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MOP®OMETPUYECKOE U TUCTOXUMUYECKOE UCCNEAOBAHUE
TPABbl ME/IUCCbl NEKAPCTBEHHOW U3 KONJIEKLLUN
HUKUTCKOIoO BOTAHUYECKOTO CAAA

Huxumuna A.C.%, Jlozéeunenxo JI.A.?>, Huxumuna H.B.', Huzapan C.A.
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B cmamve npedcmasnensvi pesynomamul MOP@PON020-AHAMOMUYECKO20, MOPDOMEMPUTECKO20 U 2UCHOXUMUYe-
CKO2O UCCNIe008AHUS HAO3EMHOU Yyacmu menuccel nexkapcmeennoi (Melissa officinalis L.), cenexyuontnozo copmo-
obpaszya uz konnekyuu Huxumckozo bomanuueckozo caoa — Hayuonanvnoeo nayunoeo yenmpa (HEC-HHL]) PAH,
Pecnybnuxa Kpvim. Ionyuenvt oannvie no mopghonozuu, 2ucmoxumuil u Mophomempu 0OCHO8HbIX OUACHOCTNUYECKUX
MUKpockonuueckux npusnaxkos mpaswvi Melissa officinalis L., komopule umeiom onpedensoujee 3uavenue O ycma-
HOBNIEeHUsL NOOTUHHOCIU JIEKAPCMBEHHO20 PACIUMENbHOZO0 CbIPbs, d MAKdICce NOKA3bI8AION JTOKATUZAYUIO CeKpeyul
Memaboaumos u 2emepoenyio npupooy sgupnozo macia menuccuvl. env. Onpedenenue muxpoouacnocmuyeckux
NPUZHAKO8 U UX OUOMEMPUUECKUX XAPAKMEPUCMUK MPABLL MENUCCHL NeKAPCMEEHHOU cOpMoodpasya, uHmpooyyupo-
sannozo ¢ Huxumckom bomanuueckom cady, uzyyenue 603MOACHOCIU NPUMEHEHUS SUCIOXUMUYECKUX Pearkyull Oisl
AHanU3a MKAHeu U CeKpemopHblX CmpyKmyp ucciedyemoo éuoa. Mamepuanvt u memoowvt. Pacmumenvhoiti mamepu-
an npedocmasnen aabopamopueti rexapcmeennvix pacmenui HEC-HHI]. V3yuenue MukpocKonuyeckux npusHakos,
Mophomempuneckux Xapakmepucmux, a maxdice 2UCIOXUMU4ecKue mecmsol nposooUIU CO21acHo memoouxam 1ocy-
dapcmeennoil ghapmaroneu Poccutickoti @edepayuu X1 uzdanus ¢ nomowbio ceemoso2o muxpockona Muxpomeo-1,
JroMuHecyeHmHo20 mukpockona Muxpomeo 3 JIFOM u yugposou kamepwr Digital Eyepiece microscope camera MD
3.2. @omoepapuu peoaxmuposanu 6 npocpamme Paint. NET.3.5.11. Pesynomamut. OcnosHbiMmu OUAZHOCMUYECKUMU
MUKPOCKONUYECKUMU NpusHaxamu mpagwvl copmoodpasya Melissa officinalis L. modcno naseams: snudepmanvhule Ko-
HYCOBUOHbIE OOHOKIEMOUHbBLE BOLOCKU, NPOCIblE MHO2OKAENMOUHbLE BONOCKU, 20N084AMbLE BOTOCKU C MHO2OKAEMOU-
HOU HOJICKOU U BOPOHKOBUOHOU 20JI08KOU U ¢ OOHOKIEMOYHOU HOICKOU U WAPOBUOHOU 20NI08KOU, IPUPOMACIUYHbLE
JicenesKu paouanbHo2o0 muna ¢ 6—8 evioenumenbHblMu Kiemkamu. /Jannvle RpusHaKu OUazHOCMupyomcs u 6 usmeib-
uennom ceipve. I[Iposedena konuwecmeennas oyenka MopQOIOSUYECKUX U AHAMOMUYECKUX NPUSHAKOE aucma (moi-
WUHA TUCTOBOU NIACIUHKY, 8bICOMA KILEMOK 8EPXHE20 U HUICHE20 INUOePMUCA, NIOMHOCMb yembuy Ha 1 mm? snu-
Odepmbt), cmebs, Yauleuku u GeHYUKA, NPOAHATUSUPOGAHbL PAZMeEPbl KIIEMOK, YCMbUY, MPUXOM, a MaKdice 1acmoma
pacnonodicenus mpuxom. I ucmoxumuueckumu Memooamu ¢ nOMOWbIO C6EmMosol U Quyopecyenmnol MUKpoOCKonuu
U3YHEHO NPUCYMCmeue U JOKAIU3AYUSL 8 MKAHAX U MPUXOMAX CbIPbSL TUNUOOE, NOTUCAXAPUOOS, PEHONbHBIX COeOUuHe-
HUll, PAABOHOUO08, IPUPHO2O MACIA, MEPNEHOUO08, ANIKAIOUO08. 3aKatouenue. B xo0e Mophonrozo-anamomuiecko-
20 UCCIe008aHUs MPAGLL COPMOOOPAZYA MENUCCHL 1eKaPCMEEHHOU U3 Koaekyuu Huxumckoeo 6omanuyeckoz2o cada
8bIAAGTIEHbL OUACHOCMUYECKU 3HAYUMbIE MUKPOCKONUYECKUE NPUSHAKU CbIPb, YCIMAHOBIEeHbL UX OuoMempuieckue xa-
pakmepucmuxy. Bnepsvie cucmoxumuieckumu mMemooamu 8 mKAHAX U CeKPemoOPHbIX CMPYKIMYypax mpagvl usyyena
JIOKAAU3AYUSL XAPAKMEPHBIX CEKPEeMUPYemblx OUON02UNECKU aKMUBHBIX 6eujecme. Pe3ynomambl 9KcnepumenmanbHbix
UCc1e008aHuUll OONOIHAIONM OAHHbIE HAYYHOL TUMepamypsl U Mo2yn Oblmb UCNOIb308AHbL OJist NOOMEEPICOEHUs. NOO-
JUHHOCIU, UOEHMUDUKAYUYU U CIMAHOAPMUZAYUU HAOZEMHOU Yacmu OAHHO20 COPMOodpasya.

Kniouesvie cnosa: menucca nexapcmeennas, Melissa officinalis L., muxpoouaenocmuka pacmenuii, unmpooyk-
Yus, Mopghomempust, cUCIMOXUMUSA
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MORPHOMETRIC AND HISTOCHEMICAL RESEARCH OF MELISSA
OFFICINALIS L. HERB FROM THE COLLECTION
OF NIKITSKY BOTANIC GARDEN

Nikitina A.S.%, Logvinenko L.A.%, Nikitina N.V.', Nigaryan S.A.*

!Pyatigorsk Medical and Pharmaceutical Institute — branch of Volgograd State
Medical University, 11, Kalinin ave., Pyatigorsk, Russia, 357532
’Nikitsky Botanic Garden, Nikita, Yalta, Republic of Crimea, 298648, Russia
E-mail: lina_nikitina@mail.ru

The article presents the results of morphological-anatomical, morphometric and histochemical studies of the
aerial part of Melissa officinalis L., a selection variety sample from the collection of Nikitsky Botanical Garden
— National Science Center (NBG-NSC) of the Russian Academy of Sciences, Republic of Crimea. The data on the
morphology, histochemistry and morphometry of the main diagnostic microscopic signs of the Melissa officinalis
L. herb, which are crucial for establishing the authenticity of medicinal plant materials, and also show the local-
ization of secretion of metabolites and the heterogeneous nature of Melissa essential oil, have been obtained. The
aim. Is to determine the microdiagnostic signs and biometric characteristics of the Melissa officinalis L. variety
sample, introduced in Nikitsky Botanical Garden, to study the possibility of using histochemical reactions for the
analysis of tissues and secretory structures of the studied species. Materials and methods. The plant material was
provided by Nikitsky Botanical Garden. The study of microscopic signs, morphometric characteristics as well as
histochemical tests, were performed according to the methods of the State Pharmacopoeia of the Russian Feder-
ation, XIII edition, using a Micromed-1 light microscope, a Micromed Micrometer 3 LUM fluorescent microscope
and a Digital Eyepiece microscope camera MD 3.2 digital camera. The photos were edited in the program Paint.
NET.3.5.11. Results. The main diagnostic microscopic signs of the herb of the Melissa officinalis L. selection vari-
ety sample can be called as follows: simple unicellular conical, nonbranching hairs, simple multicellular conical
hairs, capitate hairs with a multicellular leg and a funnel-shaped head and with a unicellular leg and a spherical
head, essential oil glands of a radial-type with 6-8 excretory cells. These signs have been diagnosed in the crushed
raw materials. A quantitative assessment of the morphological and anatomical signs of the leaf (leaf thickness,
height of the cells of the upper and lower epidermis, stoma density per 1 mm? of the epidermis), stem, calyx and
corolla was carried out. The size of cells, stoma, trichomes, as well as the frequency of the location of trichomes
have been analyzed, too. The presence and localization of lipids, polysaccharides, phenolic compounds, flavonoids,
essential oil, terpenoids, alkaloids in tissues and trichomes of the herb have been studied by histochemical methods
using light and fluorescent microscopy. Conclusion. Morphological and anatomical study of the herb of the Melissa
officinalis L. selection variety sample from the Nikitsky Botanical Garden collection has been carried out, diagnos-
tically significant microscopic signs of raw materials have been revealed and their biometric characteristics have
been established. For the first time the localization of characteristic secreted biologically active substances in the
tissues and secretory structures of the herb has been studied by histochemical methods. The results of the experi-
mental studies complement the scientific literature data and can be used to confirm the authenticity, identification
and standardization of the aerial parts of this variety sample.

Keywords: Melissa officinalis L., microscopy, introduction, morphometry, histochemistry

BBEJIEHHUE. Dxonoro-reorpadguyeckue ycioBHs
HHTPOAYKIMU JIEKAPCTBEHHBIX PACTEHUH OKa3bIBAIOT
olpezieNsIoniee BIMSHIE Ha XUMHYECKHH cocTaB OHO-
JIOTUYECKH aKTHBHBIX BEIIECTB PACTCHMMH, a TaKKe Ha
Ononornuyeckne 0COOCHHOCTH pa3BUTHS. MeTomoM Mu-
KPOCKOIMMYECKOTO aHalu3a W3y4daeTcs aHATOMHYECKOE
CTPOCHHE PpACTEHUs, YCTAHABIUBAIOTCA XapaKTEPHBIE
aHATOMO-IMAaTHOCTHYECKHE M MOpP(HOMETPHUECKHE Xa-
PaKTEepUCTUKU. XHMHUYECKHE M (PU3UKO-XUMHUIECKHE
METOJIbI UCCIIEA0BAHUS TO3BOJISIOT UAECHTU(HUINPOBATH
JEHCTBYIONIME U CONYTCTBYIOIIME BEUIECTBA B pacTe-
HusIX. K TakuMm MeTonaM OTHOCHTCS TMCTOXMMUYECKHM
aHaJINU3, [I03BOJISIOIIMN BBISBIISITh 3aKOHOMEPHOCTH IIPO-
1ecca CeKpeluu OMOJIOTHUECKU aKTUBHBIX BELIECTB U
YCTaHABJIUBATh UX IPUCYTCTBUE U JIOKAIU3ALUIO B TKa-
HSIX M OpraHax pacrteHus. B cBoro odepenp MmomoOHbBIE

HCCIIeJOBaHNUS MILUTIOCTPUPYIOT OTIIMYUTEIbHBIE 0COOCH-
HOCTH MeTabo/In3Ma KEeJIEe3UCThIX TPUXOM U TKaHel pas-
JIMYHBIX XEMOTHIIOB OJHOTO BWja pacteHus. B Huxwur-
CKOM OOTaHWYecKOM cajy — HaruoHanbHOM HaydyHOM
uenrpe (HBC-HHII) PAH, Pecniyonuka Kpeiv, . fnrta
B J1a0OpaTOPUH ApOMATHYECKUX M JICKAPCTBEHHBIX pac-
TEHUU TPAJUIMOHHO MTPOBOMASTCS MHOTOJETHHE OHOJIO-
rMYECKHE U MHTPOJYKIHOHHBIC HUCCIICIOBAHUS 0COOCH-
HOCTEH Pa3BUTHS PA3IMYHBIX COPTOB JIEKAPCTBEHHBIX
pacrenuii. Menucca nekapctBernas (Melissa officinalis
L.) sBisieTcst oqHUM U3 BHJIOB CEMEHCTBA SCHOTKOBBIE,
MHTPO/IYIIMPOBAHHBIX HA OIBITHOM y4acTke d(upomac-
JIMYHBIX pacTeHuii 6orannveckoro cazaa [1, 2].

Memucca nekapctBeHHas — Melissa officinalis L.
(cunonumsbr: Faucibarba officinalis (L.) Dulac., Mutelia
officinalis (L.) Gren. ex Mutel, Thymus melissa EH.L.
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Krause, Citronell, Common balm) — onuis u3 5 BUIOB pona
Mmenmcca (Melissa) cemelicTBa SICHOTKOBBIX — Lamidceae.
PacreHne W3BeCTHO TOJ APYTMMHM Ha3BaHHMSMHU: Meiucca
JIMMOHHASI, JTUMOHHAsI MATa, JIMMOHHAsl TpaBa, MEIOBKa,
IMUeNbHUK. Menuncca JeKapcTBEeHHAs! paclpoCTpaHeHa B
crpanax EBporrsl, Appuku, CeBepHoit Amepuke, B Upare,
Ha Ykpaune, Kakase u B Cpenneit Azun. TpaBa Memnwcchet
JIEKapCTBEHHOW KYJIBTUBUPYETCS KaK JIEKapPCTBEHHOE U
a¢pupomacimaHoe pactenue B BenmkoOpuranmu, Cepoum,
Amxupe, crpanax CpequzemMaoMopsbs, Ha KaBkase, B Kpac-
HomapckoM kpae, Camapcekoii oomactu, B Kpbimy [3-5].
TpaBa memucchl JIEKapCTBEHHOH XapaKTepHU3yeTcs
BBICOKHUM COJIepKaHHEeM (DEHUIIPOIIAHOUIOB (pOo3Ma-
puHOBasi, Ko(eilHasi, XJIOPOreHoBas, Iapa-KymapoBas,
(epyroBas ¥ cCHHAINOBAsi KHCIOTHI), (DIIaBOHOUIOB (JTFO-
TCOJINH, NWHAPO3WJ, ANWTCHUH, KOCMOCHHUH), (EHOI-
KapOOHOBBIX KHCJOT (CHpEeHeBas, T'€HTH3MHOBas, ca-
JWMLAIIOBAs, BaHWIMHOBAS, Iapa-THIPOKCHOCH30MHAas,
MIPOTOKATEXOBAsI), KOHACHCHPOBAHHBIX JTyOMIIBHBIX Be-
mectB [6, 7]. Ilo maHHBIM 3apyOeKHBIX UCCIeToBaTeNeit
B TPaBe MEIHUCCHI JICKAPCTBEHHONW HMICHTH()UIIMPOBAHEI
OJIeaHONIOBasg M ypcosoBasg KucCIOTHl [8]. B adupHoM
MacJe mpeodiagaroT MOHOTEPIIeHBI (IIUTpaib) [9].
Hay3eMHy10 4acTh MeJMCCHI JIEKAPCTBEHHOW MpPH-
MEHSAIOT B dTHOMeAuLKHe cTpad EBponsl. Bo ®pannuy,
Wranun, Asctpuu, I'epmanum u bonrapum wmenuccy
WCIIONB3YIOT NPH TPOPHUYECKHX $3BaX B KadecTBE pa-
HO32XXMBJISIONIETO CPEICTBA, KOXKHBIX CHISX, (QypyH-
KyJIax KOXH, JJISI TIOJIOCKAHWS IIPU BOCIIAJICHUU JECEH;
HapyXHO Ul Maccaka M PAacTHPaHUH, A TPHUIIAPOK
1 KOMIIPECCOB, M3TOTOBJICHHUS KOCMETHYECKHX CPEIICTB
[4, 10, 11]. Ham3emHas 4acTh W JHUCThSI MEIUCCHI SIB-
JSFOTCSL O(UIUATBHBIM CBIPEEM B CTpaHax EBpoIbI.
Pactenue Brimoueno B EBpomneiickyio ®apmakoriero,
bpurtanckyro Tpassuyro @Dapmakomnero, B IpaHckyro
Tpapsnyro ®apmakonero. B Poccun naHHbIi BUA ChIpbs
cTan opuuMHaIBHEIM ¢ 1996 rona, paspaboraH MpoexT
OC «Menuccsl 1ekapcTBeHHOHN TpaBay (B3ameH OC 42-
3645-98) (marepuansl 10 MpOEKTaM OOLIMX (apMako-

TIEHHBIX cTareil n apMakonelHbIX cTaTed https/www.
rosminzdrav.ru/61/11/ materially-po-farmakopee) [12].
dapMaKoIOrHYecKue HMCCIIE0BAHMS ITOKA3bIBAIOT, YTO
rpenaparsl MEJUCCHI TMPOSIBISIIOT JIETKOE CHOTBOPHOE
JICWCTBHE, OKA3bIBAIOT YCIIOKOMTEIIBHOE, CIIa3MOJIUTH-
geckoe BozzeicTBue [13—16]. XapakTepHO MOBBIIIICHHE
anmneTuTa U CTUMYJISIINU CEKPELUH JKETyIOYHOTO COKa,
YCHUIIEHHE MOTOPHKH JKEITy/IKa, MPOSBICHHUE JKEITYErOH-
HOTO U BETPOTOHHOTO JEHCTBUSI MpPEnapaToB HAa OCHOBE
TpaBel Menucchl [4, 17]. TpaBa Menucchl o0nanaeT ru-
NONIMKEMUYECKUMH, BSDKYIIMMHU CBOMCTBaMH, CTUMY-
nupyeT MeHcTpyaruu [18]. Anpaeruas! pacteHus (Iu-
Tpajb, IUTPOHENAb) OKa3bIBAIOT MPOTUBOMHKPOOHYIO
AKTHBHOCTb B OTHOILIEHHH DsiJia NMATOTCHHBIX IPUOOB U
mukobakrepuii Tyoepkynesa (K. Okazaki u S. Oshima,
1953 1.). PosmapunoBast kucioTa o0yclaBiIiBaeT MpOTH-
BOBHPYCHYIO aKTUBHOCTH B OTHOIIEHHH BUPYCOB reprie-
ca, TPUNIA, IPOTHBOAJUIEPIHYECKOE M aHTHOKCHAAHTHOE
JIeCTBHE, aHTUKOMIUIEMEHTapHbBIE M aHTHPAINKaJIbHbIC
cBoiicTBa Memucchl [19].

IEJb - omnpenenuTs MHKPOJUArHOCTHYECKHUE
MIPU3HAKA M UX OMOMETPUYECKHE XapaKTEePUCTHKH IS
TpaBBI MEIUCCHI JIEKAPCTBEHHOI copToobpasia U3 Koi-
nekiun Hukurckoro Ootanmueckoro caga HHII PAH,
W3YYUTh BO3MOXXHOCTBH ITPUMEHEHHSI THCTOXUMHYECKUX
peakuuii st aHaJu3a TKaHeH M CEKPETOPHBIX CTPYKTYP
HCCIIEYyEMOT0 BHJA HMPU YCTAHOBICHHU IMOJUIMHHOCTU
CBIPBSl M MJICHTU(HKAIMKA OMOIOTHYECKN aKTHBHBIX Be-
IIECTB, BBUY OTCYTCTBHUS JIMTEPATypHBIX JAHHBIX 00-
IIETO TMCTOXUMUYECKOTO UCCICAOBAHUS.

MATEPHAJIBI U METOIBI. Coipse. Pacturens-
HBIM O0BEKTOM HCCIIEIOBaHUS SIBUIACH HA/[36MHAasl 4acTh
MEJITHCCHI JIEKaPCTBEHHOW, MHTPOAYIMPOBAHHOI HA OIIBIT-
noMm yuyactke HBC-HHII. MccenoBanust OHOIOTHYSCKIX
0COOCHHOCTEl BereTaluy JaHHOTO COpPTOoOpasia B KO-
Joro-reorpaguueckux yciaopusx KOxuoro 6epera Kppima
Ha TIPOTSKEHHM HECKOJBKHUX JIET MPOBOAATCS CTapIIUM
Hay4YHBIM COTpyIHHKOM Hukurckoro boranuyeckoro cana
Jloreunenko JL.A. (puc. 1).

Pucynox 1 — Bnewnuit 6uo Melissa officinalis L. copmooopazey uz xonnexkyuu HbC-HHI],
Pecnyonuxa Kpvim, 2. Anma

AHan3upyeMoe ChIpb€ 3aroTOBJIEHO B IEPUOJ
uBeTeHus B urosie 2016 ., mpeacrasisier co0oit cMech
ctebuneit (o 35 cM), TUCThEB U IBETKOB. CyIIKYy CBIPbS
npoBoawan mpu 25-30°C, uzderast BO31EHCTBUS MPSIMbBIX
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COJIHEUHBIX JIy4el, B TeueHue 7 1Hel. BiiaxHocTh TpaBbl
MEJIMCCHI JICKaPCTBEHHOM I10CJIE BBICYILINBAHUS COCTABU-
na 8,79+0,36%.

Muxpockonuueckue uccnedosanus. AHaIN3 MUKPO-
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CKOITMYECKNUX MPHU3HAKOB CBHIPBSl, MOP(HOMETPUUECKHE U
THCTOXUMHYECKHE HCCIICIOBAHUS MPOBOAMIIN COIVIACHO
MmeroaukaM locynapcrBenHoi dapmakornen PO XIII ns-
nanus (OPC.1.5.3.0003.15 «TexHrnka MUKPOCKOTTNYECKO-
TO ¥ MUKPOXUMHYECKOTO UCCIICIOBAHUS JIEKAPCTBEHHOTO
PaCTHTEIBHOTO CHIPbSl U JIEKAPCTBEHHBIX PAaCTUTEIBHBIX
npemnaparosy, ODC.1.5.1.0002.15 «Tpasen» [20, 21]) ¢
TIOMOIIBIO MUKpOCKoIa «MHKpoMesi-1» 1 JIIOMUHECIIEHT-
Horo Mukpockona «Mukpomen 3 JIIOM» ¢ okymspom 10x,
obwvekTrBamu 4%, 10x, 40x u nudposoit kameps! Digital
Eyepiece microscope camera MD 3.2 (3.2 megapixels).
Tucmoxumuyeckue uccnedosanusi.  MCTOXUMUYECKUE pe-
aKIMY Ha HATMYKE 1 JIOKAJIM3AIMIO OMOJIOTMYECKN aKTHB-
HBIX KOMIIOHEHTOB B TKaHSX, MEJIBTaTHBIX M TOJIOBYATHIX
TPUXOMaX IMPOBOJIMIIN C TIOMOIIBIO PACTBOPOB PEAKTHBOB:
cyman I (xupHble, 3(upHBIE Macia, KyTHH, CyOepHH);
METHJICHOBBIH CUHUMI (3dupHOoe Macno); 10% pactBop
tumorna u k. H,SO, (caxapa, Kpaxmaji, HHYJIMH), KOHIIEH-
TPUPOBaHHAsl XJIOPUCTOBOIOPO/IHASI WITH CepHast KHCIIOTa
(ceckBuTepneHoBble JIakTOHBI); skene3a (III) xmopun u
Kanust iuxpomar ((peHoNIbHBIE COeIMHEHHs1); MarHusl are-
TaT W CBUHIIA alleTaT OCHOBHOH ((praBoHOM/IBI, (ryopec-
ueHys B Yd-cBere), aqroMUHUS XJI0pH] ((IaBOHOUIBI,
ronyoast duyopecuienius B YO-cBeTe); BAHWINH U KOH-
LIEHTPUPOBAHHAsI XJIOPUCTOBOIOPOHAS KucioTa ((aBo-
HOWJIBI), peakTuB Baruepa (aykamousip), (GproporIrOnuH
C KOHLIEHTPHPOBAHHON XJIOPUCTOBOJOPOIHON KHCIOTOM
(yurauH),  2,4-TUHATPOGESHUITUIPA3UH  (TEPIICHOM/IBI)
[22-31]. Dortorpadum pemaKkTUpOBAIM B IPOrpamme
Paint.NET.3.5.11, coBmemiast ¢ororpaguu 0OBEKT-MH-
kpomerpa (1eHa aeneHus mukponuneiiku 0,01 MM wmu

3

10 MkM) 1 moyueHHble (oTorpadun 00beKTa UcCIeno-
BaHWIl TPH KaXIOM padodeM yBEIMYEHWH OOBEKTHBA
MHUKPOCKOIIa ¥ Pa3pelIeHUH HCIOIb3yeMoi Lu(poBoit
¢dorokamepbl. Cmamucmuueckas obpabomia. Bwidopka
cocraBmsuia 10 m3MepeHui, crarMcTHYecKylo oOpabor-
Ky npoBoin B nporpamme Microsoft Excel (Microfoft,
CIIA). O6Hapy>KCHHBIC BHEITHHE ¥ MHUKPOCKOITUUCCKHUE
TIPU3HAKU MCCIIEAYEMOTO CBIPBsI COMOCTABIISUIN C JIUTEpa-
TypHBIMU JaHHbIMU [11, 12].

PE3VJIBTATBI U OBCYXJIEHHUE. Hccnenosa-
HHE MOP(OJIOTHIECKHX OCOOCHHOCTEH Ha/[3eMHOW YacTH
MEJIMCCHI JIEKAPCTBEHHOW MOKA3aJl0, YTO JINCThS PACTEHUS
JIAHHOTO COPTOO0Opasiia ¢ BEpXHEH CTOPOHBI 3€JICHOTO 11BE-
Ta, C HIKHEH CTOPOHBI CBETIIO-3€JICHOTO IIBETA, KOPOTKO-
YepeIKOBbIE, SIHIIEBUAHBIC, CYPOTHUBHBIC, C TOPOIYATHIM
KpaeM, IMEPUCTBIM JKUIIKOBAaHUEM, 3a0CTPEHHOM BEpXyIII-
KoH. JIucToBasi MIaCTUHKA OIMYIIEHAa C BEpXHEH CTOPOHBI
IO YKUJIKaM, HIDKHSISI CTOPOHA OITyIlIeHa TTOJTHOCTBIO; JUTH-
HOU 110 3,2 cM, mmpuHoii 110 2,5 cM. CTeliu cepo-3eNICHOro
L[BETA YETBIPEXIPAHHBIC, C TPOJOIBLHBIMHU HKEIOOKaMH, B
BEpXHEH M CpeJlHel 4acTH OITylIeHne c1abo BBIPAKEHO, B
HIDKHEW 9acTy cteOnu ronsle. Ha nznome crebensb Geno-3e-
JICHOTO IIBETA, C TOJIOCTHIO BHYTPH B HIDKHEH vacTH. LBer-
K1 MeJKHe (Jarieyka 5S—7 MM, BeHYHK 7—9 MM JUTHHO}), co-
OpaHbI B ITa3yXax BEPXHHX JIMCTHEB JIOKHBIMH MyTOBKaMH
1 00pa3yroT B BEPXHEH YacTH CTEOMIsI COI[BETHE THIIA TUPC
qutnHON 5—10 cM. BeHunk nByryOBIi, OIMYIICHHBIH, OeIo-
ro WK 0eno-po3oBoro 1Bera. Yarieuka BOPOHKOBHIHAS C
IISITHIO 320CTPEHHBIMU 3y0OIiamu, omyienHas (puc. 2). Col-
pbe 00i1a/1aeT JIMMOHHBIM 3aIlaxoM, YCHJIMBAIOIIUMCS TTPU
pactupanuu. Bkyc BosHOTO U3BJI€UEHHS TOPHKOBATHIH.

4 5

Pucynok 2 — Buewinuii 6ud mpaewt (cmeonu, nucmos, yeemku) Melissa officinalis L.
copmooopaszey u3 konnekyuu H6EC-HHI[
1 — yenvroe coipve; 2, 3, 4 — pezanoe covipbe, 5 — NOPOULOK MPABLL MENUCCHL IEKAPCMEEHHOU
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MUKpOCKOITUYECKHE UCCIEIOBAHUS MPOBOAMIN Ha
BPEMEHHBIX MHUKpOIpenaparax, HPUTOTOBICHHBIX W3
BBICYIIIGHHOTO CBIPbS 110 OOMICHPUHATHIM METOINKaM
[20]. TIpn MUKPOCKOIMPOBAHUN BPEMEHHBIX MUKPOIIpE-
[IapaToB UCCIIELYyeMOro 00bEKTa OTMEYad, YTO TKAHU
pacTeHus, coiepxamue 3hUPHOE MAcio (KEeIe3KH U
TPUXOMBI), MUTMEHTUPOBAHBI. AJlaKCHalbHAsl CTOPOHA
JIUCTOBOM TUTACTUHKH MOKPBITA CIOEM KyTHUKYJBI. OTH-
JEepMHC aJaKCHAIBHOM M a0aKCHalbHOI CTOPOH JIMCTa

COCTOMT M3 OJHOTO cios Kietok. [Ipum paccmorpenun
MUKpOIIpernapara Kpast JHCTa MEJIHNCCHI JIEKapCTBEHHOM
C TIOBEPXHOCTH OTMEYEHO OOJBIIOE KOJIWYECTBO IPO-
CTBIX OJHOKJICTOYHBIX KOHYCOBHJHBIX HEBETBSIIUXCS
BostockoB (II tum) mmuHoN 20—50 MM (puc. 3), mpu oc-
HOBaHHMHM KOTOPBIX XapakTepHO (JOPMUPOBAHUE CKIIAJIOK
KyTUKYJbL. Takod THIT MPOCTBIX KPOIOIIUX TPUXOM Xa-
paKTepeH Kak JUIs aIakCHajIbHOW, TaK U JUIsi abaKcHalb-
HOW CTOPOH JIHCTA.

Pucynox 3 — Mukponpenapam kpasa aucmoeoii nnacmunxu Melissa officinalis L. (ye. 4%, 10%)

Kilerkn BepxHero snuaepmmuca JuCTa Pa3IUYHOU
(opMBI ¢ W3BWIMCTBIMH CTEHKaMH O€3 YTONIICHUH,
KIETKH HIKHETO SMHAEPMHUCA UMEIOT Oojee W3BHIIH-
cThle cTeHKH. Ha HIKHEH cTOpoHe JiMcTa MPUCYTCTBY-
10T YCTBUIIA, YCTBHYHBIM ammapar AWAIUTHOTO THIIA.
JInst HUKHETO SMHJIEPMHCA XapaKTePHbl MHOTOKIJIETOU-
HBbIE KOHYCOBHIHBIC BOJIOCKH, COCTOSIIHNX U3 2—4 Kie-
TOK C YTOJIICHHBIMH cTeHKamH (I TuI) u ronoBuarsie
BOJIOCKM JBYX THIOB: C OJHOKJIETOYHOW YITMHEHHOH

HOXKOH ¥ BOPOHKOBHIHOW ToNOBKO# (THl I) 1 ¢ xopoT-
KON OJHOKJIETOYHOW HOXKKOM M IApOBMJIHOM T'OJIOBKOM
(tum II). DdupomacaruHbIe )KEITE3KH PaAHaTIHHOTO THIIA
HE TIOTPY’KEHBI B ME30(MIIT, COCTOST U3 KOPOTKOH OJTHO-
KJIETOYHOW HOKKM M ILAPOBUIHOM TOJIOBKH C BOCBMBIO
BBIICTTUTENbHBIMI KIIETKaMU. B MecTax NMpuKperuieHus
3(UPOMACITUIHBIX JKEIE30K MHICPMATbHBIEC KIETKHA 00-
pa3yloT po3eTKy, Kak MPaBHJIO, U3 5—6 KIETOK SIHIEp-
Mmmuca (puc. 4, 5).

Pucynox 4 — Muxponpenapam adaxcuaipbnozo nudepmuca aucmoeoni nnacmunxu Melissa officinalis L.
6. 4%, 10%)

JKenesuctbie TPUXOMBI MMEIOT KyTHKYJISPHOE IO-
KpbITHE 00Jiee YTOINIIEHHOE, YeM SIHJEPMHC, Pacio-
JIOXKEHBI MPEUMYIIECTBEHHO Ha abaKCHaJbHOH CTOpO-
HE JIMCTa U MO IVIaBHOM JKMJKe. DKCIepUMEHTAIbHbIE
HCCIIEIOBAHMUS MOKa3amd, 4To Ha | Mm? abakCHalbHOI
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CTOPOHBI JIUCTOBOM MIacTUHKH pacnonaratorcs 200-400
yerbul, 10 80—-100 mpoCThIX OAHOKJIETOYHBIX KOHYCO-
BHUJHBIX HEBETBSIIUXCS BOJIOCKOB, 10—12 3dupomac-
JIMYHBIX KeNe30K Ha pacctosHun 100—150 MM apyr ot

Apyra.
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Pucynok 5 — Mukponpenapam adaxcuanvnozo snudepmuca aucmosou naacmunxu Melissa officinalis L.
(ve. 4%, 10%)

Kietku snuepmuca gameyku pa3indHbie o Gop-
M€, XapakKTepU3yIOTCSl CHIbHOW3BUIUCTHIMU CTEHKAMHU
0e3 yTONIIeHHH, Y OCHOBAHUS YaIlIEUKH U 110 KParo TpHU-
CYTCTBYET CKJaayaras KyTHKYJa, YCTbUYHBIH ammapar
JMUANUTHOTO THIIA, YCTBUIA PACIIONAraloTcs peako Judo
OTCYTCTBYIOT (pHC. 6). Ha pucyHke 6 moka3aHbl KOHY-
COBHJIHBIE OJIHOKJIETOUHBIE BOJIOCKM YaIlleuyKH, MHO-

TOKJIETOYHbIE KOHYCOBHIHBIE BOJIOCKH, COCTOSIINE W3
2—4 KJIETOK C YTONIIEHHBIMH CTEHKaMH, d3pHpoMaciiny-
HBIE JKEJIC3KH, TOJIOBUATHIC BOJIOCKHU C OHOM 0a3ajbHOMN
kieTkoi (tum II). B HIDKHEH wyacTh yamiedkw MpUcyT-
CTBYIOT COCYAWCTBIC MYYKH, OKPYXECHHBIC MOPUCTHIMH
TOJICTOCTEHHBIMU OJIPEBECHEBIINMHU CKJIEPEHXUMHBIMU
BOJIOKHAMU.

Pucynox 6 — Mukponpenapam snudepmuca uaweuxu Melissa officinalis L. (ys. 4%, 10%)

Knerkn Hapy)XHOTO 3MuAepMHCa BEHYMKA IPSIMO-
YTONBHOH (DOPMBI, XapaKTEePU3YIOTCS HU3BHIMCTBIMU
CTEHKaMH C YTOIIIEHHUSAMH, Y OCHOBAHUS U IO KpPalo CO
CKJIAIYaTON KyTHKYJIOH, MMEIOTCS HEMHOTOYHCIICHHbIE

XapakTepHble ycThula. KIeTkr BHYTPEHHETO dIHIepMU-
ca BEeHYMKa MHOTOYTOJIbHBIE, M3BUINCTOCTEHHbIE. Kiet-
KM OCHOBaHHUsI BEHYHKA MPSIMOYTOJbHbIC, ¢ U3BHIHCTHI-
MU aHTHKJIMHAJIBHBIMH CTeHKaMU (pHc. 7).
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1 2 3
Pucynok 7 — Mukponpenapam snudepmuca éenuuxa Melissa officinalis L. (ye. 4%, 10%)

1- npenapam ¢ nO6EepPpXHOCmMuU jlonacmu 6eH4UKa, 2 — knemKu HAPYIHCHO2CO 31’[14()6}7]14”(3(1 6EHYUKA,
3 — K1emKu OCHOBAHUS BEHUUKA C nwzbueeudelMu soJlocKamu

C obenx CTOPOH 3MUIEPMHC BEHYHKA TIOKPHIT 00JIb-  HEH CTOPOHE BEHUHMKA NMPHUCYTCTBYIOT 3(hUpOMaCIIHbIe
IIMM KOJINYECTBOM JUTMHHBIX IPOCTBHIX MHOTOKJIETOUHBIX — KEJIE3KU M IOJIOBUAaThle BOJOCKH. XapaKTepHO HAIHMUUE
BOJIOCKOB C MEJIKOOOPOJaBYaTON KYTHKYJIOH M MPOCTBIX  IaJbLEBHIHBIX SIHIEPMaIbHBIX BOJIOCKOB ¢ OOpoaBya-
OZIHOKJICTOYHBIX KOHYCOBHIHBIX BOJIOCKOB. Ha BHYTpeH-  TOH KyTHKYIOi (puc. 8).

1 2 3

Pucynox 8 — Tpuxomwl snudepmuca éenuuxa Melissa officinalis L. (ye. 4%, 10%)
1 — nanvyesudnvie 6010CKU IONACMU GEHUUKA, 2 — NPOCHIble MHO2OKIEMOUHbLE BOIOCKU
¢ menkobopodasuamou Kymukyioil, 3 — npocmeie 0OHOKLEMO4Hble KOHYCOBUOHbLE BONOCKU

Ha nomactsix BeHUMKa KJIETKH SIUAECPMHCAa MHOTOYy-  PACIOJIOXKEHBI YEPENUTYaTO, MPUCYTCTBYIOT MAbLIEBUIHBIC
TOJIBHBIE CO CJTA00 M3BIJIMCTHIME CTCHKAMH C YTOJIIICHUSIME,  BOJIOCKH C MEJTKOOOPOIABYATOM KyTHKYIIOH (pHc. 9).
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1

2

Pucynox 9 — Mukponpenapam snudepmuca eéenuuxa Melissa officinalis L. (ys. 4%, 10x%)
1 — knemxku 8epxHeu yacmu dSNUOEPMUCA BEHUUKA C NATbYEBUOHBIMU BOJOCKAMU MENKOOOp0oOagyamot
KYMUKY1ot, 2 — K1emKu 10nacmu 6eH4UKd

QHHHCPMHC crebst MpeaACTaBJICH HEOOJBIINMH
MHOTOYTOJIbHBIMH  BBITAHYTBIMH KJICTKAMH C MPSAMBbI-
MH CTCHKAaMH. YCTbHYHBIN arrapar AUauuTHOIO THIIA,
YyCTbH1HaA 1CJIb OPpUCHTHPOBAHA BAOJb creOs. ]_—[I/IaFHO-
CTUPOBAHBI MHOTOYUCJICHHBIC ITPOCTBIC W KCIC3UCTHIC
BBIPOCTBI SITUACPMHUCA, PACIIOJIOKCHHBIC B OCHOBHOM Ha

1

2

pebpax credisi. B 6onpIIoM KONMMYECTBE MPHCYTCTBYIOT
NPOCTBIC, KPYIHBIE MHOTOKJIETOYHBbIC BOJOCKH (I THI)
C POBHOH KyTHKYJIOH M OIHOKJICTOYHBIC KOHYCOBHUIHBIC
Bonock (II Tum). B BepxHeii 30He cTeONs pacmoiaraor-
cst ronoByarsle Bojocku tumna I, penkue apupomaciuy-
HBIC KenE3ku (puc. 10).

3

Pucynok 10 — Muxponpenapam snudepmuca cmeona Melissa officinalis L. (ys. 4%, 10x%)
1 — npenapam ¢ nosepxrocmu, 2 — mpuxomvl snudepmuca cmeoius;
3 — KnemKu u ycmvuuHwlll annapam snuodepmuca cmeons

Crebenb Ha MONEPEYHOM CCYEHHH YeThIPEXTIPAHHBIM.
OnuaepMuc TMOKPHIT TOHKOW KyTukynod. Kierku snu-
JIepMUCa OBaJIbHOM, KBaJpaTHOM WM MPSMOYTOJIBHOI
(opMbI, pactionoxeHsl B oxuH cioi. [lox smuaepmucom
B ymIax creOis pa3Menarorcsi 48 coeB KJIETOK yTroJKo-
BOW KOJUICHXMMBI, JIOKAJIbHO 3aJI€raroT Mo 2-3 cios Kie-
TOK XJIOpPEHXMMBI. KiieTkn sHn01epMBbl OBaIbHOM (OpMBI,
PAacIONOXKeHbI B OIUH CJIOMH, COEpKaT KpaxMallbHbIE 3ep-
Ha. Kopa cocrout u3 4-10 cinoeB mapeHXUMHBIX KIIETOK
HETIPaBWILHONW OBAILHON WJIM NPSIMOYTOJIBHON (hOPMBI C
MEKKJIETOUHBIM HPOCTPAHCTBOM, YaCTUUHO IPEACTaBiIe-
HBl KJIETKH IEPHIMKINYCCKON CKIIepeHXUMBI. JIyOsiHbIe

BOJIOKHA (pJIOBMBI, KJIETKH KaMOWsl, COCYIbl M TPaXeHabl
KCHJIEMbI MIPOBOJSIIIME ITy4YKH He oOpasytor. Kamouii co-
CTOUT U3 |-2 cloeB KIETOK, BbIpaxkeH HedeTko. Kier-
KN CEpILEBHHBI CTEOMs IPECTaBICHbI BBITOIHSIIONICH
MIApEHXMMOH, KPYITHbIC MHOTOYTOJIbHBIE HJIM OKpPYIVIbIE,
LIEHTPOOSIKHO yMeHbIIaronecs B pasmepe (puc. 11). Ha
MONEPEYHOM CEUEHHMHU JIUCTOBOM IIACTUHKH BUAHO, UTO
BEPXHHH ¥ HW)KHHH 3IMHIEPMHC HOKPBITHI TOHKHM CIIOEM
KyTHKyIIbl. TommmHa 00erX KyTHKYIN SIUJIEPMECA TTOUTH
ofMHaKoBa. BombIIOE KOMMUYECTBO MPOCTBIX KOHYCOBHUJI-
HBIX BOJIOCKOB PACIOJIOKEHO Ha SMMJEPMUCE C BEpPXHEH
1 HIDKHEH CTOPOHBI, JKEJIE3UCTBIX BOJIOCKOB OOJIbIIE Ha
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abaKCHaIbHOM SIUIEPMHUCE, OCOOSHHO MO YKUIIKaM. DIH-
JICPMATbHBIC KIICTKH PACIIONIOKEHBI B OIUH P, 110 hopMe
OBaJIbHBIC, OKPYIIIBIC WJIH MPSIMOYTOJIbHBIC. KieTku Bepx-
HETro SMHACpPMHUCca OOJIBINC, YUeM Ha HIKHEM SIHIACPMHUCE,
WM TIOYTU PaBHBI UM. Me30(HuUT IUCTa COCTOUT U3 OJi-
HOT'O CJIOS YIJTMHCHHBIX MPSIMOYTOJIBHBIX KJICTOK MaJIHCa/I-
HOUW TapEeHXUMBI 1 2—4 CJI0OEB W30IMAMETPAITBHBIX KICTOK
ryO4atoil MapeHXMMbI C KPYIMHBIMH MEKKICTHHKAMH.
Pesynbrarel U3MepeHus KJICTOK MPUBEICHBI B Tadmuie 1
(puc. 11). Ha momepeyHoM CEUCHHUH YEpEIIKa BUIHO, YTO
aJlakCHaTbHasl TOBEPXHOCTH BOTHYTAsl U a0aKcHaTbHAS T10-

A
1A
2A
4A
5A
3A
A
r
ir 5T
3r 1A
ar
2r
Tr
K
2XK
4XK
3X
1X
XK

BEpXHOCTH BbINMyKJIas. Ha obenx cropoHax uepernika npu-
CYTCTBYIOT ITPOCTBIC M JKEJIE3UCThIE TPUXOMBI. DIUICPMHUC
COCTOMT U3 |—2 ClI0EB KIIETOK OBAJBHOM, OKPYIION MM
NPSIMOYTONBHBIA (hopMbl. KileTkn mapeHXuMbl KpyIHbIC
LIECTUYTOJIBHBIC WM OKPYIJIbIC, B AWAMETPE JIOCTUTalOT
30 MxM. B neHtpe pacnonokeH KpyIHBIA JTyTOBHIHBIN
KoJUIarepajbHbIA TPOBOJLSIIINI ITyYOK, TIPUCYTCTBYIOT JIBa
HEOOJIBIIMX KOJUIATEPATbHBIX ITyYKa B KPhLIbSX Yepelka.
Ha ajakcranbHOM TOBEPXHOCTH B KPBUIbSX YEpeIKa pac-
THOJIOXKEHA KOJUIEHXUMA U3 2—3 CJI0eB KJIETOK U JIOKAIbHO
1-2 cIost KI1€TOK XJIOpeHXuMBI (puc. 11).

