participate in the in-
teraction with piracetam and its modifications, however,
it should be noted that the GABA molecule also forms
a weak interaction with it. Thus, PirAc, PirPr and PirBut
have a greater affinity for the active center of the GABA
receptor compared to the GABA molecule and the drug
piracetam.

Molecular docking to the AMPA

receptor binding site

According to the results of molecular docking in
the Molegro Virtual Docker 6.0.1 program, the most
energetically favorable locations of N-acyl derivatives
of 2-oxo-1-pyrrolidine acetamide at the binding site
of the AMPA receptor were established. Fig. 6 shows
examples of the location of the studied compounds with
the minimum energy in the interaction with the amino
acids of the AMPA-receptor binding site. This figure
shows the main amino acids that are involved in the
implementation of the activating effect on the receptor:
Ser 217, Asp248, Tyr 35 and Asn 252.

The minimum value of the interaction energy of
ligands with the binding site of the AMPA receptor is
shown in Table 5. These results show that all three
N-acyl derivatives of 2-oxo-1-pyrrolidine acetamide have
a greater affinity for the binding site of the ionotropic
glutamate receptor than the piracetam molecule. At the
same time, the most energetically favorable location
is occupied by PirBut. Then PirPr and PirAc molecules
follow, according to the interaction energy with the
binding site of the AMPA receptor.

Volume IX, Issue 1, 2021



Hay4HO-npakTu4eckuin xypHan

OAPMALMA N
OAPMAKOJOIUA

OPUTNHAJIbBHAA CTATbA
DOI: 10.19163/2307-9266-2021-9-1-84-97

Using the 3LSF protein-ligand complex, it was
found out that the piracetam molecule, in addition
to Ser 217, Asp248, Tyr 35 and Asn 252, also interacts
with the following amino acids of the active center of
the AMPA receptor: Leu 247, Lys 251, Met 107, Phe
106, Pro 105, Ser 108, Ser 242, Asp 216 and Lys 218.
The interaction energies of the piracetam molecule
with the amino acids of the AMPA receptor binding site
were obtained from the ligand complex 3LSF according
to the already established X-ray diffraction analysis of
the pharmacologically active location of this substance.
In this case, the second location of the piracetam mol-
ecule was used, where the formation of bonds with
Asn 252 does not occur (Fig. 2A). The interaction en-
ergies of PirAc, PirPr and PirBut with the amino acid
environment of the AMPA-receptor binding site were
obtained using a molecular complex with a minimum
energy of the ligand-receptor interaction. The results
of the study in Table 6 show, that the N-acyl derivatives
of 2-oxo-1-pyrrolidinacetamide exceed the piracetam
molecule in terms of the interaction energy with amino
acids Met 107, Phe 106, Pro 105, Ser 108, Ser 242, Lys
218 and Ser 217. According to amino acids Asp 248, Lys
251 and Tyr 35, the studied substances have a small
difference in the interaction energy compared to the
piracetam molecule (the maximum difference in PirAc
and Tyr 35, is 1.8891 kcal/mol), and there is a decrease
in the interaction energy with the amino acid Leu 247.
PirAc, PirPr, PirBut do not interact with the amino acid
Asp 216, but the piracetam molecule forms a very weak
bond with this amino acid (—0.3789 kcal/mol).

The method for calculating nootropic biological
activity by molecular docking using the Molegro Virtual
Docker 6.0.1 program, has been developed to predict
the biological activity of N-acyl derivatives of 2-oxo-1-
pyrrolidinacetamide. Based on the results of molecular
docking of ligands given in the database bindingdb.org,
the ligand-receptor complex with the lowest MolDock
Score interaction energy was selected for each ligand
with the AMPA receptor binding site. The energy of
bond formation with amino acids Ser 217 and Asp 248
of the binding site of the AMPA receptor responsible
for the implementation of the pharmacological action,
was studied for the selected locations of low-molecular
compounds. The results of the study are shown
in Table 7.

In order to determine the relationship between
the total interaction energy of ligands with amino ac-
ids Ser 217 and Asp 248 of the AMPA-receptor bind-
ing site and the corresponding values of the inhibition
constant, a dot diagram was constructed. As a result,
a linear mathematical relationship between the val-
ue of the inhibition constant and the total interaction

Tom 9, Buinyck 1, 2021

energy of the selected ligands with the amino acids
Ser 217 and Asp 248 of the AMPA receptor binding
site was obtained: Y=26,034x+636,58. In this math-
ematical dependence, the value at Y corresponds to
the value of the inhibition constant, and the value of
X corresponds to the total interaction energy of the
ligands with amino acids Ser 217 and Asp 248 of the
AMPA receptor binding site.

