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Ipupoonvle munepanbHvle COMU, UCTOUYHUKOM KOMOPBIX SAGISAIOMCA MEePMAIbHble 800bL,
MOpcKas 8004, pana o3ep, MuHepaivl (ouwioghum), WUpOKO UCHOIL3VIOMCSA 8 KAYyecmae
Ouon02UYeCKU AKMUBHBIX KOMNO3UYULL 8 cocmase Kocmemudeckux cpedcms. Cneyughuxot
MO SPYNNbl CuIPbsL AGNIAEMC CNOCOOHOCMb GIUAMb HA CMAOUTLHOCIb Peyenmypsl U
CEHCOPHble CBOUCMBA 20MOBOL NPOOYKYUL, YMO co30aem OnpedelieHHble COHCHOCMU NpU
paspabomke cocmasa. OOHUM U3 CHOCOOO08 VIyUUeHUsl CMAOUTIbHOCIU Peyenmyp s6/isem-
Csl UCNONIb308AHUE NOTUMEPOS 8 Kauecmeae 2elleobpazogamenetl u 3azycmumernei. Ilenvto
UCC1e006aHUA SBUTLOCH U3YYEHUE OAHHBIX HAYYHOU U MEXHUYECKOU IUmepanmypul, Kacaro-
weticsi HOMEeHKAAmypuvl NOIUMEPOB, UCNONB3YEMbIX 8 COCMABE KOCMEMUUECKUX CPEOCME, C
NPUPOOHBIMU MUHEPATLHBIMU CONISIMU, OCODEHHOCMEN UX NPUMEHEHUSI 8 COCMABe KOCMe-
MUYECKUX CPEOCME U GIUAHUU MUHEPATbHBIX COlell HA C80UCMEa ux pacmeopos. Mame-
puansl u memoowl. /1 nonyuenus OAHHbIX HaMU OblLIU UCHONb30B8AHbI MAKUe Pecypcyl,
kax eLIBRARY, PubMed, CyberLeninka, a maxoice mamepuanvl caiimog npouzgooumerei
U NOCMABUWUKO8 BCHOMOCAMENbHBIX 8eULeCE U 20MOBOU KOCMEMU4ecKol NpooyKyuu.
Pesynomamor u oocyyncoenue. Ananuz OaHHbIX TUMepamypvl U MmexHu4eckou uHgopma-
yuu ceuoemenbCmeayenm 0 mom, 4mo 6 Kauecmee NOoIuUMepos8 6 cocmage KOCMemuiecKux
cpeocme ¢ NpUpOOHbIMU MUHEPATbHBIMU CONAMU UCTOAb3VIOMCS, Ydlye 6Ce20, NPOU360-
OHble YeLNI0N03bl, KCAHMAHOBAS KAMeOb, A MAKICe NOTUSUHUINUPPOIUOOH U KApOOMepbi.
Omu eeujecmea 6ubINOIHAIOM QYHKYUU 2eneobpazoseameneti, Cmaduiu3amopos, dMyibea-
mopos, nieHKooOpazosamenel, YeIaNCHAIWUX azenmos. M 6 HayuHou, u 8 mexXHUuYecKou
qumepamype He umeemcsi 00CMaAmo4HO20 KOIULeCm8a C8e0eHUll 0 83auUMo0elcmeul ¢
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NPUPOOHBIMU MUHEPATbHBIMU CONIAMU NOTUMEPOS U UX GIUAHUU HA UX XAPAKMEPUCTUKU.
Taxoice onpedeneHHyI0 COAHCHOCMb 8 OYEHKe 83aUMOOEUCMBUsL NPeOCMABisien KOMNIeKC-
HOCMb U YHUKATbHOCb COCMABA NPUPOOHBIX CONLEBbIX KOMNIEKco8. 3akntouenue. Taxum
obpazom, ucciedosanue 3aKOHOMEpHOCmell U 0CODEeHHOCMel GIUAHUSL NPUPOOHBIX MUHe-
PATbHBIX conell Ha CMAOUILHOCIb PACMBOPO8 NOIUMEPOS, UCHOTIb3YEMbIX 8 COCMABe KOC-
Memu4ecKux cpeocms Kak 3azycmumerneti u 2eieobpazoeameneti, A615emMcs NepcneKmue-
HbIM HANPABIeHUueM COBPEMEHHOU NPAKMUKU.

Knrouesvie cnosa: npupoouvie Munepaivhvle Coau, NOIUMEPbI, 6CHOMO2AMENbHbIE Ge-
wecmaa, Kocmemuieckue cpeocmea

These days Natural mineral salts (biologically active ingredients), which are the
components of thermal springs, sea water, brine lakes, minerals (bischofite) are widely used
in the composition of cosmetic products. The ability to influence the formulations stability
and the sensory properties of cosmetics products is the specificity of this materials group,
which creates certain difficulties in the development of a composition. The polymers’use as
gelling agents and thickeners is one of the means of formulations stability improving. The aim
was scientific and technical literature review of the polymers assortment used in cosmetics
with natural mineral salts, their application in the cosmetic compositions and the influence
of mineral salts on the properties of polymers solutions. Materials and methods. Resources
such as eLIBRARY, PubMed, Cyberleninca, as well as the websites of the manufacturers
and suppliers of auxiliary materials, and finished cosmetic products were used to obtain
the data. Results and discussion. Analysis of literature data and technical information
suggests that cellulose derivatives, xanthan gum, and polyvinylpyrrolidone and carbomer
are the most commonly used polymers in cosmetic compositions with natural mineral salts.
These substances carry out functions of gelling agents, stabilizers, emulsifiers, binders,
sensorial modifier agents. There is insufficient information about the interaction of polymers
with the natural mineral salts and their influence on polymers properties in scientific and
technical literature. The complexity and uniqueness of the composition of natural salts
also represents certain difficulty in the evaluation of the interaction. Conclusion. Thus,
regularities and peculiarities of natural mineral salts influence on the stability of solutions
of polymers used in cosmetics as thickeners and gelling agents, is a promising direction of
modern pharmaceutical practices study.

Keywords: natural mineral salts, polymers, auxiliary substance, cosmetic products

Beenenue. Ilpuponnsie MHUHEpaJIbHbBIE
COJIA, UICTOYHUKOM KOTOPBIX SIBJIAOTCS TEP-
MaJIbHBIE BOZBI, pamna 03ep, MOpCKas BOJa,
MUHepasbl (OUIIOPUT), IIUPOKO UCIIONB3Y-
IOTCSl B COCTaBE KOCMETHMYECKHUX CPEICTB.
CBsA3aHO 3TO, B HEPBYIO0 OYEpElb, C TEM,
YTO NPUPOJHOE MHUHEPAIBHOE CBIPHE Xa-
paKTepusyeTcs IMHUPOKUM CIIEKTPOM OHOJIO-
TUYECKOM AKTUBHOCTHU: IIPOTUBOBOCIIAJIN-
TEJIbHOM, YBIIQXHAIOLICH, pelnapaTuBHOM,
Y®O-npoTeKTOPHOM, AHTUPATUKAIBHOU U
T.1. [lepednciennbie cBoiicTBa 00yCiIaBIu-

Introduction. The components based
on mineral salts — thermal waters, sea wa-
ter, salt and brine lakes, minerals (bischof-
ite) are widely used in cosmetics composi-
tion nowadays. This is due to the fact that
natural mineral raw salts are characterized
by a wide spectrum of biological activity:
anti-inflammatory, hydrating, reparative,
UV-protective, antiradical, etc. These prop-
erties determine the possibility of salts us-
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BalOT BO3MOXHOCTbH HMCIOJB30BaHUS COJIEH
B KOCMETHUYECKHUX CPEACTBaxX IJs yXona 3a
KOXKEW TpHU aKkHe, ICOopuase, aTONUYeCKOM
JepMaruTe, ISl KOPPEKLHMH BO3PACTHBIX
M3MEHEHUH KOXKH U 1esuttonuTa [ 1-6].

ChbIpbe MUHEPAIBHOTO MPOUCXOXKACHUS,
UCIIOJIb3yEMOE€ B KOCMETHKE, XapaKTepH-
3yeTCsl CIOKHBIM COCTAaBOM C Tpeoliaja-
HUEM HOHOB MAarHusl, KaJIbLIWsl, HAaTpUs U
XJIOPUJOB, a TAKXKE HAIMYHUEM Pa3IUYHBIX
MUKpo3JieMeHToB. ObecrneunBas, ¢ OJHOU
CTOPOHBI, OIpPENETCHHBIN OUOTOTUYECKHIA
3¢ dekt, coneBol cocTaB, HACBIIICHHBIN
ANEKTPOJIUTAMHU, C IPYTrOil CTOPOHBI, CO3/1a-
€T OIpPEACIICHHBIE CIOXKHOCTU MPU IPOU3-
BOJICTBE KOCMETHUUECKHUX CPEACTB [7].