B B

16
2b

24

13

23

3

Pucynox 11 — Muxkponpenapamut nonepeunvix cpezoe cmeons, uepewika u nucma Melissa officinalis L.

A, B (ye. x10), B (ys. x40) — nonepeunviii cpez cmebns: 14 — snudepmuc, 24 — konnewxuma, 34 — cocyowi; 44 —
napenxuma kopul, 5A — xnopenxuma. 1B — ycmouunviii annapam; 25 — npocmoii éonocok. I (ve. x4), [, E (ve. x10)
— nonepeunvlii cpe3 uepewika: 11" — adakcuanvhulii snudepmuc, 21" — abaxcuanvrwii snudepmuc, 31" — yenmpanvHwiii

npogooswull nyuox, 41" — napenxuma, 5I" — 600801 OonoIHUMENbHBIU NPOBOOAWUL NYYOK, 1/] — npocmole
KOHYCco8uouvie sonocku, 2/ — conoguamule gonocku. JK, 3 (ys. x10) — nonepeunuiii cpes aucma: 12K — adaxcuanviwiii
snudepmuc, 22K — abaxcuanvuwiii snudepmuc, 3K — nposodsiwuii nyuox, 4K — napenxuma; 13 — 2conoeuamoiti
60110COK, 23 — npocmule KoHycoguonbvle 6onocku. Llena denenus 10 mxm

MH TPHXOMaMH, IbUIbLIEBBIC 3epHa. [IbIIbLEBbIE 3epHA
cdepuyeckue, co ciierka 00pomaBYaToOil IK3MHON H TO-
pamu (puc. 12).

[Ipn paccMOTpeHHH MpenaparoB TOPOIIKa TPABEI
MEJTUCCHI JIEKAPCTBEHHON HAOMIOAAIN OOPBIBKH SIHEP-
MHCa JINCTA, CTEONIs], BeHUMKA M YAIICUKH C XapaKTEPHBI-
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5 6

Pucynox 12 — Muxponpenapam nopowka mpaesvt Melissa officinalis L. (ye. 4%, 10%)
1 — ppacmenm snudepmuca nucma, 2 — ppaecmenm snudepmuca wawieyku, 3 — ppaemenm snudepmuca cmeois;
4 — dicenesucmule 8010CKU, 5 — npocmule KOHYCOBUOHbIE BONOCKI, 6 — nblavyesvle 3epra. Llena denenus 10 mxm

B tabnumax 1 u 2 npuBeAeHbI pe3yibTarhl 9Kkcepu- Bl Melissa officinalis L. coptooOpasia U3 KOJUICKIIUN
MEHTAJIbHBIX HCCIIe0BaHuN OnoMmerpuyeckux xapakre- HBC-HHII u xapakrep pacronoxeHus TPUXOM IO Hal-
PUCTUK OCHOBHBIX MHKPOCKOTMUYECKUX MPHU3HAKOB TPa-  3€MHBIM OpraHaM PacTEeHHUS.

Taonuya 1 — Konuuecmeenno-anamomuueckue noxkazamenu mpaevt Melissa officinalis L.
copmooobpazuya uz konnexyuu HbC-HHI]

Muxkpockonuyeckas CTpyKTypa Pasmeper, Mkm
Jamna, MM IHInpuna, MM
Knemxku sepxnezo snudepmuca aucma 60-70 50-60
Knemxu nusicnezo snuoepmuca aucma 40-50 3040
Knemxu snudepmuca vaweuxu 50-60 30-40
Knemxu snudepmuca senyuxa 60-70 2040
Knemxu snudepmuca cmebns 50-60 10-20
Jlnuna npocmuix MHO20KIEMOUHbIX 80710cK08 (I mun) 100400
Jnuna conoguamuix 6010cK08
1. I mun 1 -30-50,
2. 1 mun 2-60-300
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Pa3mepbl, MKM
Muxkpockonuyeckasi CTpyKTypa
Jmmna, MKM | IIupuna, MKM
Jlnuna npocmuix KoHycosuoHwvix 8onockos (Il mun) 20-50
Jlnuna nanvyesuonvlx 6010ck06 snudepmuca eenyuxa (LI mun) 100-250
Yucno spupomaciuyunvix sncene3ok ¢ 1 mm?>, wm. 10-12
Jluamemp dicenezox 40-80
Yemvuunviti annapam ouamemp, mm 20
Yucno yemvuunvlx annapamos Ha 1 mw?
abaxkcuanrbHOU CMOPOHbL TUCMOBOU NIACHUHKU
pacnonazaemcs yCmvuy, uwm. 200—400
Tonwuna aucma, MKm 50-70
Tomyuna snuoepmuca aucma, MKm
A0aKCuanrbHoO20 7-10
abakcuarbHo2o 10-15

Tabnuuya 2 — Pacnpedenenue yHeene3ucmplx 60710CK08, HCe/1e30K U RPOCHIBIX 60/L0CKOG U 8bIPOCHIO08 INUOEPMbL
Ha naozemnuvix opzanax Melissa officinalis L. copmooopa3zua u3 xonnexyuu H6C-HHI]

JKejie3ucTbie BOJIOCKH, IIpocThie BoJIOCKH
YacTb pacTenust Kenezku
Tan I/11 T 1/11

Crebenb + + ++
AnakcuanbHasi CTOpOHA JIMCTA - + ++
AbakcHalibHasi CTOPOHA JINCTA +++ +++ +++
Yepemok + — +++

Yameuka + + ++

Benuunk + - ++

Ipumeuanue: (—) omcymcemeue mpuxom, (+) Hemroco mpuxom, (++, +++) borvwoe konuwecmeo mpuxom

Hcnonp30BaHue THCTOXUMHYSCKUX TECTOB ITOKA-
3aJI0 XapaKTCPHOC OKpAIIHNBAHUC TKaHEeH U TPUXOM,
KOTOPOC SBJIACTCA PC3YJIbTATOM B3aPIMO,I[CI71CTBPIﬂ pe-
AKTUBOB C JACTCKTUPYCMBIMU KOMIIOHCHTAMH W NpPHU-

BOAWT K UX CICHU(PUICCKOMY CBS3bIBaHUIO [22-31].
PesympraTtel 00HapyXKeHHSI BTOPUYHBIX METa0OIHUTOB
B TPUXOMAaX M TKaHSIX MEIMCCHI IPEICTABICHEI B Ta0-
nuie 3.

Taonuua 3 — I'ucmoxumusa mxaneil u xeenezucmoix mpuxom mpaewvt Melissa officinalis L.

Onpenensiemblii Oxpamn- Tun Tpuxom
PeakTus
KOMIIOHEHT BaHHe npocTbie JKeJIe3UCThIe JKeJie3Ka
Jlunuel, cyOepuH, KyTHH Cynan 111 Kpachbiii + (Puc. 13A) |+ (Puc. 13B, B1) | + (Puc. 13B)
OpanxeBo- +
D¢upnoe macio Cymnan 111 KpacHET - (Puc. 135, B1) + (Puc. 13B)
DdupHoe MacIo MeTHICHOBBIN CHHUI Cunuii - + (Puc. 13JIE) |+ (Puc. 132X)
2,4-TUHATPO + +
TepnieHOUTBI - UepHo-cuHee (Puc. 13H) (Puc. 130) + (Puc. 131I1)
CecKBUTEPIIEHOBBIE k. H,SO, WenToii B B _
JIAKTOHBI
®1aBOHOU BT Banwmmn, k. HCI >K€J'ITLII/£, + (Puc. 133) _ + (Puc. 131)
KpaCHBII
DraBOHOUIBI Arnierar MarHus JKenrerit + (Puc. 13P) | + (Puc. 13P) —
10% crimpToBoii pac-
DeHobHBIC COSIMHEHHST | TBOP KaJis OUXpo- Kenrorit + (Puc. 13Y) | + (Puc. 13C) |+ (Puc. 13T)
Mara
Kopnunessii,
Oenonbable coequnenus | XKenesa (I11) xmopun 3€JICHO- + (Puc. 13JI) | + (Puc. 13K) -
YEPHBIN
AJKanou bl PeaxTtuB Baruepa Uepnblit - — -
) P— DnoponoLrH, KpacHhpiit, 3 B 3
k. HC1 (buosreToBBIN
[Monucaxapunst (kpaxmai, | 10% pacTBop THMOIIA, OpaH>Ker)— + (Pric. 13XID) B 3
WHYIINH) k. H,SO, KPacCHBI

Hpumeqaﬁue: —ompuyameibHas peaKkyus, + nonooswcumenvhas peaxkyus
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JInsi TUCTOXMMHUYECKOTO aHAJIN3a CEKPETHPYIOLIEro
MaTrepHaa UCIONb30BaIM HECKOJIBKO METOIOB OKpAllH-
BaHus. It TOATBEPIKIICHUSI TPUCYTCTBUS THIPO(OOHBIX
MeTabOoJINTOB JIMMKAOB M A(PUPHOTO Macjia Mpenaparsl
OKpaIlIMBaJH pacTBOpoM peaktusa cynat I1I, Habmonamu
OKpallIMBaHUE KyTHKYIBl SIHAEpPMHCA CTEONs, KyTHKY-
JIBl HOXKKM M BHYTPHUKJICTOYHOTO COAEPKUMOTO TOJIOBKU
JKEJIE3UCTBIX BOJIOCKOB, KyTHUKYJBI IPOCTHIX BOJIOCKOB, a
TaKKe BHYTPHUKJIETOYHOTO CONEPKUMOTO APHpOMaciIny-

T Y

HBIX JKEJIE30K B OpPaH)KeBO-p0o30BbIi 1BeT (puc. 13 A-T).
Just unentudukanyy pUPHBIX Maces MPUMEHsIICS pac-
TBOP METHJIEHOBOTO CHHETO B 3TUJIOBOM criupTe [22, 24].
[Tocne 00paOOTKM TMOBEPXHOCTHBIX MHKPOIIPENapaToB
JIUCTA PACTBOPOM METHIJICHOBOTO CHHEI0 HaOIIONAIIH, YTO
COIIEPI)KUMOE 3(PUPHOMACITNYHBIX JKEJIE30K U JKEITE3UCTBIX
BOJIOCKOB OKpalmBayioch B cuHmid nset (puc. 13 /I, E,
K). Iosy4yeHHBIH pe3ynbrar CBUIETEILCTBYET O HATNYUH
3(UPHOrO Macia B 9THX CTPYKTypax.

B r
3 n
M H
P C
(0] X 0

Pucynox 13 — Pezynvmam 2ucmoxumuiecKux peaKyuii
¢ cyoanom III: A—B mpuxomwi (y8. x40); I'— nonepeunwviii cpez cmebdns (y8. x10); ¢ memunienosbim CUHUM:
I, E (ve. x10), XK (v6. x40) — mpuxomvl, ¢ éanurunom u k. HCI: 3, U — snudepmuc cmebns, sxnceneska (ys. x40);
c acenesa (I11) xnopuodom: K, JI — mpuxomot (ye. x40), M — nonepeunwiti cpez cmebns (ye. x10);
¢ 2,4-ounumpoenuneudpazunom: H— mpuxomot (ye. x10), O, I1 (y. x40); ¢ macnus ayemamom: P — mpuxomoi
(ve. x40); ¢ karus buxpomamom: C, T, ¥V — mpuxomet (ye. x40); ¢ pnopoenroyurom c k. HCI: @ — nonepeunuviii cpes
cmebns (ye. x10); ¢ 10% pacmeop mumona u . H,SO : X — mpuxomot (ys.x40), I] (ye. x10)
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OO0paboTKa MHKpOIIPENapaTroB JINCTa KHCIOTOH cep-
HOM KOHIIGHTPHPOBAHHOMW TOKa3aja, YTO TPUXOMBI U TKa-
HU JIUCTA HE OKPAIIMBAIOTCS B XKENTO-OPAHXKEBBIN IIBET,
YTO MPEANOJaraeT OTCYTCTBHE CECKBUTEPIEHOBBIX U
CTEPOMTHBIX COSIUHEHHH B HccienyeMoM ceipbe. [ome-
pedHBbIe Cpe3bl CTEONIS U JINCTa B 00JIACTH IVIaBHOM XKIIIKK
okpanmBainu 1% pactBopom xenesa (1) xnmopuna. [pu
9TOM HAOMIOAJIOCh YEpPHO-3€JICHOE OKpAlIMBaHHUE 110
BCell MOBEPXHOCTH MPEMapaToB, YTO TAKKE CBHJICTENb-
CTByeT 0 HaJIn4nu (eHONbHBIX coequHenuit (puc. 13 K,
JI, M). Ilpu nobaBieHny pacTBOpa BaHWIMHA M KUCIIO-
THl XJIOPHCTOBOJIOPOHON KOHIIGHTPUPOBAHHOW TKaHH,
CeKpeTHpyIonHe (IaBOHOM/IbI, OKPACHIIHCh B IKENTHIH
user (puc. 13 3, 1). OxpammBanue peaktiBoM Barnepa
Ha TPHUCYTCTBHE AJKAJOUAOB HE COMPOBOXKJIAIOCH aHa-
mtndeckuM dddexrom. Hccnemyemblii pacTHTENbHBIN
Marepuan nomemanu B 10% cnupToBoil pacTBOp Kayus
Ouxpomara Ha 7 CyTOK, TOCJIE Yero MPOBOAMIIH MUKPOCKO-
ITHIO ChIPbst. DEHONIBHbIE COSANHEHHST 00HAPYKHBAIIUCH B
OKpAIICHHOM COZIEPKUMOM KIeToK TpuxoM (puc. 13 C, T,
V). It ycTaHOBJIEHUS MPUCYTCTBHS TEPHEHOUIOB MPO-
BOJMJIM peakuuio ¢ 2,4-nuHUTpodeHnITnaApasnHoM (puc.
13 H, O, Il), kneTouHble CTEHKU MPOCTHIX TPUXOM U CO-
JIEPX)KUMOE JKENIe30K OKpacUIOCh B YEPHO-CUHHUM I[BET.
[Ipu oOpaboTke MHKpONpenapaTroB pacTBOPOM MarHUs
arierara KJIeTOYHOE COAEPKUMOE IPOCTHIX BOJIOCKOB U TO-
JIOBYATBIX TPUXOM OKPACUIIOCH B KEITO-OPAHIKEBBIH I[BET,
YTO JIEMOHCTPHPYET HakoruieHue (uaBoHon10B (puc. 13
P). IlpucyTcTBre JMTHMHA YCTaHABIMBAIN pPEaKLUeH C

(IOPONITIONMHOM M KOHIIEHTPUPOBAHHOW KHCIIOTHI XJIO-
PHCTOBOJIOPO/IHOM, Ha MOTIEPEYHOM cpe3e cTedIst HadIo-
JlalT OKpallMBaHUE OPaHXKEBO-PO30BBIM IIBETOM KIIETOK
MIEPULIMKIMYECKOH CcKitepeHXuMbI (puc. 13 d); Pesynbrar
rucroxuMuyeckoil peaxkiuu ¢ 10% pactBop TUMOINa U K.
H,SO, mokasan wanuuue ymieBOJOB B KIETKaX JMUIEP-
muca cteoms (puc. 13 X, 1) ¥ B KJIETOYHOM COICPKUMOM
MIPOCTBIX KOHYCOBU/HBIX BOJIOCKOB.

B Tabnuie 4 npuBeaeHs! pe3yasTaThl MUKPOCKOIHUPO-
BaHUs TKaHel u TpuxoM M. officinalis L. nipu paznuyuHoit
Y®-unentndukanmu. TkaHM U KyTHKYJIa TPUXOM, U3ITY-
Yalomue sIpKo-3elieHyto aBroduyopeceHimio B YP-cae-
TE JIEMOHCTPHPYIOT MPUCYTCTBUE THIPO(OOHBIX BEIIECTB
cybOepuna u kytuna (puc. 14 A—E) [30,31]. V xene3ucthix
TPUXOM HAOJIFOIAIH SIPKYIO JKEITYIO aBTO(ITYOPECIICHIINIO
JUNO(UIBHOTO ¥ TUAPO(UIBHOTO BHYTPHKIIETOYHOTO CO-
JIEPIKUMOT0, Me30(HIUT JIMCTa CBETHJICS JKEJITOBATO-3€-
neHsIM cBeToM. Crabast sxenrast aBrouryopeceHIys Ha-
Oirorasiach y BHYTPHKJICTOYHOTO COJEPIKHMOTO T'OJIOBKH
JKEJIC3KH, YKEJIE3UCTBIX TPHUXOM 00OUX THIIOB M KyTHKYJIbI
MIPOCTHIX BOJOCKOB (puc. 14 A, b, /1), 4To yka3bIBajo Ha
MIpUCYTCTBUE (PEHONIBHBIX COSAMHEHHN. B KiteTkax me30-
¢uita McTa oTMEueHa sipKast KpacHasi aBTouryopecreH-
st B YD-cBere, 4To MOXKET OBITH CJICICTBHEM IPUCYT-
crBust xsopoduinia (puc.14 b, E). Ha nonepeunom cpese
crednst B YO-cBete (cBetopmnstp Green (G-2A)) KieTku
SHJIOZIEPMBI, (MIIO3MBI M TTAPESHXUMBI CEPIIIIEBUHBI CTEOIS
npuoOpeTany KpacHOE CBEUCHHE M3-3a IPUCYTCTBUS Be-
ecTB GpeHobHOU nprpos (puc. 2K, 3).

Tabnuya 4 — [{eemosuvle ocodennocmu hnyopecuyenyuu HEOKPAUEHHBIX U OKPAULICHHBIX MKAHEll
Melissa officinalis L. npu paznuunoi Y®-uoenmuguxayuu

IIBeT buosaoruueckn
Kpacurenun Hcrounuk ceera Pesyabrar
¢duryopecueHnnn AKTHBHBIE BellleCTBA
Heokpamennsie | Y®-ceer (UV —2A) Slpko romy6as- Jluraus uam peHosl —
TKaHU OenoBarast
OT enToBaTou 10 KonpencupoBanubie +
KOPUYHEBATON TaHUHBI
Slpko-3eneHas Jlunupt +
Green (G-2A) SIpKo-KpacHbI DeHoTb +
Kenesa (II1) xnopuy | YO-cer(UV —2A) Kpacusrit [Monugenonsuble +
COEIMHEHUS
AlCI, YO-ceer(UV — 2A) | Tony6oii, 3eneHblit D1aBOHOUIBI +
Anerar cuHna | YO-cer(UV —2A) Tonmy6oii D1aBOHOUABI H.J.

HpumeuaHue: —ompuyamellbHas peakyus, + nonoxcumenvras peaxkyus; H.0. — He Oi’lp@()ﬁflﬂ]lOCb

OxpalmBaHue Ipernapara MornepedHoro cpesa cTedms
1 TIOBEPXHOCTHOTO TIperapara JIMCTa PAacTBOPOM AITFOMHU-
HUSL XJIOpHU/IA TI0Ka3aJI0 HaJIM4ue 3e1eHoN (uryopeclieHInu
B Y®-cBete (UV — 2A) KIETOK KOJJIEHXUMBI, SHIOIECPMBI
U KCHJIEeMBI CTEONSI W BHYTPUKIICTOYHOTO COACPIKHUMOTO
TIPOCTBIX KOHYCOBUAHBIX BojockoB II tuma (puc. U1, 12),
KOTOpAasi CBUJIETEIILCTBYET O IMPUCYTCTBUH BelIeCTB (hiaBo-
HouHOH mpupoasl. OKpacka TOMEpeyHOro cpe3a CTeOst
pactBopom xene3a (III) xmopuaa mpuBena K IMOSBICHUIO
sipko-KpacHo# (myopecrenimu B Y®-ceere (UV — 2A),
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YTO TOBOPUT O JIOKAIM3AIMU B KIIETKAX XJIOPCHXUMBI,
(IIOdOMBI ¥ KCHJIEMBI MONU(EHONIBHBIX COCIUHEHUN (pHC.
14K). ITomy4eHHbIe pe3ynbTaThl COMIACYIOTCS C JIUTEpa-
TYpPHBIMHU JTAHHBIMH IO BTOPHYHBIM MeTabonuram. Tak,
(denonbHbIe coeanHeHus ((naBoHouasl U (heHomkapoo-
HOBBIE KHUCIIOTHI) OBITH 00HAPYKEHBI B HAA3EMHOM 9acTH
M. officinalis [10, 12, 15]. Kpome Toro, M. Chwil et al.
00OHapYKUJIU TEPIICHOBBIC COSTUHEHHS ¥ ONHU(EHOIBI B
000HX THITaX JKEJIC3UCTHIX TPUXOM y M. officinalis rucTo-
XUMHUYECKUMU MeTonamu [30].
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Pucynox 14 — @nyopecuenyusa cekpemopnuvix cmpykmyp Melissa officinalis L.

A — agpupomacnuunas sceneska aucma, (y8. x40), Y@-ceem (UV — 24); b — snudepmuc rucma, npocmoie
KoHycoguonwvlie 6onocku, (ve. x10), Y®@-ceem (UV — 24); B — knemku snudepmuca éenuuka, (ve. X 10), YD-ceem
(UV —24); I' — nanvuamsie npocmuie onocku genuuxa, (y6. x10), YD-ceem (UV — 2A4); ] — npocmule mHozox1e-
moyHvle 8oN0CKU, conoguamule gonocku mun I (ye. x10), YD-ceem (UV — 24); E — conoguamule 8010CKU ¢ BOPOH-
koeuonou 2onosxou mun Il (ye. x10), Y@-ceem (UV — 24); JK — nonepeunvtii cpez cmebns (ve. x10), Green (G-24);
3 —onudepmuc wucma (ys. x10) Green (G-24) U1 — nonepeunviii cpes cmeons, AICI, (vs. x10), Y® U2 — npocmeie
sonocku, AICI, (ys. x40), Y@, K — nonepeunwviii cpes cmebns, FeCl, (ve. x10), YD

Hcnonb3oBanue peakrusa cynad I1I npu rucroxumu-
YEeCKOM HCCIICIOBAHUM TI0Ka3aJlo, YTO KJIETOYHbBIE 000-
JIOUKH IUIEPMBI, 3PUPOMACITUYHBIC )KEJIE3KH, KPOIOIINE
U TOJIOBYATHIC TPUXOMBI JINCTHEB, YAIICYKU, BEHUHKA H
cTebist, TKaHM CTeOJds OKPallMBAINCh B OPAHIKEBO-
XKENTHIA BT, YTO TOBOPHUT O HAIMYMU B HUX THIPO-
(GhoOHBIX MeTaOOMUTOB. DPUPHOE MACIO U JIMIHJIBI
UIeHTU(HULIUPOBAaHBl B A(PHUPHO-MACIHYHBIX IKEJIe3Kax

U JKEJIe3UCTBIX BOJOCKaX. DEHONIbHBIE CONUHEHUS 00-
HapyXeHbI B KOJUICHXMME BOKPYT ITPOBOSILUX IYYKOB
JIMCTa, B KJIETKaX (IOAMBI U KCHIIEMBI. AJIKAJIOHIbI B
TKaHsSIX M TPUXOMaxX HaJ3€MHOH 4aCTH MEJIHMCChI THCTO-
XMMHUUYECKH He OOHapy»XeHbl. TeprieHOBbIe COeIUHEHHS
U ToMUQEeHoIbl 00Hapy)XeHbl B 000MX THIAX IKEJIe3U-
CTBIX TPHXOM M MPOCTHIX Bojockax M. officinalis.
3AKJIFOYEHHME. B pe3ynsrare NpoBeeHHOTO UC-
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CJI€ZIOBAHUS HAJA3EMHOM YaCTH MEIHCChI JIEKAPCTBEHHOM
copTtoobpasia u3 koyuiekin HbC-HHI monTBepxieHo
HaJMYUC TUATHOCTUYCCKU BAXKHBIX JJI TAHHOTO BHIA
MOP(OIIOTHYECKUX U MHKPOCKOMUYCCKUX IMPHU3HAKOB,
YCTaHOBJIEHO COOTBETCTBHE MMEIOLIEMYCS B JIUTEPaATy-
pe ONMCaHMIO TaHHOTO BUA ChIpbs. BriepBble mpoBeieH
MOpP(HOMETPUUCCKHI aHATH3 CBIPhsI, ONpeaeiIcHbI (Hop-
Ma M pa3Mepbl KJIETOK JIujAepMHUca JucTa, crels, ya-
IIEUYKU ¥ BEHUMKA, XapaKTep W 4acToTa PacIoOKEeHUs
SMUICPMATILHBIX TPUXOM aHATH3UPYEMOTO COpPTOOOpas-
11a, YTO JIOTOJHSET aHATOMHUYECKYIO XapaKTEepPUCTHKY
Haja3eMHoOU wactu M. officinalis L. T'mctoxumMudecku
BIEPBbIE YCTAHOBIEHBI MPUCYTCTBUE U JIOKAIHU3AIUS B
TKaHSAX U TPUXOMAX ChIPbsI JIMIHUJIOB, TOJHUCAXAPHUJIOB,
(eHOIBHBIX COCNUHECHHUI, (DITABOHOUIOB, KOMIIOHCHTOB
a¢upHOro macna, TepreHonnoB. Takum oOpazom, co-
JIEp)KUMOE JKEJIE30K M JKEJIE3UCTBIX BOJIOCKOB 0OOraro

THAPOQUIBHBIMA M THAPO(GOOHBIMU COCIMHEHHSIMH,
B MEHBIIEH CTENEHH — IPOCThIC HEKEIEZUCThIE KPOIO-
M€ TPUXOMBI. Bce TPUXOMBI OCYIIECTBISIIOT CEeKpe-
LU0 KOMIIOHEHTOB 3(pMPHOTO Macia, YTo MOATBEPIK/Ie-
HO THCTOXMMHYECKHMHU TECTaMH. BriepBble BBISBICHBI
AQHATOMHMYECKHE CTPYKTYpBI, NMPHUHUMAIOLINE Yy4acTHE
B CEKpELMUH TEX WM WHBIX THIIOB OMOJIOTHYECKU aK-
TUBHBIX BemlecTB. MeTonoMm (uryopeciueHTHOH MHUKpPO-
CKOTIMU BIIEPBbIC MPOAHAIM3MPOBAHO IPHUCYTCTBHE B
TPUXOMaxX M TKaHSX TPaBbl MEJUCCHI JIEKAPCTBEHHOM
JIMIUJIOB, XJIOPO(UILIA, MOIUCAXaPUI0B, (HIaBOHOUIOB
1 (PEHONBHBIX COeTUHEHUH. BaxkHO OTMETUTH JTOCTyTI-
HOCTB, IIPOCTOTY U €MKOCTh THCTOXUMHYECKOTO METO/Ia
aHaJIM3a ChIPbS, MEPCIEKTUBHOCTD €r0 MCIIOIb30BaAHUS
MIpYU UACHTHU(HKAIMH JICKAPCTBEHHOTO PACTUTEILHOTO
CBIPbsI M ONIPEJICTICHH XapaKkTepa U JTOKaIH3alI1 CeKpe-
LUK OMOJIOTHYECKU aKTUBHBIX BEIIECTB.

INTRODUCTION. Ecological and geographical
conditions of introduction of medicinal plants have a deci-
sive influence on the chemical composition of biologically
active substances of plants, as well as on the biological
features of their development. The method of microscopic
analysis is used to study the anatomical structure of the
plant, establish the characteristic anatomical-diagnostic
and morphometric characteristics. Chemical and phys-
ical-chemical research methods allow the identification
of active and related substances in plants. Such methods
include a histochemical analysis, which makes it possible
to identify patterns of secretion of biologically active sub-
stances and to establish their presence and localization in
the tissues and organs of the plants. In turn, such studies il-
lustrate distinctive features of the metabolism of glandular
trichomes and tissues of different chemotypes of a single
plant species. In the Nikitsky Botanical Garden — National
Science Center (NBG-NSC) of the Russian Academy of
Sciences, Republic of Crimea, Yalta, in the laboratory of
aromatic and medicinal plants, long-term biological and
introduction studies of the development of different va-
rieties of medicinal plants are traditionally held. Melissa
officinalis L. is one of the species of the Lamiaceae family,
introduced on the experimental plot of essential oil plants
of the botanical garden [1, 2].

Melissa officinalis L. (the synonyms: Faucibarba
officinalis (L.) Dulac., Mutelia officinalis (L.) Gren. ex
Mutel, Thymus melissa E.H.L. Krause, Citronell, Com-
mon balm) is one of the 5 species of the Melissa ge-
nus, the Lamidceae family. The plant is known by other
names: lemon balm, bergamot mint, bee balm, bechouse.
M. officinalis L. is widespread in Europe, Africa, North
America, Iran, Ukraine, the Caucasus and Central Asia.
This plant is cultivated as a medicinal and essential oil
plant in the UK, Serbia, Algeria, Mediterranean coun-
tries, the Caucasus, Krasnodar region, Samara region,
Crimea [3-5].

The herb of Melissa officinalis L. is characterized by
a high content of phenylpropanoids (rosmarinic, caffeic,
chlorogenic acid, p-coumaric, ferulic and sinapic acids),
flavonoids (luteolin, tsinarozid, apigenin, kosmosiin),
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phenol carbonic acids (syringic, gentisic, salicylic, van-
illic, p-hydroxybenzoic, protocatech), condensed tannins
[6, 7]. According to foreign researchers, oleanolic and
ursolic acids are identified in the herb of melissa. [8].
Monoterpenes (citral) prevail in the essential oil [9].

The aerial part of Melissa officinalis L. is used in
ethnomedicine of European countries. In France, Italy,
Austria, Germany and Bulgaria, lemon balm is used for
trophic ulcers as a wound-healing agent, for skin rashes,
furuncles on the skin, for rinsing in inflammation of the
gum tissue; externally for massage and rubbing, for poul-
tices and compresses; in manufacturing of cosmetics [4,
10, 11]. The official raw material is the aerial part and
leaves of melissa in Europe, and the plant is included in
the European Pharmacopoeia, the British Herbal Phar-
macopoeia, in the Iranian Herbal Pharmacopoeia. In Rus-
sia, this type of raw materials has become official since
1996, now the project of the pharmacopoeial item “Me-
lissy lekarstvennoy trava” (Eng.: “The herb of Melissa
officinalis L.”) has been worked out (instead of FA 42-
3645-98) (Project materials on General monographs and
pharmacopoeial items https//www.rosminzdrav.ru/61/11/
materially-po-farmakopee) [12]. Pharmacological stud-
ies show that medicines based on the melissa herb exhibit
mild hypnotic effects, have a sedative, antispasmodic ef-
fect on the central nervous system [13-16]. Increased ap-
petite and stimulation of gastric juice secretion, increased
gastric motor activity, the manifestation of choleretic and
carminative action of medicines based on melissa herb
are the factors characteristic for the medicines based on
the melissa herb [4, 17]. Besides, it has hypoglycemic,
astringent properties and stimulates menstruation [18].
The plant aldehydes (citral, citronelal) have antimicro-
bial activity against a number of pathogenic fungi and
tuberculosis Mycobacteria (K. Okazaki and S. Oshima,
1953). Rosmarinic acid causes antiviral activity against
herpes viruses, influenza; it has antiallergic and antioxi-
dant effects based on anti-complementary and anti-radi-
cal properties of melissa [19].

THE AIM. Is to determine microdiagnostic signs
and biometric characteristics of the Melissa officinalis
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L. variety sample from the collection of the Nikitsky
Botanical Garden, to study the possibility of using his-
tochemical reactions for the analysis of tissues and se-
cretory structures of the studied species in determining
the authenticity of raw materials and the identification of
biologically active substances due to the lack of literature
data of general histochemical research.

MATERIALS AND METHODS. The plant object

of the study was the aerial part of Melissa officinalis L.,
introduced on the experimental plot of NBG-NSC. For
several years, the researches of a biological specific char-
acter of vegetation of this selection variety sample have
been carried out by Logvinenko Lidiya Alekseevna, a
senior researcher of the Nikitsky Botanical Garden, in
ecological and geographical conditions of the southern
coast of Crimea (Fig. 1).

Figure 1 — External appearance of Melissa officinalis L. variety sample from the collection of NBG-NSC,
Republic of Crimea, Yalta

The analyzed raw materials harvested during the
flowering period in July 2016 is a mixture of stems (up
to 35 cm), leaves and flowers. Drying of raw materials
was carried out at 25-30°C, avoiding exposure to direct
sunlight, for 7 days. The umidity of the melissa dry raw
materials after drying was 8,79+0.36%. The analysis of
microscopic signs of raw materials, morphometric and
histochemical studies were carried out according to the
methods of State Pharmacopoeia of the Russian Feder-
ation XIII (General pharmacopoeia article.1.5.3.0003.15
«Tekhnika mikroskopicheskogo i mikrohimichesko-
go issledovaniya lekarstvennogo rastitel’nogo syr’ya i
lekarstvennyh rastitel’nyh preparatov», General pharma-
copoeia article.1.5.1.0002.15 «Travy» [20, 21]) using a
microscope «Mikromed-1» and a fluorescent microscope
«Mikromed 3 LUM» with eyepiece 10%, lens 4%, 10x,
40x and Digital Eyepiece microscope camera MD 3.2
(3.2 megapixels). Histochemical reactions to the pres-
ence and localization of biologically active components
in tissues, simple and capitate trichomes were carried out
using the following reagent solutions: sudan III (lipids,
essential oils, cutin, suberin); methylene blue (essential
oils); 10% thymol solution and H,SO, (polysaccharide,
amylum, inulin), concentrated hydrochloric or sulfuric
acid (sesquiterpene lactone); ferric chloride (III) u po-
tassium dichromat (phenolic compounds); magnesium
acetate and lead neutral acetate (flavonoids, fluorescence
under UV light), aluminium trichloride (flavonoids, blue
fluorescence under UV light); vanillin-HCI (flavonoids),
Wagner’s reagent (alkaloids), phloroglucinol with con-
centrated hydrochloric acid (lignin), 2,4-dinitrophenyl-
hydrazine (terpenoids) [22-31]. The photos were edited

in the program Paint.NET.3.5.11, combining the photos
of the object-micrometer (microlinear scale division val-
ue of 0.01 mm or 10 mem) and the photos of the object of
research with each working magnification of the micro-
scope lens and the resolution of the digital camera used.
The sample consisted of 10 measurements, the statistical
processing was carried out in the program Microsoft Ex-
cel (Microfoft, USA). The detected external and micro-
scopic signs of the studied raw materials were compared
with the literature data [11, 12].

RESULTS AND DISCUSSION. The study of mor-
phological features of the aerial part of M. officinalis
showed that the leaves of this variety sample from the top
side are green, from the bottom side they are light green,
short-petiolate, ovoid, opposite with a crenellated edge,
pinnate venation and an acuminate tip. The leaf blade is
pubescent on the upper side of the veins, the underside is
fully pubescent; its length is up to 3.2 cm, the width is up
to 2.5 cm. The stems are tetrahedral gray-green, with lon-
gitudinal grooves, the pubescence is weakly pronounced
in upper and middle parts; at the bottom the stems are bare.

At the fracture, the stem is white and green, with a
cavity inside at the bottom. The flowers are small (calyx
5-7 mm, corolla 7-9 mm long), collected in the axils of
the upper leaves in false whorls, and form an inflores-
cence of the thirs type 5-10 cm long in the upper part
of the stem. The corolla is bilabiate, pubescent, white or
white-pink.

The calyx is pubescent, funnel-shaped with five
pointed teeth (Fig. 2). The raw material has a lemon
smell, increasing with rubbing. The taste of the water ex-
tract is bitterish.
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Figure 2 — External appearance of Melissa officinalis L. variety sample (stems, leaves, flowers)
from the collection of NBG-NSC, Republic of Crimea, Yalta
1 —whole raw materials; 2, 3, 4 — raw materials cut, 5 — herb powder

Microscopic studies were carried out on temporary
microscopic preparations made from dried raw materials
according to the generally accepted methods [20]. Mi-
croscopying of the temporary microscopic preparations
showed, that the plant tissues, containing essential oil
(glands and trichomes), are pigmented. The adaxial side
of the leaf blade is covered with a cuticle layer. The epi-

dermis of the adaxial and abaxial sides of the leaf consists
of a single layer of cells. When examining the microscopic
preparations of the leaf edge, a large number of simple uni-

cellular conical, nonbranching hairs (II type), 20—50 mcm
long (Fig. 3) were noted, their base is characterized by the
formation of cuticle folds. This type of simple trichomes
covers both the adaxial and abaxial sides of the leaf.

Figure 3 — Microscopic preparation of the leaf edge of Melissa officinalis L. (mag. 4%, 10%)

The upper epidermis cells of the leaf of various forms
with winding walls are without thickening, the lower epi-
dermis cells have more sinuous walls.

On the underside of the leaf there are stomata, a
stomatic apparatus of a diacytic type. Multicellular
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conical hairs are characteristic for the lower epidermis,
consisting of 2—4 cells with thickened walls (Type I)
and capitate hairs of two types: with a multicellular
leg and a funnel-shaped head (Type I) and with a short
single-celled leg and a spherical head (Type II). The
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essential oil glands of radial type are not immersed in
mesophyll, they consist of a short single-celled leg and
a spherical head with eight excretory cells. At the sites

of the attachment of essential oil glands, the epidermal
cells form a rosette from 5-6 cells of the epidermis
(Fig. 4, 5).

Figure 4 — Microscopic preparation of adaxial epidermis of Melissa officinalis L. leaf blade (mag. 4%, 10x)

Secretory trichomes have a more thickened cuticular
covering, than the epidermis, and are located predomi-
nantly on the abaxial side of the leaf and along the main
vein. Experimental studies have shown, that on 1 mm?

of the abaxial side of the leaf blade there are 200—400
stomata, up to 80—100 simple unicellular conical, non-
branching hairs, 10—12 essential oil glands at the distance
of 100—150 mcm from each other.

Figure 5 — Microscopic preparation of the abaxial epidermis of the Melissa officinalis L. leaf blade
(mag. 4%, 10%)

Calyx epidermal cells are different in shape, charac-
terized by winding walls without thickening, at the base
of the calyx and along the edge there is a folded cuticle,
a stomatic apparatus is of diacytic type, the stomata are
rare or absent (Fig. 6). Fig. 6 shows the conical unicellu-

lar hairs of the calyx, multicellular conical hairs, consist-
ing of 2—4 cells with thickened walls, essential oil glands
radial, capitate hairs with one basal cell (Type II). At the
bottom of the calyx there are vascular bundles, surround-
ed by porous thick-walled lignified sclerenchymal fibers.
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Figure 6 — Microscopic preparation of epidermis of the Melissa officinalis L. calyx (mag. 4%, 10%)

The cells of the outer corolla epidermis are of a rectangu-  acteristic stomata are few. The cells of the inner corolla epi-
lar shape, are characterized by winding walls with thickening, ~ dermis are polygonal, sinuous-walled. The corolla base cells
at the base and on the edge there is a folded cuticle, the char-  are rectangular, with sinuous anticlinal walls (Fig. 7).

1 2 3

Figure 7 — Microscopic preparation epidermis of the Melissa officinalis L. corolla (mag. 4%, 10%)
1 — preparation from the surface of the corolla edge; 2 — cells of the outer corolla epidermis;,
3 — cells of the base of the corolla with fingerlike hairs

On the both sides, the corolla epidermis is covered  hairs. Essential oil glands and capitate hairs are present
with a large number of long, simple, multicellular hairs  on the inner side of the corolla. Fingerlike hairs with a
with a pimpled cuticle and simple unicellular conical pimpled cuticle are characteristic for the corolla (Fig. 8).
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1 2 3

Figure 8 — Trichomes of the epidermis of the Melissa officinalis L. corolla (mag. 4% 10)
1 — fingerlike hairs of the corolla edge; 2 — simple multicellular hairs with a pimpled cuticle;
3 — simple unicellular conical, nonbranching hairs

Corolla edge epidermis cells are polygonal there are fingerlike hairs with a pimpled cuticle
with weakly sinuous walls with thickenings, tiled, (Fig. 9).