To assess the reliability of the obtained mathemat-
ical dependence between the value of the inhibition
constant and the total interaction energy of the select-
ed ligands with amino acids Ser 217 and Asp 248 of the
AMPA-receptor binding site, the approximation reliabil-
ity factor and the root mean square deviation were cal-
culated. The accuracy coefficient of the approximation
was obtained using the Microsoft Excel program, and it
is 0.7866. The root mean square deviation was calculat-
ed using the formula:

1 N
RMSD= ,[-= Y AK?
N = )

where: RMSD is a root mean square deviation; N is the
number of ligands; the difference between K calculated
from the derived linear mathematical dependence and
K — taken from the database bindingdb.org.

The root mean square deviation is 49.15237. Thus,
based on the obtained values of the approximation
reliability coefficient and the standard deviation, it
is possible to talk about an acceptable accuracy of
calculating the linear dependence of the inhibition
constant on the total energy of the interaction of ligands
with amino acids Ser 217 and Asp 248 of the AMPA-
receptor binding site.

According to the developed methods, the prediction
of the biological activity of N-acetyl-2-(2-oxycyclopentyl
acetamide)acetamide (PirAc), N-propanoyl-2-(2-
oxycyclopentyl)-acetamide (PirPr) and N-butanoyl-2-(2-
oxycyclopentyl)- acetamide (PirBut) regarding the AMPA
receptor, were calculated (Table 8).

DISCUSSION

The pharmacological effect of nootropic drugs
is associated with their effect on the work of GABA-
ergic, monoaminergic, cholinergic and glutamatergic
neurotransmitter systems of the brain [13].

In addition to the involvement of GABA receptors
and metabotropic glutamate receptors (mGIuRs) in
the nootropic activity, the effect on other G-protein
coupled receptors (GPCRs) is also conjugated with
the nootropic effect [14]. In particular, the pyrimidine
derivative Ro010-5824 (1) shows a pronounced
nootropic effect as the agonist of dopamine D4
receptors. The activation of this type of receptors
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is associated with an increase in cognitive functions
of the brain, such as a learning ability, a cognitive
activity, etc. [15].

N
~
1 NHz

The antioxidant effect of some nootropics is
explained by the fact that their molecules are able to
inhibit the formation of free radicals and the processes
of lipid peroxidation [16].

In [17], using the example of (3H)-quinazoline-
4-one derivatives, the possibility of a directed
combination of various pharmacophores
molecule was shown in order to enhance the target
pharmacological activity.

in one

For example, quinazolinone derivatives (2) were
synthesized. Their ability to activate brain dopamine D4
receptors is combined with an antioxidant effect due to
the presence of a phenolic hydroxyl (a hydroxyphenyl
fragment). It was shown [17] that one of the most
useful manifestations of such a combination is an
increase in the blood flow in the microcirculatory bed
and, as a result, an improvement in peripheral blood
circulation.

Thus, having the possibility of simultaneous effects
on various pharmacological mechanisms, nootropic
drugs are an indispensable group in the modern arsenal
of drugs used in the treatment of disorders of function-
ing of the higher nervous system in humans.

A design of novel therapeutics is based on the
structural modifications of the approved drugs, or
chemical substances with known activities, including
endogenous biologically active compounds. In this re-
gard, close attention is attracted by neuroactive ami-
no acids: GABA, glutamic acid, taurine, etc., which are
found to influence a variety of neuronal processes in
the brain [18].

A significant role of GABA as an inhibitory
neurotransmitter in the relationship between various
functions of the central nervous system and the effect
on hormonal homeostasis and the activity of the
cardiovascular system is shown [19]. It has been proved
that the first metabolites of GABA affect the passage
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of the ketoglutarate dehydrogenase stage of the Krebs
cycle.

Accordingly, the GABA-ergic system makes it
possible to protect the body in cases of extreme
conditions associated with various types of hypoxia by
participating in metabolic processes. The influence of
GABA on the course of oxidative phosphorylation, the
participation in glucose metabolism and, as a result, in
the regulation of osmotic processes, and this leads to
the manifestation of antihypoxic and antioxidant effects
has been confirmed [20].

In the process of searching for biologically active
compounds with a nootropic effect, the interaction
of the simulated compounds with GABA and NMDA
receptors, which are largely responsible for the
processes of inhibition and excitation of the central
nervous system, is predicted [21]. The optimal
relationship between the inhibitory and excitatory
neurotransmission systems of the central nervous
system ensures the normal activity of the brain,
autonomic functions and metabolic processes in the
body, and a violation of the balance between these
systems leads to various pathological conditions of the
body [22]. These facts allow assessing the relevance of
the molecular design and targeted synthesis of modified
structures of GABA-ergic drugs with cerebroprotective,
antihypoxic and nootropic properties.