UccnenoBanusi, NMOCBAIIEHHBIE TEXHO-
JOTUYECKUM OCOOCHHOCTAM TPOAYKIIMH
C IPUPOAHBIMHU COJIEBBIMH KOMILIEKCAMHU,
B Hay4YHOU JIMTEpAType OMHCAaHBI JJIsI KOC-
METUYECKUX CpPEICTB HAa OCHOBE TpA3U M
MUHEepanoB MepTBOro MOps U JIeKapCTBEH-
HBIX TPENapaToB ¢ MUHEPAIOM OHUIIO(HUT.
B o0mem ciyyae ormedaercs, 4TO BBICO-
KOKOHILICHTPUPOBAaHHBIE COJIEBBIE PACTBO-
pBI IPUBOJAT K CHMKEHUIO CTAOMIBHOCTH
KOCMETHYECKUX (POpM, B pe3yibraTe 4ero
YCIOXKHSETCSI TEXHOJOTMYECKUM MPOLecC
UX M3TOTOBJICHUS U XPAHEHHUs. DTO CBA3aHO
C BBICOKOM MOHHOW CHJIOM PacTBOPOB IIPHU-
POIHBIX COJIeH, YTO OOyCJIaBIMBaeT Orpa-
HUYEHUE UX KOHLUEHTPALUU B TOTOBOI KOC-
MeThuyeckoi npoaykuuu [8—10].

B Hacrosimiee BpeMmsi CyIIECTBYET He-
CKOJIBKO TIOJXO/IOB K PEUICHUIO 3TOH Mpo-
OneMbl, a OTHUM U3 HAIIPABJICHUM SBIISICTCS
UCIIOJIb30BAHUE TOJIUMEPHBIX KOJUIOUIOB
JUTSL 3aTYIICHUSI U CTAOMIIU3AINHN dMYIbCHU-
OHHOM CUCTEMbI (KPEMBI, MACKH, KOCMETH-
yeckoe Monouko) [7, 10, 11].

B Toxe Bpemsi ecTb BEpOSTHOCTb Me-
KMOJICKYJISIPHBIX B3aUMOJICUCTBUN  (KOM-
TUIEKCO00pa30BaHusl) MOJTUMEPOB C MOHAMH,
BXOISIIIUMU B COCTaB MHUHEpanoB. MuHe-
pajbHbIE KOMIUIEKCHI C BBICOKHM COZEP-
YKQHWEM MOHOB MAarHus U KaJbIUs 32 CUET
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ing in cosmetic products for skin care at
acne, psoriasis, atopic dermatitis, for the
correction of age-related skin changes, cel-
lulite [1-6].

Natural mineral salts used in cosmetics,
characterized by a complex composition
with a predominance of ions of magnesium,
calcium, sodium and chloride, and the pres-
ence of different trace elements. Composi-
tion, rich in electrolytes provides on the one
hand a certain cosmetic effect of the natural
mineral salt, on the other hand creates cer-
tain difficulties in the manufacture of cos-
metic products [7].

The technological features of products
from natural mineral salts in the scientific
database is described for cosmetic products
based on mud and minerals from the Dead
Sea and drugs with the mineral bischofite.
In the general case, it is noted that highly
concentrated salt solutions lead to the sta-
bility decrease of cosmetic forms, resulting
in a complicated technological process of
their manufacture and storage. This is due
to the high ionic strength of the natural min-
eral salts solutions, which leads to limita-
tion of their concentration in the cosmetic
products [8—10].

There are several approaches for this
problem dealing. The polymer colloids use
to thicken and stabilize emulsion systems
(creams, masks, lotions) is one of the direc-
tions [7, 10, 11].

At the same time there is a possibility
of intermolecular interactions between the
polymers and ions found in mineral salts
composition. Mineral salts with high con-

tent of magnesium and calcium ions due
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JIOHOPHO-AKIIETITOPHOTO ~ B3aMMOJICHCTBUS
MEX1y HOHOM METaJljla U MOJMMEPHBIM JIH-
TaH/IOM CIIOCOOHBI 0OPa30BBIBATH KOOPIU-
HAI[MOHHBIE CBS3U (XEJIaTHBIE KOMILIEKCHI),
B KOTOPBIX IIPOUCXOUT 3aMeIlleHHe MPOTO-
HOB JIUTaHJ1a HOHAMU METAJJIOB U MOCIEY-
folriee 00pa3oBaHUE MOHHOM CBSA3H, TO €CTh
KOMILJIEKca rnoiaumep-metasi [12]. 1o mo-
KET MPHUBECTU K HM3MEHEHHUIO (PU3MKO-XU-
MUYECKUX CBOMCTB IMOJIMMEpa U CKa3aTbCs
Ha CTAOWJIBHOCTH Teliel, PEeoJIOrHYeCcKuX
CBOICTBaxX cocTaBa. BO3MOXXHOCTh TakKoro
B3aMMOJICHCTBUS JOJKHA YUUTHIBATHCS TIPU
CO3/IaHUU KOCMETUYECKUX CPEICTB C MUHE-
pabHBIMU COJISIMU.

Lenabo ucciaenoBaHusi SBUIOCH H3Y-
YeHHe JIaHHbIX HAyYHOW W TEXHUYECKOU
JTUTEPATyphl, Kacarolleicss HOMEHKJIATY-
pBI TIOJIMMEPOB, HCIIOJIb3YEMBIX B COCTaBE
KOCMETHUYECKUX CPEJCTB, C MPUPOTHBIMU
MUHEPAIbHBIMU  COJIIMH, OCOOEHHOCTEM
UX TIPUMEHEHHSI B COCTaBe KOCMETHUECKUX
CPEICTB M BIUSHUU MHHEPAJIbHBIX COJIEH
Ha CBOMCTBA WX PaCTBOPOB.

Marepuanabl U MeToabl. /i1 monyde-
HUSl JIAHHBIX HaMHM OBbUIM MCIOJIb30BaHBI
Takue pecypcbl, kak eLIBRARY, PubMed,
CyberLeninka, TexHuueckue MaTepualbl,
Marepuaibl CAaiTOB MPOU3BOAUTENCH U TO-
CTaBIIMKOB BCIIOMOTAaTENIbHBIX BEIHIECTB U
TOTOBOM KOCMETHUYECKON MPOIYKIIUH.

Pe3yabrarsl u 00cy:xaenne. Hamu 6611
IPOaHAJIM3UPOBAH COCTAB KOCMETHUECKHUX
CPEIICTB Ha OCHOBE MUHEPAJIbHBIX COJIEH
MepTtBOro mMopsi, MOpCKO#l BOJbI U OHIIIO-
¢uta. B xome wuccienoBaHUsS BbIIEICHBI,
UCIIONIb3yEMbIE B COCTaBE KOCMETHUECKHUX
CPEIICTB C MUHEPAJIbHBIMU COJISIMHU, BCIIO-
MoOTaTelIbHbIE BEIIeCTBa MOJIMMEPHOU MpH-
ponpl (tabm. 1) [13-16].

to donor-acceptor interaction between the
metal ion and polymer ligand capable to
form coordination (chelate) complexes, in
which occurs the substitution of protons of
the ligand by metal ions with the subsequent
formation of ionic bonds, i.e., the complex
polymer-metal [12]. This can cause changes
in of the polymer physico-chemical proper-
ties and affect the gels stability and the cos-
metics composition rheological properties.
The possibility of this interaction should be
considered when creating cosmetics with
mineral salts.

The aim was scientific and technical da-
tabase review of the polymers used in the
cosmetics with natural mineral salts assort-
ment, their application in the cosmetic com-
positions and the influence of mineral salts
on the properties of polymers solutions.

Materials and methods. Resources
such as eLIBRARY, PubMed, Cyberlen-
inka, technical materials, websites of the
manufacturers and suppliers of auxiliary
materials, and finished cosmetic products
were used to obtain the data.

Results and discussion. The composi-
tion of cosmetic products based on miner-
al Dead Sea salt, sea water and bischofite
was analyzed. The auxiliary substance of
the polymer nature commonly used in the
cosmetic products composition with min-
eral salts highlighted during the study are
presented in the table 1 [13-16].

101



DOI:10.19163/2307-9266-2017-5-2-98-116 Dapmayus u papmaronoeus T. 5 Ne 2, 2017

Taonuya 1 — Bcnomozamenvhvle 6eujecmea ROAUMEPHOI RPUPOObL, RPEOCHIAGeHHblE
6 cocmaee KOCMEemu4ecKux cpeocme ¢ MUHepanbHolMu CONAMU
Table 1 — The auxiliary substance of polymeric nature, represented in the cosmetic
products compositions with natural mineral salts