1 2
Figure 9 — Microscopic preparation of the Melissa officinalis L. corolla (mag. 4%, 10%)
1 — cells of the upper part of the corolla epidermis and fingerlike hairs with a pimpled cuticle;
2 — corolla edge epidermis cells

The stem epidermis is represented by small polyg- nosed. A lot of simple, large multicellular hairs (Type
onal elongated cells with straight walls. The stomatic  I) with a smooth cuticle and unicellular conical hairs
apparatus is diacytic, the stomatic cleft is oriented along  (Type II) are present. In the upper part of the stem there
the stem. Numerous simple and glandular trichomes, are capitate hairs of Type Il and rare essential oil glands
located mainly on the ribs of the stem have been diag-  (Fig. 10).
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Figure 10 — Microscopic preparation of the Melissa officinalis L. stem (mag. 4%, 10x)
1 — preparation from the surface; 2 — trichomes of the stem epidermis;
3 — cells and stomatic apparatus of the stem epidermis

The stem cross section is quadrangular. The epider-
mis is covered with a thin cuticle. The epidermis cells
are oval, square or rectangular arranged in a single lay-
er. Under the epidermis in the ribs of the stem there are
4-8 layers of cells of the angular collenchyma, locally
there are 2—3 layers of chlorenchyma cells. Endoderm
cells are oval, arranged in a single layer, containing
starch grains. The cortex consists of 4—10 layers of pa-
renchymal cells shaped irregularly oval or rectangular,
with an intercellular space; the cells of the pericyclic
sclerenchyma are partially represented. Bast fibers of
phloem, cambium cells, vessels and xylem tracheids
do not form conductive bundles. Cambium consists of
1-2 layers of cells, not clearly expressed. The stem cells
are represented by a functioning parenchyma; they are
large polygonal or round, centrifugally decreasing in
size (Fig. 11). The cross section of the leaf blade shows
that the upper and lower epidermis is covered with a
thin layer of a cuticle. The thickness of both epider-
mis cuticles is almost equal. A large number of simple
conical hairs are located on the upper and lower sides
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of the epidermis, there are more glandular hairs on the
abaxial epidermis, especially along the veins. The epi-
dermis cells are arranged in a single layer, shaped oval,
round or rectangular. The cells of the upper epidermis
are larger than those of the lower epidermis or almost
equal to them. The leaf mesophyll consists of one layer
of elongated rectangular cells of the palisade parenchy-
ma and 2—4 layers of isodiametric spongy parenchyma
cells with large intercellular spaces. The results of cell
measurements are shown in Table 1 (Fig. 11). The cross
section of the petiole shows that the adaxial surface
is concave and the abaxial surface is convex. On both
sides there are simple and glandular trichomes. The epi-
dermis consists of 1-2 layers of oval, round or rectan-
gular cells. The parenchyma cells are large hexagonal or
round, reaching 30 mcm in diameter. In the center there
is a large arcuate collateral conducting bundle, there are
two small collateral bundles in the wings of the stem.
On the adaxial surface in the wings of the petiole there
is a collenchyme of 2-3 layers of cells and 1-2 layers of
chlorenchyma cells locally (Fig. 11).



Pharmacy & Pharmacology V. 6 N 6, 2018 DOI:10.19163/2307-9266-2018-6-6-504-534

B
A C
1A
2A
4A 1B
5A 2B
3A
A B C
D E F
1D 5D
1E
3D
4D
2D 2E
D E F
H
G
2G 1H
4G
3G
1G 2H
G H

Figure 11 — Microscopic preparations of the Melissa officinalis L. cross sections of the stem, petiole and leaf
A, B (mag. x10), C (mag. x40) — stem cross section: 14 — epidermis,; 2A — collenchyma; 34 — conductive vessel,;
44 — the parenchyma of the cortex; 5A — chlorenchyma. 1B — stomatic apparatus, 2B — simple hair. D (mag. x4),

E, F (mag. x10) — cross section of the stem: 1D — adaxial epidermis, 2D — abaxial epidermis, 3D — central
conducting bundle, 4D — parenchyma, 5D — lateral additional conductive vessel, 1E — simple unicellular conical,
nonbranching hairs, 2E — capitate hairs. G, H (mag. x10) — leaf cross section: 1G — adaxial epidermis, 2G —
abaxial epidermis, 3G — conductive vessel, 4G — parenchyma, 1H — capitate hairs, 2H — simple hairs
Scale division = 10 mcm

In the preparations of the melissa herb powder, the  fied. The pollen grains are spherical with slightly warty
scraps of leaf, stem, corolla and calyx epidermis with  exine and pores (Fig. 12).
characteristic trichomes, pollen grains have been identi-
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5 6
Figure 12 — Microscopic preparation of the Melissa officinalis L. herb powder (mag. 4%, 10%)
1 — fragment of leaf epidermis; 2 — fragment of calyx epidermis, 3 — fragment of stem epidermis, 4 — secretory
trichomes; 5 — simple unicellular conical hairs; 6 — pollen grains. Scale division = 10 mcm

Tables 1 and 2 show the results of the experimental  lection variety sample in NBG-NSC and the location of
studies of the biometric characteristics of the main mi- trichomes on the aerial organs of the plant.
croscopic signs of the aerial part of M. officinalis L. se-

Table 1 — Quantitative and anatomical parameters of the herb of Melissa officinalis L.
selection variety sample in NBG-NSC

Microscopic structure Dimension, mem -
Length, mcm Width, mcm
Cells of the upper leaf epidermis 60-70 50-60
Cells of the lower leaf epidermis 40-50 30-40
Calyx epidermis cells 50-60 3040
Corolla epidermis cells 60-70 20-40
Stem epidermis cells 50-60 10-20
Length of simple multicellular hairs (Type 1) 100400
Length of capitate hairs
1. Bpe I 1 —30-50,
2. Type Il 2 —60-300
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Microscopic structure Dimension, mem -
Length, mcm Width, mcm
Length of simple unicellular conical hairs (Type II) 20-50
Length of fingerlike hairs of corolla epidermis (Type 111) 100-250
The number of essential oil glands per 1 mm?, pcs. 10-12
Diameter of the glands 40-80
Diameter of the stomatic apparatus, mcm 20
The number of stomatic apparatus per 1 mm’
of the lower epidermis, pcs. 200-400
Leaf blade thickness, mcm 50-70
Adaxial epidermis thickness, mcm 7-10
Abaxial epidermis thickness, mcm 10-15

Table 2 — Distribution of glandular hairs, glands, simple hairs and epidermis outgrowth on the aerial part
of the Melissa officinalis L. selection variety sample in NBG-NSC

Part of the plant Glandular hairs, Type I/I1 Glands Simple hairs, Type I/II
Stem + + ++
Adaxial leaf blade - + ++
Abaxial leaf blade +++ +++ +++
Petiole + — [
Calyx + + ++
Corolla + — T+

Notation: (—) trichomes are absent, (+),; not many trichomes, (++, +++) a lot of of trichomes

The use of histochemical tests showed a characteristic
staining of tissues and trichomes, which is the result of the
interaction of the reagents with the detected components and

leads to their specific binding [22—31]. The results of the de-
tection of secondary metabolites in trichomes and tissues of
the Melissa officinalis L. aerial part. are presented in Table 3.

Table 3 — Histochemistry of tissues and glandular trichomes of the Melissa officinalis L. aerial part

Trich
Defined Reagent Coloring - richome type
component simple glandular gland
.. . . . + .
+ +
Lipids, suberin, cutin Sudan III Red (Fig. 13A) (Fig. 13B, B1) (Fig. 13C)
. . + .
- +
Essential oil Sudan 111 Orange red (Fig. 13B, B) (Fig. 13C)
Essential oil Methylene blue Blue - + (Fig. 13EF) | + (Fig. 13G)
. 2,4-Dinitrophenyl- . . .
+ +
Terpenoids hydrazine Black and blue (Fig. 13M) (Fig. 13N) | + (Fig. 130)
Sesquiterpenes c. H.SO, Yellow — — —
Flavonoids Vﬁ‘&“é“’ Yellow Red | + (Fig. 13H) - + (Fig. 131)
Flavonoids Magnesium acetate Yellow + (Fig. 13P) + (Fig. 13P) —
. 10% Potassium . . .
+ + +
Phenolic compounds dichromat Yellow (Fig. 13S) (Fig. 13Q) (Fig. 13R)
. . . Brown, green . .
Phenolic compounds | Ferric chloride (III) and black + (Fig. 13K) + (Fig. 13J) -
Alkaloids Wagner’s reagent Black — — —
Lignin Phloroglucinol, HCl c.| Red purple — — —
Polysaccharide 10% thymol .
+ —
(inulin) H,SO,c. Orange red (Fig. 13UV)

Notation: — negative reaction, + positive reaction

Several methods of staining were used for histo-
chemical analysis of the secreting material. To confirm
the presence of hydrophobic metabolites of lipids and
essential oil, the preparations were stained with Sudan
III. The cuticle of the stem epidermis, the cuticle of the
pedicle and the intracellular contents of the head of the

glandular hairs, the cuticle of simple hairs, as well as the
intracellular contents of the essential oil glands were de-
tected as painted orange-pink (Fig. 13A-D).

A solution of methylene blue in ethanol was used to
identify essential oils [22, 24]. The micropreparation of
the leaf was stained with a solution of methylene blue
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and observed: the contents of the essential oil glands and
glandular hairs were getting blue (Fig. 13 E, F, G). The

A B
E F G
J K
N o
R S

obtained result indicates the presence of essential oil in
these structures.

Bl C D
H I
L M
P Q
T U v

Figure 13 — The results of histochemical reaction
with Sudan III: A—C trichomes (mag. x40),; D — cross section of the stem (mag. %10); with methylene blue:

E, F (mag. x10), G (mag. x40) — trichomes; with vanillin and HCI c.: H, I — epidermis of the stem, essential oil
glands (mag. x40); with ferric chloride (I1): J, K — trichomes (mag. x40), L — cross section of the stem (mag.
x10); with 2,4-dinitrophenylhydrazine: M — trichomes (mag. x10), N, O (mag. x40); with magnesium acetate: P —
trichomes (mag. *x40); with potassium dichromat: Q, R, S — trichomes (mag. x40); with phloroglucinol with HCI c.:
T — cross section of the stem (mag. x10); with 10% thymol and H, SO, c.: U — trichomes (mag. *x40), V (mag. <10)

Processing of the leaf microscopic preparations with
concentrated sulfuric acid showed that the trichomes and
leaf tissues do not get stained yellow-orange, which im-
plies the absence of sesquiterpenes, triterpenes and steroid
compounds in the raw material under study. Cross sections
of the stem and leaf were stained with a 1% solution of fer-
ric chloride (IIT). Black and green staining was observed
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over the entire surface of the preparations, which also in-
dicates the presence of phenolic compounds (Fig. 13 J, K,
L). When adding a solution of vanillin and HCI c., flavo-
noid secreting tissues turn yellow (Fig. 13 H, I). Wagner’s
reagent for the detection of alkaloids did not give an ana-
lytical effect. The plant material was placed in a 10% alco-
hol solution of potassium dichromat for 7 days, after that it
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was microscoped. Phenolic compounds were detected by
trichome cell staining (Fig. 13 Q, R, S). To establish the
presence of terpenoids, reaction with 2,4-dinitrophenylhy-
drazine was carried out (Fig. 13 M, N, O); hereby, the cell
walls of simple trichomes and the contents of the glands
turned black and blue. When treated with a magnesium
acetate solution, the cell contents, of the simple and cap-
itate trichomes turned yellow-orange which demonstrates
the accumulation of flavonoids (Fig. 13 P).

12

The presence of lignin was determined by the reac-
tion with phloroglucinol and concentrated hydrochloric
acid, and the pink-orange color of the pericyclic scler-
enchyma cells was observed on the stem cross section
(Fig. 13 T). The result of the histochemical reaction with
a 10% solution of thymol and H,SO, ¢. showed the pres-
ence of polysaccharide in the stem epidermis cells (Fig.
13 U,V) and in the cellular contents of simple conical,
hairs.

I

J

Figure 14 — Fluorescence of Melissa officinalis L. secretory structures
A — essential oil glands of the leaf (mag. x40), UV light (UV — 2A4); B — epidermis of the leaf, simple unicellular
conical hairs (mag. x10), UV light (UV — 2A4); C — corolla epidermis cells (mag. x10), UV light (UV —24); D —
fingerlike hairs of the corolla (mag. x10), UV light (UV — 24); E — simple multicellular hairs, capitate hairs type [
(mag. x10), UV light (UV — 24); F — capitate hairs with a multicellular leg and a funnel-shaped head type I1
(mag. x10), UV light (UV —2A4),; G — cross section of the stem (mag. x10), Green (G-24),; H — leaf epidermis
(mag. x10) Green (G-24) 11 — stem cross section, AICI, (mag. x10), UV I2 — simple conical hairs, AICI,
(mag. x40), UV, J — stem cross section, FeCl,, (mag. x10), UV
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Table 4 shows the results of microscopic examina-
tion of the tissues and trichomes of Melissa officinalis
L. with different UV identification. Trichomes and cuti-
cle, emitting bright green autofluorescence in UV light,
demonstrate the presence of hydrophobic substances of
suberin and cutin (Fig. 14 A-F) [30, 31]. In glandular
trichomes, bright yellow autofluorescence of lipophilic
and hydrophilic intracellular contents was observed, the
leaf mesophyll glowed with yellowish-green light. Weak
yellow autofluorescence was observed in the intracellu-

lar contents of the glandular head, glandular trichomes of
both types and the cuticle of simple hairs (Fig. 14 A, B,
E), which indicated the presence of phenolic compounds.

Bright red autofluorescence in UV light is ob-
served in leaf mesophyll cells, which may be due to
the presence of chlorophyll (Fig. 14 B, F). On the stem
cross-section in UV light (light filter Green (G-2A))
endoderm cells, phloem and stem parenchyma were
getting a red glow due to the presence of phenolic sub-
stances (Fig. G, H).

Table 4 — Fluorescence color features of unpainted and painted plant tissue of Melissa officinalis L.
with different UV-identification

Reagent Light source Fluorescence color Biologically active Result
substances
Bright blue-whitish Lignin or phenols —
. . UV light (UV-2A) | Yellowish to brownish Condensed tannins +
Unpainted tissues - —
Bright green Lipids +
Green (G-2A) Bright red Phenols +
Ferric chloride (IIT) | UV light (UV-2A) Red Polyphenolic compounds +
AICI, UV light (UV-2A) Blue, green Flavonoids +
Lead acetate UV light (UV-2A) Blue Flavonoids N.d.

Notation: — negative reaction; + positive reaction, n.d. — not detected

Staining the preparation of the stem cross-section and
the surface preparation of the leaf with AICI, showed the
presence of green fluorescence in the cells of collenchyma,
endoderm and xylem of the stem and intracellular contents
of simple conical hairs of Type Il in UV light (UV-2A) (Fig.
11, 12), which indicated the presence of flavonoid substanc-
es. Coloring the stem cross section with ferric chloride (IIT)
showed bright red fluorescence in UV light (UV-2A), which
indicated the localization of polyphenolic compounds in the
cells of chlorenchyma, phloem and xylem (Fig. 14J). The
results obtained are consistent with the literature data on
secondary metabolites. Thus, phenolic compounds (flavo-
noids and phenol carboxylic acids) were found in the aerial
part of M. officinalis L. [10, 12, 15]. In addition, M. Chwil
et al. discovered terpene compounds and polyphenols in
both types of trichomes in M. officinalis L. by histochemical
methods [30].

Histochemical reagent Sudan III showed that the cell
walls of the epidermis, the essential oil glands, cover-
ing and capitate trichomes of the leaves, calyx, corolla
and stem, stem tissue turned orange-yellow, which indi-
cates the presence of hydrophobic metabolites in them,
the essential oil and lipids are identified in the essential
oil glands and glandular hairs. Phenolic compounds are
found in the collenchyme around the conductive leaf
bundles, in the cells of the phloem and xylem. Alkaloids
in the tissues and trichomes of the aerial part of melissa
have not been detected histochemically. Terpene com-
pounds and polyphenols are found in both types of glan-
dular trichomes and simple hairs of M. officinalis.

CONCLUSION. As a result of the study conducted,
the aerial part of the M. officinalis selection variety sam-
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ple from the NBG-NSC collection confirmed the pres-
ence of morphological and microscopic signs that are di-
agnostically important for this type, and have been found
to be consistent with the literature description of this type
of raw materials. For the first time, a morphometric anal-
ysis of the raw materials has been carried out, the shape
and size of epidermal cells of the leaf, stem, calyx and
corolla, the nature and frequency of the location of the
epidermal trichomes of the analyzed specimen have been
determined, which complements the anatomical charac-
teristic the aerial part of M. officinalis L. For the first time
the presence and localization of lipids, polysaccharides,
phenolic compounds, flavonoids, essential oil compo-
nents and terpenoids in the tissues and trichomes of raw
materials have been established histochemically. Thus,
the contents of the glands and glandular hairs are rich
in hydrophilic and hydrophobic compounds, to a lesser
extent in simple non-glandic covering trichomes. All tri-
chomes carry out the secretion of essential oil compo-
nents, which has been confirmed by histochemical tests.

For the first time, anatomical structures have been
identified being the sites of localization and involved in
the secretion of certain types of biologically active sub-
stances. For the first time fluorescence microscopy has
been used to analyze the presence of lipids, chlorophyll,
polysaccharides, flavonoids, and phenolic compounds in
trichomes and melissa tissues. It is important to note the
availability, simplicity and capacity of the histochemical
method of the raw materials analysis, the prospects of
its use in identifying medicinal plant materials and de-
termining the nature and localization of the secretion of
biologically active substances.
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PASPABOTKA METOAUK ONPEAENEHUA CNELNPUYECKUX
NPUMECEWN B CYBCTAHLUU IMYTATUOHA BOCCTAHOBJ/IEHHOIO

Anekceesa K. A., Ilucapes /I.U., Manomuna A.IO., boiixo H.H.

@I'A0Y BO HUY «Bbenzcopoodckuii 2ocyoapcmeennuiii ynueepcumem» Munobpuayxu Poccuu,
308015, Poccus, e. Beneopoo, yn. Ilobeowt, 85
E-mail: malyutina_a@bsu.edu.ru

Lnymamuon (y-L-enymamun-L-yucmeununenuyun) A611emcsi 8adiCHEUUUM HUSKOMOLEKYISAPHbIM 6HYMPUKIEMOoY-
HbLM MUOTbHBIM MPUNENMUOOM, COCIMOSWUM U3 MPEX AMUHOKUCIOM — 2IUYUHA, YUCMEUHA U KUCTOMbL 2TYMAMUHO-
sotl. [Tockonbky 6 omeuecmseeHHOU (apmakonee omcymcmeayem HOPMAmueHasL OOKYMEeHmayus Ha 2IymamuoH, paspa-
bomka apmaxoneino cmamvy Ha YKA3AHHYIO CYOCMAnHyuio asiisemcs akmyanvhoti npooremoi. Lens. Paspabomra
MemoOuK onpeoeiienus NOCMOPOHHUX cneyuduyeckux npumecell 6 enymamuone. Mamepuanst u memoowt. B xkaue-
cmee 00beKmos UCCIe008aAHUs UCNONB306aHbL cyOcmanyus — enymamuotn soccmanosiennvitl (CAS Ne70-18-8, EC
Ne2007254, Applichem, I'epmanus), cooepacawyuii npumecu u cmanoapmuwiil oopasey 2iymamuoHd 60CCMAaAHOGIeH-
Hozo — Sigma Aldrich (fInonus). Ananus nposoouncs c noMowbI0 Memood08 blCOKOIPPEKMUBHOU HCUOKOCMHOU XPO-
mamoepaduu 6 0opawéHHo-azHom eapuanme u MOHKOCIOUHOU Xpomamozpaghuu. Xpomamozpaghuposanue ¢ RoMo-
w0 OD BOKX nposoounu nocie npedsapumensHoli 0epusamuzayuis 21ymamuoHd U e2o cneyu@uyeckux npumecetl
Odancuaxnopudom. Ilockoneky cneyuguyeckue npumecu 8 21ymamuone npedcmagiaiom cooot Ounenmuobl i AmMuHo-
KUCTIOMbl, C1e008AMENbHO, OHU MAKICE KAK U CAM TYMAMUOH CHOCOOHbL 6CIYNAMb 8 PeaKyulo ¢ OAHCUIXIOPUOOM
¢ 0bpazosanuem OAHCUTLHBIX NPOUZBOOHBIX, KOMOPble 0allee MOICHO ONpedelums 8 X00e XpOMamozpaghuieckozo
pazoenenus. Pesynomameol. B pesynomame xpomamoepaguposanus memodom OD BIKX depusamusuposannozo
OAHCUIXTIOPUOOM TYMAMUOHA YCMAHOBIEHO, YMO OAHHASL PeaKyus nO360asem 0OHapY’CUmy npumecu 6 Hém. epu-
8aMblL 2IYMAMUOHA XOPOULO pazienaomcs npu xpomamoepaguposanuu memooom OD@ BOKX u umerom omauuaro-
wuecs Makcumymvl no2iowenus. Jlepusam anymamuona umen makcumym noznowenus npu A, = 284 uw. [epusameot,
npunaonexcawue CneyuphuuecKum npumMecam arymamuona, noziowarom npu A =288 wmu A, = 296 um. Jannvie
nonyuennvie ¢ nomowvio OD BOIKX 6vinu noomeepoicoenvt memodom TCX 6 cucmeme uzo-nponanon — 6ooa 2:1.
Ob6napysiceno mpu KOMROHEHMA, 0OUH U3 KOMOPLIX COOMEEMCMEYen IyMamuoHy, 06a OCMAlbHbIX — npumecu. 3a-
Katouenue. Pazpabomanst mMemoouxu onpeoenenus npumeceil 8 Cyocmanyuy 2iymamuoHd ¢ noMoubio memooos OD
BOJKX ¢ npedsapumenvroii depusamuzayueti oancuaxaopuoom u TCX ¢ demexyueri nuneuopurnom. Cpagnumenvubiil
AHANU3 NOTYYUEHHBIX OAHHbIX NO360AI0M ymeepacoamsb, umo memod OD BIKX ¢ npedxkononounoil depusamuzayu-
ell Aensiemcs bonee 00OCMOBEPHBIM, NOCKONLKY Oolee uy8CmeUumener K npUMecsim, K momy gce 0aém 603MOACHOCHIb
uzyuume Y@-npodhunu npumecnvix komnonenmos, yem memoo TCX. Ilosmomy Ons obonapyscenus npumeceii 6 cyo-
cmanyuu enymamuona bonee npeonoumumensro ucnoivsosams O® BOKX ¢ npedkononounou depusamusayuel.
Pezynomamuer hacmosuje2o uccied08anus MOJ’CHO peKOMeH008amb OJis BKIIOUEHUs 8 HOPMAMUBHYIO OOKYMEHMAYUIO
Ha cybcmanyuro 2nymamuona 6 pasoen «llpumecuy.

Knrouegvie cnosa: cnymamuon, npumecit, 8b1cOKOIQHEKMuUSHAs HCUOKOCIHASL XPOMAMOZPADUS, MOHKOCIOUHAS
Xpomamozpagus
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DEVELOPMENT OF METHODS FOR DETERMINATION OF SPECIFIC
IMPURITIES IN THE GLUTATIONION RESTORED SUBSTANCE

Alexeeva K.A., Pisarev D.I., Malyutina A. Yu., Boyko N.N.

Belgorod State Research University, 85, Pobeda St., Belgorod, Russia, 308015
E-mail: malyutina_a@bsu.edu.ru

Glutathione (y-L-glutamyl-L-cysteinylglycine) is the most important low molecular weight intracellular thiol
tripeptide consisting of three amino acids — glycine, cysteine and glutamic acid. In Russian pharmacopoeia there
is no regulatory documentation for glutathione, therefore, the development of a pharmacopoeial item for the spec-
ified substance is a relevant problem. The aim of the article is the development of methods for determining foreign
specific impurities in glutathione. Materials and methods. The substance of glutathione reduced (CAS 70-18-8, EC
2007254, Applichem, Germany) containing impurities, and a standard sample of reduced glutathione (Sigma Al-
drich, Japan) were used as the objects of the study. The analysis was carried out by using a high-performance liquid
chromatography method in the reverse phase version and a thin layer chromatography method. The chromatogra-
phy using RP HPLC was performed after preliminary derivatization of glutathione and its specific impurities with
dancil chloride. Specific impurities in glutathione are dipeptides and amino acids. Therefore, they, like glutathione,
can react with dancil chloride. Dancil derivatives are formed, and they can be determined by chromatographic
separation. Results. As a result of chromatography by the method of RP HPLC of derivatized dancil chloride gluta-
thione it has been established that this reaction makes it possible to detect impurities in it. Glutathione derivatives
are well separated by chromatography by implementing the method of RP HPLC and have different absorption
maxima. The glutathione derivative had an absorption maximum at 1, =284 nm. The derivatives belonging to spe-
cific glutathione impurities absorb at 1, =288 nm and 1, =296 nm. The data obtained using RP HPLC were con-
firmed by TLC in the isopropanol-water (2:1) system. Three components were found out, one of which corresponds
to glutathione, while two others are impurities. Conclusion. Methods for determining impurities in the glutathione
substance using RP HPLC methods with preliminary derivatization with dancil chloride and TLC with ninhydrin
detection have been worked out. A comparative analysis of the data obtained makes it possible to state that the
OF-HPLC method with pre-column derivatization is more reliable, since it is more sensitive to impurities, and
also makes it possible to study the UV profiles of impurity components better than the TLC method. Therefore, for
the detection of impurities in the substance of glutathione, it is more preferable to use RP-HPLC with pre-column
derivatization. The results of this study can be recommended for inclusion in the regulatory documentation on the
substance of glutathione in the section “Impurities”.

Keywords: glutathione, impurities; high performance liquid chromatography;, thin layer chromatography

BBEJIEHMUE. Yucrtora sSBIsSEeTCS BaXXHEHUITUM IO-
Ka3zareneM J00pOKa4eCTBEHHOCTH (hapMarieBTHIECKUX
cyocranmmii. OnpeaeneHne YUCTOTH TT000H (apmaries-
THUYECKOM CyOCTaHIIMN CBOIMTCSI K YCTaHOBJICHHUIO MPU-
Meceil. [IpuMecn MOTYT MpeacTaBIsATh cOOOW OCTAaTKU
MIPOMEXYTOUYHBIX MPOAYKTOB CHHTE3a, JIMOO HaKaIUIU-
BaTbCsl B NPOLECCE XPAHEHHs, KaK PE3ylbTaT BO3ACH-
CTBHS PA3INYHBIX (pru3nUeckux (TEIIo, CBET, KHCIOPOX
BO3/lyXa, BJara) WM XUMHYECKHUX (TSDKENBIC METaJlIb,
pH) daxTopoB Ha OCHOBHOH NEHCTBYIOUIHI KOMIIOHEHT.
Kpome Toro, npumecn MOryT UMEThb TEXHOI'€HHBIN Xa-
pakTep, TO €CTb NPHOOPETaThCsl B MPOLECCE IMPOU3-
BOJICTBA JICHCTBYIOIETO BEIIECTBA, K TAKUM IPHMECIM
Yalie BCEr0 OTHOCSTCA OCTATOYHBIE PACTBOPHUTEINN.
[Tpumecn MOTyT OBITH TOKCHYHBIMH, TO €CTh CITIOCOOHBI-
MH OKa3bIBaTb HETaTHBHOE BIMSHHUE Ha OPraHu3M, 00
MMETh MHOW XapakTep (apMaKoJIOTHIECKOW aKTHBHO-
CTH, HEPEJIKO MPOTUBOIOJIOKHON MCXOAHOMY BEIIECTBY.
[Ipumecn Tarxke MOTYT ObITh WHAN(D(OEPSHTHHIMH B
(bapmakonoruueckoM riane. [locnenane, HakanIMBasCh
B OCHOBHOM BEIIECTBE, CHIDKAIOT COZEpKaHUE OMoio-
TMYECKH aKTHBHBIX BEIIECTB U COOTBETCTBEHHO, YMCHbB-
IIal0T UX aKTMBHOCTh. BenencTBue 3TOro onpezencHue
YHCTOTHI CyOCTaHIININ, KOTOPBIE HCIONB3YIOTCS ISl U3T0-
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TOBJICHHS JICKAPCTBCHHBIX MPETapaToB, HMEET OOIBIIOE
3radenue. [lostomy B papmaxomneiiHoii cratse (PC) mmn
(apmakoneitnoit crarbe npeanpustus OCII ma Tr00yI0
(hapMarieBTHIECKyI0 CyOCTaHIINIO 00s3aTeIbHO OTMeda-
JOTCSI BOMOXKHBIE TPHUMECH, JOIMYCTHMbIC TPEAeBl UX
COAEPIKaHUs, W MIPUBOJIATCS MCIIBITAHUS, TIOTBEPIK/IAI0-
€ OTCYTCTBUE MPUMECHBIX KOMITOHEHTOB.

Hacrostiriee riccneioBanme MOCBSIICHO pa3padoTKe Me-
TONUK OTIpEIeNICHHs TIPUMeceii B CyOCTaHINH TITyTaTHOHA.

I'mytatnon  (y-L-mmyTamuui-L-nucTeMHUNTITUINH)
SBIISCTCS BaKHEHUIIMM HU3KOMOJEKYJISIPHBIM BHYTPH-
KJIETOYHBIM THOJBHBIM TPHUMENTHIOM, COCTOSIINM H3
TPEX aMHUHOKHCIIOT — TJIMIIMHA, [IUCTEHHA W KHUCIOTHI
IyTaMAHOBOW. bruomornmueckas (QyHKIUS TIyTaTHOHA
OXBATHIBACT KaK MOAJEPKaHWE OKHUCIUTEIHHO-BOCCTA-
HOBHUTEJIBHOTO CTaTyca KJIETKH, TaK U 00e3BPEKUBAHUE
KCEHOOMOTHUECKNX Moyiekyl. OH Takke sSBISETCS OcC-
HOBHBIM OKHCJIUTEITHHO-BOCCTAHOBUTEIBHBIM areHTOM
OOJNBITMHCTBA a3POOHBIX OPTAHU3MOB, UTPACT BaKHEH-
IIYI0 POJIb B TIIyTAaTHOH3aBUCHMOM KaTaIHu3e — IMpoIiec-
ce MeTabOoIMYECKOH afanTaium, XapakTepHON I BCexX
¢ opmM xu3HH. B X071€ 9BOMIONNY )KUBBIE CHCTEMBI Hada-
JIX MCTIONB30BaTh €T0 B Ka4eCTBE YHHBEPCATIHHOTO HY-
KJIeo(uIIa I XUMUYECKOTO TPEBPaIIeHNs MHOKECTBA
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2NIeKTpoUIBHBIX BemecTB. [IpoucxonuT aTo Onarona-
ps TOMY, 9TO IIyTaTHOH BXOJHUT B COCTaB MHOXKECTBa
TaK Ha3bIBaEMBIX IIIYTAaTHOH-3aBUCUMBIX (DEPMEHTOB,
CpeIu KOTOPBIX IIIYyTaTHOHPENyKTasza, INyTaTHOHIIe-
pokcuiasa, MepoKCHIpenyKTa3a, IHokcanassl 1 u 2,
IyTaTHOHTpaHc(epasza, YCKOPSIOMUX OOJIBIIMHCTBO
XUMHUYECKHX PEAKIMil B MHOTOYUCIIEHHBIX TyTAX MeTa-
oonmsma. [1-4].

3a cuér cynpGruapuUIbHON TPYyNNbl LMUCTEHMHA OH
y4acTBYeT B pEaKIUsIX BOCCTAHOBICHHS U KOHBIOTAllNH,
C TIOMOIIBIO KOTOPBIX YAAJISIOTCS MEPOKCHUIBI 1 MHOTHE
KceHoOmoTnyeckne coequnenus [S]. Peakumm smumu-
HallUU TEepPOKCHJIOB TPOUCXOIST Ollarojaps TOMY, 4TO
DIYTaTHOH BBITIONHSIET POJIb KOo(akTopa y pepMeHTa rIy-
TaTHOHINEPOKCHUIA3bl, IIPU 3TOM MPeIOTBPAIIAeTCs OKHUC-
JIEHNE CBOOOJIHBIX THOJBHBIX I'PYIIIT BXKHEHIITMX OCSIIKOB,
B TOM 4uciie ()epMEHTOB, CHIKACTCS TIEPEKUCHOE OKHC-
nenue GochomunuaoB MeMOpaH KIeTok [6]. Ynanenue
KCEHOOMOTHYECKHX COCJMHEHHH OCYLIECTBISICTCS Iy-
TEM IpsIMOIl KOHBIOTALUH € IIYTaTHOHOM U MOCJEAYIO-
el cexpennent annykra us kiuetku [7]. Takum obpazom,
JTaHHasl MOJIEKyJla COCTaBJIsIeT OCHOBY MHTPAIEILTIONP-
HOTO OKHCIIUTEIbHO-BOCCTAHOBUTEIBHOIO CTaTyca, TeM
caMbIM, 3allUIIas KJIETKH OT aKTHBHBIX (opM KHCIO-
pona [8].

Jns aHanm3a DIyTaTMoOHa HUCIONB3yercs: psx (u-
3MKO-XUMHUYECKUX MeTonoB. CrekrpodoTomMeTpusi, oc-
HOBAaHHAas Ha B3aMMOJEHCTBUHU INIyTaTHOHA 5,5’-aUTH-
00uC-2-HUTPOOCH30MHON KUCIOTH [9] M ¢ peakTHBOM
Omnamana [10]. Cnekrpoduyopumerpudeckuii MeTon
OCHOBaH Ha B3aMMOJICHCTBUM O-(pTaneBoro aibjaeruaa
¢ SH-rpynmo#i miyraruona, ¢ oopa3oBanuem ¢iyopec-
LIEHTHOTO KoHblorata [11, 12]. MeTtogoMm >KHIKOCTHOI
xpomarorpaduu ¢ pazauyHbIMU jgeTekropamu [13], a
TaKXe C MPEeIKOJIOHOYHOM AepuBaTu3anueil. B kauectse
JIepUBaTU3aTOPOB UCIOJIB3YIOT 3TAKPUHOBYIO KUCIOTY U
ee MeTmoBbIi 2dup [14], N-stramanenmus [15].

Jns upneHTHQUKAMK TIYTAaTHOHA, CBSI3aHHOTO C
OenkaMy B OpraHax M KJeTKaX, UCIIOIb3YeTCsl )KUIKOCT-
Hast XpoMarorpadus B COYeTaHHU C MacC-CIIEKTPOMETPH-
eil u TaHAeMHON Macc-criekTpomeTpuei [16, 17], B Tom
Yyclie ATOT METO UCTIONB3YeTCs Ul ONpeAeICHUs Iy~

TaTHOHA B MO3re Kpbic tuHun Wistar [18]. s coBmMecT-
HOTO ONpefieTIeHNs NIyTaTHOHA U €ro IPEeKypCopoB — LU~
CTeMHA, IUCTEHHWININIMHA U TOMOIMCTEHHA B CIIOHE
HCIIONIB3YETCsl PEaKIUs BOCCTAHOBJICHUS AUCYIb(QHIIOB B
THOJIBI, IEPUBATU3ALIUHU TPOU3BOIHBIX 2-S-XUHOIHMHOM C
2-xJ10p- | -MEeTHIIXHHOJIMHUHTETPpadTOPOOPATOM U KOJIH-
YECTBCHHOM OIPEACICHUN C TOMOIIBIO BBICOKOA(P(EK-
TUBHOH XHJKOCTHOW Xpomarorpaduu [19]. B murepa-
Type [20, 21] mpeacTaBiIeHO BOJIBTaAMIIEPOMETPHUECKOE
oTpe/iesIeHHe Ty TaTHOHA.

['myTtarnoH omycaH BO MHOTHX (papMaxoriesix, B TOM
yncine EBponeiickoit, bputanckoi, Ainoxckoit u T.4. [22—
24]. B oTeuecTBeHHOH (papMaKoriee OTCyTCTByeT HOpMa-
THBHAs JIOKyMEHTAallWs Ha DIYTaTHOH, CIIEI0BATENIbHO,
pa3paborka ®C Ha yka3aHHYH CYOCTAHIIUIO SBISICTCS
aKTyaJbpHOU IpoOiemoil. Hacrosmuii Matepuan Moxer
OBITH MCIOJIB30BAH JUIsl BKIIIOUSHHUS B pa3padaTbiBacMyo
(hapmMakoneHyIo CTaTblo Ha IIyTaTHOH, @ IMEHHO B pa3-
nen «IIpumecuy.

HEJb. Pa3paboTka METOIUK OIPEACICHUS MTOCTO-
POHHHX cHEUU(pHYECKHUX ITpUMecel B ITyTaTHOHE.

Jna peanusanuu MOCTAaBICHHOM LEAM NPUMEHS-
JIUCh JIBAa QHAJMTUYECKHUX IOAXOJAa ISl ONpeAeeHus
npumeceid. IlepBplii aHAIMTUYECKUN IMOAXOA 3aKIIIO-
yaJicsl B MCIOJB30BAHUU KJIACCHUECKON TOHKOCIONHOI
xpomarorpaduu, BTopoii — B mpumeHernn O® BOKX
IoCJie TPEeIBapUTENIbHON JepUBaTU3aIMK [TyTaTHOHA U
COOTBETCTBYIOIIHUX IpUMeECeH NaHCHIXJIOPUIOM B JaH-
CHJIbHBIE IPOM3BOAIHBIE. PaHee HaMK NpenpUHIMAIIICh
MIOTIBITKY OIIpEeNIeHHs] IyTaTHOHA C MOMOIIBIO TpeS-
KOJIOHOYHOM aepuBaru3aluu ¢ 4-MeToKcH-2-HUTpode-
HUJIponaHuaoM [25].

MATEPUAJIBI U METO/BbI. B kauectBe 00beK-
Ta MCCIIEI0OBaHMs UCIIOIb30BaHa CyOCTaHIIMS TIIyTaTHO-
Ha BoccranoBiieHHOTO (CAS Ne70-18-8, EC Ne2007254,
Applichem, I'epmanus), copepramiero NpuMecH 1 CTaH-
JapTHBIA oOpasel] IIyTaTHOHa BOCCTaHOBJIEHHOTO —
Sigma Aldrich (SInonus).

EBporneiickas u bpuranckas dapmaxonen (ED, D)
MIpeIyCMaTPUBAIOT HAIWYKME 5 IpuMeceil B NIyTaTHOHE
[22, 23], cTPYKTYphI UETBIPEX U3 KOTOPHIX NPHUBEICHHI B
Tabnuue 1.

Tabnuuya 1 — Cmpykmypnste ¢hopmynst npumeceit 6 iymamuone coznacho E@ u 6@

L-IucrenHunrmunyx L-IHucrenn

I'myrarnon
OKHUCJICHHBIN

L-I‘JIyTaMI/IJILII/ICTCI/IH

[Iaras npumech ¢ HEU3BECTHOM CTPYKTYPOU SBISET-
Csl TIPOIYKTOM JeTpajaliy DIyTaTHoHa. MneHTHduka-
uuto npumeceit cormacHo E®@ u b® nposonutcs ¢ uc-
MI0JTb30BAHMUEM METO/IA KATMIUIIPHOTO IEKTpodopesa.

SInoHckas (apmakones npeiaraeT Ui orpenerne-
HUS TIpEMEced MEeTON BBICOKOI((EKTHBHON KHUIKOCT-
HOM Xpomarorpadpun (BOXKX) c¢ ympTpadmoneToBrIM
JETEKTOPOM TIPH UTHHE BOMHBI A — 210 HM [24].
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Hcnons3oBanne OP BOXX nna onpenenenus npu-
Mecei B IITyTaTHOHE.

Hacrosiuit xpomarorpadudeckuii METo sBiIseTCs
YHHUBEPCAJIbHBIM, ITOCKOJIBKY C €r0 MOMOIIBIO OAHOBpE-
MEHHO OIpPEAEISIETCS] OOJIBIIOE YHCIIO MapaMeTpoB, Xa-
PaKTEepU3YIONINX pa3/ielieHue, UICHTU(PHUKAIMIO, KOJIH-
YECTBEHHYIO OIIEHKY KOMIIOHEHTOB [26].

Xpomarorpaduyeckoe pazneneHue metogom O
BDXX nmpoonmiu Ha mpubdope «Agilent Technologies
1200 Infinity» (CLLA). DnekTpoHHBIE CHEKTPbI peru-
CTPUPOBAIN C TOMOIIBIO JAUOJHO-MATPUYHOIO JIETEK-
Topa cepun Agilent 1200. Pa3nenenue mpoBomwiu Ha

craibHOM Konmonke Ascentis express C,2,7um x 100 Mmm
X 4,6 MM.

CocraB MoOmiIbHOHM (a3bl Bitouan (A) — 1%-Hbii
BOJIHBIH pacTBOp KUCIIOTHl MypaBbHHOH, (B) — crupt
STHJIOBBIH. DITIONPOBAHUE OCYIIECTBISIIIN B CIIETYIOIINX
YCIIOBUSIX:

Ckopocts nioToka: 0,5 Mir/MuH

Temnepatypa xononku: 35°C

Herexmus: 284, 288, 296 am

O0OBEM BBOIMMOI TIPOOBI: 1 [t

DIJIIOMpOBaHUE OCYIICCTBISUIN B IPAIUCHTOM PEXKH-
Me, NpuBeEHHOM B Tabnuie 2.

Tabnuya 2 — Yenoeus zpaduenmnuozo nouposanus 0epueamos Jiymamuonda

Bpewmsi, Mun A,% B,%
0 100 10
60 0 100

MeTtoauka 1epuBaTU3aluy NIyTaTHOHA U IPUMECEH.
2 mn 0,1%-noro pactBopa nryrarnona B 0,05 H. BOTHOM
pacTBOpe TeTpabopaTra HaTpusi IOMEIIANINM B CKISTHKY
Ut aHanmsa, go6asmsm 2 M 0,1%-HOro cmmpToBOTO
pacTBOpa JaHCWIXJIOpuAa, B30anTeBain. IlomyueHHBIH
pactBop noBoauiu 10 MeTku 0,05 H. pacTBOpOM HATPUS
TeTpabopara, IepeMeIInBaIl U XpOMaTOTpapupoBa B
MIPUBEIEHHBIX BBIIIE YCIOBHSX.

Hcnonp3oBanne xpoMarorpaguy B TOHKOM CIIO€ CO-
pOeHTa I olpeseneHus IpuMeceil B Iy TaTHOHE.

TonkocmoifHast XpoMaTorpadust — JOCTYIHBIN U Jie-
IIEBBIH METOJ KaueCTBEHHOTO M ITOJIYKOJINYECTBEHHOTO
aHallM3a OPraHNYECKUX COeqUHEHNH. Ero ommmyaror Bbl-
COKasi YyBCTBHUTEILHOCTb, SKCIIPECCHOCTD, IOCTYITHOCTD
1 TIPOCTOTA BBINOIHEHHS, BO3MOKHOCTh MCIOJIB30BAHMS
arpecCUBHBIX PEAreHTOB [UIs MPOSIBICHNUS BemiecTs [27].