Cyclic forms of GABA — derivatives of a-pyrrolidone-
penetrate through the BBB easier and show an
anticonvulsant activity in high doses. The compound
3-amino-1-hydroxypyrrolidinone-2 (3) has a potential
for the treatment of the diseases associated with
extrapyramidal disorders.

NH
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&0 N

N
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OH (|]H2 —C/O

\NHZ

3 4

One of the most successful derivatives of
N-substituted lactams synthesized in the laboratory of
UCB (Belgium) is 2-(2-oxopyrolidin-1-yl)-acetamide (4).
The drug piracetam (4) has a higher lipophilicity than
GABA, passes through the BBB easier and affects the
cortical, subcortical and transnallosal reactions of the
central nervous system [23].

2-(4-hydroxy-2-oxopyrolidine-1-yl) was synthesized
as a structural analog of piracetam- acetamide (5), which
is a lactam of 4-amino-3-hydroxybutyric acid (the drug
gamibetal).
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This drug and its compounds similar in structure are
able to normalize memory processes and improve the
cognitive properties of the brain [24].

Based on these studies, a new direction has been
formed in the field of creating neuropharmacological
drugs — a targeted search for gabaergic compounds.
At the initial stage, this direction was a set of empiri-
cal methods or, at best, it was based on a logical-struc-
tural approach. The results of modern studies of X-ray
diffraction and radioligand analysis of ligand-receptor
complexes sufficiently reliably describe the molecular
mechanisms of synaptic processes, which opens up ad-
ditional opportunities for the molecular construction of
GABA-ergic substances in silico, through the use of com-
puter modeling methods [25].

One of the protein targets through which the
pharmacological effect of nootropic drugs is real-
ized is the AMPA receptor. This receptor received its
name in honor of its selective agonist-a-amino-3-hy-
droxy-5-methyl-4-isoxazolpropionic  acid (a-ami-
no-3-hydroxy-5-methyl-4-isoxazolepropionic acid). The
AMPA receptor is a subtype of ionotropic glutamate
receptors that are able to pass positive charged ions
through the cell membrane of neurocytes and thus
participate in the transmission of rapid excitatory sig-
nals in intraneuronal synapses [13].

In these works, special attention of researchers is
drawn to the problem of selective interaction of mol-
ecules of natural neurotransmitters and ligands with
receptors. The emergence of new three-dimensional

structures of protein receptors in the Protein Data Bank
(www.wwpdb.org) [26], combined with the intensive de-
velopment of computer methods for analyzing intra-and
intermolecular interactions, contribute to the creation
of more accurate models in ligand-receptor systems.

The highest GABA-aergic activity can be expected in
the molecule N-[2-(2-oxo-pyrrolidine-1-yl)- acetyl]-pro-
pionamide. The results of the conducted prognostic
study indicate that all N-acyl derivatives of 2-(2-oxopy-
rolidin-1-yl)-acetamide may be superior in GABA-ergic
activity to a modified drug — piracetam, as well as an en-
dogenous inhibitory neurotransmitter — y-aminobutyric
acid.

The analysis of the K; values obtained in silico for
N-acyl derivatives of 2-oxo-1-pyrrolidinacetamide shows
that their hypothetical nootropic pharmacological ac-
tivity significantly exceeds piracetam as a result of their
allosteric modulation of the AMPA receptor. In this case,
the leader compound is N-butanoyl-2 — (2-oxycyclopen-
tyl)-acetamide. Thus, PirAc, PirPr and PirBut are promis-
ing compounds with a higher predicted nootropic phar-
macological activity than the piracetam molecule.

The conducted pharmacological studies confirm the
pronounced nootropic properties of the synthesized
N-acyl derivatives of 2-(2-oxopyrolidine-1-yl)acetamide
[27, 28].

CONCLUSION

It was found out that all N-acyl derivatives of
2-oxo-1-pyrrolidinacetamide can surpass gamma-
aminobutyric acid and piracetam in a nootropic activity
by molecular modeling of the ligands interaction with
the active binding site of gamma-aminobutyric acid
of the GABA receptor by molecular docking. These
compounds have also a great affinity for the binding site
of the AMPA receptor. In the course of the conducted
studies, a method for predicting glutamatergic activity
was proposed.
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OBITUARY FOR YURI N. CHERNOV
5 Nov 1937 -1 Jan 2021

On January 1, 2021, Yuri N. Chernov, Doctor of Sci-
ences (Medicine), Professor, Honored Doctor of the
Russian Federation, Academician of the International
Human Academy in Aerospace Systems, Corresponding
Member of the Russian Academy of Natural Sciences,
passed away. Yuri N. Chernov was Honorary Doctor of
the State Research and Test Institute of Military Medi-
cine of RF Ministry of Defense, a specialist in the field of
clinical pharmacology and aerospace radiobiology, Hon-
orary Professor of Voronezh State Medical University
n. a. N.N. Burdenko.