Kocmeruueckoe cpenctso / Cosmetic formulation ITommmepst / Polymers
VYkperuisironiasi CbIBOpoTka Juist nuia (Bio Marine, «Sea [enmtono3a, kapobomep,
of spay») (U3pauns) / Sea of Spa Bio Marine Firming TUAPOKCHUITPOTTHIIIEILTION03a /
Dead Sea Face Serum (Bio Marine, «Sea of spa») Cellulose, carbomer, hydroxypropyl
(Israel) cellulose
Kpem ounmatroniuii HaceIeHHbIH, «4Ahava» (U3panib) / I'uapoxcudTrneITI0N03a /
Rich Cleansing Cream, «4hava» (Israel) Hydroxyethylcellulose
DKCTpUM-MAacKa NOATATHBAIONIAS ¢ 3PPEKTOM CUSHUS, I'uapoxcuyTHAIEIITIONO3A /
«Ahava» (U3paunp) / Extreme Radiance Lifting Mask, Hydroxyethylcellulose
«Ahavay» (Israel)
Macka ounmaronias rpsizesasi, «4hava» (U3pannp) / I'mapoxcuayTrILENTI0N03a,
Purifying Mud Mask ( for normal to dry skin), KCaHTaHOBasi KaMeab /
«Ahava» (Israel) Hydroxyethylcellulose, xanthan
gum
[MunuHr TpsizeBoit ais nuna, «Ahava» (U3pannp) / ['uapoxcud THITEIITION03a /
Ahava Facial Mud Exfoliator, «4hava» (Israel) Hydroxyethylcellulose
[IunuHr s Tenna ¢ MOpcKoi conblo, «Algologie» AnbpruHaT HaTpusl, KCAaHTaHOBAs
(®pannms) / Sea Salt Body Exfoliant, «A4/gologie» Kamenp /
(France) Alginate sodium, xanthan gum
Kpem-cunyar, «Algologie» (Opannus) / Créme Silhou- Anbrunar Harpus /
ette Algologie, «A4lgologie» (France) Alginate sodium
Kpewm nerkuit ysnaxustoumit SPF 15, «4hava» KcanranoBas kamenp,
(M3pamis) / Time to Hydrate Essential Moisturizing Lo- MTOJTUBUHUIITHPPOITHIOH /
tion SPF15, «4hava» (Israel) Xanthan gum, polyvinylpyrrolidone
Kpewm s nmuna st 9yBCTBUTENBHON KOXH, «Ahavay buocaxapuanast kamenp,
(M3pams) / Comforting Cream Sensitive Skin Relief, TTOJTUBUHUIITHPPOITHIOH /
«Ahava» (Israel) Biosaccharide gum-1,
polyvinylpyrrolidone
KpeM yBrnaxHAIOMUN I ) KUPHOU KOXKHU C KapOowmep, meTunmerakpuar /
marupyromuM 3¢dexrom, «A4/gologie» (Ppanuus) / Carbomer, methylmethacrylate
Algologie Soin Matifiant, «4lgologie» (France)
[TurarenbHBIN HOYHOM KpeM ¢ MUHEpalilaMu MepTBOTro Kap6omep / Carbomer
MODPsI ¥ 9KCTpaKTaMu Bojiopociiei, «Jericho» (U3panin)
/ Nourishing cream with Dead sea minerals and plant ex-
tract, «Jericho» (Israel)
I'ens 1t BeH M ycTaBmux Hor «Vien controly», «9xobus» |  KcaHtaHoBast kamenb, TyapoBas
(Yxpauna) / Vein and tired legs gel «Vien contro», Kamenb / Xanthan gum, guar gum
«Ekobiz» (Ukraine)
[enb anTunenmonuTHBIN «Bishof-Lifey, I'uppokcumeTunuenonosa,
«bummod-Jlaid» (Poccus) / KCaHTaHOBas KaMeJlb, TyapoBas
Anti-cellulite gel «Bishof-Life», (Russia) kamenb / Hydroxymethylcellulose,
xanthan gum, guar gum
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Kak crnenyer u3 qaHHBIX, PEACTABICH-
HBIX B Tabmuie 1, B cocTaBe KOCMETHYE-
CKUX CPEICTB HCIIOJIb3YIOTCS KCaHTaHOBas
KaMe/b, LIEeJUTI0N03a U €€ MPOU3BOIHbIE (TH-
JPOKCUMETHUII-, TUIPOKCUITUI- U THAPOK-
CUIIPONWILEIIIION03a),  MOJMBUHUIIIUP-
ponuaoH, KapOoMep U JIpyrue aKpuiaThl,
aJbTUHAT HATPHsI, TyapoBas KaMeb, Onoca-
XapuaHas KaMeab. TakKe MOXKHO OTMETHTh
UCIIONIb30BaHME UX coueTaHuid. Mcmnomnb3o-
BaHUE KOMOWHAIINUI TIOJTMMEPOB, HAIIPUMED,
KCaHTAaHOBOH KaMeH U KapOOMepOB MO3BO-
JsieT JOOUThCS YIydllIEeHHOW Ouoaaresuw,
YTO, B CBOIO OYepe/ib, MO3BOJISIET CHU3HUTH
4acTOTY HAaHECEHUs CPEJCTBA Ha KoKy [17].

YacTb NOAUMEPOB TPATUIMOHHO HC-
MoJIb3yeTcsi B (hapMalieBTUUECKOW TMpaK-
TUKE B KayecTBe reieoOpa3zoBaTenieil Jis
Hapy>XHbIX JiIeKapcTBeHHbIX (opm. Tak,
MIPOU3BOJIHBIE LIEJUTIONO3bI  HCIIONB3YIOT-
Csl ISl TIONMYYeHUsT OPTaTbMOJIOTHIECKHX,
CTOMATOJIOTMYECKUX U IEPMATOIOrMUECKUX
TeJIeH.

[Ipon3BonHbBIE MOTUAKPHIOBON KHCIO-
ThI (KapOOMEpHhI) OJTHU W3 CAMBIX PacCIpoO-
CTpaHEHHBIX rejieoOpa3zoBareseil B cocTaBe
JEKapCTBEHHBIX (OpM. DTO O0OYCIOBICHO
UX YCTOMYMBOCTBIO K THJIPOJIU3Y M OKHC-
JICHUIO, MHUKPOOUOJIIOTMYECKON CcTaOuih-
HOCTBIO, XOPOIIIUMH aJAT€3HOHHBIMHU CBOK-
CTBaMH, OTCYTCTBUEM TOKCHUYHOCTH [ 18].

KcanranoBas kamens B (hapmareBTHYC-
CKOM MpPaKTHKE HCIIONB3YeTCS IS MOIy-
YCHUS TeJieH I Hapy>KHOTO TPUMCHCHHUS
(marmmpumep, Bxoaut B coctaB reneit «Chlo-
Site», «Kontpakrybeke») [19-20]. Ho nau-
Oonee MIMPOKO KCAHTAHOBAsl KaMeab HC-
MOJIL3YETCS B MUIIEBON MPOMBINIIIECHHOCTH
B KaueCTBE 3aryCTHUTENS M CTabMiIu3aTopa
[21, 22].

Hamu Obutn paccMOTpEHBI JaHHBIE JIU-
TEpaTypbl U TEXHUYECKOW JTOKyMEHTAIUH,
OTpaXkarolle BO3MOXXHOCTU U creuudu-
Ky HUCHOJB30BaHUsI KapOomMepa, KCaHTaHO-
BOM KaMeIu, I'yapOBOM KaMeIH, THIPOK-
CUATWIIIEIUTIONO3bI, aJbIrUHaTa HaTpus,

As follows from the data presented in the
table 1, xanthan gum, cellulose and its deriv-
atives (hydroxymethyl-, hydroxyethyl - and
hydroxypropyl cellulose), polyvinylpyrroli-
done, carbomer and other acrylates, sodium
alginate, guar gum, biosaccharide gum-1
are used in the cosmetic compositions with
mineral salts. The use of their combinations
in cosmetics can also be noted. So the use
of polymers combination: xanthan gum and
carbomer, allows achieving an improved
bioadhesion and to reduce the frequency of
the skin application [17].

Several polymers conventionally used
in pharmaceutical practice as gelling agents
for external medicinal forms. Thus, cellu-
lose derivatives are used to obtain eye care,
dental and dermatological gels.

Polyacrylic acid derivatives (carbomers)
are of the most common gelling agents in
the composition of the semisolid formula-
tions for topical administration. This is due
to their resistance to hydrolysis and oxida-
tion, microbiological stability, good adhe-
sive properties, lack of toxicity [18].

Xanthan gum is used in pharmaceutical
practice for topical application gels (for ex-
ample, gels “Chlo-Site”, “Contractubex™)
production [19-20]. But the most widely
xanthan gum is used in food industry as a
thickener and stabilizer [21, 22].

The literature and technical documenta-
tion data of the possibilities and the specific

of carbomer, xanthan gum, guar gum, arabi-
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MTOJIMBUHWINIMPPOJIUIOHA, @ TAKXKE TaKHUX
MOJIMMEPOB MPUPOJAHOTO MPOUCXOKICHUS,

Kak apaBHﬁCKaﬂ N KOH’>KaKOBasi KaM€Iu B

COCTaBe KOCMETHYECKHUX CpeacTB (Tabm. 2)

[23-27].

an and konjac gum, hydroxyethylcellulose,
sodium alginate, polyvinylpyrrolidone ap-

plication in the cosmetic products compo-

sition are presented in the table 2 [23-27].