OmnpeneneHne mpuMeceld B TOHKOM CJIo€ COpOeHTa
npoBomTy Ha ruractuHax Mapku TLC Silica gel 60 F
254, TLC Silica gel 60 ¢pupmbr Merck, Ha amroMuHIEBOI
TTOJUTOXKKE C TONIUHOM citost copberTa 200 MKM, ¢ HaHe-
CEHHBIM pabo4mM ciioeM (HpaKIIHOHUPOBAHHOTO COPOCH-
ta tommuHOK 200 MKkM. XpomaTorpadupoBaHUE TIPOBO-
JIWIIM BOCXOASAIINM CIOCOOOM B CTAH/IAPTHBIX YCIOBUSIX.

Amnamm3upyeMbelii 00bekT B KoHUeHTparun 0,5%

PacTBOPSUIM B BOJIE ¥ HAHOCHJIM MHUKPOILIIPHIIEM B KOJIH-
YEeCTBE 2 MKJI Ha JIMHUIO cTapTa. B kauecTBe MoJBUKHOM
(ha3bl ucop30BaHa OWHAPHAS CHCTEMa H30-TIPOTIAHOT —
BOJa B COOTHOIIEHNH 2:1.

Jnst [eTeKTUpOBaHMS 30H a[COPOLUM IIyTaTHO-
Ha W IpuMecell Ha XpOMaTorpaMMe HCIIOIb30BaH Jie-
pHUBATH3AIMIO C TIOMOIIBIO 0OpabOTKH XpOMAaTOTpaMM
0,5%-HBIM CIMPTOBBIM PAcTBOPOM HHUHTHJAPHHA C IIO-
CJICIYIONIMM HarpeBaHWeM B CyIIMJIBHOM IMKady NpH
temneparype 100°C B Te4eHUH 5 MUHYT, TIPA 3TOM 30HBI
azcopOIMy TIIyTaTHOHa W TIpUMEcel NpOsBISIACh B
BUJI€ KPACHO-(DMOJIETOBBIX IISITEH.

PE3YJIBTATBI 1 OBCYKJEHHME. ITockonbky
crierduiIeckne MPUMECH B TIIyTaTHOHE MPEACTABISIIOT
co00il AMmenTHabl ¥ AMHHOKHCIIOTHI, CJIEAO0BATEILHO,
OHH TaKKe, Kak U caM IIyTaTHOH CIIOCOOHBI BCTYIATh B
PEaKnuio ¢ JAaHCHIXJIOPUIOM C 00pa30BaHHEM JIaHCUIIb-
HBIX TIPON3BOAHBIX, KOTOPHIE Jaee MOXKHO OIPEIEINTh
B X0JIe XpoMaTorpaduyeckoro pasneneHus merogom OD
BOXX.

B pesynsrare xpomarorpadupoBanus metomom OD
BOXXX nepuBaTH3MpOBaHHOTO TAHCHIXJIOPUIOM IIy-
TaTHOHA YCTAHOBJIEHO, YTO JIaHHAS PEaKIHs MO3BOJSIET
00HapYXUTh IPUMECH B IITyTaTnoHe (puc. ).

Pucynok 1 — Xpomamozpamma 0ancunxnopuonsix 0epueamos ymamuond
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Ha mnpencraBneHHOi Xpomarorpamme OOHapy»KHBa-
IOTCSI TPH JiepvBaTa CO BpeMeHaMH yAepKuBaHusl 8,4 MUH,
14,053 u 18,2 MuH., mpu4éM KOMIIOHEHT CO BPEMEHEM YIIep-

JKUBaHUS 8,4 MUH MPHHAIISKUT YHCTOMY DIYTAaTHOHY, YTO
MOATBEPIKAACTCS  XpOMAaTorpaGUpOBaHHEM CTaHAAPTHOTO
obpasiia (CO) nIyTaTuoHa, JTUIIEHHOTO IpuMecei (puc. 2).

Pucynox 2 — Xpomamozpamma CO znymamuona (6e3 npumeceir)

OcranbHble KOMIIOHEHTBHI TIPEJICTABISIOT COOOU
MpUMECH B aHAIM3UpyeMoM o0pasle IIyTaTHOHA.

“DADL, 8397 (161 mAU, -] Re=8 211 £ 9164 01 GSADNCAD.

“DADI, 14054 (25.4 mAU, -] Ref-13.914 & 14 514 of GSHDNC3D

YO-crieKTphl BCEX JIEPUBATOB MPEACTABIECHBI HA PUCYH-
ke 3.

TDRDI, 18224 (131 mAU, -] Ref=17.951 & 18 531 0 GSFONCOD

T T T T T T T
E 2 20 %0 B B 2 0 B £ m W 220

YO-criexTp aepuBara 1 TiryratHoHa

T T T
20 260 260

YO-cniexTp AepuBara 2 TTyTaTHOHA

T T T T T T T T
B a0 s a0 @0 m E D e @ @ @ @ s @

T
EN

Y®-criexTp AepuBara 3 NIyTaTHOHA

Pucynox 3 — YD-cnekmpul 0epusamog enymamuona

[IpencraBnennsle Ha pucyHke 3 Y®-crnekTpsl Noiy-
YHUBILIUXCS JI€PUBATOB HECKOJIBKO OTIMYAIOTCS APYr OT
apyra. JlepuBaTr nryTaTHoHa 1 MMeNn MakCUMyM HOLJIO-
LIEHUs IPU Xmax = 284 um. JlepuBarsl, NpuHaAJIEKAIINE
crenpUIeckuM TIPUMECSIM IIyTaTHOHA ITOIVIOIIAIOT
npu A — 288 um (nepusar 2) u A —296 nm (nepu-

Bar 3). [lepuBar co BpemeHeM ynepxkuBanus 14,053 Obun
UACHTH(UIMPOBAH KaK IIMCTEHH, a KOMIIOHCHT, MMEB-
i BpeMs yaep:kuBaHus 18,222 — niyTaTHOH OKUCIIEH-
HBIH.

PaccunTanHble mapaMeTpsl MPUTOJHOCTU XPOMATO-
rpaduyeckoil CHCTEMBI TIPE/ICTaBICHbI B TaOmuIe 3.

Tabnuya 3 — Ilapamempul npu20OHOCHU XPOMAMOZPaduyecKoll cucmemsl 0711 OnpedeeHus npumeceil
6 2IYMamuoHe ¢ NOMOWbI0 0epUAMUIAUUU OAHCUTXTIOPUOOM

t, Area N R, T, LA
8,42 386,60 62598 16,39 0,68 0,0792
14,053 36,40 150256 40,22 0,73 0,2667
18,222 121,05 156705 25,30 0,81 0,1083

Ipumeuanue: t, — abconomuoe épems yoepyucusanus, N — uucio meopemuueckux mapenox, R — koogguyuenm
pasoenenus nuros, T, — Koo uyuenm acummempuu, W, — wupuna nuxa na 6a3060t 1unuu

[lo moMy4YeHHBIM JAHHBIM COCTABJICHBI YCIOBHS
MIPOBEPKH JUTSA MTPOBEPKH TPUTOTHOCTH Xpomarorpadu-
YECKOW CHCTEMBI.

[TpuroroBienue pacTBopa Jist IPOBEPKHU IIPHUTOTHO-
CTH XpoMarorpauIecKoi CHCTEMBI

0,025 r muctenna u 0,025 r cyOcTaHINU TITyTaTH-
OHa BOCCTAHOBJICHHOTO IIOMEINAJIH B MEPHYIO KOJOy
BMecTUMOCThIO 25,0 mu1, pactBopsiid B 10 mu 0,05 M

pacTBOpa Harpus TeTpabopaTa, JOBOAWIM 00BEM pac-
TBOpA JI0 METKH TEM K€ PACTBOPUTEIEM U MEPEMELIN-
BaJIH.

Xpomarorpadpuyeckas CUCTEMa CUUTACTCS IPHTOI-
HOHM, eClii Ha XpOoMaTrorpaMMax pacTBOpa CpaBHEHUS
BBITIOJTHSIOTCS CIICAYFOLINE YCITOBHUS:

— 2 QEeKTHBHOCTh XpOMaTOrpapUIecKor KOJIOH-

KM, pacCYMTaHHAS O MUKY JAHCHUIBHOTO JIepH-
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Bara IIIyTaTHoHa JIOJDKHA ObITh He MeHee 56000
TEOPETUUYECKUX TapeoK;

—  K0d((UIMEHT pa3/ieNeHus THKOB JaHCHIBHOTO
JiepyBaTa NIIyTaTHOHA U IUCTEHHA JIOJDKEH OBITh
He MeHee 15;

—  OTHOCHUTENBHOE CTaHJapTHOE OTKJIOHEHUE IJI0-
maau nuka DNC-mpou3BOAHOTO DNIyTaTHOHA
JIOJKHO OBITEH He Oonee 2,0%.

—  xod(p¢unmentrcummerpun nrnka DNC-npousBos-
HOTO TNIyTaTHOHA HAa XpOMaTorpaMMax UCIIbITye-
MOTO pacTBOpa U pacTBOpa CPaBHEHMUSI TIIyTaTHU-
oHa fokeH ObITh o1 0,6 10 1,0.

[Ipenen oOHapy>keHUsI TTyTaTHOHA JJIsl TAHHOW Me-
TOIMKU C TPpeOyeMOl NMpaBUIBHOCTHIO M MPEIM3UOHHO-
cteto — 0,001%. Ha xpomarorpamme, nosy4eHHOH mpu
KOJINYECTBEHHOM OIIPE/ICICHUH COIEpIKaHUe TITyTaTHOHA
OKHCJIEHHOTO JO0JDKHO ObITh He Oonee 1,5%. Conepika-
HUE JPYrHX npumecell NobKHO ObiTh He Oosee 0,5%.
CyMMapHOE Cofep)KaHHe MPUMECCH JTODKHO OBITh HE
6oxee 2,5%.

Hannsle, nomydennole ¢ momoribio OD BDIXKX,
OBUTH TIOITBEPIKACHBI B X0JIE XpOMaTorpadupoBaHus Me-
togom TCX. Ha pucynke 4 npescraBieHa XxpoMaTorpam-
Ma IIyTaTHOHA, COJEPIKAILETO ITPHUMECH.

Pucynok 4 — TCX xpomamozpamma 2nymamuona ¢ RpumMecamu

Ha pucynke mokazaHbl 3 30HBI aJcOpOLUH, BE W3
KOTOPBIX MTPHUHAJUISKAT IPUMECSM.

Kommonent ¢ ko3 dunmentom moasmwkHOCTH R,
— 0,35, umeromuii KpacHO-(PHOIECTOBYIO OKPACKy, MpH-
HAQ/UIEKUT DIyTaTHOHY. KOMIOHEHTHI CO 3HAUCHUSMHU
R, 0,45 (6nenno-kpacHoro ngera) u 0,3 (KOpUIHEBOTO
1[BETA) MPUHAJIEKAT TPUMECSM.

B xone n3yveHHOro MH(OPMAIMOHHOTO MacCHBa IO
AHAJIMTUYCCKUM NoAXO0AaM JJid ONPEACTICHU anMeceﬁ B
CyOCTaHIIMM TIIyTaTHOHA, TpEAiaraeMbiM 3apyOeKHBIMH
(bapMaxoriesiMu, B TOM YHCJIE TAKUMH aBTOPUTETHBIMH KaK
EBponetickast n bpuranckasi ycTaHOBJIEHO, YTO JIaHHbBIC
WCTOYHHKH PETIAMEHTHPYIOT TECTUPOBATH YUCTOTY IUTyTa-
THOHA METOJI KalMUIIPHOTO 3MeKTpodopesa. YKazaHHBIH
METOZl XOTb M sIBISIETCST 3(P()EKTUBHBIM, OIHAKO HE TaK
4acTo 3a/IeHICTBOBAH B PyTHHHOW aHAJTMTHYECKOH padore,
MI03TOMY €T0 HCIIONB30BaHUE JUISl OIIPEIeNICHHs TPUMecei
B IIIyTaTMOHE MOXKET BbI3BATh 3aTpyAHeHus. B fnonckoi
(apmaxoriee IpeayCMOTPEHO ONpeeieHue NpuMecel B
mryTatnoHe MetogoM BOXKX ¢ YO-nerexnueii npu aiuHe
BOJHBI 210 HM. UyBCTBUTEIBHOCT M HAIEKHOCTh TAaKOTO
MOJXO/Ia BBI3BIBAET COMHEHMUS, NMOCKOJIbKY BCE MPUMECH,
KOTOpBIE ONPEJEISIOTCS B TIIyTaTHOHE SIBIISIIOTCS anda-
THYECKUMH aMHHOKHCIIOTaMH ¥ HENTHAAMH, KOTOpbIC
odeHb ciabo normomaioT B YP-o6mactu criekrpa. Taxoke
pertameHTHupyemast JurHa BoHbI (210 HM) — He sBisieTcs
CHEeU(PUIHON AJIsI JAHHBIX COCIMHEHHH, TaK KaK B ATOH
007acT! CIeKTpa MOMIOMAECT OOJBIIMHCTBO M3BECTHBIX
OpraHUYECKUX COCMHEHHI, B TOM YHCIIE PACTBOPUTEINH.

[TpuopUTETHBIM HMHCTPYMEHTOM B OTE€YECTBEHHBIX
AHATUTUYECKUX JIabOpaTopuax, Kak Hauboiee IOJIHO
OTBEYAIOUIMM TPeOOBaHUIM (hapMaleBTUUECKOTO aHAIIHU-
3a, 10 cux nop octaérca Meton OP BOXX. ITosromy
MIPaKTHYECKH BCSl MeTojnuueckas 0a3a st OOoJbIIMH-

CTBa JICKAPCTBEHHBIX BEIIECTB aJalTHPOBaHA MMEHHO
IIOA TaHHBIN MeTon. BMecTe ¢ TeM, akTyaabHBIM METO-
JIOM JUIsl OIIpEe/ieNIeHHs] IpUMecei 0CcTaéTcst MeTo]| TOH-
KocIoiHO# XxpoMmarorpaduu. I[TosToMy mpenokeHHBII
HaMHM IIOAXOJ], & UMEHHO COYETaHWE MPEAKOIOHOYHOH
JepUBaTU3ALMN JAHCWIXJIOPUAOM C MOCIEAYIOIIUM
onpeaenenuemM meronom O® BDOXKX u TOHKOCIOWHON
XpoMatorpaduu sl OIpeeIeHUs IpUMeceil B IyTaTh-
OHE, JIETKO peasiu3yeM MPaKTHYSCKHU B JIF0OOH J1abopaTo-
pun. Ero ormmuaror oTcyTcTBHE CIOXHOW MPOOONOAro-
TOBKH, YyBCTBUTENBHOCTb, YKCIIPECCHOCTh. Kpome Toro,
MIPEJKOJIOHOYHAsT J€pUBAaTU3aLMsl JAHCWIXJIOPUAOM C
MOCTICAYIOIUM XpoMarorpaduiyeckum onpeeneHneM
O® BO)KX moxkeT OBITH UCIIOIB30BaHA TAKKE JUIS TTOM-
JIMHHOCTH M KOJIMYECTBEHHOTO ONpPEENICHUS TIIyTaTHo-
Ha. CremoBarenbHO, MOXKHO YTBEP)KJaTh, YTO JAHHBIA
AQHAJTMTUYCCKUH TIOIXOA ABIISETCS YHUBEPCATbHBIM.

SAKJIFOYUEHHME. B pe3ynbrare TpoBeAEHHBIX
UCCIICIOBAaHUN Pa3pabOoTaHbl METOIMKH OIpEIeICHHS
npuMeceil B CyOCTaHIIMM TIIyTaTHOHA C IOMOIIBIO Me-
TtogoB O® BIXX ¢ mpeapaputenbHoil nepuBaTu3anueit
npa"cuixinopuaoM u TCX ¢ peTeknued HUHTHJIPUHOM.
CpaBHUTENBHBIN aHAIN3 MTOJTYYEHHBIX PE3yNbTaToOB I0-
3BOJIIOT YTBepxkaaTh, uto meroq Od BIXX c mpen-
KOJIOHOYHOH JleprBaTH3aleH SBISETCS JOCTOBEPHBIM,
MIOCKOJIBKY OoOJiee YyBCTBHTENICH K NPHUMECSIM, K TOMY
K€ TIOKA3bIBAET BO3MOXKHOCTh H3Y4NTh YD-mpoduin
MIPUMECHBIX KOMITOHEHTOB, yeM MeTon TCX. ITostomy
JUIsl OOHApy’KEHUsI IPUMecei B cyOCTaHIIMHU TIIyTaTHOHA
Oosee mpeanodYTHTENsrHO HcToiab30BaTh OP BOXKX ¢
IIPEIKOJIOHOYHOM AepuBaTU3anueil. Pe3ynsraTsl HacTOs-
IIETO MCCIEI0BAaHMUS MOXXHO PEKOMEH0BaTh I BKIIIO-
YeHHsI B HOPMAaTUBHYIO JOKYMEHTAIIMIO Ha CYOCTaHIHIO
IyTatuoHa B pasaen «[Ipumecu».

INTRODUCTION. Purity is the most important indi-
cator of a good quality of pharmaceutical substances. The
purity determination of any pharmaceutical substance is
reduced to the determination of impurities. Impurities can
be residues of intermediate products of synthesis or can
be accumulated during the storage as a result of impact of
various physical (heat, light, oxygen, moisture) or chemical
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(heavy metals, pH) factors on the main active component.
In addition, impurities can have a man-made character, i. e.,
be acquired during an active ingredient production process;
such impurities most often include residual solvents. Impu-
rities can be toxic, i. e. able to have a negative impact on the
body or to have a different nature of pharmacological activ-
ity which is often opposite to the original substance. Impu-
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rities can also be indifferent within pharmacological terms.
The latter, being accumulated in the main substance, reduce
the content of biologically active substances and therefore
reduce their activity. As a consequence, the determination of
purity of the substances used for the manufacture of medi-
cines is of great importance. Therefore, in a pharmacopoeial
item or in a manufacturer’s monograph for any pharmaceu-
tical substance possible impurities, permissible limits of
their content are necessarily noted and the tests confirming
the absence of impurity components are given.

This study is devoted to the development of methods
for determining impurities in the substance of glutathione.

Glutathione (y-L-glutamyl-L-cysteinylglycine) is the
most important low molecular intracellular thiol tripep-
tide consisting of three amino acids — glycine, cysteine
and glutamic acid. The biological function of glutathione
encompasses both the maintenance of the redox status
of a cell and the neutralization of xenobiotic molecules.
Glutathione is the main redox agent of most aerobic or-
ganisms. It plays the main role in glutathione-dependent
catalysis, a process of metabolic adaptation characteris-
tic for all life forms. Within the course of evolution, all
living systems began to use it as a universal nucleophile
for the chemical transformation of many electrophilic
substances. This is due to the fact that glutathione is a
part of many so-called glutathione-dependent enzymes
including glutathione reductase, glutathione peroxidase,
peroxide reductase, glyoxalase 1 and 2, glutathione trans-
ferase, which accelerate most of these chemical reactions
in multiple metabolic pathways [1-4].

Due to the cysteine sulfhydryl group it participates in
reduction and conjugation reactions. Peroxides and many
xenobiotic compounds are removed with the help of
these reactions [5]. Peroxide elimination reactions occur
due to the fact that glutathione plays the role of cofactor
within the glutathione peroxidase enzyme, along with it
preventing the oxidation of free thiol groups of the most
important proteins, including enzymes, and the peroxi-
dation of cell membrane phospholipids is also reduced
[6]. The removal of xenobiotic compounds is carried out
by direct conjugation with glutathione and subsequent
secretion of the adduct from the cell [7]. Thus, this mol-
ecule forms the basis of the intracellular redox status
thereby protecting cells from active oxygen forms [8].

A number of physicochemical methods are used for
glutathione. First of all, it is spectrophotometry based on the
interaction of glutathione with 5.5’-dithiobis-2-nitrobenzoic

acid [9] and with Ellman’s reagent [10]. The spectrofluo-
rimetric method is based on the interaction of o-phthalic
aldehyde with the glutathione SH-group forming fluores-
cent conjugate [11, 12]. It is also a liquid chromatography
method with various detectors [13], as well as with pre-col-
umn derivatization. Ethacrynic acid and its methyl ester
[14], N-ethylmaleimide [15] are used as derivatizers. To
identify glutathione bound to proteins in organs and cells,
liquid chromatography in combination with mass spectrom-
etry and tandem mass spectrometry is used [16, 17]. This
method is also used to determine glutathione in the brains
of Wistar rats [18]. For the joint determination of glutathi-
one and its precursors (cysteine, cysteinylglycine and ho-
mocysteine) in saliva, the reduction reaction of disulfides
to thiols, derivatization of 2-S-quinoline derivatives with
2-chloro-1-methylquinoline tetrafluoroborate and quanti-
fication using high performance liquid chromatography is
used [19]. Voltamperometric glutathione determination is
also described [20, 21].

Glutathione is a part of many pharmacopoeias in-
cluding European, British, Japanese, etc. [22-24]. In
Russian pharmacopoeia there is no regulatory documen-
tation for glutathione, therefore the development of the
pharmacopoeial item for the specified substance is an ac-
tual problem. This material can be used for inclusion into
the pharmacopoeial item on glutathione, namely in the
section “Impurities”.

THE AIM of the article is the development of meth-
ods for the determination of specific impurities in glu-
tathione.To achieve this goal, two analytical approaches
for the impurities determination were developed. The
first analytical approach implies classical thin-layer
chromatography; the second implies the use of RP-HPLC
(Reversed-Phase High-Performance Liquid Chromatog-
raphy) after preliminary derivatization of glutathione
and the corresponding impurities by dancil chloride into
dancil derivatives. Earlier an attempt was made to deter-
mine glutathione by using precolumn derivatization with
4-methoxy-2-nitrophenyl-rhodide [25].

MATERIALS AND METHODS. As the object of
the study, the reduced substance of glutathione (CAS
70-18-8, EC 2007254, Applichem, Germany) containing
impurities and the standard reduced glutathione sample
(Sigma Aldrich (Japan)) was used.

European (Ph. Eur.) and British (B.P.) Pharmacopoe-
ias allow the presence of 5 impurities in glutathione [22,
23], the structures of four of which are enlisted in Table 1.

Table 1 — Structural formulas of impurities in glutathione according to Ph. Eur. and B.P.

L-Cysteinylglycine L-Cysteine

Glutathione oxidized

L-glutamylcysteine
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The fifth impurity with an unknown structure is the
product of glutathione degradation.

The identification of impurities according to the
European and British Pharmacopoeias is carried out by
method of capillary electrophoresis.

For the impurities determination, Japanese Phar-
macopoeia offers a method of high-performance liquid
chromatography (HPLC) with an ultraviolet detector at
the wavelength of A — 210 nm [24].

Use of RP-HPLC to determine impurities in gluta-
thione

This chromatographic method is universal due to the
fact that it simultanecously determines a large number of
parameters characterizing separation, identification and
quantitative evaluation of the components [26].

Chromatographic separation by the method of RP
HPLC was performed on an “Agilent Technologies 1200
Infinity” device (USA). Electronic spectra were recorded
using an Agilent 1200 series diode array detector.

The separation was carried out on an Ascentis ex-
press C182.7 um x 100 mm x 4.6 mm steel column.

The mobile phase composition included: 1% aque-
ous solution of formic acid (A) and ethyl spirit (B). The
elution was carried out under the following conditions:

Flow rate: 0.5 ml/min

Column temperature: 35°C

Detection: 284, 288, 296 nm

Injection volume: 1 pl

The elution was carried out in a gradient mode
shown in Table 2.

Table 2 — Conditions for glutathione derivatives gradient elution

Time, min A% B,%
0 100 10
60 0 100

Derivatization methods of glutathione and impurities

2 ml of 0.1% glutathiol solution in 0.05 n. sodium
tetraborate aqueous solution was placed in a flask for anal-
ysis, 2 ml of 0.1% spirit dancil chloride solution was add-
ed and agitated. The resulting solution was brought to the
mark of 0.05 n. by sodium tetraborate solution, stirred and
chromatographed under the above mentioned conditions.

Use of chromatography in a thin layer of sorbent for
the determination of impurities in glutathione

Thin layer chromatography is an affordable and
cheap method of qualitative and semi-quantitative anal-
ysis of organic compounds. It is distinguished by high
sensitivity, rapidity, accessibility and implementation
simplicity, the possibility of using aggressive reagents
for the substances manifestation [27].

Determination of impurities in a thin layer of sorbent
was carried out on 7LC Silica gel 60 F 254, TLC Sili-
ca gel 60 plates from Merck, on an aluminum substrate
with a sorbent layer thickness of 200 um with a 200 pm
thick applied sorbent working layer. Chromatography

was carried out in an ascending manner under standard
conditions.

The object being analyzed at the concentration of 0.5%
was dissolved in water and applied with a microsyringe in the
amount of 2 pl on the start line. The binary system isopropa-
nol — water in the ratio of 2:1 was used as the mobile phase.

To detect the glutathione adsorption zones and impu-
rities on the chromatogram, derivatization by treating the
chromatograms with 0.5% spirit solution of ninhydrin
followed by heating in a drying cabinet at t 100°C for 5
minutes was used. Hereby, the adsorption zones of glu-
tathione and impurities appeared as red-and-violet spots.

RESULTS AND DISCUSSION. Since specific im-
purities in glutathione are dipeptides and amino acids,
they, like glutathione itself, can react with dancil chloride
to form dancil derivatives which can be further determined
during chromatographic separation by RP HPLC method.

As aresult of RP-HPLC chromatography of glutathione
derivatized by dancyl chloride it was established that this re-
action allows detecting impurities in glutathione (Figure 1).

Figure 1 — Chromatogram of dancilchloride derivatives of glutathione
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The chromatogram shows three derivatives with  belongs to pure glutathione which is confirmed by stan-

retention times of 8.4, 14.053 and 18.2 minutes. More-
over, the component with retention time of 8.4 minutes

dard sample chromatography (SS (standard sample)) of
glutathione devoid of impurities (Figure 2).

Figure 2 — Chromatogram of glutathione standard sample (without impurities)

The remaining components are impuri-
ties in the glutathione sample being analyzed.

“DAD 8397 (161 mAU, -] Re=8 211 & 9164 01 GSADNCOD.

The UV spectra of all derivatives are shown
in Figure 3.

“DADI, 14054 (25.4 mAU, - Ref-13.914 & 14514 of GSHDNC3D

“DADI, 18226 (431 mAU, -] Ref=17 957 & 18591 0/ GSHNCOD

UV Spectrum of Glutathione
Derivative 1

UV Spectrum of Glutathione
Derivative 2

UV Spectrum of Glutathione
Derivative 3

Figure 3 — UV Spectra of Glutathione Derivatives

The resulting derivatives presented in the figure, are
somewhat different from each other in their UV spectra.
Glutathione derivative 1 had an absorption maximum
at Amax = 284 nm. The derivatives belonging to spe-
cific glutathione impurities absorb at Amax= 288 nm
(Derivative 2) and Amax=296 nm (Derivative 3). The

derivative with the retention time of 14.053 min. was
identified as cysteine, and the component with the re-
tention time of 18.222 min. was identified as oxidized
glutathione.

The calculated parameters of the chromatographic
system suitability are presented in Table 3.

Table 3 — Chromatographic system suitability parameters for the impurities determination in glutathione
with help of dancil chloride derivatization

t, Area N R, T, W,
8.42 386.60 62598 16.39 0.68 0.0792
14.053 36.40 150256 40.22 0.73 0.2667
18.222 121.05 156705 25.30 0.81 0.1083

Note: tR is the absolute retention time, N is the number of theoretical plates, Rs is the peak separation factor, Tf

is the asymmetry coefficient, Wb is the peak width on the baseline

According to the data obtained, the test conditions
to verify the suitability of the chromatographic system
were compiled.

Preparation of the solution to verify the suitabili-
ty of the chromatographic system. 0.025 g of cysteine

and 0.025 g of glutathione reconstituted substance were
placed in a volumetric flask with a capacity of 25.0 ml,
then dissolved in 10 ml of 0.05 M sodium tetraborate
solution. After that the solution volume was brought to
the necessary mark with the same solvent and mixed up.
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The chromatographic system is considered suitable
if the following conditions on the reference solution
chromatograms are satisfied:

— the effectiveness of the chromatographic column
calculated from the peak of the dancil glutathione deriva-
tive must be at least 56,000 theoretical plates;

— the peaks separation coefficient of the dancil gluta-
thione derivative and cysteine must be at least 15;

— the relative standard deviation of the peak area of
the DNC-glutathione derivative should be not more than
2.0%.

— the symmetry coefficient peak of the DNC-glu-
tathione derivative on the chromatograms of the tested

solution and the glutathione reference solution should be
from 0.6 to 1.0.

The glutathione detection limit for this technique
with the required accuracy and precision is 0.001%. On
the chromatogram obtained during the quantitative de-
termination, the content of oxidized glutathione should
be not more than 1.5%. The content of other impurities
should not exceed 0.5%. The total content of impurities
should not exceed 2.5%.

The data obtained with the help of RP HPLC, were
confirmed during the chromatography carried out by
TLC method. Figure 4 shows the chromatogram of gluta-
thione containing impurities.

Figure 4 — TLC chromatogram of glutathione with impurities

The figure shows 3 zones of adsorption, two of which
belong to impurities.

The component with the mobility coefficient of
Rf=0.35 having a red-violet coloring belongs to gluta-
thione. The components with Rf values of 0.45 (pale red)
and 0.3 (brown) belong to impurities.

In the course of the studied data base on the analytical
approaches to the detection of the impurities in the gluta-
thione substance proposed by foreign pharmacopoeias in-
cluding such authoritative as European and British ones, it
has been found out that these sources regulate testing the
purity of glutathione by capillary electrophoresis. Although
this method is effective it is not so often involved in routine
analytical work so its use to determine impurities in gluta-
thione can cause some difficulties. For the determination of
impurities in glutathione, Japanese Pharmacopoeia implies
HPLC with UV detection at the wavelength of 210 nm. The
sensitivity and reliability of this approach are open to ques-
tion since all the impurities determined in glutathione, are
aliphatic amino acids and peptides which are absorbed very
weakly in the UV spectrum. The regulated wavelength (210
nm) is not specific for these compounds either, since most
of the known organic compounds including solvents are ab-
sorbed within this spectrum.

In Russian analytical laboratories, the RP-HPLC
method is still the priority means meeting the require-
ments of pharmaceutical analysis completely. There-
fore, almost the entire methodological framework for
most medicinal substances is adapted specifically to

this method. At the same time, the method of thin-lay-
er chromatography remains actual for the determination
of impurities. That is why the suggested method, i.e. the
combination of pre-column derivatization with dancil
chloride followed by the RP-HPLC determination and
thin-layer chromatography for the determination of im-
purities in glutathione, can be easily put into practice in
almost any laboratory. It is distinguished by the absence
of a complex sample preparation, sensitivity and rapidi-
ty. In addition, the pre-column derivatization with dancil
chloride followed by RP-HPLC chromatographic deter-
mination, can be also used for authenticity and quantita-
tive determination of glutathione. Therefore, this analyti-
cal approach can be considered universal.

CONCLUSION. As a result of the carried out re-
search, the methods for determining impurities in the
glutathione substance on the basis of RP HPLC methods
with preliminary derivatization with dancil chloride and
TLC with ninhydrin detection have been developed. A
comparative analysis of the obtained results suggests that
the RP-HPLC method with pre-column derivatization is
more reliable since it is more sensitive to impurities and
also makes it possible to study the UV profiles of impuri-
ty components better than the TLC method. That is why
it is more preferable to use RP-HPLC with pre-column
derivatization for the detection of impurities in the gluta-
thione substance. The results of this study can be recom-
mended for inclusion into the regulatory documentation
on glutathione in the section “Impurities”.
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M3YYEHUE O303ABUCUMOTIO LLEPEBPOTPONMHOIO 39 ®EKTA
nponssoagHoOro nuPMMMANHA noa WNPPOM PIR-9 HA ®POHE
3KCNEPUMEHTA/IbHOW ULLEMWU TOJTIOBHOTO MO3TA KPbIC

Boponkoe A.B.%, Illabanosa H.B.', Boponkoea M.IL? JIvicenko T.A.

'Mamueopckuii meouxo-gapmayesmuueckuil uncmumym — gunuan @I'EOY BO Borel MY Munzopasa Poccuu.
357532, Poccus, e. [lamueopck, np. Kanununa, 11
2@I'HOY BO «Boneoepadckuii meouyunckuil yHueepcumemy» Munzopaea Poccuu,
400131, Poccus, e. Boneoepao,nnowaos Ilasuwux bopyos, 1
E-mail: Vahlushina@mail.ru

B cospemennbix ycnosusx wacmoma 603HUKHOGEHUSL YepeDPOBACKYIAPHOU namono2uu neykaouHo pacmem. Hapy-
WeHUs M03206020 KPOBOOOpAUeHUsi CROCOOCMBYIOM YEEIUIeHUIO CIeNneHl TemalbHOCMU, UHEATUOU3AYUY U nomepe
mpyoocnocobnocmu nacenenus. OOwupuvill apcenanr cpeocms, 001a0aowux YepeonponpomeKmopHuiM Oeucmeu-
em, He Y0081emeopsiem KIUHUYeCKUX Cneyuaiucmos. B cesasu c uem, senaemcsa ou4eguoHol nompeOHoCms 8 HOBbIX
COEOUHEHUSIX, NPOABIAIOUWUX YepeOPOnPOMPONHbIE CBOUCMEA, A MAK Jice CNOCOOHBIX YIYYWUMb NPOSHO3 MeUeHUs
namonoauil uwemuyeckozo eenesza. Llens. H3zyuenue oozozasucumozo yepebpomponnozo s¢hgexma npoussoo0Ho2o
nupumuouna nod wugdpom PIR-9 na one sxcnepumenmanvHoll umemuy 201061020 mosea Kpvic. Mamepuansl u
Mmemoodwl. Dxcnepumenm nposeden na 140 kpvicax-camyax Wistar (m=170-190 ), pazoerennvix na 7 paguvix epynn.
B kauecmee uccnedyemvix ewjecms Obliu UCNONBL30BANBI NPOU3BOOHOE nupumuouna — PIR-9 (25, 50 u 100 me/ke),
sunnoyemun (3,2 me/ke) u yunnapuzun (5,6 me/ke), 836ech ouuweHnou 600vl u meuna-80. IKcnepumenmanvuyio ye-
PEOPANLHYIO UUEMUTO BOCNPOU3BOOUNU C NOMOWBIO HEOOPAMUMOU OKKIIO3UU 0OWUX COHHBIX apmepull (X10paieu-
Opamuulll Hapkos — 350 me/ke). Ikcnepumenmanvhvle cyocmanyuu, peghpepenmuvie npenapamol U 600d OYULEHHAS
66oounacey npogunaxmuyecku ¢ meyenue 10-mu oneu do onepayuu. Yepez cymxu nposoounu oYeHKy GbloiCusaemo-
cmu, He8pono2ULecKo20 dehuyuma, no8edeHUecKol akmuHOCMU, U3MEHEHUs. KOCHUMUBHO-MHECIMUYECKUX QYHKYUL,
a makoice HeKOMOpLIX nokazameinel dHepeoodomena moszea. Pesynomamet. Ilpu sxcnepumenmanbHoM UCCae008aHUU
yepebpomponnozo deticmeusi cyocmanyuu noo wiugpom PIR-9 (npouszsoonoe nupumuoun-4-(1H)-ona) 6 paziuunvix
003UPOBKAX HA hone HeobPaAmMUMOL OKKIO3UU 0OOWUX COHHBIX apmeputi OMmmeueno yMenbuleHue He8pOl0SUYEeCKUX,
NOBEOEHUEeCKUX, MHECIUYECKUX U KOZHUMUBHBIX HAPYWIEHUL, NPU 3MOM HAUIyywull sggexm Habnooaics Ha gone
sgedenust coeounenus PIR-9 6 0ose 50 me/xe. Kpome moeo, nocie npoghuiakmuiecko2o 66e0eHus ucciedyemozo ge-
wecmea PIR-9 (50 me/ke) nabniodanocs ynyuuienue npoyeccos 3Hepeemu4ecko20 0OMeHa 6 NOCMUMEMUYeCKOM nepu-
ode. 3akniouenue. B xooe nposedennoco ucciedo8anus yCmanosieHo, ymo cyocmanyusi noo 1abopamopHuim wiug-
pom PIR-9 npossnsna naubonee svipasicennviil yepeoponpomexmopulii dpghexm 6 0ose 50 me/xe, ne ycmynarowuii
no ceoell cuie pepepeHmHomy npenapamy YUHHAPU3UHY U nPeeoCxo0s GUHNOYEMUH.

Kntouegvie cnoea: uwiemus 201061020 M032a, NOGEOEHUECKUE HAPYWEHUS, TAKMAMAayuoo3, nompeodieHue 2nioKo-
3bl, HApYWeHUs IHepeo0OMeHd, NPOU3B0OHbLe NUpUMUOUH-4-(1H)-ona, Kpwicel
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STUDY OF CEREBROTROPIC DOSE-DEPENDENT EFFECT OF PYRIMIDINE
DERIVATIVE UNDER PIR-9 CODE AGAINST THE BACKGROUND
OF EXPERIMENTAL CEREBRAL ISCHEMIA IN RATS

Voronkov A.V.', Shabanova N. B.%, Voronkova M.P?, Lysenko T.

!Pyatigorsk Medical and Pharmaceutical Institute — branch of Volgograd State
Medical University, 11, Kalinin ave., Pyatigorsk, Russia, 357532
*Volgograd State Medical University, 1, Square of Pavshikh Bortsov, Volgograd, Russia, 400131
E-mail: Vahlushina@mail.ru

Nowadays, the incidence of cerebrovascular disease is steadily increasing. Disorders of cerebral circulation con-
tribute to the increase in the degree of mortality, disability, and incapacitation of the population. An extensive arsenal of
drugs with cerebroprotective effects does not satisfy clinical specialists. In this connection, there is an obvious need for
new compounds exhibiting cerebroprotropic properties, as well as those able of improving the prognosis of the course of
ischemic genesis pathologies. The aim of the article is to study the dose-dependent cerebrotropic effect of a pyrimidine
derivative under PIR-9 code against the background of experimental cerebral ischemia in rats. Materials and methods.
The experiment was conducted on 140 male Wistar rats (m=170—190 g) divided into 7 equal groups. Pyrimidine deriv-
ative PIR — 9 (25, 50 and 100 mg/kg), Vinpocetine (3.2 mg/kg) and Cinnarizine (5.6 mg/kg) suspension of purified water
and Tween-80 were used as the studied substances. Experimental cerebral ischemia was reproduced by irreversible oc-
clusion of common carotid arteries (chloral hydrate anesthesia — 350 mg/kg). Experimental substances, reference prepa-
rations and purified water were administered prophylactically within 10 days before surgery. One day later the survival,
neurological deficiency, behavioral activity, changes in cognitive-mnestic functions, as well as some indicators of brain
energy exchange were evaluated. Results. In an experimental study of the cerebrotropic effect of the substance under
PIR-9 code (pyrimidine-4-(1H)-one derivative) in various dosages against the background of irreversible occlusion of
the common carotid arteries, a decrease in neurological, behavioral, mnestic and cognitive defects has been established.
Hereby, the best effect was observed against the background of the administration of the compound PIR-9 at the dose of
50 mg kg. In addition, the prophylactic administration of the test substance PIR-9 (50 mg/kg) has shown the improvement
of the energy metabolism in the postischemic period. Conclusion. In the course of the study it was established that the
substance under the laboratory code PIR-9 exhibited the most pronounced cerebroprotective effect at the dose of 50 mg/

kg, which was not inferior in its strength to the reference drug Cinnarizine and exceeding Vinpocetine.
Keywords: cerebral ischemia, behavioral disorders, lactic acidosis, glucose consumption, energy exchange dis-

orders, pyrimidine-4-(1H)-one derivatives, rats

BBEJIEHME. Hapymenusi nepeOpaibHOi TreMoau-
HAaMMKM 3aHUMAIOT OHY W3 KIJIIOUEBBIX TO3WIMN Cpeau
MIPUYUH paHHEH CMEPTHOCTH, BBICOKOTO YPOBHS HHBAJIH-
J3alMH U TIOTEPH TPYIOCIOCOOHOCTH HACENCHUS, TPH-
obperasi He TOJIBKO MEIHITUHCKYIO, HO U COIMAIBHO-3KO-
HOMHYECKYIO 3HAYUMOCTh [1-6]. C KaXKAbIM TOZ0M YHUCIIO
TIAIMCHTOB C COCYIUCTHIMU ITOPAKESHUIMH HEYKIIOHHO pac-
TET, TaK OTMEYACTCS OKOJIO | MITH. CITy94aeB NIIEMUYECKOTO
WHCYJBTa B 9KOHOMHYECKH PAa3BUTHIX CTPaHAX €KETOHO, a
k 2030 rofy mporHo3upyercs yBeJIM4eHUe TaHHOTO MTOKa3a-
Tens 1o 3,4 miH. [7]. Eskeromso B Poccuiickort deneparmm
peructpupyercs okono 500000 cirygaeB pa3BUTHS HIIEMH-
YeCKOro MHCYABTa [ 1], 4To, HECOMHEHHO, JieNiaeT mpoodIeMy
MPO(QUIIAKTUKHA ¥ JICYCHUS 3a00JICBAaHHUN HIIICMUAYCCKOIO
TeHe3a OTHON U3 aKTyaJbHBIX HA CETOMHAIIHIN eHb [, 9].

C nenpio (papmaxoTepariy 1epedpoBacKyISIPHBIX ITa-
TOJIOTUI MPUMEHSIOT OOJBIIIOE KOJTMYECTBO JIEKAPCTBEHHBIX
CPEZICTB, 00AIAFONIMX TTPOTHBOUIIICMITYECKIME CBOWCTBA-
MH, TeM HE MEHee,JaHHbIC TPeraparsl He B TIOJTHON Mepe
YZIOBIICTBOPSICT MPAKTUKYIOIIHX CIIEIHAINCTOB, BCICICTBHC
YEro Inepes 3KCHEPUMEHTAIbHOU MEIUIMHCKON XUMUEH U
(hapMakoIorueii BCTAroT HOBBIC IICITH 1 33]1a4l B O0JIACTH I1e-
JICHATIPABIICHHOTO TIOWCKA ¥ M3YYCHUS HOBBIX COCIMHEHUI,
00MaIaroIyX mepedpoTPOITHON akTUBHOCTHO [ 10].