Yuri N. Chernov was born on November 5, 1937 in
the city of Voronezh. The desire for research work man-
ifested itself already in school years. He was awarded
a Certificate of Merit of the Central Committee of the
Komsomol (1954), a bronze medal of a participant in
VDNKh (Exhibition of Economic Achievements, 1954) for
scientific work in biology.

After graduating from Voronezh Medical Institute in
1961 with a degree in General Medicine, he worked as a
general practitioner. In January 1964, he took post-grad-
uate courses at the Department of Pharmacology of Vo-
ronezh Medical Institute. In 1971 he defended his the-
sis for the degree of candidate of medical sciences on
the topic “The effect of bee venom (apizartron) and its
combination with royal jelly (apilak) on the course and
outcome of experimental myocarditis”. The work was
published in five languages and received recognition
from the public at the XXllird International Apimondia
Apiculture Congress, Moscow (1971).

From 1971 to 1987, Yuri N. Chernov, working as an
assistant, a senior teacher, an associate professor of the
Department of Pharmacology, combines research, ped-
agogical work with organizational and social activities.
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From 1973, he was appointed the deputy dean, from
1992 to 2006, Yuri N. Chernov was three times elected
the dean of the medical faculty of Voronezh State Med-
ical Academy.

For 33 years, Yuri N. Chernov worked in the dean’s
office of the largest medical faculty of VSMU n.a. N.N.
Burdenko.

As an outstanding organizer and a scholarly man,
Yuri Nikolayevich was able to think strategically, and
successfully solved assigned tasks proceeding from the
knowledge of human psychology, his own life experience
and the ability to carry on a constructive conversation.

Fairness and detachment, honesty and openness, in-
sight, self-control — these were the qualities that Yuri N.
enjoyed respect and authority among the teaching staff,
graduate students, residents and students for. Among
them, there was a catch phrase: “Chernov is more than
the dean to the medical faculty, not everyone is born as
adean.”

In 1980, by order of the Minister of Defense, Yuri
N. Chernov was assigned to the State Research Institute
of Aviation and Space Medicine (since 1999, the State
Research and Test Institute of Military Medicine of the
Ministry of Defence). Under the leadership of Academi-
cian of the International Academy of Astronautics (IAA)
V.V. Antipov, Yuri N. Chernov dealt with the problems of
anti-radiation protection of aircraft crews.

In 1987, Yuri N. headed the Department of Clinical
Pharmacology, which was first created, with his active
participation, at the Voronezh Medical Academy. He
headed the Academy until 2011, and then remained an
Honorary Professor of the Department of Clinical Phar-
macology in Voronezh State Medical University n. a. N.N.
Burdenko. Yuri N. was able to support and encourage
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the colleagues, instill confidence in success and moti-
vate employees to move forward due to being a vivid
example of the highest degree of professionalism and
great diligence, with tireless energy and committed to
his work.

Based on the State Research and Test Institute of
Aviation and Space Medicine, in the period from 1980 to
1991, he carried out his thesis research, and in 1991 he
defended the doctoral thesis. The topic of his research
was “Study of biochemical changes in the brain against
the background of functional and behavioral manifesta-
tions of radiation damage to the central nervous system
and the development of means of pharmacological cor-
rection of these disorders.”

Professor Chernov, a talented scientist-pharmacol-
ogist and a toxicologist, always strived to develop new
directions of scientific research necessary for solving
problems in clinical practice.

Under the leadership of Yuri N., the following sci-
entific studies were carried out: monitor side effects of
drugs; pharmacogenetics and environmental pharma-
cology, clinical pharmacology of drugs for the treatment
of diabetes mellitus; arterial hypertension; peptic ulcer
of the stomach and duodenum; drug interactions; anti-
microbial therapy; pharmacological correction of endo-
thelial dysfunction.

Professor Chernov attached great importance to
the problems of pharmacoeconomics and pharmacoep-
idemiology, including the development of software for
calculating the costs of pharmacotherapy in real clinical
practice.