Taénuya 2 — Xapakmepucmuka noaumepos npu UCnOaIb306aHUU
6 Kauecmee 6CnOMO2amebHbIX 6eU{eCME 8 KOCMEMUUECKUX CPeocmeax
Table 2 — Characteristics of polymers when used as auxiliary substances

in cosmetic products

HaumenoBanue monumepa /
Polymer

QOYHKIUOHAIBHOE
"asHauyeHue / Function

Kocmernueckue cpencrsa /
Cosmetic formulation

['upokcHA THIIIEIITION03a
INCI: Hydroxyethylcellulose

3arycTuTenb,
crabunmuzatop,
reaeo0pa3oBarelb,
CBSI3YIOIIEE BEIIECTBO,
IJIEHKOOOpa30BaTelb,
MOBEPXHOCTHO-aKTUBHAS
nmo6aska / Thickener, stabi-
lizer, gelling agent, binding
substance, the film former,
surfactant

OnonackuBaTen,
KOHAWIUOHEPHI, IIaMITYHH,
TeJIH JUIS BOJIOC, TIpEnapaThl JIst
XUMHAYECKOM 3aBUBKH, Kpacka
JUTSL BOJIOC, JIGTCKUE JIOChOHBI,
POJIMKOBBIE JI€30/I0PAHTHI /
Rinser, conditioner, shampoos,
styling gel, products for perm-
ing, hair tints and bleaches, baby
lotions, roller deodorants

AnbruHar HaTpus
INCI: Sodium alginate

Crabunmsarop, SMyIbraTop,
reseoopazoBaresnb / Stabi-
lizer, emulsifier,
gelling agent

Kpembl, 10ChOHBI, IIAMITYHH,
3yOHBIE TACTBI, MACKH IS JIUIIA
/ Creams, lotions, shampoos,
toothpastes, facial masks

KcanranoBas xamenn
INCI: Xanthan Gum

Crabwimzarop,
3aryCTHTENb, IMYJIBIaTop,
JIETKOE OYHIIAIOIIee
cpencto / Stabilizer,
thickener, emulsifier, light

JIOoChOHBI, KPEMBI, IIIAMITYHH,
KOHAUIHOHEpHI / Lotions,
creams, shampoos, conditioners

cleanser
I'yapoBas xkamenp Crabunuzarop, JIocbOHBI, KpEMBI, IAMITYHH,
INCI: Guar Gum 3aryCTHUTEb, KoHaUIHOHEpHI / Lotions,
smynsrarop / Stabilizer, creams, shampoos, conditioners
thickener,
emulsifier

buocaxapuanas kamenp-1
INCI: Biosaccharide GUM-1

Koppekrop cencopHbIx
CBOICTB, cTabmiu3arop /
Sensorial modifier, stabi-

lizer

Kpewmsl, renun, macku Ji1s BOJIOC,
nocwoHbl / Creams, gels, hair
masks, lotions

Kap6omep
INCI: Carbomer

['eneobOpa3zoBarenb,
3aryCTUTEIb, IMYJIbIaTOP
/ Gelling agent, thickener,

emulsifier

JIoCchOHBI, KpEMBI, IIAMITYHH,
KOHJIUITMOHEPBI, MACKHU, TEJH /
Lotions, creams, shampoos, con-
ditioners, masks, gels
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IIpooonxcenue mabauywr 2 / Table 2 continued

KomxaxoBsas kamennb
INCI: Amorphophallus Kon-
jac Root Powder

3arycTurenb, SMybraTop,
KOPPEKTOP CEHCOPHBIX

cBoiictB / Thickener, emul-
sifier, sensorial modifier

JIoCchOHBI, KpEMBI, T€JIH, MACKH,
TeJIu JIJIs JTyIia, 3yOHas macra
/ Lotions, creams, gels, masks,

shower gels, toothpaste

ApaBuiickasi Kame/lb
(rymmuapabuK)
INCI: Acacia Gum

Conmynbrarop,
cTabunuzarop,
3aryCTUTENb,
MJICHKOOOpa3oBaTelb,
CBSI3YIOIIMI areHT /
So-emulsifier, stabilizer,
thickener, the film former,
binding substance

Kpewmpsl, renu, 10Ch0HBI, MAaCKH1
nst aia / Creams, gels, lotions,
facial masks

[TonuBUHUATIMPPOINIOH
INCI: PVP

Cralunu3zarop, CBS3YIOIIEE
BEIIECTBO, 3aT'yCTUTEIb,
IeHKooOpa3oBarens / Sta-
bilizer, binding substance,
thickener, the film former

Kpemsl, renu, 10Cb0OHBI,
LIaMITyHH, J1€3010PAHThI /
Creams, gels, lotions, shampoos,
deodorants

W3 naHHBIX TaOIUIBI CIEAYET, YTO Iie-
PEUMCIICHHBIE BELIECTBA MCIOJIB3YIOTCS B
COCTaBE PA3JIMYHBIX KOCMETUYECKUX (hopm
(KpeMmbl, JTOCbOHBI, €N, HIaMIIyHH, MAacKH
JUIS TU1a, 3yOHbBIE TACThI ), BHITTOIHSS (DyHK-
IUIO0 3aryCcTHTENeH, TrereodpazoBaresei,
cTaOMIM3aToOpOB, MJICHKOOOpa3oBareneil, a
TaKK€ BEIECTB, YIyYLIalONUX CEHCOPHbIE
CBOICTBa roToBOM mpoayKuuu. OCHOBHOM
TEXHOJIOTUYECKON (yHKIMEH MOIMMepoB
SBIISIETCS TIOBBILICHUE BSI3KOCTH WIIM (Op-
MHPOBAHHUE I'€JIEBOU CTPYKTYPBI Pa3IMYHON
MIPOYHOCTU. MHOIrME NPENCTABUTENN 3TOU
IPYIIIBI BBITOJIHSIOT B COCTaBE KOCMETHYE-
CKHMX CPEACTB CMEKHYIO TEXHOJIOTUYECKYIO
GyHKIMIO cTabUIM3aTOpa.

Kpowme toro, 15 kamenen u anpruHaToB
XapaKTEepHO YBIIAXKHAOLIEE (BIaroyaepx u-
Balollee) JercTBre Ha Koxy [23, 28].

HNmeroTcs 1aHHBIE MCCIIeN0BAHUM, MOMI-
TBep)Kaaromue 3()(HEKTUBHOCTh HCHOIb-
30BaHMUS KCAaHTAHOBOM, I'yapOBOM KaMe.H,
arapa, apaBUHCKON KaMeIu B KaueCTBE IPO-
TEKTOPOB OKHUCIJICHUS JIMIIUAOB B COCTaBe
KOCMETHYECKUX CPEACTB, YTO IIO3BOJISET
TOBOPUTH O BO3MOXHOM YyCWiIeHHH YD-3a-
IIUTHBIX CBOMCTB KOMIIO3ULIMI HA UX OCHO-

Be [29].

As it can be seen from the table 2 the
presented auxiliary substances are used in
various cosmetic forms (creams, lotions,
gels, shampoos, facial masks, toothpastes),
performing the function of thickeners, gell-
ing agents, stabilizers, film formers, and
substances that improve the sensory prop-
erties of the cosmetics product (sensorial
modifier). The main technological feature
of polymers is the viscosity increase or gel
structures formation. Many polymers per-
form in the cosmetic products composition
the related technological function of the sta-
bilizer.

As for example, gums and alginates
have a moisturizing (moisture-retaining) ef-
fect [23, 28].

There is evidence of studies confirming
the effectiveness of the xanthan, guar gum,
agar, arabian gum usage as lipid protectors
in the cosmetic composition, which sug-
gests a possibility of increase of UV-protec-
tive properties of the products [29].
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Takum 00pa3oM, TOJUMEpPHBIE COEIHU-
HEHHUS B COCTaBE KOCMETHYECKHX CPEJICTB
BBITIOJIHSIFOT HE TOJIBKO (DYHKIIMIO OCHOBHI,
HO W TPUAAIOT MPOAYKTY JIOTOTHUTEIb-
HbIE CBOMCTBA, MPUCYIIINE KOCMETHYECKUM
CpelCcTBaM — YBIQKHSIOIIUE, 3allUTHHIC,
OUYHMIIAIOIINE, YTO TMOATBEPXKIAET palro-
HaJbHOCTh MX HCIIOJIB30BaHMS B COCTaBE
KOCMETUYECKUX CPEACTB C MPUPOIHBIMHU
MUHEpaJTbHBIMUA KOMIUIEKCAMH.

JI71s1 O1IEeHKM BO3MOXKHOCTH B3aMMO/ICH-
CTBUSI TIPUPOAHBIX MHHEPAIBHBIX COJICH
U TOJUMEPOB B COCTAaBE KOCMETUUYECKUX
CpENCTB, HAMH OBbUIA U3YYECHBI JaHHBIC JTU-
TepaTyphl O CTPOCHUU MOJTMMEPOB U UX TEX-
HOJIOTMYECKHUX 0COOeHHOCTAX (Tabm. 3) [21,
23,24, 30, 31].

Kax BuHO 13 TabNuU1IbI 3, UICIIONIb3yeMble
B COCTaBE KOCMETHYECKHUX CPEJICTB IMOJIH-
MEpHBIE COCTMHEHUS SBJISIETCS POTYKTaMHU
pPacTUTENLHOTO, MHUKPOOHOJIOTHUYECKOTO U
CHHTETUYECKOTO MpoucxoxkaeHus. Hecmo-
TPsL HA TO, YTO MHOTHUE TOJUMEPHI UMEIOT
MOJINCAXapUIHYIO MPUPOIY, OCOOCHHOCTH
UX CTPOCHHMSI TMPEIOJIaraloT pazInyHbIe
XapaKTEPUCTUKH BSI3KOCTH M XapaKTep IO-
BEJICHUS B MPUCYTCTBUM MUHEPAIBbHBIX CO-
JIEH.

AHanmu3upys JaHHble TaOaMIbl 3, ciie-
JIy€T BBIJICTUTh YCTOMYUBOCTD K BBOJJUMBIM
B PELENTYPYy Pa3IudyHbIM BEIIECTBAM reje-
oOpasoBarelis  TUIPOKCUITUIIIEIUIIONO3HI,
YTO CBSA3aHO C HEMOHOTEHHBIM XapaKTEpPOM
aToro nonumepa [25, 30].