Ha ocHoBe mepuBaroB MNUPUMHIMHA CO3/aETCA
OOJIBIIIOC KOJMYSCTBO HOBBIX OMOJOTHYCCKU AKTUBHBIX

BemiectB [11-13]. Panee Obiia u3yueHa iepedpoIpo-
TEKTOpHass aKTHBHOCTb HOBOTO IIPOW3BOAHOTO ITH/IH-
vunuH-4(1H)-ona mon maboparopusiM mmdpom PIR-9,
CHHTE3UPOBAHHOIO Ha Kadeape OpraHWYEeCKOH XHMHUH
[IsTHropcKOro  MeauKO-(papMareBTHUECKOr0 HHCTHTY-
ta-pmwmana ®I'EOY BO BoarTMY M3 PO [14]. Benen-
CTBHE 3TOTO MHTEPECHBIM CTaJ BONPOC M3yUYCHUS 3aBH-
cumocTH «ao3a-3ddexr» cyocranmuu PIR-9 B ycnmoBusax
HEeoOpaTHUMOH OKKITIO3UH OOIIUX COHHBIX apTePHH.

HEJb. M3yunts 10303aBUCUMBII 11epeOpOTPOITHBIHA
2 deKT mpor3BoaHOTO IHpUMITIHA TTox mpom PIR-9 Ha
(hoHE IKCIIEPHMEHTATBLHOM MIIIEMHH TOJIOBHOTO MO3Ta KPBIC.

MATEPUAJIBI U METO/IbI

JKusommuvie. B kauecTBe 11abOpaTOpHBIX KHUBOT-
HBIX OBUIM WCHONB30BAHBI KPBICHL, IIOJNyYEHHBIC W3
IIUTOMHHUKA J1a0OPaTOPHBIX KUBOTHBIX «PammoaoBoy»
(r. Cankt-Iletepbypr). Bce maHumymsnnu, mIpou3BO-
JMMBIE HajJ OCOOSIMHU, BBHIITOJHEHBI B COOTBETCTBHU C
MEKIYHAPOTHBIMH HOPMaMH 3KCIEPHMEHTAIBHON 3TH-
kxu (EBpormefickast KOHBEHINS TIO 3aIIUTE TTO3BOHOYHBIX
YKMBOTHBIX, MCIIOJB3YEMBIX UIsl IKCIIEPUMEHTAJIbHBIX H
JpYTHX Hay4yHbIX nenei (Strasbourg, 22 June, 1998)) u c
TpeboBanusaME TaboparopHoit nmpaktuku (GLP). JKuBot-
HBIX Pa3Melaly B MaKpPOJIOHOBBIX KJIETKaX C pellerdya-
TBIMH CTaJIbHBIMU KPBIIIKAMH U yIIYOJIEHHEM Ul Kop-
Ma. [TofCcTHIIOUHBIM MaTepuaIoM CIYXKWIA HEXBOWHBIC

549



Dapmaronozus u KIUHUYECKas apmakonozus
Pharmacology and Clinical Pharmacology

Dapmayus u papmaronoeus T. 6 Ne 6, 2018

JIPEBECHBIC OIMMIKU. Bce KpbIChl, B TEUEHHE IKCIIEPH-
MEHTA, COICPIKAIINCh B CTAaHJAPTHBIX YCIOBHSX BUBAPHS
(BmaxkHOCTD — 65+5%, Temmeparypa — 22+2°C). Ocobu
HaXOJIUJIUCh TPH €CTECTBEHHOM OCBEIICHUH CO CBOOO/I-
HBIM JIOCTYIIOM K TuIe u Bozae. Kietku, moactui u no-
WJIKH JUTSI TUTHST MEHSUTHCH TI0 MEpe 3arps3HeHNS.
Jluzaiin uccneoosanus. ViccnaemoBaHue BBITOJHEHO
Ha 140 kpbicax-camuax guaun Wistar (m = 170-190 r).
[lepen HawaaoMm SKCIEPUMEHTA JKUBOTHBIC OBUIM paH-
JIOMHM3HMPOBAHBI 110 BECY U TOBEJICHYCCKONH aKTHBHOCTH
B Tectax «Otkpritoe mone» (OIl) u «IIpumomHATHIi
kpectooOpasubiii nadbupunt» (ITKJI), 3arem ocooeii
paznenuiu Ha 7 rpynn (n = 20). Ilepsas rpynmna npea-
CTaBJIeHA JIOXXHO OICPUPOBAHHBIMU XHUBOTHBIMH (JIO),
BTOpast — Kpbicamu HeratuBHOro koHTpons (HK). O6e
TPYTITEI OTYYai BHYTPHOPIOMNHHO B3BeCh TBHHA-80B
BOJIC OYMIIEHHOM. TpeTbell U 4eTBepTOi rpynnaM BBO-
JIVJIM TIpETIapaThl CPaBHEHUS! BUHITONETHH (3,2 MI/KT) U
nuHHApU3UH (5,6 Mr/kr) [15]. Ilaras, mecTas u cenpMast
IPYIIBI MONyYalld AKCIIEPUMEHTAIBHYIO CYOCTaHIHIO
PIR-9 B mo3zax 25, 50 u 100 mr/kr, coOTBETCTBEHHO [16,
17]. Uccrmemyemoe coenuHeHHEe, pedepeHTHBIC TIpe-
mapaTsl ¥ BOIa OYMIICHHas (C TBHHOM-8(0) BBOIMINCH
BHYTPHOPIOIIUHHO JCCATh JHEH 10 MOICIUPOBAHHMS
WIIEMHH, MTOCIICJHEE BBEACHHE MPOBOJUIOCH 3a 4ac JI0
orneparu. llepeOpanbHyIo MIIEMUIO BOCHPONU3BOIHIH
ITyTeM He0OpaTUMOM OKKITIO3UH OOIITIX COHHBIX apTepuit
[18, 19]. B xagecTBe HapKO3HOTO CPEICTBA MCIIOIB30BA-
1 xsopanruapar B 103e 350 mr/kr. OnpenensieMble Mo-
kazarenu. Yepes 24 yaca mocie onepanuy ONnpeaessuIn
JETAIBHOCTh KUBOTHBIX M CTEICHb HEBPOJIOTMYECKOTO
nedunuta o 6ansHOM mkane McGraw [20, 21]. B Tecte
«OTKpBITOE TIOJIE» OIEHUBAIM MTOBEACHYECKUE N3MEHE-
HUSI )KUBOTHBIX (JIOKOMOTOpPHAsI 1 OPHEHTHPOBOYHO-HC-
ClleZioBaTeNbCcKasi aKTUBHOCTE) [22]. YpoBeHB TpEeBOXK-

HOCTH OIPEACISIIN C TIOMOIIbI0 TecTa «[IpuromHsATHIH
KpecTooOpasHbid nabupuaT» [23]. OUeHKy MHecTHYe-
CKMX M KOTHUTHUBHBIX (DYHKIIMH ITPOBOAWIIM TECTAMH
naccuBHoro (YPIIM) u akxtuBHOTO (TOU) mM30eranums
aBepcUBHOM cpefsl [24, 25]. [lanee y KpbIC MOMTydaIu ap-
TepUAIBHYIO KPOBb N3 Oa3MISIPHBIX apTepHil, BEHO3HYIO
— W3 CaITUTAJIFHOTO BEHO3HOTO CHHYCA ISl OMOXHUMHUIe-
CKHUX HcciiefoBaHnii. KoHIeHTpaIuio 1akTaTa u3Mepsin
pu nomorin Habopa peareHToB «MoloYHasi KUCIOTa
Abpuc +». CrekTpoOoTOMETPUIECKIM METOIOM OIIpe-
JeISUTH ONITHYeCKyTo IOoTHOCTH (E) (ammHa BomHB! 500
HM). Pacder ypoBHS MOJIOYHONW KHUCIOTHI IIPOBOIMIN 110
¢dopmyne: C = 3,34* % (Mmonb/m). [Torpebne-
HUE TIIFOKO3BI TOJIOBHBIM MO3TOM BBIUMCIISUTH IO Pa3HHUIIE
COJEPKAHUS B apTEPUATILHON U BEHO3HOM KPOBHU.
Cmamucmuueckas obpabomia. Pe3yabrarbl, I0-
JIydeHHBIE B OJKCIEpHMEHTE, 00padaThiBajM C IOMO-
mpro naxera npukiagHsix nporpamm STATISTICA 6.0
(StatSoft, Inc., CIUA, mns omeparmiOHHONW CHCTEMBI
Windows) u Microsoft Excel 2010. Pe3ynbrars! BhIpaxa-
JIU B BUJIC CPEITHETO U €r0 CTaHIapTHOM omubOku (M+m).
Kpurepuem Shapiro-Wilk’s onennBanu HOpMaJbHOCTB
pacupenenenus. [lapamerpudecknii t-kputepuii Ctbio-
JICHTa HCHOIB30BAJICA TPH HOPMAJIBHOM pacrpeserne-
HUU JIaHHBIX. B clydae HEHOPMaJIbHOTO paclpeieeHust
cTaTucTHdeckas 00paboTka npoBoamitack U-kpurepnuem
Mana-Yutau. OTIMYUsT CUNTAlN JOCTOBEPHBIMH TIPH
ypoBHe 3HaunMocTH 6osee 95% (p<0,05).
PE3VJIIBTATbBI U OBCYXKJAEHHUE. Dxcrepu-
MEHTaJIbHasi UIIEMHsI TOJIOBHOTO MO3Ta IpHBesia K TH-
6emn 70% >KUBOTHBIX TPYTITBI HENIEYCHBIX KPBIC, HEBPO-
JIOTHYEeCKUH AeUIMT BbDKUBIIMX ocobei rpymmsl HK
cocraBun 7,83+0,33 0aymioB, y JIOXKHOOIIEPUPOBAHHBIX
KMBOTHBIX CMEPTHOCTH M M3MEHEHUH HEBPOIOTHUECKOH
CUMIITOMATHKH HEe oTMedatoch [26-28] (tabm. 1).

Tabnuya 1 — Oyenka ypoens 1emanbHOCMU U MANCECIU HEGPOIOZUHECKUX HAPYUWeHUTl HA (hone
66edenus panuuHuIX 003uposok coeounenus PIR-9 u npenapamoe cpasnenusn
npU IKCREPUMEHMATILHOT UEMUU 20/108H020 MO324 KPbIC

CreneHb HeBPOJOTHYECKUX
I'pynna IIpoueHT BbIKHBaEMOCTH, %o .
HapyleHuii, 0aJ11b1

JIO 100 —

HK 30 7,83+0,33
Bunnonerun 60 2,42+0,03#
[uaHapu3uH 70 2,29+0,29#

PIR-9 25 mr/kr 50 3,10+0,18#
PIR-9 50 mr/kr 80 2,19+0,23#,A
PIR-9 100 mr/kr 60 2,58+0,27#

Tpumeuanue: #— cmamucmuuecku 3nayumo omunocumenvro epynnut kpvic HK (p<0,05), 4 — cmamucmuuecku 3navumo om-

nocumenwvho epynnel kpwic PIR-9 25 me/ke (p<0,05).

JIO — epynna nooxcnoonepuposanneix Kpvic; HK — epynna xpuvic necamugnozo konmpons; Bunnoyemun — epynna kpvic, no-
ayuaswux eunnoyemun (3,2 me/ke); Lunnapusun — epynna kpvic, nonyyaswux yunnapusun (5,6 me/xe); PIR-9 25, 50, 100 me/ke
— epynnul Kpuic, nonyyasuux cyocmanyuio PIR-9 6 0osuposkax 25, 50, 100 me/xe, coomsemcmeenno

Ha ¢done npodumakruueckoro nprema peepeHTHBIX
peraparoB BUHIIOLETHHA U [IMHHAPU3MHA BBDKHBAEMOCTb
JKMBOTHBIX MPEBBICHIIA TIOKA3aTeb )KUBOTHBIX 03 (hapma-
xoteparmu u cocraBuina 60% u 70%, cOOTBETCTBEHHO. Y
IPYIIbI KPbIC, KOTOPHIM BBOIMJIA BHHIIOLETHH, HEBPOJIO-
rudyeckuii uHaeke cocrtasuia 2,42+0,03 Gaios, uyto B 3,2
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paza (p<0,05) ObUIO HIKE aHAJTIOTHYHOTO TOKa3aTeis He-
JIEYEHBIX 0CO0eH. TshkeCcTh HEBPOIOTUIECKUX HAPYIIICHHH,
y JKMBOTHBIX, KOTOPBIM BBOIWIM ITMHHAPW3UH, B 3,4 pasa
(p<0,05) ObLTa MEHBIIIE MHAEKCA TPYIIILI KPBIC, HE TIOABEP-
JKEHHBIX (hapMakoTepanuu 1 coctaBuia 2,29+0,29 6amios,
YTO COMIACYETCs ¢ TaHHBIMU JTUTepaTypsl [29, 30].
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Beenenue pasnuussix 103 coeauHenus PIR-9 B cBoro
O4Yepeib TaKKe CIIOCOOCTBOBAJIO YyUILICHHIO BBDKUBAEMO-
ctu (25 mr/kr — 50%, 50 mr/xr — 80%, 100 mr/kr — 60%)
U YMEHBIICHUIO CTENIeHH HEBPOJIOTUYECKOTO Je(HUINTA.
Crout ormetuts cyocranimio PIR-9 B nosuposke 50 Mr/kr,
BBDKHUBAEMOCTh KPBIC, MOJYYaBIINX AaHHOE COEIMHEHUE,
coctaBuiia 80%, 4TO MPEBBIIIAIIO TOKA3aTeIH 000UX pede-
PEHTHBIX IIPENapaToB, IIPU 3TOM HEBPOJIOTMYECKUIT HHIIEKC
Ha 72% (p<0,05) ObLT HIWKE TAKOBOTO HEJICUCHBIX KPBIC U
Ha 29,4% (p<0,05) Hrke 3HaYESHHS TPYIIITHI JKUBOTHBIX, KO-
TopbiM BBoAMIH PIR B 03e 9 25 mr/kn.

B ycioBusIx ocTporo HapyImieHus MO3TOBOIO KpPOBO-
obpamenust (OHMK) HaOmonanock CymiecTBEHHOS CHH-
YKEHUE JIBUTaTeNIbHOM ¥ OPUEHTHPOBOYHO-UCCIIEI0BATEb-
CKO¥ aKTUBHOCTH, TaK KOJIMIECTBO IMPOMICHHBIX KBAJPATOB
causmiock Ha 80% (p<0,05) OT MCXOTHBIX 3HAYEHUIH, CTOEK
Ha 89,5% (p<0,05), 3anaeBanuii Ha 82,1% (p<0,05). B
CPaBHEHHH C TPYIIION JIOKHOOIICPUPOBAHHBIX YKHBOTHBIX
JIOKOMOTOpHAsI aKTUBHOCTB ObLIa HIbke Ha 76,8% (p<0,05),
OpHEHTHUPOBOYHO-HCCIIeIoBaTenbckas Ha 87,2% (p<0,05)
(Tabn. 2), 4TO HEe MPOTUBOPEUNT MPOBEICHHBIM PaHEe IKC-
MIEpUMEHTANILHBIM UccieoBanusm [31, 32].

Tabnuya 2 — Oyenka 06uzamenvHoll U OPUEHMUPOBOUHO-UCCTIE008aAMENbCKOL AKMUBHOCHENL
6 mecme «OmKpvimoe nonie» Ha hone eeedeHUs PaATUUHBIX 003UPOBOK coeoutenus PIR-9
U RPenapamoeé cPAgHeHUs NPU IKCREPUMEHMATILHOI ULEMUU 207108HO20 MO32a KPbIC

I'pynna JBurareabHast OpHEeHTUPOBOYHO-UCCJIEA0BATEIbCKAS
YucJ10 npoiiieHHbIX KBAPATOB AKTUBHOCTH AKTHBHOCThH
Croiikn 3arngabIBaHUuA
10 Hcxon 34,1+1,5 12,8+0,8 4,2+0,4
M£m| MHror 28,9423 11,6+1,0 4,0+0,7
HK Hcxon 33,5+1,6 12,44+0,8 3,9+0,3
Mzm| MHror 6,7+0,6* 1,3+0,3* 0,7+0,3*
ey —— Hcxon 33,6+1,4 12,7+0,9 4,0+0,4
M£m| MHror 14,8+1,4# 1,5+0,2 1,0+0,3
Inssapusis Hcxon 32,9+1,5 12,8+0,8 4,1+0,4
M=m| MHror 20,3+1,6#,x 4,94+0,5# 2,1£+0,3#
PIR-9 Hcxon 33,1+0,9 12,4+0,5 4,0+0,4
25 mr/kr Mz=+m| HWror 11,0£1,5 3,8+0,4#,x 1,640,2#
PIR-9 M=m| Hcxon 33,9+1,6 12,6+0,9 4,1+0,4
50 mr/kr Wtor 22,3+1,2#,x,A, A 5,3+0,4#,x,A, A 2,3+0,3#,«
PIR-9 M=m | Vicxon 33,7+1,5 12,5+0,7 4,2+0,5
100 mr/xr Wror 13,3+1,0# 4,0+0,4#,x 1,8+0,3#

Tpumeuanue: * — cmamucmuyecku 3Hauumo omuocumensvro epynnul kpvic JIO (p<0,05);#— cmamucmuuecku 3nauumo om-
HocumenvHo epynnol kpvic HK (p<0,05);x — cmamucmuyecku 3Ha4yumo OMHOCUMETbHO epynnbl Kpolc sunnoyemuna (p<0,05), A —
CIMAMUCTUYecKU 3HAUUMO OMHOCUmMenvHo epynnel kpvic PIR-9 25 me/ke (p<0,05); A — cmamucmuyecku 3HA4UMO OMHOCUMETLHO
epynnol kpvic PIR-9 100 me/ke (p<0,05); JIO — epynna noscnoonepuposannuvix kpwic, HK — epynna kpvic Heeamusnoeo Koumpors,
Bunnoyemun — epynna xpwic, nonyuasuiux sunnoyemun (3,2 me/ke); Llunnapuzun — epynna kpvic, nomyuasuiux yuHHapusum (35,6 me/
xe); PIR-9 25, 50, 100 me/xe — epynnul Kpuvic, nonyyaswiux cyocmanyuio PIR-9 6 dosuposkax 25, 50, 100 me/ke, coomeemcmeeHHo

[IpuMeHeHHe TperapaToB CPaBHEHUS BUHIIOLCTHHA
Y IUHHApU3UHA [TO3BOJIMIIO YACTUYHO CKOPPEKTHPOBATH
JIaHHBIE TIOBEJICHYECKHE HapylIeHus. [|BurarenbpHas ak-
TUBHOCTH Ha (oHe mpuema kaBuHTOHA 120,9% (p<0,05)
MPEBBICHIIA UJCHTUYHBIA MMOKa3aTellb TPYIIIBI KPBIC He-
TaTUBHOTO KOHTPOJIA. Y 0co0eil, KOTOpble MOoydaiu
LIMHHAPU3UH, JIOKOMOTOpHAs aKTUBHOCTh CHH3WJIAChH
MuHUMaJbHO (Ha 38,3% (p<0,05)) oTHOCUTENHHO UCXO]I-
HBIX Mokazareneit (32,941,5 kBagpaToB), B TO ke BpeMs
KOJIMUECTBO MPOUJICHHBIX KBanpatoB Ha 203% (p<0,05)
MIPEBBIIAT0 AHAIOTHYHOE 3HAUCHHE HEJICUSHBIX KPBIC.
Taxoke, CTOUT OTMETUTb, YTO HA (POHE MPHEMa [IMHHAPHU-
3UHA JBUTaTeIbHast akTuBHOCTH Ha 37,2% (p<0,05) mo-
CTOBEPHO MPEBHINIATA JAHHBIC TPYIIIbI KPBIC, KOTOPHIM
BBOJWJIM BHHINOUETHH. OpHEHTHPOBOYHO-HCCIIEI0BA-
TEJbCKAasl AKTUBHOCTh TIPU MIpUEME I[MHHAPHU3HHA CTaTHU-
CTUYECKH 3HAYMMO IPEBBICHIIA TIOKAa3aTelN KUBOTHBIX,
HE MOJIBEPKEHHBIX (hapMakoTepanuu (cToiku B 3,8 pas
(p<0,05), 3arsapiBanus B 3 pasa (p<0,05)). Ha done

MPOGUIAKTHYESCKOTO BBEICHUS BUHITOIIETHHA 3HAYUMBIX
M3MEHEHHH TI0 TIOKa3aTelsiM OpUEHTHPOBOYHO-NCCIIE 0~
BaTEJbCKOM aKTUBHOCTU He oTMeueHo [17, 30, 33].

VY HIIeMHU3UPOBAHHBIX JKABOTHBIX Ha (hoHE mpo-
¢unaktudeckoro npuema cyocraniuu PIR-9 25 mr/kr
3HAYMMBIX OTIIMYHMU 1O YHCIY MPONICHHBIX KBAJpPaToOB
otrHocuTenbHO HK rpynmer kpeic He HaOmonanock. Oxn-
HAKO OPUEHTHPOBOYHO-HCCIICIOBATEIIBCKAsI aKTHBHOCTh
MMeJIa MOJIOKHUTEIBHY O TCHICHIINIO H3MCHEHHI, TaK KO-
JIUYECTBO cToeK B 2,9 pa3 (p<0,05) ObLIO BBIIIE MOKA3a-
tens rpynn kpsic HK u B 2,5 paza (p<0,05) nocroBepHo
OTJIMYAJIOCH OT JKUBOTHBIX, ITOJTyYaBIINX Mpenapar cpas-
HEHUsl BUHIIOLIETUH, YMCIO 3amisiibiBaHui B 2,3 pasa
(p<0,05) mpeBbIIIaI0 aHATOTHYHBIN MTOKA3aTeIb TPYIIIbI
HEJICUCHBIX KUBOTHBIX.

[Ipy BHYTPUOPIOIIMHHOM BBEJICHHU BEIICCTBA
PIR-9 50 Mr/kr JOKOMOTOpHAsi aKTUBHOCTH CHH3WJIACh
Ha 34,2% otHocuTenbHo ucxoaa (33,9+1,6) u B 3,3 paza
(p<0,05) mpeBbIcHIIa 3HAYCHHE TPYIITIHI HEJICUYCHBIX KPBIC.
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[Tpu 3TOM YMCIIO MPOMICHHBIX KBAJPATOB TAKXKE JOCTO-
BEPHO MPEBBIIIANO OKa3aTeIb I'PYIIBI 0COOEH, KOTO-
phie moyuanu BuHMonetuH (B 1,5 pasa (p<0,05)). Henb-
351 HE OTMETHUTb, 4TO Ha (oHe mpuema PIR-9 50 mr/kr
JIBUTATelIbHAsT aKTHBHOCTh ObLIA BBINIE HMJICHTHYHOTO
MOKazaTess TPy KPbIC IMOMyYaBIINX JTAHHOE COEIHHE-
Hue B 1o3e 25 u 100 mr/kr Ha 102,7% (p<0,05) u 67,7%
(p<0,05) cootBercTBeHHO. OpPUEHTUPOBOYHO-UCCIIEO-
BaTeJIbCKasi aKTHBHOCTh KMBOTHBIX, KOTOPBIE TTOyYaiIH
PIR-9 50 mr/kr B 3,8 pa3 (p<0,05) Obuta BbIIIE JaHHBIX
rpynnel kpeic HK, u B 3 pasa (p<0,05) npessimana
3HAYCHUS JKUBOTHBIX, IOJYYABIIMX BHYTPUOPIOIIMH-
HO BUHIMOICTHH. KOTHUecTBO CTOCK y 0coOeii, Ha (oHe
BBefeHuss PIR-9 50 Mr/kr, cTaTUCTUYECKH ITOCTOBEP-
HO ITPEBOCXOAMIIO 3HAYEHHS I'PYII KPBIC, ITOIYYaBIINX
PIR-9 25 mr/kr u 100 mr/kr Ha 39,5% (p<0,05) u 32,5%
(p<0,05).

O creneHH TPEBOKHOCTH KPBIC B TOCTHUIIEMHYE-

CKOM IIE€PUOJIE CYIUIIN IO JAHHBIM TecTa «[IpunoaHsaThIi
KpectooOpasHblii abupuaT). Ha (one nepedpanbHOi
WIIEMHH Y )KUBOTHBIX HEraTHBHOTO KOHTPOJISI HaOIro/1a-
JIOCh 3HAYUTEIILHOE IMOBBIIICHUE YPOBHS TPEBOKHOCTH.
VY HesleueHBIX 0CO0Ei OTMEUEHO YMEHBIICHHE BPEMEHH
HaXOXKAEHUs Ha NeHTpanbHoU ruiomanke (BL) n B or-
KpBITBIX pykaBax sabupunta (BO) Ha 69,9% (p<0,05)
u 69,7% (p<0,05), a TakKe yBeIHMUEHUE BPEMEHH, MPO-
BE/ICHHOTO B 3aKphITHIX pykaBax (B3), u rpymunra Ha
55,2% (p<0,05) u B 2,3 paza (p<0,05) mo cpaBHEHHIO C
MCXOIHBIMU AaHHbIMHU (Tabi. 3). Kpome Toro Bce Bbilre-
MIepeYHCIICHHBIE TOKAa3aTeIH TPEBOKHOCTHU JIOCTOBEPHO
OTIIMYAJIUCh OT aHAJOTMYHBIX 3HAYEHHH JIO)KHOOIICpPH-
poBaHHBIX Kpbic, Tak BLl u BO Gbumn Huke Ha 70,5%
(p<0,05) 1 69,6% (p<0,05), 3HAUCHUS «BPEMS B 3aKPbI-
TBIX pyKaBax» U «TPyMHHI» BbIme Ha 55,5% (p<0,05) u
B 2,3 paza (p<0,05), 4To TaKxe HaxXOJUT OTPAKEHHE B
HUCTOYHHKAX JUTEparypsl [34].

Tabnuya 3 — Oyenka usmenenus ypoeusa mpeeoxycnocmu ¢ mecme «IlIpunoonamotii Kpecmooopasznulii
adupunmy Ha pone 66edenus paznuiHbvlX 003upoeok coeounenusn PIR-9 u npenapamos cpasnenus
RpU IKCREPUMEHMATILHOU UMIEMUU 201061020 MO32a KPbLC

Bpemst Haxoxkae-
Bpemst B OTKpPBITBIX Bpems B
HUS B HEHTPAJIb- I'pymunr
I'pynna pykaBax 3aKPBITBIX pyKaBax
HOM KBajpare (K0JIM4eCTBO AKTOB)
JabupuHTa (cek.) | JadMpHUHTA (CeK.)
(cek.)
M=+m

10 Hcxon 26,7+2,1 50,7+4,6 102,6+5,3 3,6+0,5

Utor 28,1424 51,6+4.,4 100,3+5,0 3,4+0,7

HK Hcxon 27,6%2,5 51,9£3,9 100,5+4,7 3,4+0,6
Utor 8,3+2,0# 15,742 4# 156,0+1,5# 7,7+0,9#

BuHHOLETIH Hcxon 27,142,5 51,3£3,5 101,6+4,4 3,5+0,6
B Uror 17,8+2,0# 28,34+3,5 133,842,9# 2,7+0,6#

I usHapusi Hcxon 27,5+1,9 50,6+3,2 101,9+2,7 3,3+0,7
P Uror 16,1+3,0# 34,0+3,0# 129,944 ,8# 3,6+0,6#

PIR-9 Hcxon 27,342,3 52,2+4,6 100,5+5,0 3,6+0,6
25 mr/kr Uror 11,6£1,9 22,8437 145,6+2,7 3,4+0,9#

PIR-9 HUcxon 26,842,2 53,0+4,8 100,2+4.9 3,5+0,6
50 Mr/kr HUror 23,1£2,5#,A, A 47,613,004, c,u A, A | 109,3+4,6#,,u A, A 2,4+0,6#

PIR-9 HUcxon 25,542,6 50,8+4.,4 103,7+5,0 3,3+0,6
100 mr/kr Uror 14,2425 21,843,1 144,0+3,8 3,3+0,7#

Tpumeuanue: * — cmamucmuyecku 3Hauumo omuocumensto epynnoi kpvic JIO (p<0,05); # — cmamucmuuecku 3navyumo
omuocumenvro epynnul kpvic HK (p<0,05);x — cmamucmuyecku 3Hauumo omuocumenvho epynnvl kpuvic sunnoyemuna (p<0,05);
L — CIMAMUCIMUYecKy 3HA4UMO OMHOCUMENLHO 2pynnbl Kpbic yunnapusuna (p<0,05); A — cmamucmuyecku 3Ha4umo omHocumens-
Ho epynnol kpoic PIR-9 25 me/ke (p<0,05); A — cmamucmuyecku 3nauumo omuocumensro epynnol kpvic PIR-9 100 me/ke (p<0,05)

JIO — epynna noxcnoonepuposannvix kpvic; HK — epynna kpvic necamueno2o konmpons, Bunnoyemun — epynna kpbvic, no-
ayuaswux eunnoyemun (3,2 me/ke); Llunnapusun — epynna kpeic, nonyyasuux yunnapusun (5,6 me/ke); PIR-9 25, 50, 100 me/ke
— epynnbl Kpuic, nonydasuux cyocmanyuio PIR-9 6 0osuposkax 25, 50, 100 me/ke, coomsemcmeenHo.

Ha ¢one npodunakrrnieckoro BBeJCHUSI BUHIIOLE-
THHa OTHOCHTEJIHO KpbIC, HE IOJBEPKEHHBIX (apma-
KOTEparum, JOCTOBEPHO U3MEHWINCH TaKUE TTOKa3aTelH
KakK: «BpeMs B neHTpe» (Ha 114,5% (p<0,05)), «Bpemst B
3aKpBITHIX pykaBax» (Ha 14,2% (p<0,05)) n «rpymuH
(8 2,9 pa3 (p<0,05)). ¥V XUBOTHBIX, KOTOpBIE MONyYaTIH
rpenapar CpaBHEHHMs! IIMHHAPU3WH OTMEYEHO H3MEHe-
HHUE BCeX M3ydaeMbIX Mokasareneil: Bl Beime Ha 94%
(p<0,05), BO Bb11Ie Ha 116,6% (p<0,05), B3 Hmxe Ha
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16,7% (p<0,05), rpymunr Hmke B 2,3 pasa (p<0,05) aHa-
JIOTUYHBIX 3HAUCHHN KPBIC TPYIIBI HETaTHBHOTO KOHT-
pous [16].

Cpenu pa3nmM4HBIX JJO3UPOBOK HCCIIEyeMOTO Bellle-
crBa PIR-9 ormunnack no3a 50 Mr/kr, Tak Bpemsi B IieH-
TPaJIbHOM 30HE M B OTKPBITHIX pyKaBax JIaOMpHHTA IIpe-
BBICHJIO 3HA4€HMsl IPYHIBI Kpbic 0e3 (apmakorepanuu
(ra 178,3% (p<0,05) u 203,2% (p<0,05)), Kpome TOro MO
nokasaremo BO mganHoe coenuHenue Ha 68,2% (p<0,05)



Pharmacy & Pharmacology V. 6 N 6, 2018

DOI:10.19163/2307-9266-2018-6-6-548-567

u 40% (p<0,05) craTCTHYECKH TOCTOBEPHO OBLIO BBIIIEC
TPy KPBIC, KOTOPHIM BBOAWIM BUHIIOLETUH U IUHHAPH-
3uH. Bpems, npoBeneHHOE B 3aKPBITHIX pyKaBax JaOu-
PHHTAa, y KpbIC, nony4asimx PIR-9, Obu10 HIKE 3HaUSHUS
HEJICUCHBIX KpbIC Ha 29,9% (p<0,05), a Taxke rpyr oco-
Oeif, mocie BBeJCHUsI BUHIIONETHHA M IIMHHApU3MHA Ha
18,3% (p<0,05) u 15,9% (p<0,05) coorBercTBeHHO. Cy0-
cranuusi PIR-9 B no3ax 25 u 100 MI/kr 1o mokazaresro
«KOJIMYECTBO aKTOB rpyMHHra» B 2,3 paza (p<0,05) no-
CTOBEPHO OTIMYAJIOCH Y 00EUX IPYII OT HEJICUCHBIX JKU-
BOTHBIX. [Ipy cpaBHEHMH ypOBHS TPEBOXXKHOCTH Ha (hoHE
BBEJICHHS BCEX JIO3MPOBOK BeriecTna moj mmdpom PIR-9
BBISIBJICHBI TOCTOBEPHBIE OTIMYMS 110 TIOKa3aTessIM «Bpe-

M1 B IGHTPE», «BPEMsI B OTKPBITBIX PyKaBax» M «BpeMs B
3aKpPBITHIX PyKaBax» y TPYyIIbI, TOIyYaBIIel 103UPOBKY
50 MI/KT, OTHOCUTEIIBHO KPBIC, KOTOPBIM BBOAWIHN 25 H
100 MI/KT, 4TO MOXKET CBH/ICTEIBCTBOBATD O MOJIOKUTEb-
HOM JMHAMHUKE YMEHBIICHHS CTENEHH TPEBOXXHOCTH Y
KpbIc, nomyyaBimx PIR-9 umenno B noze 50 mr/kr.

B ycnoBusx ocTporo HapyuieHHs MO3TOBOTO Kpo-
BOOOpAIIEHUs] KOJIMYECTBO >KMBOTHBIX TPYIIIBI Hera-
TUBHOTO KOHTPOJISL CIPABUBIIUXCS C TECTOM YCJIOBHO-
ro pediexca MacCUBHOIO H30EraHUsl COKpPAaTHIOCH M0
33,3%, Bpems 3axofja B TEMHYIO KaMepy YBEIUYHIOCH
stk Ha 30,7% OT JaHHBIX 1O MOAETUPOBAHUS UIIEMUN
(28,7+2,6 cexynn) (puc. 1) [32].

Pucynox 1 — Ouenka uzmenenus 1ameHmHO20 REPUOOA 3axX00a KPblC 6 memMHblil omcek 6 mecme YPITH
Ha pone 66edenusn pa3nuuHvlX 003UpoBoK coeounenus PIR-9 u npenapamoe cpasnenusn
npuU IKCREPUMEHMATIbHOU UUIeMUU 207106H020 MO32d KPbIC

Ipumeuanue: #— cmamucmuuecku 3nauumo omuocumenvHo epynnuvl kpvic HK (p<0,05);x — cmamucmuyecku 3Ha4umo on-

HocumenbHo epynnvl Kpuvic kasunmona (p<0,05)

JIO — epynna nosicnoonepuposannvix kpwvic, HK — epynna kpvic necamusnozo konmpons; Kasunmon — epynna kpuic, nonyuas-
wiux kasunmon (3,2 me/xe); LHunnapusun — epynna Kpuvlc, nonyuaswux yunnapusut (35,6 me/ke); PIR-9 25, 50, 100 me/ke — epynnol
Kpbic, noayuaswiux cyocmanyuio PIR-9 6 dozuposkax 25, 50, 100 me/xe, coomeemcmeeHHO

Yucno Kpeic, MOAyYaBHIUX pedepeHTHBIC Mperna-
paThl BUHIIOICTHH M IIMHHAPU3UH, MOBTOPHO MOCCTHB-
mux TemHbi orcek YPIIM, coctaBuno 50% u 43%,
COOTBETCTBCHHO. Bpems 3axoja TpyMIbl KPBIC, MOIY-
YaBIIIUX BUHIIOICTHH, IPEBBICIIIO 3HaueHuEe rpymsl HK
Ha 46,7% (p<0,05), a monydYaBIIMX IIMHHAPU3UH — Ha
103,5% (p<0,05). I[Ipu 5TOM y KHUBOTHBIX, KOTOPBIM BBO-
JTAITA [IMHHAPU3UH BpPEeMsl TIOCCHICHUS TEMHON KaMepbl
Ha 27,9% (p<0,05) ObuTO 3HAYMMO OOJIBIIEC TTOKA3ATEIS
KpBbIC, Ha ()OHE MPUEMa BUHITOIICTHHA, YTO COTIOCTABHMO
C IUTEepaTypHBIMU JaHHbIMH [ 14].

Y KMBOTHBIX, TIONYYABIIUX BHYTPUOPIOIINHHO
PIR-9 25, 50 u 100 MI/Kr, KOTHYECTBO 0COOEH BHOBE I10-
CETUBIIUX TeMHBIN oTcek cocraBmiio 40%, 12,5% u 33%,
COOTBETCTBCHHO. [IpMeM BceX J03MPOBOK CyOCTaHIIUH
PIR-9 npuBen K JOCTOBEPHOMY YBEITHUYCHHIO BPEMEHH 10~
CCIICHHSI TEMHOW KaMephl, B CPABHCHHUH U )KUBOTHBIMU, HE
MOTy4YaBIIAME (PapMAKOJIIOTHICCKYIO TOMICPKKY. Tak, B
yeroBusix onmydenust PIR-9 25 mr/kr Bpemst ObLIO BBIIIIC HA
29,3% (p<0,05), Ha one nmprema 100 MI/KT BelecTsa — Ha
66,7% (p<0,05) orHOCHTENMBHO Ocobeit rpymmsl HK. Han-

OoJIblIee YBEIMYEHHE BPEMEHH TIOCEIICHHSI TEMHOTO OTCe-
ka HaOmonanock Ha Qone mpuema PIR-9 B mo3e 50 mr/kr
(na 110,7% (p<0,05) B cpaBHenuu ¢ rpymmoi kpbic HK).

B ycnoBusx OunarepalibHOM OKKIIIO3UH OOIINX COH-
HBIX aprepuil 66,7% KpbIC HEraTUBHOIO KOHTPOJS HE
CIPaBHJIMCh C TECTOM OKCTPAIOJISLUOHHOIO H30aBiie-
HUS1, BPEMsI TIOHBIPUBAHUS Y )KUBOTHBIX, BHITIOJTHUBIIIHX
3aja4y, He3HAYNTEIbHO CHU3WIOCH OTHOCHUTENBHO JaH-
HBIX 110 oneparmu (57,1+4,3 cek.) (puc. 2) [32].

BBejieHre BUHIIOLETHHA M IMHHApH3MHA YBEIH-
YHUJIO KOJMYECTBO JKUBOTHBIX, BBITOJHSIONIMX DKCTpa-
noaanuoHHbe TecT 10 50% u 43%, COOTBETCTBEHHO.
Bpemst Ha penieHue 3a1auu y KpbIC, KOTOPBIM BBOJHIIH
BUHITOIIETHH, HE3HAYUTEIIFHO CHU3MIOCH KaK B CpaBHe-
HUM C WCXOJHBIMU 3HAYCHUSIMH, TaK M OTHOCHUTEIBHO
rpymmel kpeic HK. JlareHTHBIN mepHoa MOTHBIPUBAHUS
oco0ei, MoTyJaBIInX IMHHAPU3WH, 3HAYUMO COKPATHJI-
cst Ha 73,9% (p<0,05), OTHOCUTENLHO HENEUECHBIX KPBIC,
nepuoy pemieHus 3agadu Ha 69,3% (p<0,05) Takxe mno-
CTOBEPHO MPEBBIIIANl TAKOW TOKa3aTellb KPbIC TPYIIIBI
BUHIIONETHHA [ 14].
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MuHMMaabHOE KOJIMYECTBO KPBIC, HE PELIMBIINX
TOU, na dpone npuema PIR-9 B pa3nuuHbIX 1O3UPOBKAX
OTMEUEHO NP BBEJCHUU JAHHOTO COETUHEHHUS B J03€
50 mr/kr u coctaBuiio 25%. Uncio )KUBOTHBIX, HE CIIpa-
BUBIIHMXCSI C SKCTPAINOIALUOHHON 3a/1aueil, mpu mpueme
PIR-9 25 u 100 mr/kr cocrasuno 40% u 33%, coorBer-
CTBEHHO.

[lepuon BbIMONHEHMS 337a4u y OcoOeil, moiydas-

mux PIR-9 50 Mr/kr, ommuyaincst Kak OT IpYIIBI KPbIC
HK na 63,42% (p<0,05), Tak 1 OT KMBOTHBIX, KOTOPBIM
BBONWIM BHHIONETHH Ha 57,1% (p<0,05). B cpaBHe-
HUH C JKMBOTHBIMH, MOJy4aBIIMMH cyocranumio PIR-9
B 1031poBKax 25 1 100 MI/KT y KpBIC, KOTOPBIM BBOJIHIIH
JTAHHOE COCTUHCHNUE B J103¢ SO0 MI/KT, BpeMs Ha pelICHUE
9KCTPANOISUOHHON 3a/a4u ObUIo MeHbIIe Ha 55,2%
(p<0,05) u 38,1% (p<0,05).

Pucynok 2 — Oyenka usmeHeHus 1ameHmnoz0 nepuoodda NOOHLIPUGCAHUS KPbIC 6 mecme IKCMPAnoNAYUOHHO20
usbaeneHus Ha hone 8edenUs pazniuiHbvIX 003Upo6okK coedunenus PIR-9 u npenapamoé cpasnenus
RpU IKCREPUMEHMATIbHOU UIEMUU 20/106HO20 MO32a KPbIC

Ipumeyanue: * — cmamucmuyecku 3Hauumo omuocumenvro epynnsi kpvic JI0 (p<0,05); #— cmamucmuyecku 3nauumo om-
HocumenwvHo epynnol kpvic HK (p<0,05),x — cmamucmuuecku 3Hauumo omHocumenvHo epynnul Kpvic sunnoyemuna (p<0,05); A —
cmamucmu4ecku 3Ha4UMo omHocumenvHo epynnol kpoic PIR-9 25 me/ke (p<0,05); A — cmamucmuuecku 3Ha4uMo OMHOCUMENbHO

epynnoi kpoic PIR-9 100 me/ke (p<0,05).

JIO — epynna nodxcnoonepuposanneix Kpvic;, HK — epynna xkpuvic necamuenozo konmpons; Bunnoyemun — epynna Kpeic, no-
ayuaswux eunnoyemun (3,2 me/ke); Lunnapusun — epynna kpvic, nonyyasuux yunnapusun (5,6 me/ke); PIR-9 25, 50, 100 me/ke
— epynnbl Kpbic, nonyyasuux cyocmanyuio PIR-9 6 0osuposkax 25, 50, 100 me/ke, coomsemcmeenno

W3 Tabnursl 4 BUIHO, YTO y HEJIEUEHBIX KUBOTHBIX
Ha (oHe 1epeOpaabHON HIIEMHUH TOJIOBHOTO MO3Tra Ha-
Omomaincss 3HaYMTENbHBIM Jaktatarmmo3 (11,35+0,08
MMOJIB/IT), 9TO B 5,6 pa3 (p<0,05) mpeBbImano mokasa-
TEJb JIOKHOOTICPUPOBAHHBIX 0co0ei [36].