Professor Chernov’s scientific research comprised
not only clinical works but also works on experimen-
tal pharmacology including the following problems: a
way to optimize the therapy of poisoning with antipsy-
chotic drugs; search for adaptogenic activity of natural
compounds; the study using pharmacological analysis
of structural and histochemical changes in the cerebral
cortex in cerebral syndrome of acute radiation sickness;
pharmacological correction of exposure to ultra-lethal
doses of ionizing radiation with the subsequent devel-
opment of new radioprotectors.

The main scientific studies on the basis of the Insti-
tute of Aviation and Space Medicine were carried out
in the field of radiobiology, and a comprehensive as-
sessment of the operators’ health was also developed
to ensure a high level of combat effectiveness and pro-
long the “career longevity” of the Air Force personnel, as
well as the principles of effective and safe prescription of
drugs for individuals of camera professions.

Professor Chernov is the author of 520 scientific
publications, 5 textbooks on clinical pharmacology, 27
textbooks, 6 monographs, 2 chapters of the national
guidelines on clinical pharmacology (2009), practical
guidelines on aviation and clinical medicine (2011), 42
patents and 5 software systems, registered in the Regis-
ter of programs of the Russian Federation.
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Professor Chernov created a scientific school of clin-
ical pharmacologists. Yuri N. was a thesis director of 32
theses for a candidate degree, 4 theses for a doctor’s de-
gree. Professor Chernov’s students successfully work in
Russia, Commonwealth of Independent States, Europe,
the USA and Great Britain.

Yuri N. Chernov, a wonderful teacher and a bril-
liant speaker, devoted a lot of effort to teaching clinical
pharmacology. His bright lectures had always attracted
the interest of students, graduate students, clinical resi-
dents, doctors of postgraduate training. Professor Cher-
nov participated in the development of curricula in the
discipline for medical universities of the country, in the
creation of methodological manuals aimed at the forma-
tion of a systematic approach to mastering the neces-
sary professional knowledge among graduate students
for the effective and safe use of drugs. The presence of
outstanding business and personal qualities helped him
in solving numerous problems.

For the first time in the Central Black Earth Region,
Professor Chernov organized a course of postgraduate
training for doctors of clinical pharmacologists. The re-
sult of his efforts was the organization of a clinical phar-
macology service in the Voronezh and Lipetsk regions,
training of doctors, i.e. clinical pharmacologists for med-
ical organizations in Tambov and Belgorod.

For 5 years, Professor Chernov was a member of the
Pharmacological Committee of the USSR (1st Commission);
a Member of the Board of the Association of Clinical Phar-
macologists of Commonwealth of Independent States;
Member of the problem commission No.32.02 of the Rus-
sian Academy of Medical Sciences “Pharmacology of heart
and blood vessels”; Member of the Bureau of the Problem
Commission No.32.06 “Clinical Pharmacology” (First Mos-
cow State Medical University n. a. Sechenov); Member of
the Thesis Board of VSMU n. a. N.N. Burdenko.

Professor Chernov was also Member of the editorial
board of the journals “Experimental and Clinical Phar-
macology” (Moscow), “Medicine remedies” (Moscow),
the federal annual guidelines “Formulary system”.

Professor Chernov made a scientific contribution to
the development and strengthening of international re-
lations of pharmacologists of our country with the Euro-
pean scientific community.

From 1997 to 2018, he actively supported scientific
contacts with the Institute of Clinical Pharmacology of
the Charite Clinic (Germany), where joint studies were
carried out to research the role of polymorphic enzymes
in the development of various types of cancer and
where, under his leadership, the scientific work “Geno-
typing of drug enzymes metabolism” was executed.

Professor Chernov was a clinical pharmacologist of
the highest medical qualification, an honored doctor
of Russia, had the title of “Excellent Worker of Public
Health”. For achievements in space medicine and nu-
merous discoveries, he was awarded a diploma of the
Commander-in-Chief of the Air Force, the Order of
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Friendship of Peoples, the Medal of the Air Force Vet-
eran, the Medal n. a. Yu. A. Gagarin, the Order of Merit
to the Fatherland, Il degree, the medal n. a. G.K. Zhu-
kov, the medal “Veteran of Labor”, the merit badge “For
Merit to the Voronezh Region”. Professor Chernov was
also a prize winner of the forum “Golden Fund of the
Voronezh Region” in the nomination “Education”.

Yuri N. Chernov was a great scientist, a wonderful
teacher, a bright personality, a man of great depth and
courage. Professor Chernov’s high professionalism, wis-
dom and good-heartedness will always be in the mem-
ory of the scientific community, as well as his many stu-
dents, colleagues and everyone who was happy to know
and work with Yuri N.

REST IN PEACE!
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region and the Central Federal District of the Russian Federation.
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