Taxoke 3aciyKMBaeT BHUMaHUS M CTa-
OWJIHHOCTh KCAaHTAHOBOW KaMmenu TpH HC-
MOJIb30BAHUU DJIEKTPOJIUTOB, B YaCTHOCTH
coJiel kanplius U Maraus. B uccnegoBanu-
X OTMEYAETCS YBEJIMUECHHE BSI3KOCTHU Tefiei
KCaHTaHOBOW KaMmeu pu J0OaBJICHUH pac-
TBOPOB XJIOpWJIA HATPHUS U XJIOpUJIA KaJus,
U X CHHEPIH3M MPH MCIOJIB30BAHUU C TY-
apoBO KaMeJbl0, KaMeJIbI0 POYKKOBOTO Jie-
peBa M KOHXaKOBOW Kamenpio [22, 23, 32].
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Thus, the polymeric auxiliary substanc-
es in the composition play not only the
foundation role (thickeners, gelling agents),
but they also give to the product addition-
al properties inherent to cosmetic products
such as moisturizing, protective, cleansing,
confirming the feasibility of their applica-
tion in the cosmetics.

To assess the possibility of interaction
between natural mineral salts and polymers
in the cosmetic products the database on the
polymers structure and their technological
features were studied (table 3) [21, 23, 24,
30, 31].

As it can be seen from table 3, the poly-
mers used in the cosmetic compositions are
the products of plant, microbial and syn-
thetic origin. Despite the fact that many
polymers are polysaccharides, features of
their structure require different viscosity
characteristics and behavior in the presence
of mineral salts.

The resistance to various substances
supplementation into formulations with hy-
droxyethyl cellulose, which is associated
with nonionic nature of this polymer, should
be mentioned [25, 30].

The stability of xanthan gum solutions
when using electrolytes, in particular salts of
calcium and magnesium is also noteworthy.
The xanthan gum gels viscosity increase af-
ter sodium chloride and potassium chloride
solutions addition and xanthan gum synergy
when used with guar gum, carob gum and

konjac gum has been noted [22, 23, 32].
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[lonHble cOMM AJIBITMHOBOM KHUCJIOTHI U
MOJIMBAJICHTHBIX METAJIJIOB HE PACTBOPUMBI B
BOJIE. DTO HAXOJUT MPAKTUYECKOE MPUMEHE-
HUE: 17151 00pa3zoBaHus OoJiee BA3KUX, YCTOM-
YUBBIX I'eJIEN K pacTBOpPam aJlbIMHOBOW KHUC-
JIOTHI M JIbTUHATA HATPUs TOOABISIFOT COMH
MOJIMBAJICHTHBIX MeTaiioB. lIpakrnueckoe
NPUMEHEHHE 3TO UMEET, B YACTHOCTH, B CO-
CTaBE TaK Ha3bIBAEMbIX aJIbIMHATHBIX MACOK
I una. JlelicTBMe OCHOBAaHO Ha TOM, YTO
COJIU KaJIbLIKs, HOHBI KOTOPOT'O BBICTYIAIOT B
KauecTBE CIIMBAIOIIET0 areHTa, B3auMoJIeH-
CTBYSI C KapOOKCWJIBHBIMH TPYyTITIaMUA MOJIe-
KyJ aJbT'MHATOB, 00Opa3ylOT Telid, KOTOpPhIE
CIOCOOHBI COXpaHsTh Gopmy [23, 33].

[[lupokoe HCHOJIB30BAHUE PACTBOPOB
KaMeZel B KaUeCTBE 3aryCTUTEIICH B IHUILIE-
BOM IIPOMBIIIVICHHOCTH B HACTOSIIIEE BPEMsI
00yCJIaBIMBAET MHTEPEC K TPOBEICHUIO UC-
CIeNOBaHUN UX (U3UKO-XUMUUYECKUX Xa-
PaKTEPUCTUK U B3aUMOJICUCTBUS C IPYTUMHU
BEIIIECTBAMH, HCIIOJIL3YEMBIMH B COCTaBE
MUIIEBBIX MPOIYKTOB (OPraHUYECKHE KHUC-
JIOTHI, COJIH, caxapa u Jip.).

B wacTHOCTH, HCccnenoBaHbl XapaKTepu-
CTHUKH BSI3KOCTEH pacTBOPOB KCAHTAHOBOM
KaMe/ld, TyapoBOM KaMeIu U KaMeIu POXK-
KOBOI'O JI€peBa Pa3IMuyHOW KOHLECHTpPAIUH,
MOJITBEPIUBIIINE UX YCTOMYUBOCTH B IIUPO-
koM auanaszone pH [32, 34, 35]. Nmerotca
AHHBIC MCCIIEOOBAHUN BIMSHUS ITHIIECBOU
conu (HaTpusi XJIOpUIA) B PA3IMYHBIX KOH-
[EHTPaIlMAX Ha BSI3KOCTh PACTBOPOB KCaH-
TaHOBOU Kamenu [36].

Tak ke paccmarpuBaOCh BIMSHHUE Ha-
TPHS XJIOPUJIA HA BI3KOCTh CHHEPTHUECKUX
CMecell KaMeJel: KOH)KaK-KCaHTaH, B pe-
3yJbTaTe KOTOPBIX JI0Ka3aHO, YTO TeJIH, TO-
Jy4eHHbICE Ha OCHOBE OMHApHOW CMECU B
COJIEBBIX pacTBOpax O0OJAaOT JYyYIIUMHU
MIPOYHOCTHBIMU XapaKTEPUCTUKAMHU, YEM
BOAHBIE [22].

B HOpmaruBHON NOKyMEHTAallMM OTME-
YaeTCs, UTO BEChMa YyBCTBUTEIIbHBI K JICH-
CTBUIO COJIEM MOJIMBAJICHTHBIX METAJIJIOB
resu kapoomepa [37].
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Full salt of alginic acid and polyvalent
metals are insoluble in water. It finds practi-
cal application: the salts of polyvalent met-
als should be added to solutions of alginic
acid and sodium alginate for the viscous
and resistant gels formation. Practical appli-
cation this has, in particular in the so-called
alginate face masks. The action is based
on calcium ions which act as cross-linking
agent interacting with the alginates mole-
cules carboxyl groups produce gels, capable
to save the form [23, 33].

The widespread use of gums solutions as
thickeners in the food industry currently of-
fers interest to their physico-chemical char-
acteristics and their interactions with other
substances used in food products (organic
acids, salt, sugar, etc.). The viscosity charac-
teristics of the xanthan gum, guar gum and
gum carob of different concentrations solu-
tions, confirming their stability in a wide pH
range were studied [32, 34, 35]. The various
salt (sodium chloride) concentrations effect
in on the xanthan gum solutions viscosity
was researched [36].

The influence of sodium chloride on the
synergistic gums blends (konjac-xanthan)
viscosity was also discussed. It was proved
that the gels on the basis of binary mixtures
in the salt solutions have better strength
characteristics than water gels [22].

It shout be noted that the carbomer gels
are very sensitive to the action of polyvalent

metals salts [37].
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Yro Kkacaercs ryapoBOHM, KOH)KAKOBOW,
KCAaHTaHOBOH, apaBuWiicko u Ouocaxa-
pUIHON KaMeau, NaHHbIE O BIUSHHUM Ha
CTAOMIIBHOCTh HMX PACTBOPOB MPHUPOIHBIX
MHHEPAJIBHBIX COJIEU B JOCTYITHOW JINTEPA-
Type OTCYTCTBYIOT. HecMoTpss Ha Hamuuue
JAHHBIX O BBICOKOW KOMILIEKCOOOpa3yro-
el CoCOOHOCTH TMOTMBUHWIITUPPOITHUIO-
Ha, BJIUSIHUE Ha €ro pacTBOPbl MUHEpaIb-
HBIX COJIEW TAK)KE HE ONUCAHO.

Crenudukoit B3auMoIedCTBUS IPUPO/I-
HBIX MUHEPAJIBHBIX COJIEU U BCIIOMOTaTellb-
HBIX BEIIECTB ITOJIMMEPHOU IPUPOBI SBIIS-
€TCsl UX KOMIUIEKCHBIA COCTaB: PAa3JINYHOE
MPOLIEHTHOE COOTHOUIEHUE COJIEH MarHwus,
HATpusl, KaJiblus. Tak, B MOPCKOM COJIH IIpe-
oOaiaet HaTpus XJIOPUI, B TO BPEMsI KaK B
consix MepTtBoro mopsi u Outiodure — mar-
Hus xyopun [7]. Vcxons U3 3Toro, MOKHO
Mpearonararb pasHbld XapakTep H3MEHe-
HUs (PU3UKO-XUMHUYECKUX ITapaMeTpOB pac-
TBOPOB MOJIMMEPHBIX resieo0pa3oBaTenei u
3aryCTUTENEN IIPU B3aUMOJIECTBUM C IIPU-
POIHBIMU MHUHEPAIbHBIMU KOMILIEKCAMU
Pa3JIMYHOTO MPOUCXOXKACHUS (TepMaibHbIE
BOJIBI, para, Oumogur).