VY KHMBOTHBIX, KOTOPBIM BBOJVJIM TIpETIapaT cpaBHe-
HUSI BUHITOLIETHH, KOHIICHTPAIHS MOJIOYHON KHCIOTHI Ha
57,5% (p<0,05) Obi1a HIKE, a y 0coOeH, MoTyJaBIINX
OUHHAPU3UH — Ha 62,7% (p<0,05) HIDKE MISHTHIHOTO
TOKa3aTes KPBIC, HE MOTyYaBIINX (papMaKoIOrHIecKyro
nonaepxkky [17].

Beenenne coenmaenus PIR-9 B mo3e 25 mr/kr npuBe-
JI0 K CHIDKCHUIO JakTarta Ha 54,1% (p<0,05) oTHOCHTEINB-
Ho kpbic HK, B mo3ax 50 u 100 mr/kr Ha 68,8% (p<0,05)
n 56,4% (p<0,05), coorBercTBeHHO. [Iprem cybcTanmm
PIR-9 50 Mr/kr mpuBen K TOCTOBEPHOMY YMEHBIIICHUIO
KOHIICHTPAITMHA MOJIOYHOH KHCIOTHI Ha 26,6% (p<0,05)
B CpaBHEHWH C BUHTIOIETHHOM U Ha 16,3 (p<0,5) oTHO-
CHUTEJIFHO TPYMITHI KpbIC IMHHapU3uHA. Heobxoaumo ot-
METHTb, UTO YPOBEHB JIAKTaTa ObUI JIOCTOBEPHO HIDKE Ha
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¢one BBenenns PIR-9 50 Mr/kr oTHOCHTENBHO 103 25 1
100 mr/kr Ha 32,1% (p<0,05) u 28,5% (p<0,05).
[NoTpebieHue TIFOKO3BI TKAHAMH MO3Ta JIOKHOOIICPH-
POBaHHBIX JKHBOTHBIX cocTaBuio 23,51%, y Tpynisl He-
JICYCHBIX KPBIC HA (POHE OCTPOTO HAPYIICHUS MO3TOBOTO
KpPOBOOOpAIICHUs] aHAIOTHYHBIN TTOKa3aTenb ObUT B 3,3
paza (p<0,05) mensie u cocraBui 4,3% (Tadm. 4) [36].
[IpodmnakTudeckoe BBEACHNE BUHIIONCTHHA U [IH-
HapHU3WHA CIIOCOOCTBOBANIO YITYYIICHUIO YTHIIA3AIUU
nroko36l 10 12,5% u 10,19% coOTBETCTBEHHO, YTO 10-
ctoBepHO (p<0,05) OTIMYANOCH OT KUBOTHBIX, HE TOTY-
Y4aBIUX (PapMaKOJIOTHUCCKYIO TOAICpKKyY. [lpn sTOoM
3HAYAMBIC OTIMYUS HAOMIOMANINCh W MEKIY CaMUMHU
TpyTNIIaMH TIPETapaToB CpPaBHCHHSA, TaK IOTpeOIeHue
TJTFOKO3BI KPBICAMH, TIONTYyYaBIIMMU BUHITOIICTHH, OBLIO
Ha 20,6% (p<0,05) BBIIIC WICHTHYHOTO ITOKA3aTEId
KpBbIC, KOTOPbIM BBOJWIN UUMHHapu3uH [17, 37].
Beenenne coenunenns PIR-9 B moze 50 Mr/kr mpu-
BeJO K Hamboiee 3HAYAMOMY YBEIHUYCHHIO apTEepHO-
BEHO3HOHN pazuuubl A0 15,07%. DToT mokaszarenb Ha
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34,3% mnpeBOCXOAUI JaHHBIE TPYIIBI KPBIC, MOJyYaB-
IMX [IMHHApH3UH. Hemb3st He OTMEeTHTh, 4TO moTpebite-
Hue TIoko3sl Ha 107,6% (p<0,05) u 67,1% (p<0,05)

ObUIO BBINIE Y TPYMIIBI 0c0o0ei, KoTopbM BBoAMIM PIR-9
50 MI/KI' OTHOCHUTENBHO KPBIC, OJyYaBIINX JO3UPOBKH
25 u 100 MI/KT COOTBETCTBEHHO.

Tabnuya 4 — Konyenmpayus monounoi Kuciomsl 6 niazme Kpogu u nompednenue 2noKo3vl Mo32080i MKAHbIO
Ha hone 6edenusn paznuunvix 003uposok coedunenusn PIR-9 u npenapamoé cpasnenusn
RpU IKCREPUMEHMATILHOU UHIEMUU 20/106HO20 M0O32a KPbIC

I'pynna JlakTat, MMOJIB/JI IoTpedienne rM0KoO3bl, MMOJIb/JI
JIO 2,02+0,08 1,46+0,05
HK 11,35+0,08* 0,44+0,08*
Bunnonerun 4,82+0,2# 1,2340,07#/n
HuaHapu3nH 4,234+0,09# 1,02+0,03#
PIR-9 25 mr/kr 5,21£0,15# 0,66+0,08
PIR-9 50mr/kr 3,54+0,16#/x/WA/ A 1,37+0,05#/W/A/ A
PIR-9 100mr/kr 4,95+0,14# 0,82+0,03#

Ipumeuanue: * — cmamucmuuecku 3naqyumo omuocumensro epynnvl kpoic JIO (p<0,05); # — cmamucmuuecku 3nHauumo
omnocumenvho epynnsl kKpvic HK (p<0,05),;x — cmamucmuuecku 3HauuMo omHocumensbHo epynnol Kpoic eunnoyemuna (p<0,05);
L — CIAmuCmuy4ecKy 3Ha4uMo OMHOCUMENbHO 2pynnbl Kpulc yunnapusuna (p<0,05); A — cmamucmuyecku 3Ha4umMo OmHOCUMENbHO
epynnot kpwic PIR-9 25 me/ke (p<0,05); A — cmamucmuyecku snauumo omuocumenvho epynnsl kpvic PIR-9 100 me/ke (p<0,05);

JIO — epynna noocnoonepuposanneix Kpvic; HK — epynna kpuvic necamuenozo konmpons; Bunnoyemun — epynna kpeic, no-
ayuasuux sunnoyemun (3,2 me/ke); Lunnapusun — epynna kpoic, nonyuaswux yunnapusun (35,6 me/xe); PIR-9 25, 50, 100 me/xe
— epynnul Kpwic, nonyuasuiux cyocmanyuio PIR-9 6 dozuposkax 25, 50, 100 me/xe, coomsemcmeento

3AKJ/IFOYEHUE. bBunarepanbHas OKKIHO3Ms 00-
IIMX COHHBIX apTepuii BbI3bIBaeT cMepTHOCTH 70% ocobeit
IPYIIbI HEraTUBHOIO KOHTPOJISL, IIPU 3TOM y BBDKHBILIHX
YKMBOTHBIX CTEIEHb HEBPOJIOTMUECKUX HAPYLIEHUH 10CTH-
raet 7,83+0,33 GauioB. B ycroBuUsIX dKCIIEPUMEHTAIBHOM
nepeOpaibHOI MIIEMHH Y HENEYEHbIX )KUBOTHBIX HaONIO-
JIATIOCh BBIPQKEHHOE CHIDKEHUE ABuUrartesbHoi (Ha 80%
(p<0,05) oT MCXOAHBIX 3HAYEHUI) U OPUEHTUPOBOUHO-HC-
clieioBaTenbCckoi akTuBHOCTH (cToek Ha 89,5% (p<0,05),
3anmaaeiBaHui Ha 82,1% (p<0,05) OT nCXOAHBIX MOKa3aTe-
JIeH),TOBBIILICHHE YPOBHS TPEBO)KHOCTH, @ TAK)KE CHIUIKE-
HHME KOTHUTHUBHO-MHECTHYeCKHX (QyHKumid. Kpome Toro, B
MOCTHIIEMUYECKOM TIEPHOZE Y KPBIC, HE TOIABEPIKEHHBIX
(bapmakoTepanuy, OTMEYAIOCh CHWKEHHE IOTPEOIeHUs
IVIIOKO3BI TKaHSAMHU Mo3ra B 3,3 pasa (p<0,05) u yBenuuenue
CoJlepKaHusT MOJIOYHOM KUCTIOTHI B 5,6 pa3 (p<0,05) otHO-
CHTEJIBHO JIOKHOOTIEPHPOBAHHBIX )KUBOTHBIX.

[Tpodunakriueckoe BBEJEHUE NPOWU3BOIHOIO IH-
puMuanHa 1ox JadoparopubiM mmppom PIR-9 B pas-
JIMYHBIX J103upoBKax (25, 50 m 100 mr/kr) mo3Bonmio
YAaCTMYHO CKOPPEKTHPOBATh HApPYLICHUs, BO3HUKILIHUE
Ha (oHE HEeoOpaTHMMOW OKKIIIO3UM OOLIMX COHHBIX ap-
Tepuil kpblc. Hawryudmume pesyiabTarbl OTMEYEHbl Ha
¢done BBenenus coenunenus PIR-9 50 mr/kr. Tak, BbI-
JKUBAEMOCTbh JKUBOTHBIX, Nony4aBiinx PIR-9 50 mr/kr,

nocturia 80%, HEBPOJIOTUYECKUN UHJIEKC IIPH ITOM CO-
ctaBuia 2,19+0,23 GannoB, 4YTO JOCTOBEPHO OTINYAIOCH
OT UAEGHTHYHOTO Nokasarens kpbic rpynnsl HK (Ha 72%
(p<0,05)) u rpymnmel Kpbic, KoTopsiM BBOAWIN PIR-9
25 mr/kr (Ha 29,4% (p<0,05)). 1o moxasaresnsiM JIOKO-
MOTOpPHOHM,  OPHUEHTHPOBOYHO-UCCIEAOBATEIbCKON U
MHECTHYECKOI aKTHBHOCTH JIAHHOE ITPOM3BOTHOE THPHU-
MHJIMHA TaK)Xe O0Ka3ajoCh HanOoJsiee aKTUBHBIM B J103€
50 mr/kr. Coeaunenue PIR-9 50 mr/kr mpuBesno k cra-
TUCTUYECKH 3HAYUMOMY YMEHBIICHHIO KOHIIEHTpAlUU
MOJIOYHOM KHCNOTHI Ha 26,6% (p<0,05) oTHOCHTENIBHO
Ipymniel BUHMNONEeTHHa U Ha 16,3 (p<0,5) B cpaBHeHUU
C IpyHIOH KpbIC, IONydYaBIIMX LUMHHapu3uH. I[loTrpe-
OJIeHMEe TVIIOKO3bI MO3TOBOW TKaHBbIO Ha ()OHE BBEACHHUS
PIR-9 (50 mr/kr) Ha 34,3% (p<0,05) nmpeBocxoauio aHa-
JIOTMYHBIN [0Ka3aTeNb KPbIC, KOTOPBIM BBOJMIIM IIMHHA-
pusuH, u Ha 107,6% (p<0,05) u 67,1% (p<0,05) O6bLIO
BBIIIIE 3HAYEHUH KUBOTHBIX, KOTOpbIM BBOAMIN PIR-9 B
no3ax 25 u 100 Mr/Kkr cOOTBETCTBEHHO.

Takum 00pa3zom, MOXKHO CJIeJIaTh BBIBOJ, YTO IIPH M3~
YUSHHUHU 3aBUCHMOCTH «J03a-3¢ ek cyocranims PIR-
9 mposiBisieT HauOOJICe BBIPAKCHHOE LEPEOPOTPOITHOE
JeiicTBrE B 103UPOBKe S0 MI/KT comocTaBuMoe ¢ 3 dek-
TOM peepeHTHOTO Ipenapara HUuHHApU3UHA (5,6 MI/KT)
u npeBocxojsiee dpdexrBunnonernua (3,2 Mr/kr).

INTRODUCTION. Disorders of cerebral hemo-
dynamics belong to one of the key positions among the
causes of early mortality, high levels of disability and in-
capacitation of the population, acquiring not only medi-
cal but also socio-economic significance [1-6].

Every year the number of patients with vascular
lesions is steadily increasing, so there are about 1 mil-
lion cases of ischemic stroke in economically developed

countries annually, and by 2030 this figure is projected to
increase up to 3.4 million [7]. In the Russian Federation,
every year about 500,000 cases of ischemic stroke are
registered [1], which undoubtedly makes the problem of
prevention and treatment of ischemic diseases one of the
most urgent today [8, 9].

To reduce cerebrovascular pathologies in pharmaco-
therapy, a large number of drugs with anti-ischemic prop-
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erties are used, however, these drugs do not fully satisfy
practitioners, resulting in new medical goals and objectives,
pharmacology faces in the field of targeted search and study
of new compounds with cerebrotropic activity [10].

On the basis of pyrimidine derivatives, a large num-
ber of new biologically active substances are created
[11-13]. Earlier, the cerebroprotective activity of the pi-
dimidin — 4(1H)- one derivative was studied under the
laboratory code PIR-9, synthesized at the Department of
Organic Chemistry of Pyatigorsk Medical and Pharma-
ceutical Institute-Branch of the FSBI of HE VolgSMU
of the Ministry of Health of the Russian Federation [14].

As a result, the question of studying the dose-effect
relationship of PIR-9 substance under conditions of ir-
reversible occlusion of the common carotid arteries has
become relevant.

The aim of the article is to study the dose-depen-
dent cerebrotropic effect of a pyrimidine derivative under
code PIR-9 against the background of experimental cere-
bral ischemia in rats.

MATERIALS AND METHODS.

Animals. The rats obtained from the mouse bank of
“Rappolovo” (St. Petersburg) were used as laboratory
animals. All manipulations performed on the individuals
were performed in accordance with international norms of
experimental ethics (European Convention for the Protec-
tion of Vertebrate Animals used for experimental and other
scientific purposes (Strasbourg, 22 June, 1998.)) and with
the requirements of good laboratory practices (GLP). The
animals were placed in macrolon cells with lattice steel
lids and a forage well. The litter material was non-conifer-
ous sawdust. During the experiment all the rats were kept
in standard vivarium conditions (humidity — 65 + 5%, tem-
perature — 22 + 2°C). Individuals were under natural light
with free access to food and water. The cages, bedding and
drinkers changed as they became soiled.

Study design. The study was performed on 140 male
Wistar rats (m = 170-190 g). Before the experiment,
the animals were randomized by weight and behavior-
al activity in the “Open field test” (OFT) and “Elevated
plus maze” (EPM), then the individuals were divided
into 7 groups (n = 20). The first group was represented
by falsely operated animals (FO), the second one — by
negative control rats (NC). The both groups received an
intraperitoneal suspension of Tween-80 in purified wa-
ter. Comparison drugs Vinpocetine (3.2 mg/kg) and Cin-
narizine (5.6 mg/kg) were administered to the third and
fourth groups [15]. The fifth, sixth and seventh groups
received the experimental substance PIR-9 at the doses
of 25, 50 and 100 mg/kg, respectively [16, 17]. The test
compound, reference preparations, and purified water
(with Tween-80) were injected intraperitoneally ten days
before ischemia stimulation, the last injection was car-
ried out one hour before the operation. Cerebral ischemia
was reproduced by irreversible occlusion of the common
carotid arteries [18, 19]. Chloral hydrate was used as an
anesthetic agent at the dose of 350 mg/kg.

Determined indicators. After 24 hours after surgery,
lethality of the animals and the degree of neurological de-
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ficiency were determined on the McGraw score scale [20,
21]. In the “Open field test”, behavioral changes in ani-
mals were evaluated (locomotor and orienting-research
activity) [22]. The level of anxiety was determined us-
ing the test “Elevated plus maze” [23]. The evaluation
of mnestic and cognitive functions was carried out by
tests of conditioned passive avoidance reflex (CPAR)
and active avoidance reflex (AAR) of the aversive envi-
ronment [24, 25]. Further, arterial blood from the basilar
arteries, venous blood from the sagittal venous sinus was
received for biochemical studies. The lactate concentra-
tion was measured using the “Lactic Abris +” reagent kit.
The optical density (E) was determined spectrophoto-
metrically (wavelength = 500 nm). The calculation of the
lactic acid level was carried out according to the formula:
C = 3.34* Samples/Calibrator (mmol/l). Brain glucose
consumption was calculated from the difference in arte-
rial and venous blood.

Statistical processing. The results obtained in the
experiment were processed using the software package
STATISTICA 6.0 (StatSoft, Inc., USA, for Windows op-
erating system) and Microsoft Excel 2010. The results
were expressed as mean and standard error (M+m). The
normality of the distribution was assessed by Shap-
iro-Wilk’s criterion. Parametric Student’s test was used
for normal data distribution. In the case of abnormal dis-
tribution, statistical processing was carried out by Mann—
Whitney U test. The differences were considered signifi-
cant at the significance level of more than 95% (p<0.05).

RESULTS AND DISCUSSION. Experimental cere-
bral ischemia led to the death of 70% of animals in the un-
treated rats group, the neurological deficiency of the sur-
vived individuals of the NC group was 7.83 + 0.33 points,
mortality and changes in the neurological symptoms were
not observed in the false-operated animals [26-28] (Table
1). Against the background of the prophylactic adminis-
tration of Vinpocetine and Cinnarizine reference prepara-
tions, the survival rate of animals exceeded that of animals
without pharmacotherapy and was 60% and 70%, respec-
tively. In the group of rats that were injected with Vinpoce-
tine, the neurological index was 2.42 + 0.03 points, which
was 3.2 times (p <0.05) lower than that of untreated indi-
viduals. The severity of neurological disorders in animals
injected with Cinnarizine, was 3.4 times (p <0.05) less
than the index of the group of rats not subjected to pharma-
cotherapy and was 2.29 + 0.29 points, which is consistent
with the literature data [29, 30].

The administration of various doses of the PIR-9
compound, in turn, also helped to improve the surviv-
al (25 mg/kg — 50%, 50 mg/kg — 80%, 100 mg/kg —
60%) and reduce the degree of neurological deficiency.
It is worth noting that substance PIR-9 at the dosage of
50 mg/kg: the survival rate of the rats treated with this
compound, was 80%, which exceeded the performance
of both reference preparations, while the neurological in-
dex was 72% (p <0.05) lower than that of the untreated
rats and by 29.4% (p <0.05) below the value of the group
of animals that had been injected with PIR-9 at the dose
of 25 mg/kg.
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Table 1 — Assessment of the mortality level and severity of neurological disorders against the background
of the administration of various dosages of PIR-9 compound and the comparison drugs in experimental
cerebral ischemia in rats

Group Survival percentage, % Degree of neuro!ogical disorders,
points

FO 100 -

NC 30 7.83+0.33
Vinpocetine 60 2.42+40.03#
Cinnarizine 70 2.29+0.29#

PIR-9 25 mg/kg 50 3.10+0.18#
PIR-9 50 mg/kg 80 2.19+0.23#, A
PIR-9 100 mg/kg 60 2.58+0.27#

Note: # — statistically significant relative to the group of NC rats (p <0.05),
A — statistically significant relative to the group of PIR-9 25 mg/kg (p <0.05) rats

FO is a group of false-operated rats,
NC is a group of negative control rats;

Vinpocetine — a group of rats treated with Vinpocetine (3.2 mg/kg),
Cinnarizine — a group of rats treated with Cinnarizine (5.6 mg/kg),
PIR-9 25, 50, 100 mg/kg — groups of rats treated with substance PIR-9 in dosages of 25, 50, 100 mg/kg, respec-

tively

In conditions of Acute Cerebrovascular Event (ACE),
a significant decrease in motor and research activity was
observed, so the number of passed squares decreased by
80% (p <0.05) from the baseline values; the number of
stands decreased by 89.5% (p <0.05 ); the number of
peeps decreased by 82.1% (p <0.05). In comparison with
the group of false-operated animals, locomotor activity
was lower by 76.8% (p <0.05), approximately by 87.2%
(p <0.05) (Table 2), which does not contradict the previ-
ously conducted experimental studies [31, 32].

The use of reference substances — Vinpocetine and
Cinnarizine — made it possible to partially correct these
behavioral disorders. The motor activity in the rats re-
ceiving Cavinton 120.9% (p <0.05) exceeded the iden-
tical indicator in the group of negative control rats. In
individuals that had received Cinnarizine, the locomotor
activity decreased minimally (by 38.3% (p <0.05)) rela-
tive to the baseline (32.9 & 1.5 squares), while the number
of the covered squares exceeded the similar value of the
untreated rats by 203% ( p <0.05). It is also worth noting
that, against the background of taking Cinnarizine, the
motor activity was 37.2% (p <0.05) significantly higher
than that of the groups of rats injected with Vinpocetine.
When taking Cinnarizine, the orienting-research activity
statistically significantly exceeded the performance of
animals not subjected to pharmacotherapy (stands by 3.8
times (p <0.05), drops by 3 times (p <0.05)). Against the
background of the prophylactic administration of Vinpo-
cetine, no significant changes were observed in terms of
orienting-research activity [17, 30, 33]. Against the back-
ground of prophylactic administration of substance PIR-
9 at the dose of 25 mg/kg, in ischemic animals the signif-

icant differences in the number of passed squares relative
to the NC group of rats, were not observed. However, the
orienting- research activity had a positive trend in chang-
es, since the number of stands was 2.9 times (p<0.05)
higher than the index in the NC rat groups and 2.5 times
(p<0.05) significantly different from the animals receiv-
ing the reference drug Vinpocetine, the number of peeps
was 2.3 times (p<0.05) higher than the same index in the
group of untreated animals.

After intraperitoneal administration of the PIR-9
substance at the dose of 50 mg/kg, locomotor activity de-
creased by 34.2% compared to the outcome (33.9 + 1.6)
and by 3.3 times (p <0.05) exceeded the value of the
group of untreated rats. At the same time, the number of
the covered squares also reliably exceeded the index of
the group of individuals that received Vinpocetine (by
1.5 times (p <0.05)). It should be noted that while re-
ceiving PIR-9 at the dose of 50 mg/kg, the physical ac-
tivity was higher than the identical index of the groups
of rats receiving this compound at the doses of 25 and
100 mg/kg by 102.7% (p <0.05) and 67.7 % (p <0.05),
respectively.

Orienting- research activity of the animals that had
received PIR-9 at the dose of 50 mg/kg was 3.8 times
(p <0.05) higher than the data of the group of NC rats,
and 3 times (p <0.05) exceeded the values of the ani-
mals that had received Vinpocetine intraperitoneally. The
number of stands in individuals, against the background
of the administration of PIR-9 at the dose of 50 mg/kg,
statistically significantly exceeded the values of groups
of the rats treated with PIR-9 25 mg/kg and 100 mg/kg by
39.5% (p <0.05) and by 32, 5% (p <0.05).
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Table 2 — Assessment of motor and orienting-research activities in the “Open field test” against the background
of the administration of various dosages of the PIR-9 compound and reference substances in experimental
cerebral ischemia in rats

Grou Movement activity Orienting- research activity
P Number of squares Stands Peeps
Outcome 34.1+1.5 12.8+0.8 4.2+0.4
FO M=+m
Total 28.942.3 11.6+1.0 4.0+0.7
Outcome 33.5+1.6 12.4+0.8 3.9+0.3
NC M=+m
Total 6.7£0.6* 1.3+0.3* 0.7+£0.3*
Vinpocetine M Outcome 33.6+1.4 12.7+0.9 4.0+0.4
m
Total 14.8+1.4# 1.5+0.2 1.0+0.3
Cinnarizine - Outcome 32.9+1.5 12.8+0.8 4.1+0.4
m
Total 20.3+1.6#,x 4.9+0.5# 2.1+0.3#
PIR-9 Outcome 33.1+0.9 12.4+0.5 4.0+0.4
M=+m
25 mg/kg Hror 11.0+1.5 3.8+0.4#,k 1.6+0.2#
PIR-9 M Outcome 33.9+1.6 12.6+0.9 4.1+0.4
m
50 mg/kg Total 22.3+1.2#,K, A, A 53404 #,k, A A 2.340.3#,k
PIR-9 Outcome 33.7x1.5 12.5+0.7 4.2+0.5
M=m
100 mg/kg Total 13.3+1.0# 4.0+0.4#,k 1.8+0.3#

Note: * — statistically significant relative to the group of FO rats (p <0.05);
# — statistically significant relative to the group of NC rats (p <0.05);
Kk — statistically significant relative to the group of Vinpocetine rats (p <0.05), A — statistically significant relative to the group

of PIR-9 25 mg/kg (p <0.05) rats;

A —statistically significant relative to the group of PIR-9 100 mg/kg (p <0.05) rats;

FO is a group of false-operated rats;, NC is a group of negative control rats;

Vinpocetine — a group of rats treated with Vinpocetine (3.2 mg/kg);

Cinnarizine — a group of rats treated with Cinnarizine (5.6 mg/kg);

PIR-9 25, 50, 100 mg/kg — groups of rats treated with the PIR-9 substance in dosages of 25, 50, 100 mg/kg, respectively

The degree of anxiety of rats in the post-ischemic
period was judged according to the data of the “Elevat-
ed plus maze” test. Against the background of cerebral
ischemia in animals of the negative control, a significant
increase in anxiety level was observed. In untreated indi-
viduals, the time spent in the central square (CS) and in
the open arms of the labyrinth (OA) decreased by 69.9%
(p <0.05) and 69.7% (p <0.05), as well as the increase
in time conducted in the enclosed arms of the labyrinth
(EA), and grooming by 55.2% (p <0.05) and 2.3 times (p
<0.05) as compared with the initial data (Table 3).

In addition, all the above indicators of anxiety were
significantly different from similar values of false-op-
erated rats, so the indicators of the central square and
the open arms of the labyrinth were lower by 70.5%
(p <0.05) and 69.6% (p <0.05), the values of “the time
in enclosed arms ”and “grooming” are by 55.5% higher
(p <0.05) and 2.3 times more (p <0.05), which is also
reflected in the literature [34]. Against the background
of prophylactic administration of Vinpocetine relative
to the rats not subjected to pharmacotherapy, such indi-
cators as “the time in the center” (by 114.5% (p <0.05)),
“the time in enclosed arms” (by 14.2% ( p <0.05)) and
“grooming” (2.9 times (p <0.05)). In the animals that
had received Cinnarizine as a reference substance, the
change of all the studied parameters was noted: the
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indicators in the central square were higher by 94%
(p <0.05), the indicators in the open arms of the laby-
rinth (OA) were higher by 116.6% (p <0.05), and the in-
dicators in the enclosed arms of the labyrinth were high-
er by 16.6% (p <0.05), grooming was 2.3 times lower
(p <0.05) than similar values of negative control group
rats [16].

Among the different dosages of the PIR-9 substance,
the dose of 50 mg/kg came to the top, so the time in the
central zone and in the open arms of the maze exceeded
the values of the group of rats without pharmacotherapy
(by 178.3% (p <0.05) and 203.2% ( p <0.05)); in addi-
tion, in terms of the open arms of the labyrinth, this com-
pound was 68.2% (p <0.05) and 40% (p <0.05) statisti-
cally significantly higher than in the groups of rats that
were injected with Vinpocetine and Cinnarizine.

The time spent in the in the enclosed arms of the
labyrinth by the rats treated with PIR-9, was by 29.9%
lower than that of untreated rats (p <0.05), as well as of
the groups of the individuals after administration of Vin-
pocetine and Cinnarizine, by 18.3% ( p <0.05) and 15.9%
(p <0.05), respectively. The PIR-9 substance in the doses
of 25 and 100 mg/kg in terms of the “number of groom-
ing acts” was 2.3 times (p <0.05) significantly different
in both groups from untreated animals. When comparing
the level of anxiety against the background of the admin-
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istration of all the dosages of the substance under PIR-9
code, significant differences were found in the indicators
“time in the center”, “time in the open arms” and “time

in enclosed arms” in the group that received a dosage of

50 mg/kg, relative to the rats that had been injected with
25 and 100 mg/kg, which may indicate a positive trend
in reducing the degree of anxiety in the rats treated with
PIR-9 at the dose of 50 mg/kg.

Table 3 — Assessment of the changes in the level of anxiety in the “Elevated plus maze” test against
the background of the administration of various dosages of the PIR-9 compound and reference substances
in experimental cerebral ischemia in rats

Time spent . Time in the enclosed | Grooming

in the central Time in the ?pen ATMS | o rms of the labyrinth (number

Group square (sec.) of the labyrinth (sec.) (sec.) of acts)

Mz=£m

FO Outcome 26.7+2.1 50.7+4.6 102.6+5.3 3.6+0.5

Total 28.1+2.4 51.6+4.4 100.3+5.0 3.4+0.7

NC Outcome 27.6+2.5 51.9£3.9 100.5+4.7 3.4+0.6
Total 8.3£2.0# 15.7+2 .44 156.0+1.5# 7.7+0.9#

Vinpocetine | Outcome 27.142.5 51.3£3.5 101.6+4.4 3.5+0.6
Total 17.84+2.0# 28.3+3.5 133.8+2.9# 2.7+0.6#

Cinnarizine Outcome 27.5¢1.9 50.6+£3.2 101.9+2.7 3.3+0.7
Total 16.1£3.0# 34.0+3.0# 129.9+4 .8# 3.6+0.6#

PIR-9 Outcome 27.342.3 52.2+4.6 100.5+5.0 3.6:0.6
25 mg/kg Total 11.6£1.9 22.843.7 145.6+2.7 3.4+0.9#
PIR-9 Outcome 26.8+2.2 53.0+4,.8 100.2+4.9 3.5+0.6
50 mg/kg Total 23.1£2.5#,A, A 47.6£3.0#,x,u A, A 109.3+4.6#, 1,0 A, A 2.4+0.6#
PIR-9 Outcome 25.5+2.6 50.8+4.4 103.7+5.0 3.3+0.6
100 mg/kg Total 14.242.5 21.8+3.1 144.0+3.8 3.3+0.7#

Note: * — statistically significant relative to the group of FO rats (p <0.05);

# — statistically significant relative to the group of NC rats (p <0.05);

K — statistically significant relative to the group of Vinpocetine rats (p <0.05);

u— statistically significant relative to the group of Cinnarizine rats (p <0.05);

A — statistically significant relative to the group of PIR-9 25 mg/kg (p <0.05) rats;
A —statistically significant relative to the group of PIR-9 100 mg/kg (p <0.05)rats

FO — a group of false-operated rats;
NC — a group of negative control rats;

Vinpocetine — a group of rats treated with Vinpocetine (3.2 mg/kg);
Cinnarizine — a group of rats treated with Cinnarizine (5.6 mg/kg),
PIR-9 25, 50, 100 mg/kg — groups of rats treated with the PIR-9 substance in dosages of 25, 50, 100 mg/kg, respectively.

Under conditions of acute cerebrovascular event,
the number of animals in the negative control group who
coped with the passive avoidance conditioned reflex
test was reduced to 33.3%, the time of entering the dark
chamber increased by only 30.7% from the data before
ischemia modeling (28.7 + 2.6 seconds) (Fig. 1) [32].

The numbers of rats receiving reference prepara-
tions Vinpocetine and Cinnarizine, re-visiting the dark
section of the conditioned passive avoidance reflex, was
50% and 43%, respectively. The time of the arrival of the
group of rats treated with Vinpocetine exceeded the value
in the NC group by 46.7% (p <0.05), and those receiving
Cinnarizine — by 103.5% (p <0.05). At the same time,
in animals that were injected with Cinnarizin, the time
of visiting the dark chamber was significantly higher (by
27.9% (p <0.05)), than that of rats while taking Vinpoce-

tine, which is comparable with the literature data [14]. In
the animals receiving PIR-9 25, 50 and 100 mg/kg intra-
peritoneally, the number of individuals visiting the dark
compartment was 40%, 12.5% and 33%, respectively.
The acceptance of all the dosages of the PIR-9 substance
led to a significant increase in the time of visiting the
dark chamber, in comparison with the animals that did
not receive any pharmacological support.

Thus, under the conditions of obtaining PIR-9 at the
dose 25 mg/kg, the time was higher by 29.3% (p <0.05),
while receiving 100 mg/kg of the substance — by 66.7%
(p <0.05) relative to the individuals of the NC group. The
greatest increase in the time of visiting the dark compart-
ment was observed against the background of receiving
PIR-9 at the dose of 50 mg/kg (by 110.7% (p <0.05) in
comparison with the group of NC rats).
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Fig. 1 — Assessment of changes in the latent period of rats’entry into the dark compartment in the test of conditioned passive
avoidance reflex against the background of the administration of various dosages of the PIR-9 compound and reference drugs in

experimental cerebral ischemia

Note: #— statistically significant relative to the group of NC rats (p <0.05);
K — statistically significant relative to the group of Cavinton rats (p <0.05)

FO — a group of false-operated rats;
NC- a group of negative control rats;

Cavinton — a group of rats treated with Cavinton (3.2 mg/kg);

Cinnarizine — a group of rats treated with Cinnarizine (5.6 mg/kg);
PIR-9 25, 50, 100 mg/kg — groups of rats treated with PIR-9 substance in dosages of 25, 50, 100 mg/kg, respectively

Under conditions of bilateral occlusion of the com-
mon carotid arteries, 66.7% of the negative control rats
did not cope with the extrapolation disposal test, the div-
ing time in animals that completed the task slightly de-
creased relative to the data before the operation (57.1 +
4.3 seconds) (Fig. 2) [32].

The administration of Vinpocetine and Cinnarizine
increased the number of animals performing the extrap-
olation test to 50% and 43%, respectively. The time to
solve the problem in rats that were injected with Vin-
pocetine slightly decreased both in comparison with
baseline values and relative to the group of NC rats. The
latent period of diving for individuals treated with Cin-
narizine was significantly reduced by 73.9% (p <0.05),
relatively to untreated rats, the solution period also sig-
nificantly exceeded (by 69.3% (p <0.05)) that of the rats
of the Vinpocetine group [14].
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The minimum number of rats that did not exhibit
their active avoidance reflex, was 25%. They were re-
ceiving PIR-9 in various dosages, hereby the most recur-
rent dose was 50 mg/kg. The number of the animals that
did not cope with the extrapolation task, when receiving
PIR-9 at the doses of 25 and 100 mg/kg, was 40% and
33%, respectively.

The duration of the task in the individuals treated
with PIR-9 at the dose of 50 mg/kg differed both from the
group of NC rats by 63.42% (p <0.05) and from the an-
imals that had been injected with Vinpocetine by 57.1%
(p < 0.05). Compared to the animals that had received
the PIR-9 substance at the dosages of 25 and 100 mg/
kg in rats that had been injected with this compound at
the dose of 50 mg/kg, the time to solve the research task
was 55.2% less (p <0.05) and 38.1% less, respectively
(p <0.05).
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Figure 2 — Assessment of changes in the latent period of rats’ diving in the extrapolation disposal test against
the background of the administration of various dosages of the PIR-9 compound and reference drugs in
experimental cerebral ischemia

Note: * — statistically significant relative to the group of FO rats (p <0.05);

# — statistically significant relative to the group of NC rats (p <0.05);

K — statistically significant relative to the group of Vinpocetine rats (p <0.05)

A — statistically significant relative to the group of PIR-9 25 mg/kg rats (p<0,05),
A —statistically significant relative to the group of PIR-9 100 mg/kg rats (p<0,05).

FO — a group of false-operated rats;
NC — a group of negative control rats;

Vinpocetine — a group of rats treated with Vinpocetine (3.2 mg/kg);
Cinnarizine — a group of rats treated with Cinnarizine (5.6 mg/kg);
PIR-9 25, 50, 100 mg/kg — groups of rats treated with PIR-9 substance in dosages of 25, 50, 100 mg/kg, respectively

Table 4 shows that untreated animals with cerebral
cerebral ischemia were subjected to significant lactic
acidosis (11.35 £ 0.08 mmol/l), which was 5.6 times
(p <0.05) higher than the index of false-operated individ-
uals [36].

In the animals that had been injected with the refer-
ence drug Vinpocetine, the concentration of lactic acid
was lower by 57.5% (p <0.05), and in the animals treat-
ed with Cinnarizine the concentration of lactic acid was
lower by 62.7% (p <0.05) than the identical index of the
rats who had not received pharmacological support [17].

The administration of PIR-9 compound at the dose
of 25 mg/kg led to the decrease in lactate by 54.1%
(p <0.05) relative to NC rats, at the doses of 50 and
100 mg/kg by 68.8% (p <0.05) and 56,4% (p <0.05), re-
spectively. The administration of 50 mg/kg of the PIR-9
substance led to a significant decrease in the concentra-
tion of lactic acid — by 26.6% (p <0.05) in comparison
with Vinpocetine and by 16.3% (p <0.05) relative to the
group of Cinnarizine rats. It should be noted that the lac-
tate level was significantly lower with the administration
of PIR-9 at the dose of 50 mg/kg compared to the dos-
es of 25 and 100 mg/kg by 32.1% (p <0.05) and 28.5%
(p <0.05).

The consumption of glucose by the brain tissues of
the falsely operated animals was 23.51%, in the group
of untreated rats against the background of acute cere-
brovascular event, the similar indicator was 3.3 times
(p <0.05) lower and amounted to 4.3% (Table 4) [36].

Prophylactic administration of Vinpocetine and Cin-
narizine contributed to the improvement in glucose utili-
zation up to 12.5% and 10.19%, respectively, which was
significantly (p <0.05) different from the animals that
had not received pharmacological support. Hereby, sig-
nificant differences were observed between the reference
drug groups, so glucose consumption by rats receiving
Vinpocetine was 20.6% (p <0.05) higher than the iden-
tical index of the rats administrated with Cinnarizine
[17,37].

The administration of PIR-9 compound at the dose of
50 mg/kg resulted in the most significant increase in ar-
teriovenous difference up to 15.07%. This index was by
34.3% higher than the data of the rats treated with Cin-
narizine. It should be noted that the consumption of glu-
cose was by 107.6% (p <0.05) and 67.1% (p <0.05) higher
in the group of the individuals that had been injected with
PIR-9 at the dose of 50 mg/kg compared to the rats with
treated dosages of 25 and 100 mg/kg, respectively.
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Table 4 — Concentration of lactic acid in blood plasma and glucose consumption by brain tissue during
the administration of various dosages of the PIR-9 compound and reference preparations for experimental
cerebral ischemia of rats

Group Lactate, mmol/l Consumption of glucose, mmol/l
FO 2.02+0.08 1.46+0.05
NC 11.354+0.08* 0.44+0.08*
Vinpocetine 4.82+0.2# 1.2340.07#/u
Cinnarizine 4.23+0.09# 1.02+0.03#
PIR-9 25 mr/kr 5.21+0.15# 0.66+0.08
PIR-9 50 mr/kr 3.54+0.16#/x/WA/ A 1.37+0.05#/W/A/ A
PIR-9 100 mr/kr 4.95+0.14# 0.82+0.03#

Note: * — statistically significant relative to the group of FO rats (p <0.05);
#— statistically significant relative to the group of NC rats (p <0.05);
K — statistically significant relative to the group of Vinpocetine rats (p <0.05);
w is statistically significant relative to the group of Cinnarizine rats (p <0.05);
A — statistically significant relative to the group of PIR-9 25 mg/kg rats (p <0.05);
A — statistically significant relative to the group of PIR-9 100 mg/kg rats (p <0.05);

FO is a group of false-operated rats;
NC is a group of negative control rats;

Vinpocetine — a group of rats treated with Vinpocetine (3.2 mg/kg);
Cinnarizine — a group of rats treated with Cinnarizine (5.6 mg/kg);
PIR-9 25, 50, 100 mg/kg — groups of rats treated with PIR-9 substance in dosages of 25, 50, 100 mg/kg, respectively

CONCLUSION. Bilateral occlusion of the common
carotid arteries causes mortality of 70% of individuals in
the negative control group, while in the surviving animals
the degree of neurological disorders reaches 7.83 + 0.33
points. Under the conditions of experimental cerebral isch-
emia in the untreated animals, a marked decrease in loco-
motor (by 80% (p <0.05) from the baseline values) and
orienting- research activities (stands by 89.5% (p <0.05)),
and peeps by 82.1% (p <0.05) of the baseline)), the increase
of the anxiety level, as well as reduced cognitive-mnestic
functions took place. In addition, in the post-ischemic pe-
riod in rats not subjected to pharmacotherapy, there was a
decrease in glucose consumption by brain tissues by 3.3
times (p <0.05) and an increase in the content of lactic acid
by 5.6 times (p <0.05) relative to false-operated animals.

The prophylactic administration of the pyrimidine
derivative under the laboratory code PIR-9 in various
dosages (25, 50, and 100 mg/kg) made it possible to par-
tially correct disorders arising against the background of
irreversible occlusion of the common carotid arteries in
rats. The best results were noted during the administra-
tion of PIR-9 compound (50 mg/kg). Thus, the survival
of the animals treated with PIR-9 50 mg/kg reached 80%,

hereby the neurological index was 2,19 + 0,23 points,
which was significantly different from the identical in-
dicator of the NC rats (72% (p <0, 05)) and the groups
of rats that had been injected with PIR-9 25 mg/kg (by
29.4% (p <0.05)). In terms of locomotor, orienting-re-
search and mnestic activities, this pyrimidine derivative
was also the most active at the dose of 50 mg/kg. The
50 mg/kg PIR-9 compound resulted in a statistically signif-
icant decrease in the concentration of lactic acid by 26.6%
(p <0.05) relative to the Vinpocetine group and by 16.3%
(p <0.5) in comparison with the group of rats treated with
Cinnarizine. The consumption of glucose by the brain tis-
sue against the background of PIR-9 (50 mg/kg) exceeded
that of the rats administered with Cinnarizine by 34.3%
(p<0.05) and it was 107.6% (p <0.05) and 67.1% (p <0.05)
higher than in the animals injected with PIR-9 at the doses
of 25 and 100 mg/kg, respectively.

Thus, it can be concluded that while studying the
dose-effect relationship, the PIR-9 substance exhibits
the most pronounced cerebrotropic effect at the dosage
of 50 mg/kg comparable with the effect of the reference
drug Cinnarizine (5.6 mg/kg) and the superior effect of
Vinpocetine (3.2 mg/kg).
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AHATNU3 U3BELWLEHUIN O HEXXE/IATE/IbHbIX PEAKLLUAX
NEKAPCTBEHHbIX MPEMNAPATOB, NTPUMEHAEMDbIX
ONnAa NEMEHUA BUY, SAPETUCTPUPOBAHHDbIX B PECNYB/IUKE KPbIM
3ANEPUNOA 2011-2016 IT.