3akirouenue. Takum oOpazom, aHaIH3
JAHHBIX JIMTEPATYPbl CBUAETEIBCTBYET O
TOM, 4YTO B Ka4eCTBE IOJIMMEPOB B COCTa-
BE KOCMETHYECKUX CPEICTB C IMPUPOIHBI-
MM MHUHEPAJIbHBIMU COJIAMU HCIIOIB3YHOT-
Cs Yaule BCEro MPOU3BOAHBIE LIEJUIFOIIO3bI,
KCAaHTaHOBAsl KaMe/lb, a TAK)K€ MOJIUBUHUII-
MUPPOJIUIIOH U KapOoMepbl. ITH BEIIECTBA
BBITIOJHSIOT (PYHKIIMU Tesieo0pa3oBaTeei,
CTAOMIIN3aTOPOB, SMYJLIaTOPOB, TICHKO-
oOpazoBaresniell, YBIQKHSIONIMX AareHTOB.
B HayudHOU U TEXHUYECKOU JIUTEPATYpPE HE
AMEETCSI JTOCTAaTOYHOI'O KOJIMYECTBA CBe-
JIEHUM O B3aMMOJECUCTBUU C HPUPOJHBIMU
MUHEPAJIbHBIMU COJISIMU TOJUMEPOB U HX
BJIUSIHUM Ha MX XapaKTEPUCTUKU. Taxxe
ONPEACIICHHYIO CII0)KHOCTH MPEICTABISAET
KOMIUIEKCHOCTh M YHMKAJIBHOCTb COCTaBa
MIPUPOJHBIX COJEBBIX KOMIUIEKCOB. Ilep-
CIIEKTUBHBIM CJIEAYET CUMTATh MCCIIEI0BA-

As for the guar, konjac, xanthan, arabic
and biosaccharide gums, data on effect of
the natural mineral salts introduction on
the stability of their gels, are not present in
the available database. Despite of data on
the high complexing polyvinylpyrrolidone
ability, the effect on the mineral salts on its
solution was not described.

The specificity of the natural mineral
salts interaction with polymers concern to
a complex composition of natural mineral
salts: different percentage of magnesium
salts, sodium, calcium. So sea salt is dom-
inated by sodium chloride, while Dead Sea
salt and bischofite — magnesium chloride
[7]. On this basis, it is possible to assume
a different character of changes in physical
and chemical parameters of polymers solu-
tions in the natural mineral salts complexes
interaction.

Conclusion. Thus, the analysis of da-
tabases suggests that the cellulose deriv-
atives, xanthan gum, and Polyvinylpyr-
rolidone, and carbomer are the most used
polymers in the cosmetic composition with
the natural mineral salts. These auxilia-
ry substances are used as gelling agents,
stabilizers, emulsifiers, binders, and mois-
turizing agents. In scientific and technical
database the information about the interac-
tion of polymers with the natural mineral
salts and the natural mineral salts impact
on their influence on the polymer solutions
characteristics is not widely presented.
A certain difficulty is represented by the

complexity and uniqueness of the natural
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HUE BIIMSHUS TPHUPOJHBIX MHHEPAIbHBIX
cojieil Ha CTa0MIIBHOCTh PAcTBOPOB MOJIH-
MEPOB, a TAKXKE BIMSIHUE HA (PU3UKO-XHUMHU-
YeCKUe U MOTPEOUTENbCKIE CBOMCTBA TOTO-
BOTO MPOIYKTa, UCHOJIB3yEMbIX B COCTaBe
KOCMETUYECKUX CPEICTB B KauecTBE 3ary-
CTUTEJIEH U reneo0pa3oBaresnei.
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MORPHOLOGICAL AND ANATOMICAL STUDY OF GRANULES
WITH SEEDS EPIDERMIS OF PLANTAGO OVATA FORSSK

J. V. Daironas®, I. N. Zilfikarov?, V.V., Vandyshev’, E. A. Miroshnikova’

"Pyatigorsk Medical and Pharmaceutical Institute —
branch of Volgograd State Medical University,
11, Kalinin ave., Pyatigorsk, 357532, Russia
’Department of All-Russian Science Research Institute of Medicinal and Aromatic Plants,
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JAgro-Biotechnological Department of the Agrarian-Technological Institute of RUDN
University, 2, building, 8, Miklukho-Maklaya str., 117198, Russia
E-mail: daironas@mail.ru

B cmamve npeocmasnenvi pesynivmamul MOpghono20-aHamoMuiecko20 U3yueHus epa-
HYJl UBMETbYEHHOU INUOEPMbL CEMAH NOOOPONCHUKA AUYEBUOHO020. Brewnue u Mukpocko-
nuyeckue OUa2HOCmu4ecKue NPUHAKU UMerom 3HaveHue 01 yCmaHo81eHuss NOOTUHHOCMU
JIeKAPCMBEHHO20 PACMUMENbHO20 CbIPbs U Npenapamos Ha e2o ocHose. Llenv — gviaeums
Mopgonocuueckue U MUKpOCKOnU4ecKue OUAeHOCMuYecKkue npusHaKy dnuoepmvl CeMsH
NOOOPONCHUKA AUYEBUOHO20, MUHUMANbHbIE U OOCMAMOYHblEe O YCMAHOBNEeHUST NOO-
JIUHHOCU 2PAHYIUPOBAHHBIX KYCOUKO8 dNUOEepMbl 9mo2o pacmenus. Mamepuanvl u me-
moowl. V3yuenue HewHUX U AHAMOMUYECKUX NPUSHAKOB, A MAKMCE 2UCMOXUMUYECKOe
uccneoosanue, npogoounu no memoouxkam locyoapcmeennoii papmaxoneu Poccuiickou
Deoepayuu XIII uzoanus ¢ nomowwvio mukpockona «Muxpomeo-1» u yugposoii kame-
pot MD300 Electronic Eyepiece (Jincheng). @omoepaguu peoakmuposaiu 8 npocpam-
me Adobe Photoshop CS6. Pezynomamut u oocyrycoenue. K snewnum mopghonocuueckum
NPUSHAKAM, NPUMEHUMBIM OJIsl OUACHOCMUKU INUOEPMbL CEMAH NOOOPONCHUKA AUYeBUO-
HO20, MOJCHO OMHEeCmU e€ CEema0-HCENMbIU UIU PO30BAMO-HCENMBIU YBem U HAIUYUe
NUSMEHMHO20 NAMHA PO308020 UNU CEEMI0-KOPUYHEB020 Yema HA dnuoepme GblNyKIoll
CMOPOHbBL CEMSIH U BLIMAHYMO20 800/Ib CeMeHU. DMuU NPUSHAKU OOHAPYHCUBAIOMCS U 8 U3-
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MenviueHHoM cvipbe. I panynvl npedcmasiniom cobotl uiepoxosamole KOMOUKU, COCMOosiuue
U3 CIUNUUXCSL KYCOUKO8 INUOEPMbL, XAPAKMEPUIYIOMCIL HCETMOBAMOL UNIU CEEMN0-KOPUY-
HeBOU OKpACKOU U Haiuyuem nuemeHmuozo namua. K muxpockonuueckum ouaenocmu-
YeCKUM NPUSHAKAM OMHOCAMCIA. CMPOeHUue 8epXHell SNUoepMbl, cocmoaujel U3 KpynHvlx
MHO20Y20/IbHbIX KIeMOK C NPAMbIMU MOHKUMU AHMUKTUHATIBHBIMU CIMEHKAMU, HOKDbINbI-
MU 21A0KOU KYMUKYIOU U 3aNOTHEHHbIX CIU3LIO; CIPOeHUe HUNCHEU SNUOEePMbl, COCMOsL-
wetl U3 bIMAHYMbLX, NPAMOY20IbHBIX KNEMOK, KIemKU CO CIU3bI0, ObICMpo Habyxaroujue
8 PAOUANbHOM HANPAGIEHUU, HAIUYUe KPAXMAIbHLIX 3EpeH. Ycmanosienvl Ouomempu-
yecKkue XapaxKkmepucmuku aHamomo-ouUaeHOCMUYeCcKUx npusHaxkos. 3akuwuenue. B xooe
MOPPOI020-AHAMOMULECKO20 UCCTIE008AHUSA 000N0UEK CEMAH NOOOPOHCHUKA AUYEBUOHO20
U 2panyn 000N104UeK CEeMAH NOOOPOHCHUKA AUYEBUOHO20 YCMAHOBIEHO, YMO aAHAMOMO-0U-
azHocmu4ecKue NPUHAKAMU Cblpbsl AGIAIOMCS KILEMKU SNUOepMbl, 3aN0JIHEHHble CIU3bIO,
KpaxmanvHwle 3épHa u hpazmenmol 6HYyMpeHHe20 NUSMEHMHO20 CIO05L KOHCYPbL C (hpazmen-
mamu 3H0ocnepma. Ilonyuennvie pe3yivmamsi cO2IACYIOMCS ¢ OAHHLIMU JUMepamypbl u
Mo2ym Oblmb UCNONL308AHbBL NPU PA3PAOOMKe HOPMAMUBHO20 OOKYMEHMA HA 2PAHYbl
000/104eK ceMsiH NOOOPONHCHUKA AUYEBUOHO20.