Mameees A.B.*?, Kpawenunnurxos A.E.', Ezoposa E.A.%, Konsesa E.H.*

! demonomnasn nexommepueckas opeanuzayus « Hayuonanenvii Hayunvlii yenmp QapmakoHadopay,
127051, Poccus, e. Mocksa, yn. Manas Cyxapeéckas niowaov, 2, kopn. 2.
Meouyunckas akademust um. C.U. I'eopeuesckoco @IAOY BO « KDY um. B.H. Bepradckoeoy,
295051, Poccus, o. Cumgpeponons, oyn. Jlenuna, 5, kopn. 7

Ilo oannvim Becemupnoii opeanuzayuu 30pasooxpanenus (BO3) BUY ocmaemcs 00HOU U3 0CHOGHbIX npobiem
2106a1bH020 00U ecmeenHo2o 30pagooxpanerust. Ochogubim memooom nedenus BUY sensiemcs nposedenue Gol-
coko akmusHoU anmupemposupycrou mepanuu (BAAPT), xomopas npedcmasnsiem codoil 00HOBPEMEHHbII npuem
HeCKOMbKUX anmupemposupychvix npenapamos. Ceoespemennoe nauano BAAPT nossonsem nodasums peniukayuio
8UPYCA 6 OP2AHUIME HEL0BEKAd U COOCUCMBYem YKPENieHUI0 €20 UMMYHHOU CUCIeMbl U B0CCIAHOBIEHUIO ee CNo-
cobrnocmu bopomuca ¢ ungexyuimu. Ilpu smom 6blbOp eKapcmeenvix npenapamos Ois NOGbIUEeHUs. Ka4ecmed
JUCUBHU U KOMNJIACHMHOCMU NAYUEHINO8 NPU NPOSeOeHUU aHMUpemposupyCcHot mepanuu 00ndiceH Oblms OCHOBAH
Ha nokaszamenax ux sQgexmusnocmu u 6ezonacnocmu. Lenv. Ananusz u uzyyenue nexcenamenvhwix peaxyuil (HP),
sosHuKalowux y nayuenmos ¢ BUY-ungpexyueii npu npumenenuu BAAPT, nposcusaiowux na meppumopuu Pecny-
onuxu Kpoiv. Mamepuanvt u memoovt. Oovexmamu uccieoosanus cmanu 274 kapmoi-useewjenus o HP, 3apecu-
cmpuposanHble 6 pecuonaibHou baze (peecmpe) cnonmannvix coodujenui ARCADe (Adverse Reactions in Crimea,
Autonomic Database) 3a nepuoo 2011-2016 ze. Pesynomamet. Pesynomamul ucciedo8anus noKa3au, ymo naubonee
yacmo HP nabmodanucs npu npumenenuu npenapamos pynnvl uneubumopos oopamuoi mpanckpunmasvl (HHUOT,
HUOT), umo obvachumo exiouenuem OaHHbIX NPENnapamos 6 Kkavecmee 0CHO8HbIX Jekapcmeennvix cpedcms (JIC) 6
cxemvt BAAPT. Cpeou smux epynn anmupemposupycHoix npenapamos adComomubimu auoepamu Obliu npenapamol
apasupens u neeupanun. Cpeou KOMOUHUPOBAHHBIX NPOMUBOBUPYCHBIX NPENAPAMO8, AKMUBHBIX NO OMHOUWLEHUIO K
BUY, naubonee wacmo HP bvinu cesa3ansl ¢ npumenenuem KOMOUHayuu 1amueyouna u 3u0o8yound. OCHOGHbIMU KU~
Huyeckumu npossienusmu HP npu npumenenuu xomounuposannwix npenapamos oas nevenus BUY 6vino cuudicenue
VpogHs 2emo2nobuna u paseumue anemuil. Ipu smom 6 85% ciyuaes nayuenmeol HysHcOAIUCh 68 npueme npenapamos ¢
Yenbro KOppeKyuy 803HUKWel HexcenamenvHol iekapemeennou peaxyuu (HJIP). Hepeoko npuem KoMOUHUPOBAHHBIX
AHMUPEMPOBUPYCHBIX NPENApamos Ovll cesa3an ¢ passumuem cepvesnvix HJIP. B criyyae mononpenapamog ocHog-
Hoimu npossnenuamu HP oviau napywenus co cmoponst LIHC (201060Kpydicenus, eariioyunayuu, Hapyuenus cHa) u
aniepeuyeckue peakyuy pasiuyHol cmenenu msagjcecmu (6 mom uucie I ciyuai omexa Keunke na npuem npenapama
«Oghepseny (agpasupens) 600 me). [Ipu smom npaxmuuecku 8 NOI0GUHE CIYHAE8 NpUem AHMuUpemposUpPYCHbIX Npend-
pamos epynn HHUOT, HUOT u uneubumopos npomeasvl 8bl3bl6ail pA3GUMUE CEPbE3HBIX NOOOUHBIX dhdexkmos, umo
noomeepocoaem Heobxooumocms uzyvenusn u ananuza HP ¢ yenvio nosviuenus bezonacnocmu gapmaxomepanuu
nayuenmos u YayyueHus Kauecmea ux Hcusnu. 3akarouenue. Msyuenue Hexcenamenibublx peakyull 1eKapcmeenHbix
npenapamos, npuMeHAIowuxcs 0as aevenus BUY, nocum sasicneliuee 3navenue 6 nogbiuenu 6e30nacHocmu u Kom-
naaenmuocmu nayuenmog ¢ BUY k npumensemoii noscusHenno gapmaxomepanui.

Kniwouegvie cnosa: mexcenamenvhvle peakyuu, aHMupemposupycHvie Rpenapamvl, UHUOUMOPLL 0OPaAMHOU
mparckpunmaswl, BU4-ungexyus
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ANALYSIS OF ADVERSE DRUG REACTION REPORT FORMS
ON THE MEDICINES, USED FOR AIDS TREATMENT (REGISTERED
IN THE REPUBLIC OF CRIMEA IN THE PERIOD FROM 2011 TO 2016)

Matveev A.V.*?, Krasheninnikov A.E.', Egorova E.A.?, Konyaeva E.I.?

!National Pharmacovigilance Research Center
22/2, Malaya Sukhrevskaya Str., Moscow, Russian Federation, 127051
’Medical Academy n. a. S.I. Georgievsky of Vernadskjy CFU
5/7, Lenin Boulevard, Simferopol, Russian Federation, 295051
E-mail: avmesmu@gmail.com

According to the data of the World Health Organization (WHO), human immunodeficiency virus (HIV) remains a ma-
Jjor global public health problem. The main method of treating HIV is using highly active antiretroviral therapy (HAART),
which is the use of multiple medicines acting on different viral targets. The timely onset of HAART can suppress the repli-
cation of the virus in the human body and helps to strengthen its immune system and restore its ability to fight infections.
At the same time, the choice of medicines to improve the quality of life and patients’ compliance during antiretroviral
therapy should be based on their effectiveness and safety. The aim of this research was to analyze and study the adverse
reactions that occur in patients with HIV living in the territory of the Republic of Crimea, when using HAART. Materials
and methods. The objects of research were 274 report cards about the adverse reactions, registered in the regional base
(registry) of spontaneous messages called ARCADe (Adverse Reactions in Crimea, Autonomic Database) for the period
from 2011 to 2016. Results. The results of the study showed that the most often adverse reactions were observed when
using medicines of the group of Nucleoside Reverse Transcriptase Inhibitors (NRTI). This is explained by the inclusion
of NRTI medicines as the main medicine in the method of HAART. Efavirenz (EFV) and Nevirapine (NVP) were absolute
leaders among these groups of antiretroviral medicines. Among the combined antiviral medicines active against HIV, the
most frequently adverse reactions were associated with the use of a combination of Lamivudine (3TC) and Zidovudine
(ZDYV). The main clinical manifestations of adverse reactions in the use of combination medicines for treating HIV were a
decrease in the level of hemoglobin and the development of anemia. At the same time, in 85% of cases, the patients need-
ed medication in order to correct the resulting adverse drug reaction (ADR). The combination of antiretroviral therapy
has often been associated with the development of serious ADR. In case of monotherapy, the main clinical manifestations
of adverse reactions were disorders of the central nervous system (dizziness, hallucinations, sleep disorders) and aller-
gic reactions of varying severity (including 1 case of angioedema to “Eferven” (Efavirenz (EFV)),600 mg). Hereby, in
almost half of the cases, the usage of antiretroviral medicines of the NRTI group and protease inhibitors caused the de-
velopment of serious side effects. This confirms the necessity to study and analyze adverse reactions in order to increase
the safety of patients’ pharmacotherapy and improve their quality of life. Conclusion. The study of adverse reactions to
the medicines used for treatment of HIV is of a paramount importance in improving the safety and compliance of HIV
patients to lifelong pharmacotherapy.

Keywords: adverse drug reactions, antiretroviral medicines, nucleoside reverse transcriptase inhibitors, human
immunodeficiency virus (HIV)

BBEJEHME. Ilo manasiM Beemupnoit Opranmsa-
uuu 3apaBooxpanenns (BO3) omHo W3 MEpBBIX MECT B
CTPYKTYpe CMEPTHOCTH 3aHUMAIOT NOOOYHBIE PEaKIHy,
BO3HHUKAIOIIE ITPU IPUMEHEHNH JICKAPCTBEHHBIX ITpera-
patoB. B HacTosIee BpeMs 4acTOTa HeKelaTeIbHbIX sB-
neHnit mpu amOynaropHoM npueMe pocruraer 10-20%,
a B TOCIIMTAJIM3ALIIHN JUIS JICYSHUS OCIIO)KHEHHH, BHI3BaH-
HBIX JIEKAPCTBEHHBIMH CPEACTBAMH, IPH ITOM MOTYT HY-
xmatbes ot 0,5 mo 5% manmentos [1-3]. Pactymas cen-
cHOMIN3aLUs HACETICHHs K XMMHYECKUM COEIUHEHUSIM
1 OMOJIOTMYECKH aKTHBHBIM BELIECTBAaM BCJICICTBHE HX
JOCTYITHOCTH U IIMPOKOTO pacupoCTpaHeHus Ha (apma-
LEBTHYECKOM PBIHKE, YBEIMYMBACT BEPOSITHOCTD Pa3BH-
THS TTOOOYHOTO NIeficTBHA npenapatos [1].

W3ydeHne u olLeHKa OE30IIaCHOCTH JIEKAPCTBEH-
HBIX CPEACTB, pa3pabOoTKa ITOAXOIOB 10 ONTUMH3ALUH
BBIOOpa, HA3HAYCHUS U PALIMOHAIBHOIO HCIIOJIB30BAHUS
JIEKapCTBEHHBIX IPENaparoB sBICTCS BaKHEWUIINM BO-
MpocoM, OCOOCHHO [uIsd 3a00NIeBaHW, 3aHMMAIOIINX
BeJlyIME MMO3UIMH B PacHpOCTPAHEHHOCTH, TSHKECTH H
CMEPTHOCTH HACEIICHUSL.

OnauM U3 Takux 3a0oseBaHui, 1100aJIbHOCTE KOTO-
poro moarBepxkaaeTcs maHHBIME BO3, sBisieTcs BUpYC
nmmyHonedunuTa denoseka (BMY) [4]. B mupe Ha Ha-
gajo 2017 roga HaCUYUTHIBAIOCH 36,7 MUIUIMOHA 3a00JI€B-
X, CPEAN KOTOPBIX 2,1 MIIITHOHA JETeH, 3apa3uBIINXCS
BHY ot matepu Bo Bpemst OepeMEHHOCTH WIIH POZIOB (Bep-
TUKAJIBHBIHN Iy Th Tiepenadn) [5]. Yucno BUY-unumpo-
BaHHBIX, 3apETUCTPHPOBaHHBIX B P® Ha konen 2015 t,
cocTaBmiIO Ooree | MIJUTHOHA YENIOBEK MPH MOKa3aTeNsX
cMepTHOCTH 212,5 TBICSY YenmoBeK, YTO TOATBEP)KAACT
BBICOKYIO COITHAIBHYTO OITACHOCTH 3TOTO 3a00eBanHus [6].

B cBs3u ¢ 9THM, CTAaHOBHUTCS OCOOCHHO aKTyaJbHOM
HE TOJBKO Pa3pabOTKa HOBBIX MPEHAPATOB VIS JICUCHUS
BHY, HO 1 paumoHanbHOE NPUMEHEHUE U U3YyUEHHE He-
JKENATeNIbHBIX PEaKkIuil TeX IPernaparoB, KOTOPHIE YiKe
CYILECTBYIOT Ha (hapMaleBTUUECKOM PBIHKE M BXOIST B
CXEMBI «BBICOKOAKTUBHOW aHTHPETPOBUPYCHOMN TEPAITHI
(BAAPT) [7-10]. B HacrosIiee BpeMsi CTaHIapTHAsI CXe-
Ma BAAPT Brirogaer B cebst KOMOMHAIMIO ABYX HYKJICO-
3UIHBIX HHTHOUTOPOB 0OpaTHON TpankpunTassl (HUOT)
B Ka4eCTBE OCHOBBI B COUETAHNH C HEHYKJICO3HIHBIM HH-
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rubuTopom odparnoit Tpankpuntazsl (HHUOT) wim yen-
neHHbIM uHruouTopoM mporeassl (M) [11]. IIpu stom
BBIOOP JICKAPCTBEHHBIX MPENapaToB JUIs MOBBIIICHHS Ka-
YeCTBa KHU3HU U KOMIUTACHTHOCTH MallUEHTOB TIPH MPOBe-
JICHUW aHTUPETPOBUPYCHOM TEPaMH JJOJDKEH ObITh OCHO-
BaH Ha IoKa3aresisix nx 3pPEeKTHBHOCTU U OE30IIaCHOCTH.

CTOUT OTMETHTH HATMYHE ONPEICNICHHON crienuduye-
CKOM TOKCHYHOCTH, XapaKTEPHOH JIsl KayKA0TO U3 Iepeyrc-
JICHHBIX KJIACCOB MPENapaToB, BXOAIIMX B cxemy BAAPT.
Tak, s HUOT nambonee XapaKTCpHBIMH HEKEATCIb-
HBIMHU peaxiusaMu siBysitorcst paccrpoiictBa XKKT, mueno-
cymnpeccHs, KapHUOMHOMNATHs], JIJAKTAIUA03, HapyILIEHUsI CO
cropons! LIHC B Bue nepudepruyueckux moanHeHponaryi.
HWcnons3osanue npenaparos rpynnsl HHUOT ceszano ¢
BO3HMKHOBEHHEM Ha (DOHE X MpHEMa IernaToTOKCHYHOCTH,
ayneprudeckux peakuuii u paccrpoiicts IIHC, a npuem
WHIHOUTOPOB TIPOTEa3bl HAMOOJIEE YACTO CBSI3aH C BO3HHK-
HOBeHHeM paccTpoiictB co ctopons! XKKT, munomuctpo-
(¥n, TUNEPININIEMIN U THTIEPIIIMKeMHH [7].

HEJb. Omnpenenenne 0CHOBHBIX (hapMaKoTepaneBTH-
YECKUX IPYMIT MPOTUBOBUPYCHBIX MPENapaToB, MPUMEHSIO-
mmxest npu BUY-undexnum, y naryeHToB, poKnBaroIHX
Ha TeppuTopuu Pecriyomikn Kpbim, a Taroke ycTaHOBIICHHE
YaCTOThl BOSHUKHOBEHUS M KJIMHUYECKUX MPOSBICHUI He-
JKEJaTeNIbHbIX PEeaKIrii MpH UX MPUMEHEHHN.

MATEPUAJIBI U METO/IbI. O0bekTaMu ucciie-
JIOBaHUs cTayiu KapTel-u3Benienus o HP, 3apeructpupo-
BaHHbIC B PErMOHAJBHOW 0asze (peecTpe) CIIOHTaHHBIX
coobmennit ARCADe (Adverse Reactions in Crimea,
Autonomic Database) 3a mepuon 2011-2016 rr. Beero
ObLT10 MpoaHanu3npoBaHo 274 kapr-u3senienuii o HP, 3a-
PErUCTPUPOBAHHBIX Y MAlMEHTOB, MPUHUMAIOIIUX KOM-
OMHMPOBAHHBIE M MOHOMIPENapars! Juis Jeuenns: BUY.

AHanu3 NpoBOJWICS C YYETOM KOJOB AHAaTOMO-Te-
paneptuueckorn (ATX) knaccupukanuu JeKapCTBCH-
Hbix cpenctB BO3 (ATX-komsr: JOSAF, JOSAG, JOSAE,
JOSAR) [12]. Jast ompeaeneHusl MPUYACTHOCTH KOH-

KPETHOTO Tpernapara K BO3HUKIIMM y MallMeHTa OCIIOXK-
HEHMSIM TEpalMu TPOBOAMIOCH ONpEJe/ICHUEe TPHYHH-
HO-CIIC/ICTBEHHOM CBSI3M  «JICKApCTBEHHBIH Tperapar
— HP» no mkane Hapanxo.

Cepbesnocts HP ycranapnuBanach B COOTBETCTBUU
C OIpeJlesIeHUeM, CoepkKalluMcs B MyHkTe 51 crarbu
4 ®enepanbHoro 3akoHa Ne61-d3 ot 12 anpens 2010 r.
«O0 oOpaleHny JIeKapCTBEHHBIX cpeacTs» [13].

Mertonosnorus aHanu3a kapr-usBemeHuin o HP ne
MoJjpazyMeBaa MpoBEICHUS] CPAaBHEHUI U ONpeIeIeHUs
KOppeJSIIMA TaHHBIX Mexay coboil. OmpeneneHue ya-
crotel HP mpoBogunocek B nporpamme MS Excel 2016
nakera Microsoft Office.

PE3VJIIBTATbBI U1 OBCYXIAEHME. [lna ocy-
mectBiieHns aHanu3a HP, BozHUKalomux npu npumexe-
HUHM TIpenaparos st euennss BUY, 6bu10 orobpano 274
KapThl-u3BenieHus o HP, 3aperucrpupoBaHHbIX B peru-
oHaBHOHN Oa3ze croHTaHHBIX coobmenuit ARCADe 3a
nepuog 2011-2016 rr. Ctout otmMeTuTh, uTo B 129 ciy-
yasgx HP (47,1%) Obun cBs3aHbl C IPUMEHEHHEM KOM-
ounnpoBanubix JIC mist neuennst BUY. Takum o6paszom,
KOJINYECTBO 3aperucTpupoBaHubix HP Ha anTHpeTpoBH-
pYCHBIE mperapars! (BKJI04as KOMOWHAIIUK TIPOTHBOBH-
PYCHBIX IpernaparoB, akTUBHBIX B oTHouenun BUY) co-
craBuio 5,4% oOT 00IIero KOJIM4ecTBa KapT-U3BELICHUH
o HP, 3aperucrpupoBanHsIx 3a 3T0T nepuof (5047 kapr).

IIpoBenenne anamuza HP wa mnpoTuBOBUpYCHBIE
npenaparsl s gedenus BUIY B coorBercTBHM ¢ AHa-
Tomo-TepanesTuyeckoil  (ATX) kmaccudukanuein e-
KapcTBEeHHBIX cpenctB BO3 mokasano, uto cpeau
MOHoOITpenaparoB Haubombiee konuuecTso HP 6bu10 3a-
PErUCTPUPOBAHO MPH MPUMEHEHHUH ITPENaparoB IPyIIIbI
HEHYKJICO3HUHBIX MHIMOMTOPOB OOpPaTHOW TpPaHCKPHII-
tasbl (97 cinyuaes, 35,40%) U HYKJICO3HIHBIX MHTHOU-
TOpOB 00parHO# TpaHckpunTassl (35 ciydaes, 12,8%).
3naunrtensHo pexke HP Obuti oTMedeHsl pu npuMeHe-
HUH TIPENapaToB IPYyIIbl HHTHOUTOPOB npoTeas (puc. 1).
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Pucynox 1 — Pacnpeoenenue ywacmomot HP omoensnsix zpynn anmupemposupycHovlix npenapamos
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Amnanuz gactotsl o0ycnosieHHocTH HP KoHKpeTHBI-
MU IpernapaTaMu B KaXKJJ0H U3 TPy TOKa3all, 4To B IPyTI-
ne HHUOT mnpenaparomM-«uiepoM» Mo 4acToTe pa3BU-

Tust HP 0b01 3paBupens (JOSAGO3) — 81 ciyuaii (83,5%),
3HAYUTENbHO pexxe HP ObLin CBA3aHBI C MPUMEHEHHEM
uepupanuHa (JOSAGO1) — 16 cayuaes (16,5%) (puc. 2).
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Pucynok 2 — Pacnpeoenenue ywacmomul cnyvaee HP na anmupemposupycuwie npenapamut 2pynnet HHHOT

Cpenu npenaparoB rpynmnel HUOT wauGonbiiee
KonuuecTBO ciydaeB HP Obuto 3aperucrpupoBaHo mpu
npuMeHeHun npenaparoB 3upoByauH (JOSAFO1) — 15

ciyuaeB (42,9%) u abakaBup (JOSAF06) — 11 cimydyaes
(31,4%). Yacrora passurust HP Ha npyrue mpenaparsl
JIAHHOM TPYIIIBI IPEJCTaBlIeHa Ha PUCYHKE 3.
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Pucynok 3 — Pacnpeoenenue wacmomul cnyyaeée HP na anmupemposupycuwie npenapamut cpynnst HUOT

B rpymnmne KOMOWHHMPOBaHHBIX MPOTHBOBUPYCHBIX
MIpenaparoB, akTUBHBIX B oTHomeHun BUY, HP wame
BCEr0 BO3HMKAIM IIpH IPUMEHEHHWH MpEnaparoB, CO-
YEeTaloIMX ABa HYKJICO3MIHBIX MHTHOMTOpa OOpaTHOM
TpaHCKPUNTA3bl JaMUBYIWHA W 3unoByauHa (116 cmy-
yaes, 90%). Pexxe HJIP HaGnrofanuck npu npuMeHEHUH
KOMOWHAIMK HHTHOUTOPOB MPOTEa3bl PUTOHABUPA H JIO-
nuaasupa (11 ciyuaes, 8,5%). B 2 ciyuasx passurue

HJIP 65110 CBsI3aHO C MPUMEHEHHEM TPEXKOMITIOHEHTHO-
T'0 JIEKAPCTBEHHOTO CPEZICTBA, COJEPIKAILETO TCHOPOBUP,
SMTpHULIUTA0NH U daBupens (puc. 4).

Wsyuenne pacnpenenenuss HP B 3aBucumoctu ot
10J1a ITAlMEHTOB T0Ka3aJIo, 4To Hanbosee yacto HP Bo3-
HUKaIIM y JIUI JKeHCKoro mona — 171 cmywait (62,4%),
ripu 3ToM y MyxcurH HP Obutn 3aperucrpupoBanst B 103
ciy4asx, 94To cocTaBuio 37,6%.
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Pacnpenenenune yacrorel HP koMOMHMpPOBaHHBIX
NPOTHBOBHPYCHBIX CPEACTB, AKTUBHBIX 10 OTHOLIEHHUIO K
BUY
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Pucynok 4 — Pacnpeoenenue ywacmomoi ciyuaee HP na komounuposannvie npomueosupycHule cpeocmad,
akmuenvix 6 omuowenuu BUY9

[IpoBenenue aHamm3a BO3PACTHBIX IEPHOIOB Ia-
LIMEHTOB, Y KOTOPBIX OBIIM 3aperHCTPUPOBAHBI CIydaH
HP npu npoBeneHuM aHTUPETPOBUPYCHOM Teparuu,
M0Ka3aJlo CIeqyIoUIne pe3ynbraTsl (puc. 5): Haubomee
4acTO OCIOKHEHHS (apMaKOTEPauHu pPErucTpHUpOBa-
JINCh y AaMEHTOB B Bo3pacte 31-45 ner — 135 ciyya-
eB HP (49,3%) u 18-30 net — 62 cnyuas (22,6%). 3to

MOXeET OBITh CBSI3aHO C HamOoJiee BHICOKOH 4YaCTOTOM
3apaskeHus U BeisgBiaeHns BUY y smi Mononoro Bo3pac-
Ta. B Bo3pacte 46—60 meT (mma cpeaHero BO3pacTta)
HP 6butn 3apeructpuposans y 40 manuentos (14,6%).
3HaYUTENbHO pexe BeTpevanuch ciaydan HP y nereit
U JIAI TOXKIIIOTO Bo3pacta (27 u 10 cirygaeB cooTBeT-
CTBEHHO).

HN3y4yenue yacrorsl passutusa HP B pasiuynbix
BO3PACTHBIX IPyNIaxX NAlMEHTOB
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Wzyuenue xkmmuumyeckux mnpossrnenuit HP npooau-
JIOCh B IPYIIAaX MOHO- U KOMOWHMPOBAHHBIX IPENaparoB
T10 OT/AETBHOCTH, YTO MO3BOJIMIIO BBISIBUTH HEKOTOPBIE 0CO-
6enHocti HP atux rpynn npenaparos (puc. 6, puc. 7). Tak,
B IPyIIE MOHONPENapaToB, MIPUMEHIEMbIX AJIS JICUEHUS
BUY (HHUOT, HUOT, uHrnOouTopoB mporeasbl), Hau-
Oosiee 4aCThIMU KIIMHUYECKUMHU MIPOSIBIICHUSIMU HEXKella-
TENBHBIX peakuuii Obutn peakuuu co cropoHsl LIHC u
aIJIeprUYecKue PeakiMy pa3INyHON CTENEHM TSKECTH
(KOXHBIN 3y[, KpanuBHULA, oTek KBnHke) (40% 1 26,2%

CJIy4aeB COOTBETCTBEHHO). 3HAUUTENILHO PEeXe HMEeNn
mecto HP co croponsr XKKT (12,4%) u cucremsl Kpo-
Bu (11% cnyuaeB). B ommmune or 3Toro, nmpuMeHeHUe
KOMOWHHMPOBAHHBIX IIPOTHBOBHPYCHBIX MPENaparoB JIst
neyenust BUY wame Bcero ObUIO CBS3aHO C BO3HHUKHO-
BEHHEM Y TalMCHTOB HEXEJIaTeIbHBIX peakluuil B BHJC
yrHeTeHus: KpoBeTBopeHus (95 ciydaes, 73,4%). B enu-
HUYHBIX ciydasx HaOmonamick HP co croponst ITHC
(13 cnyuaes, 10,1%), X)KKT (10 cinyuaes, 7,7%) u B Buze
MECTHBIX aJIeprudeckux peakmuii (9 ciaygaes, 7,0%).

Kannuyeckue nposiiiennss HP Ha npenaparsl rpynn
HHUOT, HUOT v nuHruéuTopoB nporeassl

(MononpenapaTbl)
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Pucynox 6 — Knunuueckue nposaenenua HP na anmupemposupycuwvie npenapamut 2pynn HHUOT, HUOT,
UHZUOUMOPOE npomeassl

CTOUT OTMETHUTH, YTO TPOBEICHUE MEAUKAMEHTO3HON
KOPPEKIMH C LEJIBI0 KYTUPOBAHUS KIIMHUYECKUX TPOsIBIIE-
Huit HP anTHpeTpoBUpYCHBIX NpenapaToB B BUJIE MOHO- U
kxomOuHupoBaHHbIX JIC morpeboBaiock B 179 ciyuasx
(65,3%), 4TO MO3BOJISACT CYJUTh O CEPHE3HOCTH M TSKCCTH
HOKEJIATENBHBIX PEaKIii, BO3HUKAIONIUX TPH MPUMCHE-
HuH nipenaparos i JgeucHust BUY. B 95 ciyuasx (34,7%)
MAIMEHTHI B KOPPEKIIMU HEXeNaTeIbHOW PeaKIu He HYX-
JIAITUCh, 1 OHU KYIUPOBAIUCH CAMOCTOSITEIIBHO.

JanbHeiimuii ananus kapT-uszBemienuit o HP npena-
paroB myis neueHus BUY ObUT OCBAIICH M3YYCHUIO KO-
JINYECTBY Ha3HAYaeMbIX OJHOBPEMEHHO JIEKAPCTBEHHBIX

MIPENapaToB U BHISIBICHUIO CIIy4aeB MOJUIIPAarMa3uu Npu
npoBeneHun (papmakorepanuu narnueHToB ¢ BUY. Tak,
ananu3 HP, Bo3HMKaOIMX NpU NPUMEHEHUH MOHOIpe-
napatoB ans jedenuss BUY nmokazan, uro 93 ciaydasax
(64,1%) mMMeI0 MECTO OIHOBPEMCHHOC MX Ha3HAUCHHE
¢ mpenaparamMy ApYrux (apMakoJOrHYecKHX TIpyIIIl.
[Ipuuem ogHOBpEeMEHHOE Ha3HAYEHUE B 3TUX Clydasx 4
u OoJiee JIeKapCTBEHHBIX IpenaparoB Halmonaioch B 15
KapTax-U3BEUICHUAX, YTO ITO SIBJISETCS BaXKHBIM MOMEH-
TOM JJISl OLCHKHU NPUUUHHO-CIIEICTBEHHON CBSA3U MEXKIY
IpueMoM Ipenapara u Bo3Hukaroueit HP u moxer pac-
CMaTPHUBATHLCS KaK CBUJETENBCTBO MOJIUIIParMa3ui.
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Kaunnuyeckue nposijienusi HP, Bo3HuKawmme npu
NPUMMEHEHNH KOMOMHMPOBAHHBIX MPOTHBOBUPYCHBIX
NMpenaparoB, AKTUBHBIX 10 OTHOMEeHUIO K BUY
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Pucynok 7 — Knunuueckue nposaenenua HP, eoznukaroujue npu npumenenuu KOMOUHUPoGaHHvIX
RPOMUBOBUPYCHBIX NPENAPAM 06, AKMUBHBIX N0 omHouenuto K BU4

OnHOBpEMEHHOE TPUMEHEHUE JBYX M TPEX JieKap-
CTBEHHBIX TpenapaToB BCTpeyanock B 25 u 7 cinyuasx HP
COOTBETCTBEHHO. Ha3HaueHue mnanmeHTaM KOMOHHHPO-
BaHHBIX IPOTHBOBUPYCHBIX IIPENAPATOB, aKTUBHBIX 110 OT-
Homenuto k BUY, manbosee gacro (100 ciryqaes, 77,5%)
COIPOBOYKAATOCh HA3HAUEHHUEM B Ka4€CTBE COITYyTCTBYIO-
el Tepanuy OIHOTO JIEKApCTBEHHOIO Ipernapara.

PaccMoTpenne NCcX00B HeKesaTelIbHbIX JIeKapCTBeH-
HBIX PEaKIUi y MalleHTOB, TPUHUMAIOIINX aHTHPETPOBHU-
pycuble npenapars rpyrin HHUOT, HUOT u naruéuropos
MIPOTEa3bl, IOKA3aJI0, YTO YIPOXKAIOLIHE KI3HU MAllUEHTOB
COCTOSIHHSI BO3HUKAIM B 5 ciydasx (3,4%), rocruranmsa-
LIS M IPOJUIEHHE CPOKOB TOCITUTAIM3AINH ITOTPEO0BAIOCH
B 34 (23,5%) u 7 ciyyasx (4,8%) coorBercTBeHHO. CTOUT
OTMETHUTh, YTO Pa3BUTUE BPEMEHHOH HETPYIOCIIOCOOHO-
ctu HaOmonanock B 11 ciyvasx (7,6 %), B ocTayibHBIX 88
ciy4vasix (60,7%) HP Obuin Hecephe3HBIME M HE BHI3BIBAIIH
BBIIICTIEPEUNCIICHHBIX MOCIIEACTBUM.

Crnenyromuil sran ananusa kapT-usseuieHuii o HP
IIPOTHBOBUPYCHBIX TPErapaToB ObLI ITOCBSILIEH OINpeje-
JeHnto ipuauHHO-ciiecTBeHHo cBsizu ([ICC) «iekap-
CTBeHHBII npenapar — HP» B cooTrBercTBHU C anropur-
moMm Hapamwxko. [laHHbI aHanu3 MOKa3al CIEAyIOUIe
Ppe3ysbTaThl: NPUYMHHO-CIISICTBEHHAsS! CBSI3b MEXKY TPH-
emoM npenaparo rpynn HHUOT, HUOT, naruéuropos
nporeassl ¥ Bos3HuKmied HJIP B GonblinHCTBE cirydaes
Obuta ompeneneHHoi (74 cmydvas, 51%), B 67 ciydasx
(46,2%) — BeposiTHOM 1 B 4 ciry4asx (2,8%) — BO3MOXKHOH.
B rpynme koMOMHUPOBAHHBIX MPENaparoB ISl JICUSHUs
BUMY naubosnee yacto I[ICC Obua BeposiTHO#H (99 ciyuas,
76,7%), B 28 ciryqasix (21,7%) — onpeneneHHoH 1 B 2 city-
yasx (1,6%) — Bo3MoxHO (puc. 8).

Pe3ynbraThl IpOBEACHHOTO aHalIM3a KapT-U3Belle-
Huit o HP npenaparoB, mpuUMeHSOIUXCA NpU Tepa-
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nun BUY-undekunn, noaTBepauiin BICOKYIO 4YacTOTy
BCTPEUAEMOCTH TaKUX PEaKUMH U UX CePhe3HOCTh, YTO
MOJITBEPKAeTCsI AAHHBIMU APYTUX HccaenoBaTenei[10,
14-16]. ITpu sTom Hauboee yacro HP HaOmtonanuce npu
IIPUMEHEHNH TIPETapaToB TPyl HHTHOUTOPOB oOpar-
Hoi Tpanckpunraszsl (HHUOT, HUOT), uro oObsicHu-
MO MX BKJIIOUEHHEM B KauecTBe 0CHOBHBIX JIC B cxeMbl
BAAPT (BbIcOKOI aHTUPETPOBUPYCHOU Tepanuu). Cpe-
JIM 9TUX TPYII aHTUPETPOBUPYCHBIX IIpenaparoB adco-
JIIOTHBIMH JIHJepaMH ObUIM 3(aBUpPEH3 M HEBUPAIHH.
Cpeny KOMOMHMPOBAaHHBIX NPOTHBOBUPYCHBIX Mpera-
paroB, aKTHBHBIX IO OTHoleHHI0O K BUY, nambGoisee
yacto HP Obutn cBsi3aHBI ¢ IpUMEHEHUEM KOMOMHAIUH
JIaMUBYZIMHA U 3UA0ByAMHA. OCHOBHBIMU KIMHUYECKU-
MU nposiieHusMu HP mpu npumeneHnn KOMOMHMPO-
BaHHBIX IpernaparoB Juis jedeHus BUY Obuio cHmke-
HUE YpPOBHS remMornoOnHa W pa3BuTHE aHemuid. [Ipu
sToM B 85% cilydaeB MalueHThl HYXKAAJIUCh B IIpUEMe
MpenapaToB ¢ Lenbio Koppekuuu Bo3Hukieir HJIP. He-
penKo nprueM KOMOMHHPOBAHHBIX aHTUPETPOBUPYCHBIX
IperapaToB ObUI CBsA3aH ¢ pa3BUTHEM cepbe3Hbix HIIP.
B cimyuae MoHOIpenapaToB, OCHOBHBIMH NPOSIBICHUS-
mu HP Obumn Hapymenust co croponsl [THC (rososo-
KpY>KeHUsl, FaJJIIOLUHAIINY, HApyIIEHUs CHA) U aJulep-
THYECKHUE PeaKu pa3IuuHON CTENeHU TSKECTH (B TOM
yuciae 1 cinydail oreka KBuHKe Ha mpuem mpemnapara
«DOdepsen» (adasupens) 600 mr). [Tpu sTrom npakTHye-
CKU B TOJIOBUHE CIy4yaeB IMPHUEM aHTUPETPOBUPYCHBIX
npemnaparoB rpynn HHUOT, HUOT u mHru6uropos
MpOTEa3bl BBI3BIBAI PA3BUTHE CEPHE3HBIX ITOOOUHBIX
3¢ PEeKTOB, UYTO MOATBEPKIAET HEOOXOAUMOCTh H3yye-
Hus ¥ aHasnm3a HP ¢ nesnblo noBbleHus 6e30macHoCTH
(apmakoTepanuy NalMEeHTOB W YIYYIIEHHs KayecTBa
UX JKU3HHU.
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Pucynox 8 — Cmenenu 0ocmogeprocmu npudunno-ciedcmeennoi céasu «HP — nexkapcmeennvlil npenapamy
no wikane Hapanowco

3AKJ/JIFOYEHHME. CormacHo HCCIEIOBaHUHN II0-
cinenHux JieT, B P® HaOmomaeTcss MOCTOSHHBIM POCT
60sbHBIX ¢ BUY-uH(peKImel, HaXOSIIXCs B TPOrpec-
cUpyIomel craguu 3a00JeBaHUS M TPEOYyIOUMX Mpo-
BeaeHuss BAAPT. IlpumeHeHne aHTHPETPOBHPYCHBIX
MIpPernapaToB B 3TOM CiIy4ae HaImpsSAMYIO CBA3aHO C BO3-
HUKHOBEHHEM HEXeNaTelbHbIX 3((eKToB, pa3BUTHEM
PE3UCTEHTHOCTH K BUPYCY U CHIKCHHEM KauyecTBa JKU3-
HM nanueHTta. Yactora passutus HP npu npumenenuun
pasznuaHbix cxeM BAAPT, cormacHo ganabiM Cankr-Ile-

tepOyprckoro Llentpa CIIM/la, coctaBnseT oxono 12%,
npuyeM yanie Bcero takue HP sBisioTcs cepbe3HbIMU U
TpeOyIoT METUKAMEHTO3HOH KOPPEKIINH.

Pacrio3HaBaHWe MOTEHIIMATIBHO OMACHBIX OCIOXK-
neanit BAAPT, nsydenne mexanusmoB passutus HP, a
TaKXKe MPeIOTBpalICHHEe MO00YHBIX 3()(PEKTOB aHTHUPET-
POBHPYCHBIX HperapaTtoB MOXKET CIIOCOOCTBOBATh OBbI-
IICHUIO TIPUBEPKEHHOCTH MALMEHTOB K JIUTEIHLHOMY
neueHuo BY, noBeIeHNI0 KauecTBa UX JKU3HU U, KaK
CIIC/ICTBHE, YBEINICHHUIO MPOJOJKATEIFHOCTH UX KHU3HU.

INTRODUCTION. According to the World Health
Organization (WHO) data, one of the first places in
death statistics is taken by adverse reactions that occur
during the use of medicines. Currently, the incidence of
adverse events in outpatient admission reaches 10-20%,
and from 0.5 to 5% of patients may need hospitalization
for the treatment of complications caused by medicines
[1-3]. The growing sensibilization of the population to
chemical compounds and biologically active substanc-
es due to their availability and wide distribution in the
pharmaceutical market, increases the probability of drugs
side effects [1].

The study and evaluation of drug safety, the devel-
opment of approaches to optimize the selection, prescrip-
tion and rational use of drugs is the most important issue,
especially for the diseases that hold leading positions in
the prevalence, severity and mortality of the population.

One of these diseases, the global nature of which has
been confirmed by the WHO data, is the human immu-
nodeficiency virus (HIV) [4]. At the beginning of 2017,
there were 36.7 million cases in the world, including
2.1 million children who had become infected with HIV

from the mother during pregnancy or childbirth (vertical
transmission) [5]. The number of HIV-infected people
registered in the Russian Federation at the end of 2015
amounted to more than 1 million people, with mortality
rates of 212.500 people, which confirms the high social
danger of this disease [6].

In this regard, not only the development of new med-
icines for the treatment of HIV, but also the rational use
and study of adverse reactions of those medicines that
already exist on the pharmaceutical market and are in-
cluded in the HAART, are becoming especially relevant
[7-10]. Currently, the standard HAART includes a com-
bination of two Nucleoside Reverse Transcriptase Inhib-
itors (NRTI) as a basis in combination with non-Nucle-
oside Reverse Transcriptase Inhibitors (NNRTI) or an
enhanced protease inhibitor [11]. Hereby, the choice of
medicines to improve the quality of life and patients’
compliance during antiretroviral therapy should be based
on their effectiveness and safety.

The presence of certain specific toxicity character-
istic for each class of medicines included in the HAART
should be notified. So, the most typical adverse reactions
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to the NRTI group are gastrointestinal disorders: myelo-
suppression, cardiomyopathy, lactacidosis; disorders of
the CNS in the form of peripheric polyneuropathy. The
use of drugs of the NNRTI group is associated with the
occurrence of hepatotoxicity, allergic reactions and CNS
disorders. The use of protease inhibitors group is most
often associated with the occurrence of disorders of the
gastrointestinal tract, lipodystrophy, hyperlipidemia and
hyperglycemia [7].

THE AIM. The aim of this research was to determine
the main pharmacotherapeutic groups of antiviral drugs
used for HIV infection in patients living in the Republic of
Crimea, as well as to establish the incidence and clinical
manifestations of adverse reactions in their use.

MATERIALS AND METHODS. The objects of
research were adverse reactions report cards, registered
in the regional base (registry) of spontaneous message
called ARCADe (Adverse Reactions in Crimea, Auto-
nomic Database) in the period from 2011 to 2016.

In total, 274 adverse reactions report cards have been
analyzed in patients taking combined medicines and
monotherapy for treatment of HIV.

The analysis was carried out taking into account the
codes of The Anatomical Therapeutic Chemical (ATC)
Classification System (ATC Code: JOSAF, JOSAG,
JOSAE, JOSAR) [12]. To determine the involvement of
a particular medicine to the patients’ complications of
therapy, a cause-effect relationship “medicine — adverse
drug reaction (ADR)” was determined according to the
Naranjo scale.

The severity of ADRs was established in accordance
with the definition in paragraph 51 of Article 4 of Federal
Law No. 61-FZ “On the Circulation of Medicines” dated
12 April, 2010 [13].

The methodology for analyzing ADR report cards
did not imply making comparisons and determining the
data correlations among themselves. The ADR frequency
determination was performed in MS Excel 2016 Micro-
soft Office.

RESULTS AND DISCUSSION. For the analysis of
ADRs that occur when using drugs for treating HIV, 274
report cards about ADR cases were selected; they were
registered in the regional database of spontaneous mes-
sages ARCADe during the period from 2011 to 2016. It
is worth notifying that 129 cases of ADR (47,1%) were
associated with the use of combined medicines for treat-
ing HIV. Thus, the number of registered ADRs to antiret-
roviral medicines (including combinations of antiviral
drugs active against HIV) amounted to 5.4% of the total
number of ADR report cards registered during this period
(5047 cards).