Knrwouesvle cnosa: noooposicHux aiiyesuonslil, 3nudepma cemsit, Spanyiivl, MUKPOCKONUSL

The results of a morphological and anatomical study of granules from the epidermis of
Plantago ovata seeds are presentedin the article. Morphological and microscopic diagnostic
signs are important for establishing the authenticity of medicinal plant material and drugs
made from it. The aim is the identification of morphological and microscopic diagnostic
characteristics of the seed epidermis of Plantago ovata, minimal and sufficient to establish
the authenticity of the granular pieces of the plants epidermis. Materials and methods.
The study of morphological and anatomical characteristics as well as histochemical study
were conducted according to the procedures of the State Pharmacopoeia of the Russian
Federation XIII edition. Microscope “Micromed-1" and digital camera MD300 Electronic
Eyepiece (Jincheng) were used. Photos were edited in Adobe Photoshop CS6. Results and
discussion. Morphological signs of the epidermis of Plantago ovata seeds include its light
vellow or pinkish-yellow color and a presence of a pigmented spot of pink or light brown
color on the epidermis of the convex side of the seeds and along the seed. These signs
are applicable for diagnosis and are also found in crushed raw materials. Granules are
rough lumps, consisting of stuck together epidermis pieces. They are characterized by a
vellowish or light brown color and the presence of a pigmented spot. The microscopic
diagnostic signs include the structure of the upper and lower epidermis, the presence of
cells with mucus and starch grains. The upper epidermis consists of large polygonal cells
with straight thin anticlinal walls. The cells are covered with a smooth cuticle and are filled
with mucus. The lower epidermis consists of elongated rectangular cells. Cells with mucus
swell rapidly in the radial direction. Biometric characteristics of anatomical diagnostic
signs were established. Conclusion. As the result of a morphological and anatomical
study the diagnostic signs of the raw material and granules of Plantago ovata seed husks
were established. The structure of epidermal cells filled with mucus, starch grains and
the presence of fragments of the inner pigment layer of the skin and endosperm belong
to them. The obtained results are consistent with the literature data. It can be used in the
development of a normative document for granules of Plantago ovata seed husks.

Keywords: Plantago ovata, epidermis of seeds, granules, microscopy
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Beenenme. [looopooicnuk siyesuonsiii
— Plantago ovata Forssk. (CHHOHUMBL: no-
OOPONCHUK 0BATIbHBIIL, NCUTLIUYM, TIOTOPOXK-
HUK ucgazcyna, Isabgol, Plantago ispaghula
Roxb. ex Fleming) — onun u3 158 BuIOB
pona momopoxxHuk (Plantago) cemeiicTBa
MOJIOPOKHUKOBBIX — Plantaginaceae. Ce-
MEHa 3TOT0 PaCTEHMsI U3BECTHBI KaK «0Oesoe
OrourHOe cemsi», «ceMs ucdaryna» [1, 2].

[TomopoKHUK SIHIIEBUIHBIA — HEOOJb-
I0€ OMYyIIEHHOE TPABIHHUCTOE paCTCHHE.
Jluctbst myuHOM 7,5-23 cM, mmpuHoit 0,5-
I cM, y3KOJIMHENHbIE, IMHENHO JIAHIETHBIE
WU HUTEBUJHBIC, TOHKO 3a0CTPEHHBIC Ha
BEpXYLIKE, 00pa3yoT IPUKOPHEBYIO PO3ET-
Ky (puc. 1). Cemena TBepbie, MOIyHpoO-
3padHble, JaJbeBUIAHON (OPMBI, IITUHOU
70 8 MM W MIHUPUHON OKojo 1 MM (puc. 2).
[ToBepxHoCTh Onectsimiasi, pPO30BATO-KO-
puuHeBoro npera. Ha BbIykioi cTopoHE
(mopcanbpHOI) Ha cepelMHe CEMEHU UMEET-
csl pyOUuHMK, Ha MECTE€ KOTOPOTO Ha MHJEP-
M€ PACIOJIOKEHO BBITSIHYTOE BJIOJIb CEMEHU
MUTMEHTHOE MATHO KPACHOTO WJIM OpaHkKe-
BO-KpacHOTO 1BeTa [3].

[TonopoXXHUK  SWULUEBUIHBIA  PacIpo-
cTpaHnéH B cTpaHax CpenuzemHomopsbs, Ce-
BepHOU Adpuku, Apasuu, B Unauu, Upa-
He, [lakucrane. IlIupoko KyJabTUBHpYyeETCS
B pa3jIMYHbIX yacTsax MHauu, B OorpaHuYeH-
HoM MaciuTabe — B [lakucrane, Upane u He-
koTopbix yactsax EBponbl. CIIA siBisieTcs
[JIABHBIM UMITIOPTEPOM MOJOPOKHHUKA STHTIE-
BHUJIHOTO CEMSIH U 00O0JIOYKH CEMSH, IOTpe-
O7eHMe KOTOPBIX HocTHraeT exeroano 8000
TOHH [4, 5].

Pucynox 1 — Plantago ovata Forssk.
Figure 1 — Plantago ovata Forssk.
(https://commons.wikimedia.org/wiki/
File:Plantago ovata_form.jpg)

Introduction. Plantago ovata Forssk.
(synonyms: Psyllium, Ispaghula, Isabgol,
Plantago ispaghula Roxb. Ex Fleming) is
one of the 158 species of the Plantaginace-
ae family. The seeds of this plant are known
as “blond psyllium “ and “ispaghula” [1, 2].

Plantago ovata is a stemless, soft, hairy
annual herb. The leaves are 7.5-23 cm long,
0.5-1 cm broad, narrowly linear, linear lan-
ceolate or filiform, opposite, finely acumi-
nate entire or distantly toothed, attenuat-
ed at the base and usually three-nerved. A
number of flowering shoots arise from the
base of the plant (fig. 1). Seeds are hard,
translucent, boat-shaped structure, up to 8
mm long and 1 mm wide (fig. 2). The sur-
face is glossy and shining, with a pinkish
brown color. There is an oval red spot in the
center of convex (dorsal) surface [3].

Plantago ovata is common in the Medi-
terranean, North Africa, Arabia, India, Iran,
Pakistan. Cultivated in India, Pakistan, Iran
and several European countries. The USA is
the main importer of the seeds and the seeds
epidermis of Plantago ovata. Their con-
sumption reaches 8000 tons annually [4, 5].
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1

2

Pucynok 2 — Cemena u ynuoepma ceman n0OOPOHCHUKA AUUCBUOHO20
1 — enewnuii 6u0 ceman; 2 — Inudepma ¢ 6bINYKI0I CHOPOHBL CEMAH
C NUZMEHMHBIM NAMHOM (6EPXHUIL PAO — U0 USHYMPU INUOEPMDbL,
HUMICHUIL PAO0 — U0 CHAPYICU INUOEPMbL)
Figure 2 — Seeds and epidermis of seeds of Plantago ovata
1 — appearance of seeds; 2 — epidermis from the convex side of the seeds with
a pigmented spot (the top row is the epidermal view from the inside,
the lower row is the epidermal appearance from the outside)

CemeHa u snuaepma CeMsiH MOAOPOXK-
HUKa SIULEBUAHOTO MCHOJB3YIOTCS B 3T-
HomenunuHe crpad Asum (Kurait, Uugus,
[Takucran) u EBpombl Kak cmsiryarouiee,
YCIIOKOUTENIbHOE, Oe30MacHOe CJIa0UTEeNb-
HOE CPEACTBO IUISl JICUCHUS] XPOHUUYECKUX
3aMopoB, XPOHUYECKOM Iuapeu, NU3EHTe-
pHUH, IPYTUX KHUIIEYHBIX PACCTPONCTB, JIH-
XOpaJOYHBbIX COCTOSIHHI, BOCHAJICHUS IO-
YeK, MOYEBOTO ITy3bIps U ypeTpsl. B Mpane
OTBap U3 CEMSH NPUMEHSIOT HAPYKHO MIPU
BOCIAJICHUH TIOJIOCTH PTa, BHYTPb — IpPHU
pacCTPOMCTBE JKEIy[Ka, HAPYIICHUU KEI-
YEeOT/ACNICHUs, CaxapHOM Juabere, BOC-
MaJUTEIbHBIX 3a00JICBaHUAX KHUIIICUHHUKA
[4, 6, 7]. B Vemene 3amoucHHbIE ceMeHa
WCIIONB3YIOTCSI B KaueCTBE MPUMAPKU s
jedeHus: GypyHKYJIOB U 53B, a TaKKe Kak
KOCMETHYECKOE CpencTBO s Boioc. Kak
YCIOKOUTENIBHOE CPEACTBO U TIPH JHUapee
B McriaHny NpUHUMAIOT BHYTPb XOJOJHBII
HACTOM JIMCTHEB 3TOT0 PACTEHUs, TOTJa KaK
B Tamnaunne ropsiunii otBap [5]. B [lakucra-
HE MOAOPOKHUK SULIEBUIHBIA UCIIOJIb3YIOT
JUTSL JICYEHUS CEePJCYHO-COCYIUCTHIX 3a00-
JIEBaHUM U Kak ciaadbutenpHoe [8, 9].
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The seeds of Plantago ovata and their
epidermis are used in ethnomedicine of
Asian countries (China, India, Pakistan)
and Europe as an emollient, soothing, safe
laxative for the treatment of chronic con-
stipation, chronic diarrhea, dysentery, other
intestinal disorders, fever, inflammation of
the kidneys, bladder, and urethra. In Iran,
the decoction of the seeds is applied exter-
nally to treat an oral cavity inflammation,
and per os to treat a stomach disorder, bile
secretion disorders, diabetes mellitus, in-
flammatory enteropathy [4, 6, 7]. In Yemen,
macerated seeds are used as a poultice for
the treatment of burns and ulcers, and also
as a cosmetic for hair. Infusion of leaves (a
cold in Spain and a hot in Thailand) is used
as a sedative and for the treatment of diar-
rhea [5]. In Pakistan, Plantago ovata is used
to treat cardiovascular diseases and as a lax-

ative agent as well [8, 9].
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Cpenu OHMOJOTUYECKH AaKTUBHBIX Be-
mectB (BAB) cemsin nomopoxkHuka siidiie-
BHUJIHOTO OCHOBHBIM KOMIIOHEHTOM SIBJISI€T-
Cs OJINCAXapPUAHBIN KOMILIEKC, COCTOS NN
U3 CIIU3M — CyMMBI TaJIaKTOMaHHAHOB, JIO-
KaJIM30BAHHOM B KIIETKax snuiepmbl. EE
conepxkanue gocruraer (10-30) %. B ceme-
Hax Takke OOHApYKECHBI UPUIOUTHBINA TITU-
KO3HJI ayKyOHH, caxapa, CTepOJIbl, KUPHBIC
KHUCJIOTHI, aIKaJIOUAbl MHAUKAWH U TUIAHTO-
TOHHMH ¥ HEOOJBIIIOe KOaudecTBO (OK. 7 %)
IOJTyBBICBIXAOIIEro )KupHOro macina [10].