The analysis of ADR for antiviral medicines for the
treatment of HIV in accordance with the “The Anatomi-
cal Therapeutic Chemical (ATC) Classification System”-
showed that among the monopreparations, the largest
number of ADRs was registered when using medicines of
the NNRTI group (97 cases, 35,4%) and the NRTI group
(35 cases, 12,8%). The ADRs have been registered much
less frequently when using medicines of the protease in-
hibitor group (Fig. 1).
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30%
25%

20% .
15% 12,8%
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0%

NNRTI

35,4%

The frequency of ADR, %

NRTI

ADR frequency of certain groups of antiretroviral
medicines

Pharmacological groups

47,1%

4,7%

Protease inhibitors Combinations of
antiviral drugs active

against HIV

Figure 1 — ADR frequency of certain groups of antiretroviral medicines

The analysis of the ADR frequency dependence on spe-
cific drugs in each group showed that in the NNRTI group
the drug “leader” in the incidence of the development of
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ADR was Efavirenz (EFV) (JOSAGO03) — 81 cases (83,5%),
much less frequently ADR was associated with the use of
Nevirapine (NVP) (JOSAGO1) — 16 cases (16,5%) (Fig. 2).
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Among the medicines of the NRTI group, the larg-
est number of ADR cases was registered with the use of
Zidovudine (ZDV) (JOSAFO01) — 15 cases (42,9%) and

Abacavir (ABC) (JOSAF06) — 11 cases (31,4%). The de-
velopment frequency of ADR on other medicines in this
group is presented in Fig. 3.
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Figure 3 — Number of ADR cases during the use of medicines of the NRTI group

In the group of combined antiviral medicines active
against HIV, ADRs most often occurred when using med-
icines that combine two nucleoside reverse-transcriptase
inhibitors (RTIs) — Lamivudine (3TC) and Zidovudine
(ZDV) (116 cases, 90%). Less often ADRs were ob-
served when using combinations of protease inhibitors
Ritonavir and Lopinavir (ABT-378) (11 cases, 8.5%). In

2 cases the ADR development was associated with the
use of a three-component medicine containing Tenofovir,
Emtricitabine and Efavirenz (EFV) (Fig. 4).

The research of the ADR distribution of dependance on
the patients’ gender showed that ADRs were most frequent in
female patients — 171 cases (62.4%), while in male patients
ADRs were registered in 103 cases, which amounted to 37.6%.
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Figure 4 — Frequency distribution of ADRs in combined antiviral agents active against HIV

The analysis of the age periods of the patients in whom
ADR cases were reported during antiretroviral therapy
showed the following results (Fig. 5): most often complica-
tions of pharmacotherapy were recorded in the patients aged
31-45 years — 135 cases (49,3%) and 18 — in the patients aged

30 years — 62 cases (22,6%). This may be due to the highest in-
cidence of infection and HIV detection in young people. At the
age of 46-60 years (middle-aged people), ADRs were report-
ed in 40 patients (14,6%). ADRs in children and elderly people
were much less common (27 and 10 cases, respectively).
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Figure 5 — ADR frequency distribution in different age groups of patients

The research of the clinical ADR manifestations
was conducted in the groups of monotherapy and com-
bined medicines separately, which made it possible to
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identify some features of the ADRs of these groups of
medicines (Fig. 6, Fig. 7). In the group of monothe-
rapy when the most often medicines to treat HIV were
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NNRTI, NRTI and protease inhibitors, the most fre-
quent clinical manifestations of adverse reactions were
CNS reactions and allergic reactions of varying sever-
ity (pruritus, urticaria, angioedema) (40% and 26.2%
of cases, respectively). Much less often there were gas-
trointestinal adverse events (12.4%) and blood system
adverse events (11% of cases). In contrast, the use of

combined antiviral drugs for treating HIV was most of-
ten associated with the occurrence of adverse reactions
in patients in the form of hematopoietic suppression (95
cases, 73.4%). In isolated cases, ADRs were observed
in the CNS (13 cases, 10.1%), gastrointestinal tract (10
cases, 7.7%) and in the form of local allergic reactions
(9 cases, 7.0%).

CNS

0 10

Clinical manifestations of ADRs to the drugs of the
NNRTI groups, NRTIs and protease inhibitors

(monotherapy)
Other m 2
‘:o; Respiratory system m 1
s Endocrine system u 1
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€ Hematopoietic suppression IEEEE—————— 16
Z‘; Gastroenteric tract TEEEEE———————— 18
g Allergic reactions IS 38

I 58

20 30 40 50 60 70

Number of ADR cases

Figure 6 — Clinical manifestations of ADRs to the drugs of the NNRTI groups, NRTIs and protease inhibitors
(monotherapy)

Drug correction aimed at stopping ADR clinical
manifestations to antiretroviral drugs in the form of
mono- and combination drugs was required in 179 cases
(65.3%), which makes it possible to judge the severity
of adverse reactions that occur when using drugs for the
treatment of HIV. In 95 cases (34.7%), the patients did
not need to correct the adverse reactions, and they stopped
by themselves. Further analysis of the report cards of
ADRs to the treatment of HIV was devoted to the study of
anumber of medicines prescribed simultaneously and the

detection of polypragmasy cases during pharmacothera-
py of patients with HIV. The analysis of ADRs occurring
when monotherapy was used to treat HIV showed that
93 cases (64.1%) were the results of coadministration
of drugs from other pharmacological groups. Moreover,
the simultaneous prescribtion of 4 or more drugs in these
cases was observed in 15 report cards, i.e. this is an im-
portant point for assessing the cause-effect relationship
between taking a drug and an emerging ADR and can be
considered as evidence of polypragmasy.
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Figure 7 — Clinical manifestations of ADRs arising from the use of combined antiviral drugs active against HIV

The simultaneous use of two and three drugs was
found in 25 and 7 cases of ADR, respectively. The pre-
scribtion of combined antiviral drugs active against HIV
to patients was most often (100 cases, 77.5%) and ac-
companied by the administration of a single drug as a
concomitant therapy.

The examination of the outcomes of undesirable
drug reactions in patients taking antiretroviral drugs of
the NNRTI, NRTI groups and protease inhibitors showed
that life-threatening disorders occurred in 5 cases (3.4%),
hospitalization and extension of hospitalization terms
were required in 34 (23.5%) and 7 cases (4.8%), respec-
tively. It is worth notifying that the development of tem-
porary disability was observed in 11 cases (7.6%), in the
remaining 88 cases (60.7%) ADRs were not serious and
did not cause the above-listed consequences.

The next stage of the analysis of the ADR report
cards of antiviral drugs was devoted to the definition of a
cause-effect relationship “medicine — ADR” in accordance
with Naranjo scale. The results of the analysis were the
following: the cause-effect relations between taking drugs
of the NNRTI, NRTTI groups, and protease inhibitors and
the resulting ADRs were in most cases definite (74 cases,
51%). In 67 cases (46.2%) it was probable and in 4 cases
(2.8%) it was possible. In the group of combined drugs for
treating HIV, the cause-effect relationship was probable
(99 cases, 76.7%), in 28 cases (21.7%) it was definite and
in 2 cases (1.6%) it was possible (Fig. 8).

The results of the analysis of the ADR report cards of
drugs used in the treatment of HIV infection, confirmed
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the high frequency of such reactions and their severity,
which is confirmed by the data from other researchers
[10, 14-16]. Hereby, the most frequent cases of ADRs
were observed when using drugs of the NNRTI and
NRTI groups, which are explained by the inclusion of
these drugs as the main ones in the HAART. The absolute
leaders among these groups of antiretroviral drugs were
Efavirenz (EFV) and Nevirapine (NVP). Among the
combination of antiviral drugs active against HIV, most
frequently ADRs were associated with the use of combi-
nations with Lamivudine (3TC) and Zidovudine (ZDV).
The main clinical manifestations of ADRs in the use of
combination drugs for treating HIV were a decrease in
the level of hemoglobin and the development of anemia.
At the same time, in 85% of cases, the patients needed
medication in order to correct the resulting ADRs. An-
tiretroviral therapy by combined antiviral drugs active
against HIVhas been often associated with the develop-
ment of severe ADRs. In case of monotherapy, the main
clinical manifestations of adverse reactions were disor-
ders of the central nervous system (dizziness, hallucina-
tions, sleep disorders) and allergic reactions of varying
severity (including 1 case of angioedema to “Eferven”
(Efavirenz (EFV)), 600 mg). Moreover, in almost half
of the cases, the usage of antiretroviral medicines of the
NNRTI, NRTI groups and protease inhibitors caused the
development of severe side effects. This confirms the ne-
cessity to study and analyze adverse reactions in order
to increase the safety of patients’ pharmacotherapy and
improve their quality of life.
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CONCLUSION. According to recent studies in the
Russian Federation, there has been a steady increase in
patients with HIV infection who are in a progressive
stage of the disease and require HAART. The use of an-
tiretroviral drugs in this case is directly related to the
occurrence of undesirable effects, the development of
resistance to the virus and a decrease in the patient’s
quality of life. The development frequency of ADR in
the application of various HAART regimens, according

to the St. Petersburg AIDS Center, is about 12%, and
most often such ADRs are serious and require medical
correction.

Recognizing potentially dangerous complications
of HAART, studying the mechanisms for developing
ADRs, as well as preventing the side effects of antiretro-
viral drugs, can increase patients’ adherence to long-term
treatment of HIV, improve their quality of life and, con-
sequently, increase their life expectancy.
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ATPETATHbIY NOAXOA4 K NEPUOAU3ALUN
CTAHOBNEHUA CUCTEMbl PAPMAKOHA30PA

Kpawenunnuroe A.E.

Aemonomnas nekommepueckas opeanuzayusn « Hayuonanonoiii nayyneiti yenmp @apmaxonaozopay,
127051, Poccus, e. Mocksa, yn. Manas Cyxapesckas niowaos, 2, kopn. 2
E-mail: anatoly.krasheninnikov@drugsafety.ru.

Lens. Cucmemamuszayusn uzeecmnol paxmono2uyeckoi 0azvl, OMHOCAULEUCS K POPMUPOBAHUIO 2100ATbHOU CUC-
membl (hapmakoHad3opa, u ee OaibHelule20 UCNONb308AHUS OJi NEPUOOU3AYUL PA3GUMUsL 8bIOPAHHO20 COYUATb-
Hoeo uncmumyma. Mamepuanst u memoowl. Paspabomxa nepuoouzayuu UCMopuiecko2o pazeumusi 6CEMUpHo
cucmembvl (papmakonad3opa ocywecmeisiniacs ¢ UCHONb308AHUEM CUCMEMHO20, 2HOCEOL02UYECKO20, UCTOPUKO-
ONUCAMENBHO20 MEMOO08, A MAKICE C NOMOWbIO Memoda 0bobwenus. Pezynomamaol. Pesynomamol nposedenoco
UCCNe006aAHUsL NO3BONULU UOCHMUPUYUPOBAMb PAO IMANOE MUPOBO2O PAZGUMUS U UHCTHUMYYUOHATUZAYUU pap-
maxonaosopa. 3aknrwuenue. [Iposedennoe ucciedosanue nNo360MUL0 NOOMEEPOUNMD, YMO aA2pe2amHblii N0OX00,
NPUMEHEHHBLU K 2100AIbHOMY 2eHe3y MUPOBOLU CUCTeMbL (PapmMakoHao3opa, A6aAemcs IPPekmueHbLM HayUHO-Me-
MOOONOSULECKUM NPUEMOM, CHOCOOCMBYIOWUM PA3PAbOMKe HOBO20 YPOGHS 0000WeHUs U CUCEMAMU3AYUU 3HA-
HUll 0 papmaxonadsope, KAK CAONCHOM UHCIUNYIE, KOHLOMEPUPYIOWUM 6 cebe HAVKY U NPAKMUYECKYI0 MeNC20-
CyO0apcmeeHHyo 0esimenbHOCmb.

Knrwouegvie cnosa: cucmema ¢papmaxonaozopa, HexceniamenbHoie peakyuil, azpeanmubiii n00Xo0, Nepuoou3ayiis

THE AGGREGATE APPROACH TO THE PERIODIZATION
OF THE FORMATION OF THE PHARMACOVIGILANCE SYSTEM

Krasheninnikov A.E.

National Pharmacovigilance Research Center
2/2, Malaya Sukhrevskaya Str., Moscow, Russian Federation, 127051
E-mail: anatoly.krasheninnikov@drugsafety.ru.

The aim of this article is to systematize the known data based on facts relating to the formation of the global
pharmacovigilance system, and its further use for the periodization development of the selected social institution.
Materials and methods. The development of the periodization of the historical development of the world pharma-
covigilance system was carried out using the systematic, epistemological, historical descriptive methods, as well as
using the method of generalization. Results. The results of the study made it possible to identify a number of stag-
es in the global development and institutionalization of pharmacovigilance. Conclusion. The carried out research
confirmed that the aggregate approach applied to the global genesis of the world pharmacovigilance system is an
effective scientific and methodological technique that contributes to the development of a new level of application and
systematization of knowledge about pharmacovigilance as a complex institution, conglomerating in-house science
and practical interstate activity.

Keywords: pharmacovigilance system, adverse reactions, aggregative approach, periodization

BBEJEHME. be3ycnoBHO, IpU U3YYEHUU SIBICHUS — NPEICTABISIET AJIs UCCIIEAOBATENIEH IPU3HAHHYIO CIIOXK-
Pa3BUTHA B OTHOIICHUH JTIOOOTO HAYYHOTO 00BEKTa Bask-  HOCTB [4]. IlepeunicieHHbIC TOJIOKEHHS B TIOJIHOW Mepe
HO YYHTHIBAaTh OOBEKTUBHYIO MTOCTYMATEIFHOCT M Ka4e-  CIPaBEAIMBHI KaK B OTHOIIEHHH MEAULIMHBI BoooOIe [5],
CTBEHHYIO (ha3HOCTh Tporecca reaesuca [1-3]. Ogaako  Tak u i (apMakoHAI30pa B YaCTHOCTH, SBIISIONIETO
BBIJICTICHHE KaYECTBEHHO OJHOPOMHBIX ATAMIOB PA3BUTHS  CETOJHS HEOCTIOPUMOW IO 3HAYMMOCTH WHTETPATHBHOI
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MEIMKO-IIPaBOBOM KaTeropuei, ycraHoBieHHOH Bce-
MupHON Opranuzanmeil 3apaBooxXpaHeHHus U parudu-
nupoBaHHOM Poccutickoit @enepanueit [6, 7]. Xon pas-
BUTHS (hapMakoHa 30pa, Kak BCEMHPHOTO COLMAILHOTO
WHCTUTYTa, 00ECIeUunBAIONIero 0e30MacHOCTh PekRUMa
00pallleHNs! JIEKAPCTBEHHBIX CPEJICTB, B TIOCJIEHUE TO/IBI
HEOTHOKPATHO TIOJ(BEPrajcsi MPUCTAIbHOMY BHUMAaHHIO
uccienoBareneii. Mexay TeMm, €ro 3BOTIOLHMOHHUPYIO-
asi ¥ CaMOOPTraHU3YIOIIAsCs TIPUPOIa B YKPYITHEHHOM
aHaJM3€ JTAloB Pa3BUTHs TaK W HE ObLIa pazpaboTaHa.
CrenoBatenbHO, CyIIECTBYeT OOBEKTHBHas Ipoliiema
HEOOXOAMMOCTH CHCTeMaTH3allii M3BECTHOH (hakTomo-
rudeckoi 0aspl, OTHOCsIIEHCS K (HOPMUPOBAHUIO IJIO-
0aJbHON CHCTEMBI (hapMaKoHa30pa, U ee JTAIbHEUIIero
WCIIONIb30BAHMs JUISl TIEPUOJM3ALMH PAa3BUTHSI BBHIOpaH-
HOTO COLMAILHOTO MHCTHTYTA.

HEJIb. B cooTBeTCTBHH C BBISIBICHHOW MPOOJIEMOi
LIEJIBIO HACTOSIIIET0 UCCIIEI0BaHUs SIBUIIACh pa3paboTKa
MIEPUOIN3AIIMN UCTOPHYECKOTO Pa3BUTHSI BCEMHUPHOI CH-
CTeMBbl (hapMaKoHaI30pa.

MATEPHUAJIBI U METOADBI. /{11 noctuwxeHus
LIEJIM UCCJICJIOBAaHUSI HCIIOJIB30BAINCH TaKHE METOJIbI,
KaK CHCTEMHBII, THOCEOJIOTUYECKUI, NCTOPUKO-OIHCA-
TEJIBHBIN, a TaKkKe MeTon 0000meHus. [lepeunciieHHbIe
METO/Ibl TIPUMEHSUTICh B PaMKax arperaTHoro Iojxoja,
UACHTH(UIMPYIONIETO COBIAJICHHE TEHJICHLIUH pa3BuU-
TSI B MOMeHTe BpeMeHH [4]. Crienuuka smoxu onpeie-
JISUIACh TI0 HECKOJIBKUM KpUTEepHsiM. B kauecTBe nepBoro
KpUTEpHsl ObUT BHIOpAH ypPOBEHBb II00AJBHOCTH COIIHU-
QIBHBIX U MOJUTHYECKUX CyOMHCTHTYTOB (hapMakoHa[-
30pa, MPUHUMAas BO BHUMAHHUE TOT (AKT, YTO HA KAXKIOM
9Tane ero pasBUTHs CyOMHCTHTYTHI CT@HOBWIIMCH BCE
Oosiee CIIOXKHBIMU M MacIITaOHBIMU. BTOpBIM KpuTepu-
€M TOCITYKUIIO Teorpapuueckoe pacripeesieHue «siuep»
TMOSIBJICHHSI CYOMHCTUTYTOB (hapMakoHa/30pa B Havaje
CBOET0 pa3BHUTHS, a TAKXKE CTENeHb UX WH(POPMAalUOH-
HOUW KOHCOJIMJIALMK Ha OoJiee MO3JHUX dTanax.

PE3VJIBTATBI U OBCYKAEHME. Pesynsrarsl
IIPOBEJICHHOTO UCCJIEAOBAHUS MTO3BOJIMIN UACHTHDUIIN-
poBarh psiJi STAOB MHUPOBOTO PAa3BUTHSI U WHCTUTYLIHO-
Haym3anuu GpapMakoHaa3opa. Ha ocHoBaHMM arperanuu
TEHJICHIIMH 110 JIBYM KpUTEpHsIM pa3paboTaHa Mepuoiu-
3a1ust NI0OATLHOTO pa3BUTHS (hapMaKoHa130pa, KOTopast
BOOpasa Tpy OCHOBHBIX JTara.

1 Oman. Oman nokanvbHO20 UHCMUMYYUO2EHE3A

JlaHHBII BBINENCHHBIA HAMH DTall OXBATHIBAET Iie-
puoxn ¢ 1848 r., korna Obuta co3BaHa nepsas Komuccns,
CO3BaHHAsl MEPUOIUYECKUM MEAUIMHCKUM H3JaHuEeM
«Jlanmer» B BenukoOpuTaHuu ¢ 1ebio pa3dopa JeTaib-
HOTO Mcxo/ia XaHHbI [ puHHEp M3-32 HEKOHTPOIIUPYEMO-
rO BBEACHUs XJIOpodopMma 4epe3 HACHIILCHHYIO TKaHb,
o 1906 r., xorna B CLLA 0buto ocHOBaHO YipaBieHUe
10 KOHTPOJIIO 32 MPOIYKTAMH U JieKapcTBaMu. J{aHHBIH
9Tall XapakTepH30BaJICS MapaJUIeIbHBIM DPa3BUTHEM H
HOPMaTHUBHO-ITPABOBBIM 3aKpEIJICHUEM CYOWHCTUTYTOB
(dapmakonamzopa B Benukoopuranuu u CLIA Ha done
PEBOJIIOIIMOHHON MHAYCTPHAIN3AIMY 1 OOJIBILIOTO KOJIH-
yecTBa (anbcuuKannii TPOAYKTOB MUTAHHUS H JIeKap-
CTBEHHBIX CPE/ICTB.

Cpenu 3HaYMMBIX CyOMHCTUTYTOB (hapMakoHa30pa
TOM DIIOXM CJIEAYET BBIACIUTh OpUTAHCKUE CyOMHCTHUTY-
ThI TyOnMYHBIX dKkcnepToB (1872 1) u O6mecTBo od1Ie-
CTBEHHBIX aHaMUTHKOB (1874 1), a Takke ceBepoamepu-
kaHCKui [lemapramMeHT cenmbckoro xo3siiicta (1862 1)
[8, 9]. ITepenoBeiMu pesitensiMu (hapmakoHa3opa B Be-
nmkoOputanun U B CILIA B 910 Bpems ObUTH, B OCHOB-
HOM, XUMHKH, B TOM YHCJI€ Ha3HAYEHHBIH MPE3HICHTOM
ABpaamom JlunkonbHom Yapis3z M.Betepusmi. OcHoB-
HOW 3ajaueil M ILeIbl0 OCHOBAHHBIX CYOMHCTHTYTOB
OBLIO ITpeceueHrne HEKOHTPOIUPYEMOW TOPTOBIIH JIeKap-
CTBEHHBIMHU CPEJICTBAMHU.

Hawubonee mokaszarenbHO CBOI0O 3()()EKTHBHOCTH B
TIOBBIIICHUH OE30IaCHOCTH HCIIOJIB30BAHMS JIEKapCTB
MIPOIEMOHCTpUpOBaIo B 1962 1. YipapieHue 1o KOHTpo-
1o 3a nponykramu u sekapctBamu CIIA, korna ®pon-
cuc O.Kencu, oTBeTCTBEHHAs 3a YTBEpXKI€HHUE JIUICH3HH
Ha JIeKapcTBa, He jomycTuia Ha peiHOK CIIA mpenapar
TaIUAOMUA U ObUIA BIIOCIEICTBUM HarpaxieHa [Ipesu-
nentom [Ixonom @.KenHenu 3a mpenoTBpalieHue Kara-
CTPO(BI

1I Oman. dman momanvHo20 uHCMUMyyuo2eHesa

Bropoii 3Tan mio0anbHOro pasBUTHs (apMaKOHA-
30pa oxBarbIBaeT nepuoj ¢ 1949 roga, koria nosiBiaeHue
CYyOMHCTUTYTOB MHCTUTYTOB (hapMaKoHa[30pa B pa3iIny-
HBIX CTpaHax MHpa CTAHOBHTCS MacCOBBIM, 2 MHPOBOE
MEJIMIIMHCKOE COOOIIECTBO HAYMHACT IPEIIPHHUMATH
KOHCOJIM/INPYIOIIHE MEPhl B OTHOLICHUH OE30IaCHOCTH
JIEKAPCTBEHHBIX CPEJCTB C MOMOIIBIO PEIICHUH Herpa-
BuTenbcTBeHHOro CoBera MexnyHapoaubix Opranusa-
umii B obnactn Menuunackux Hayk (1949 r) nu Beemup-
Hoit Opranusanuu 3apaBooxpancuus (BO3).

B 1953-1968 rr. CIIA, Ascrpanus, Kanaga, Ye-
xocnoBakus, [ epmanust, Hunepnanasl, Upnanaus, Hoas
3enanaus, llIBenus, BenukoOpuranus Havamu coouparh
OTYETHI O HEONAroNmpusATHBIX PEAKIHIX JIEKapCcTB, MpPH-
MeHsIs1 pOpMyJIISIpBI CIOHTaHHBIX COOOIICHUI, B TOM YHC-
ne Opuranckyto «Kenryro kaprouky». OnHako ycuini
OT/IEJIBHBIX CTPaH O0Ka3aJoCh HEIOCTATOYHO, YTO CTAJIO
SIBHBIM Ha (hOHE TIPOIOIDKAIOIINXCS MACCOBBIX Tpareuy,
CBSI3aHHBIX C NPUMEHEHHEM JICKAPCTBEHHBIX CPEJICTB,
B TOM uymcie: xiopamdenuxosom B CIHA (1952 r);
ctanmHoHOM BO @panrmu (1954 1.); TanmuaomumoM B 46
crpanax (1953-1961 rr.). [locnenuuit okaszan Handosnee
pa3pylInTeNbHOE JICHCTBUE HAa OPraHU3M JIeTel 1o Bce-
My mupy: 10 12 000 nocTpagaBmux aeTeit poguInch 10
TOTO, KakK ATOT Ipernapar Obu1 3ampenieH. B pesynsrare,
B eBponeickoi cye0HON MpaKTHKE YKOPEHUIICS TEPMUH
«CHUHIPOM TaIHAOMHUAA». B pesyisrare «rannaoMuao-
BoH Tparenuu» B 1962 r. BO3 mpusHana cepbe3HOCTb
mpo0JieMbl 0e30MacHOCTH JIEKAPCTB M HA TPOTSIKCHUH
ommkaiiimux 4-x jetr paspaborana psig Pesomrorwmii, B
toMm uucie Pesomormio WHA 19.35 1966 r., nanpas-
JICHHYIO Ha MEXJIyHapOAHBIH MOHUTOPHHT HeOIaromnpu-
SITHBIX peakiuil Ha nexapcTBa. [locnennss cramga Bexoi
OKOHYaHHs OJIIOXM, KOTJa WHCTHTYT (apMaKkoHaa30pa
(baKTUYECKU IMOCTYIMPOBAJICS B Ka4eCTBE WHUIMATHBEI
U MIPEepOTaTUBBI MEPEIOBBIX, HHIYCTPUAIBHBIX CTPaH, U
O3HauaJia repexo K Iodanu3anui 1 BCeMUPHOMY MO-
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HUTOPHMHTY TMOOOYHBIX PEaKlWil Ha JIeKapcTBa IO ATHU-
noit BO3.

11l Dman. Dman uncmumyyuoHabHOU U UHGOPMA-
YUOHHOU KOHCOMUOAyUU

Tperuii sTan m100anbHOTO pa3BUTHS (apMakoHa-
30pa, OXBaThIBAIOMINA BpeMs ¢ 1967 I. o ceroHsIIHMiA
JICHb, COTPOBOXKAAETCSI HMHTEHCHUBHON MHCTUTYI[OHAJIb-
HOW ¥ WH(QOPMAIMOHHONH KOHCOJHIAIMCH CHUCTEMBI
(apmakoHa3opa. [JaBHBIM CyOMHCTHUTYHMOHAIBHBIM
HOBOBBEICHHUEM JaHHOM 3MOXU CTaJ MUIOTHBIM MPOEKT
BO3 no mMexryHapoHOMY MOHHTOPHHTY MOOOYHBIX pe-
aKIuil Ha JIeKapcTBa, 3aKpenyieHHbl Pesomtomnueii Bee-
MupHON Accambnien 3npaBooxpanenust WHA 20.51. B
JTaHHOM TpoekTe B 1968 1. mpu pruHaHCOBOW TOIIEPIKKE
CIIA Obi1 OCHOBaH AJICKCAHIPUNCKUI MEKIyHAPOI-
Hbli LleHTp Mo MeXIyHapOoJHOMY MOHHTOPUHTY 0e30-
MACHOCTH JIEKAPCTBEHHBIX CPEJCTB, K paboTe KOTOPOro
B MOCJEIYIOIEM MPUCOSTUHUINCH TaKUe CTPaHBI, Kak
Asctpanusi, Kanama, Uexocnosakus, I'epmanus, Hu-
nepnanabl, Upnanaus, Hosas 3enannus, [lsenus, Co-
enunennoe KoponerctBo Benukoopurtannu u CeBepHOi
Wpnanauyn ¢ HallMOHANBHBIMU LIEHTPAMH MOHHMTOpPHHTA

nekapcTB. Tak Havana cBoro padboty [Iporpamma BO3 o
MEXAYHApOIHOMY MOHHUTOPHHIY JIEKapCTBEHHBIX ITpe-
naparoB (The WHO Programme for International Drug
Monitoring). Pe3yibrarhl NMMIOTHOTO IMPOEKTa, 3aKOH-
4yeHHoro k 1970 r., ObUTM HACTONBKO d(PPEKTUBHEI, YTO
Pesomroriueit WHA 23.1 ObII0 yCTaHOBICHO (OPMHUPO-
BaHHE IMOCTOSHHOTO KOHCOJIMJIUPYIOIIET0 HHCTHUTYTa
(apmakoHa/[30pa Ha OCHOBE MHOTOLICHTPOBOM ME)XKHa-
[IMOHAJILHON CHCTEeMBbI TocynapcTB-wieHoB. B 1978 .
LleHTp MEXayHapOJHOTO MOHHMTOpHHTA JiekapcTB BO3
nepeexan B IlIBenuro B I Ymrcana U cTaja Ha3blBaTbCs
MexIyHapOJHbIM LIEHTPOM I10 MEXyHapOoIHOMY MO-
HUTOPHHTY 0€30IaCHOCTH JICKaPCTBEHHBIX CPEICTB.
MexyHapoIHbId IIEHTp B TI. Ymhmcaina OOBeIUHSET
yewnust yxke 156 ctpan (2017 1.). O6mas 0a3a JaHHBIX
HEXXeIaTeJIbHBIX PEeakluii Ha JIeKapCTBEHHBIE CPEACTBA
(T.H. VigiBase), B koTopyto noctymnaer uHdopmamus o
HEXKeNaTeNIbHBIX PEeaKlMsAX JIEKApPCTBEHHBIX CPEICTB C
pa3IMuHBIX CTpaH Mupa, Ha 8 ampens 2018 . cogepxa-
J1a maHHbie U3 16727060 HEMOBTOPSIFOIIUXCS COOOMICHUN
[10]. Bce aramsl pa3BuTHSI MUPOBOIT cHCTEMBI (hapMaKo-
HaJi30pa MpeACTaBIeHbI B Ta0uIe 1.

Tabnuya 1 — Imanvlt Mupo6ozo pazeumus u UHCMUMYYUOHATUIAUUN CUCHIEMb PapMaKoHao3opa

JTan pasBuTHs Hepuon

Co0bITHS, OIIpee/soImue pasBuTHe
cucTeMbl hapMaKoOHaA30pa

I aTam — sTan J10KaILHOIO 18481906 rr.

WHCTUTYIHOTCHE3a

Cosznanue 1 pa3BUTHE TIEPBBIX CyOMHCTUTYTOB
(dapmakoHamzopa B Benmmkobpurtanuu u CIIIA, B
T.4. YIpaBlieHUs! 10 KOHTPOJIIO 3a IPOLyKTaMH U
JIEKapCTBAMH.

II »Tam — sTan ToTaJILHOrO 1949-1966 rT.

HWHCTUTYHHUOI'CHE3a

Co3nanne cyOMHCTUTYTOB (papMaKoHaA30pa BO
MHOT'HX CTpaHax MHpa.

PazpaboTka 1 npuHsTHE psa PE30IIOHH,
HalpaBJIeHHbIX Ha MEX/yHaPOIHbIN
MOHHUTOPHHI" HEOJIArONPUSATHBIX PEaKIUi Ha
JICKAPCTBEHHBIE CPEJICTRA.

III sTan — sran
MHCTUTYLIHOHAJILHOU
1 HHHOPMAITMOHHOM
KOHCOJIHJIAITHH

BpeMs

1967 1. — o HacrosIee

Paspabotka mporpammbel BO3 o
MEXYHAPOIHOMY MOHUTOPUHTY
JieKapcTBeHHBIX npernaparoB. Co3nanue [enrpa
MEXIYHapOIHOTO MOHUTOpPUHTA JiekapcTB BO3.

Takum 0Opa3om, arperaTHblii MOAXOJ K aHAJIN3Y J0-
Kazaix cBOIO 3()(EKTUBHOCTD, MMO3BOJIMII HAM BBIICIUTH
TPY BBIIICONMCAHHBIX 3Talla MHUPOBOTO PA3BUTHS U WH-
CTHUTYLIMOHAIN3AIMN (apMaKoHaI30pa.

3AKJ/JIIOYEHHME. Ilony4eHHbIE pe3yabTaThl HUC-
CJICIOBAaHMS TIO3BOJMIN COPMYIHPOBATH CIEAYIOIINE
BBIBOJIBI:

1. ArperarHblil OJX0A, NPUMEHEHHbIH K U3y4YEHUIO
HCTOPUYECKOTO TeHE3a MHUPOBOW CHCTEMBI (hapMaKOHa/I-
30pa, COCOOCH KOHCOMINPOBATh B MOMEHTE 3aKOHOMEP-
HOCTHM Pa3BUTHS PasHBIX KpUTEpHeB. B mpenmnpuHsToM
WCCIIEIOBAaHNY TIEPBBIM KPUTEPUEM SBISICTCS YPOBEHb
I00aJIbHOCTH COLMANIBHBIX M MOJMTHYECKUX CYOMHCTH-
TYTOB (DpapMakoHaa30pa; BTOPHIM KPHUTEPHUEM SIBIISICTCS
reorpauueckoe pacrpeesieHne TakKuX CyOMHCTUTYTOB, a
TaKKe CTEIEHb MX MH()OPMAMOHHON KOHCOIHMIAIHH.
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2. B mmobanpHOM reHe3e MEPOBOI cHCTEMBI (hapMa-
KOHAJ30pa, MEePHONU3NPOBAHHOM Ha OCHOBE IBYXKpH-
TEPUATBHOTO (MHCTHTYIMOHATHHOTO M WH(POPMAIHOH-
HO-T€OTrpaUYECKOTO) arperaTHOTo IOIX0/a, BBIICICHO
TPH Pa3IHYHBIX 1O MPOMODKUTEIEHOCTH W pa3HOKave-
CTBCHHBIX JTAlla: 3TaIlbl JOKATHPHOTO HHCTUTYIIHOTCHE3a,
TOTAJBHOTO HHCTUTYIIHOTCHE3a, a TAaK)Ke 3Tall HHCTUTY-
IMOHATBHON U MH(POPMAITHOHHON KOHCOJHUIAIIH.

3. ArperaTHbIi TIOAXOI, TPUMCHEHHBIH K TIIO0ANb-
HOMY T'€HE3y MHPOBOU CHCTEMBI (papMaKOHAm30pa, SB-
nseTcst 3G (HEeKTUBHBIM HAYYHO-METOIOIOTHICCKIM IIPH-
€MOM, CIIOCOOCTBYIOIIUM pPa3pabOTKe HOBOTO YpPOBHS
0000IIEHUS W CUCTEMAaTH3aIllUH 3HAHUH O (papMaKOHA-
30pe, KaK CIOKHOM WHCTUTYTE, KOHITIOMEPUPYIOIIUM B
cebe HayKy W MPAKTHYCCKYI0 MEKTOCYIapCTBEHHYIO Jie-
SITCIIBHOCT.
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INTRODUCTION. Of course, when studying the
phenomenon of development with respect to any scientif-
ic object, it is important to take into account the objective
progress and the qualitative phase nature of the genesis
process. [1-3]. However, the selection of qualitatively
homogeneous stages of development represent a recog-
nized complexity for researchers [4]. These provisions
are fully valid both in relation to medicine in general [5]
and for pharmacovigilance in particular, which today is
indisputable in its importance as an integrative medi-
cal-legal category established by the World Health Or-
ganization and ratified by the Russian Federation [6, 7].
The development of pharmacovigilance as a world social
institution that ensures the safety of the medicine circu-
lation regime, has been subjected to the close attention
of researchers in recent years. Meanwhile, its evolving
and self-organizing nature in the enlarged analysis of the
stages of development has never been developed. Con-
sequently, there is an objective problem of the necessity
to systematize the known factual base relating to the for-
mation of a global system of pharmacovigilance, and its
further use for the periodization of the development of
the selected social institution.

THE AIM. In accordance with the identified prob-
lem, the aim of this study was to develop a periodization
of the historical development of the world pharmacovig-
ilance system.

MATERIALS AND METHODS. To achieve the
goal of the research, such methods as systemic, episte-
mological, historical descriptive, as well as the method of
generalization were used. The listed methods were used
in the framework of the aggregate approach, which iden-
tifies the coincidence of development trends at a point
in time [4]. The specificity of the era was determined by
several criteria. As the first criterion, the globalization
level of the social and political subinstitutes of pharma-
covigilance was chosen, taking into account the fact that
at each stage of its development subinstitutes became
more complex and large-scale. The second criterion was
the geographical distribution of the “nuclei” of the emer-
gence of subinstitutes of pharmacovigilance at the begin-
ning of its development, as well as the degree of their
information consolidation at later stages.

RESULTS AND DISCUSSION. The results of the
research made it possible to identify a number of stag-
es in the global development and institutionalization of
pharmacovigilance. Based on the aggregation of trends
according to two criteria, a periodization of the global
development of pharmacovigilance has been developed,
which has incorporated three main stages.

Stage I. The stage of local institutional genesis

This stage we have singled out covers the period
from 1848, when the first Commission was convened by
the periodic medical publication of “The Lancet” in the
UK to analyze the fatal outcome of Hannah Grinner due
to the uncontrolled introduction of chloroform through
the saturated tissue, until 1906, when The United States
Food and Drug Administration was founded. This stage
was characterized by the parallel development and reg-

ulatory consolidation of subinstitutes of pharmacovigi-
lance in the United Kingdom and the United States amid
revolutionary industrialization and a large number of
falsifications of food and medicines. Among the signif-
icant subinstitutions of the pharmacovigilance of that
era there are the British subinstitutes of public experts
(1872), the Society of Social Analysts (1874), as well as
the North American Department of Agriculture (1862)
[8, 9]. At that time in the United Kingdom and the United
States the foremost leaders of pharmacovigilance were
mainly chemists, including Charles M. Veterill appoint-
ed by President Abraham Lincoln. The main objective
and goal of the established subinstitutes was to suppress
the uncontrolled trade in medicines. The United States
Food and Drug Administration demonstrated its effica-
cy in improving drug safety in 1962, when Francis O.
Celsey, responsible for approving medicine licenses, did
not allow thalidomide to enter the US market and was
subsequently awarded by President John F. Kennedy for
accident prevention.

Stage II. The stage of total institutional genesis

The second stage of the global development of phar-
macovigilance has covered the period from 1949, when
the emergence of subinstitutes of pharmacovigilance in-
stitutions in various countries of the world became wide-
spread, and the world medical community began to take
consolidating measures regarding drug safety through
the decisions of the nongovernmental Council for Inter-
national Organizations of Medical Sciences (1949) and
the World Health Organization (WHO).

In 1953-1968 the United States of America, Austra-
lia, Canada, Czechoslovakia, Germany, the Netherlands,
Ireland, New Zealand, Sweden, the United Kingdom be-
gan to collect reports on adverse drug reactions, using
spontaneous message forms, including the British “Yel-
low Card”. However, the efforts of individual countries
turned out to be insufficient, which became clear against
the background of continuing mass tragedies associated
with the use of medicines, including: chloramphenicol in
the USA (1952); Stalinon in France (1954); thalidomide in
46 countries (1953—1961). The latter had the most destruc-
tive effect on the body of children around the world: up to
12,000 affected children had been born before this drug
was banned. As a result, the term “thalidomide syndrome”
has taken root in European judicial practice. As a result of
the “thalidomide tragedy” in 1962, WHO recognized the
severity of the problem of drug safety and over the next
4 years developed a number of Resolutions, including
Resolution WHA 19.35 1966, aimed at the international
monitoring of adverse drug reactions. The last one was a
milestone in the end of the era when the institute of phar-
macovigilance was actually postulated as an initiative and
prerogative of leading industrialized countries, and meant
a transition to globalization and worldwide monitoring of
adverse drug reactions under the auspices of WHO.

Stage Ill. The stage of institutional and information-
al consolidation

The third stage of the global development of pharma-
covigilance, covering the time from 1967 to the present
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day, is accompanied by intensive institutional and infor-
mational consolidation of the pharmacovigilance system.
The main subinstitutional innovation of this era was a
pilot project of WHO for the international monitoring of
adverse drug reactions, secured by the World Health As-
sembly Resolution WHA 20.51. In this project, in 1968,
with the financial support of the United States, the Alex-
andria International Center for International Monitoring
of Drug Safety was founded, which was later joined by
such countries as Australia, Canada, Czechoslovakia,
Germany, the Netherlands, Ireland, New Zealand, Swe-
den, and the United Kingdom and Northern Ireland with
national drug monitoring centers. This is how the WHO
Program for International Drug Monitoring (WHO) start-
ed its work. The results of the pilot project, completed by

1970, were so effective that the formation of a perma-
nent consolidating pharmacovigilance institute based on
a multicenter international system of Member States was
established by the Resolution WHA 23.1.In 1978, the
WHO Center for International Drug Monitoring moved
to Sweden in Uppsala and became known as the Interna-
tional Center for International Drug Safety Monitoring.
The international center in Uppsala has already united
efforts of 156 countries (2017). The general database
of adverse drug reactions (so called VigiBase), which
receives information about adverse drug reactions from
various countries of the world, amounted to 16727060
nonrecurring messages at the time of 8 April, 2018 [10].
All stages of the development of the world pharmacovig-
ilance system are presented in Table 1.

Table 1 — Stages of global development and institutionalization of the pharmacovigilance system

Stage of development Period

Events determining the development of the
pharmacovigilance system

Stage [ — The stage of local institutional 1848-1906
genesis

Creation and development of the first subinstitutes
of pharmacovigilance in the UK and the USA, incl.
Food and Drug Administration.

Stage II — The stage of total 1949-1966
institutional genesis

Creating subinstitutes of pharmacovigilance in
various countries of the world. The development
and adoption of a number of resolutions aimed at
international monitoring of adverse reactions to
drugs.

Stage III — The stage of institutional| 1967 — until now
and informational consolidation

Development of a WHO program for international
drug monitoring. Establishment of a WHO Center for
International Drug Monitoring.

Consequently, the aggregate approach to the analysis
has proven its effectiveness, allowing us to identify the
three stages of global development and the institutional-
ization of pharmacovigilance described above.

CONCLUSION. The results of the study allowed us
to formulate the following conclusions:

1. The aggregate approach applied to the study of
the historical genesis of the world pharmacovigilance
system can consolidate the patterns of development of
different criteria. In the undertaken study, the first criteri-
on is the global level of the social and political subinsti-
tutions of pharmacovigilance. The second criterion is the
geographical distribution of such subinstitutions, as well
as the degree of their information consolidation.

2. Inthe global genesis of the world pharmacovig-
ilance system, which is divided into periods on the basis
of a two-criterion (institutional and information-geo-
graphical) aggregative approach, three stages, different
in duration and quality, are distinguished: the stages of
local institutional genesis, total institutional genesis, and
the stage of institutional and information consolidation.

3. The aggregate approach applied to the global
genesis of the world pharmacovigilance system is an
effective scientific and methodological technique that
contributes to the development of a new level of gener-
alization and systematization of knowledge about phar-
macovigilance as a complex institution, conglomerating
science and practical interstate activity.
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