Ha tepputopun P® 3aperucrpupona-
HO HECKOJIBKO JIEKAPCTBEHHBIX IIperapa-
TOB JUIsl TPUTOTOBJICHUSI CYCIICH3UU ISt
puemMa BHYTpPb, NPEACTABISIIONIMX COOOM
KyCOYKH DSIHUJEPMbl CEMEHHON KOXYpBI
MOJIOPO’KHUKA SMIIEBUAHOTO (I1. OBAJIbHO-
r0), a pa3IMyaroTcs JUIIb BCIOMOIaTelb-
HBIMU BEUIECTBAMU: «ATHONAKCY (TIPO-
u3Bonutens Manayc I'mM0X, I'epmanms);
«Myxodanbk» (Hdp. Panpk Papma I'MOX,
I'epmanust), «Tpancunan» (npou3BOAUTEND
¢upma Innotechlnterna, @panuus); «Daii-
Oepiekcy (mpousBoauTens Xepobuon, Ila-
kuctan; [lpaiiBer Jlumwurten, Ilakucran),
«Haryponake» (mpousBogutens OpraHoH
Jlumuretr, Unaus) [11, 12]. Ciuzp cemsin
Plantago ovata cnocoOHa HaOyxaTh B BOJIE
U yIepKuBaTh €€ B KOJIWYECTBE, MHOIO-
KpaTHO  MPEBBIIIAIONIEM  COOCTBEHHYIO
Maccy. bnaromaps stomy npu npueme per
0S o0ecrnieuyuBaeTcsl yBeauueHue o0beMa u
pasMsardenue kauna. Bce nepeunciieHHbIE
JIEKapCTBEHHBIE CPEJCTBA IPUMEHSIOT KaK
CIIA0UTENHHOE MTPH OCTPOM U XPOHHYECKOM
3arope, aHaJbHBIX TPELIMHAX, T'€MOpPpPOE,
MIOCJIEONIEPAIMOHHOM TIEPUOAE IpPU BMe-
1IaTeIbCTBAX B AHOPEKTAJIBHON 00JacTH,
CUHAPOME pa3paKEHHOIO0 KHILECYHHKA H
6one3nn  Kpona. IIporuBomnokazanusmu
JUIsl IPUMEHEHHUs IpenaparoB CeMsH IIO-
JTOPOXKHUKA STUIEBUIHOTO SIBJISIFOTCS TIOBbBI-
[IEHHAs YYyBCTBUTEJIBHOCTh K KOMIIOHEH-
TaM Ipernapara, OpraHUYECKUE CYKEHHUS
KEJTyJOYHO-KHILIEYHOTO TPAaKTa, KUILEYHAs

The polysaccharides (mucus) are the
main group of biologically active substanc-
es of Plantago ovata seeds. Mucus (10-30%)
is localized in the epidermal cells and is
represented by the sum of galactomannans.
Iridoid glycoside aukubin, sugars, sterols,
fatty acids, indikin alkaloids and platogonin
and a small amount (about 7%) of semi-dry-
ing fatty oil are also found in seeds [10].

Several drugs for the preparation of a
suspension for oral administration are reg-
istered in Russia. These are «Agiolax» (Ma-
daus GmbH, Germany); «Mukofalk» (Dr.
Falk Pharma GmbH, Germany), «Transi-
lan» (InnotechInterna, France); «Fiberlex»
(Herbion, Pakistan, Private Limited, Paki-
stan), «Naturolax» (Organon Limit, India).
These drugs contain pieces of Plantago
ovata seed coat epidermis and various adju-
vants. [11, 12]. The mucus of the Plantago
ovata seeds is capable of swelling in water
and retain it in a quantity excessing their
own weight mass. When taking per os, an
increase in volume and softening of a stool
is observed due to this. All these drugs are
used as a laxative agent in acute and chron-
ic constipation, anal fissures, hemorrhoids,
postoperative period during anorectal area
interventions, irritable bowel syndrome,
and Crohn’s disease. Contraindications
for the use of Plantago ovata seed drugs
are hypersensitivity to the components of
the drug, organic narrowing of the gastro-
intestinal tract, intestinal obstruction, rec-

tal bleeding, abdominal pain of unknown
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HEIIPOXOJUMOCTb, PEKTaJbHbIE KPOBOTE-
YyeHHs, 0OJM B JKMBOTE HESICHOTO TeHE3a,
NepUIUT caxapas3bl-U30MajbTasbl, Hemepe-
HOCHUMOCTH ()PYKTO3BI, TIIOKO30-TaTaKTO-
3HasE MajababcopOLMs, JEKOMIIEHCHUPOBaH-
HBIM caxapHbIi auabeT, NeTCKUM BO3pacT,
denmnkeTonypusi, 6epemennocts [11, 13].
[Ipu Tepanuu >TUM CPEICTBOM BO3MOMKHBI
aJUIEPTHYECKUE PEeakUMy BIUIOTh JI0 IIPO-
SBJICHUSI TIPUCTYNOB OpOHXMAJIBHOW acT-
Mbl. PazBuTHe HEMPOXOJUMOCTH MUIIEBOAA
IIPU NEPOPAIBHOM IPUMEHEHHH BO3MOX-
HO, B IIEPBYIO OYEpelb, U3-32 HEAOCTATOY-
HOTO yHOTpeOJIeHUsI BOABI OAHOBPEMEHHO
C mpemnaparoMm, KoTopas HeoOXoauma s
HaOyxaHus ciu3u. B coorBercTBHU € Tpe-
OOBaHUAMM, NPEABIBISIEMBIMUA K KAaYECTBY
npernapara, KakIbplii IpaMM CyXHX TpaHyIl
M3MEJIBYEHHOM SMUIEpPMBbl CEMSH I0J10-
POYKHUKA SIULEBUIHOTO CIIOCOOEH yHepiKu-
BaTh B pe3ysbrare HaOyxaHus Oonee 35 M
BOJbl. IIpuMeHeHne NaHHBIX NpernapaToB
HE PEKOMEHAYETCSl COYETATh C JPYTHUMH Jie-
KapCTBEHHBIMH CPEICTBAMHU, TaK KaK CIU3b
3a/Iep>)KMBAET BCACBIBAHUE JECHCTBYIOLIUX
BemecTs [14].

Iesab1o 1aHHON pabOTHI ABISIETCS MOp-
(osoro-aHaToOMHUYECKOE U3ydYEHUE SIUep-
MBI CEMSIH MOJOPOKHHUKA SWUILIEBHIHOTO,
U3MEJIBYEHHOW U TPaHyJIMPOBAHHON B IIPU-
CYTCTBHMHM BCIIOMOTATEJIbHBIX KOMIIOHEHTOB,
U BBIABJICHUE AHATOMO-MAarHOCTHYECKUX
MPU3HAKOB, HEOOXOAUMBIX /JIsi yCTaHOBJIE-
HUS NIOJUIMHHOCTHU I'PaHyl.

Marepuanbl U Meroabl. OObEKTOM
UCCNIEIOBAaHUS SIBWICS TPOAYKT, Tpea-
CTaBJISIOUINI COOOM TIpaHylbl, MOJyYEH-
HbIE W3 W3MEJIBYEHHON AMUIAEPMBI CEMSH
MOIOPOKHUKA SIMLUEBUAHOTO MO TEXHOJIO-
T'UU BJIQXXHOTO I'PaHYJIMPOBAHMS B IIPUCYT-
CTBUM BCIIOMOTaTEJIbHbIX KOMIIOHEHTOB
(caxapo3bl, IUMOHHOW KUCIIOTBI, IEKCTPH-
Ha, HaTpus alblMHATA, apoMaTh3aropa
u 7Ap.) B (dapMaleBTHUYECKOH KOMITAHUU
3A0 «BUOUTEX» (Poccusi, MockoBckas
0011.).
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origin, deficiency of isomaltase sugarase,

fructose intolerance, glucose-galactose

malabsorption, decompensated diabetes
mellitus, children age, phenylketonuria,
pregnancy [11, 13]. Allergic reactions are
possible after a therapy with these medica-
tions even up to the bronchial asthma at-
tacks. The development of obstruction of
the esophagus during oral administration
1s possible due to insufficient intake of wa-
ter simultaneously with the drug, which is
necessary for the swelling of mucus. Each
gram of dry granules from epidermis of
seeds of plantain ovoid is able to hold more
than 35 ml of water as a result of swelling
in accordance with the requirements for the
quality of the drug. The use of these drugs
is not recommended to combine with other
drugs, since mucus delays absorption of ac-
tive substances [14].

The aim of this article is a morphologi-
cal and anatomical study of the epidermis of
Plantago ovata seeds crushed and granulat-
ed in the presence of auxiliary components
to identify the anatomical and diagnostic
signs which necessary to establish the au-
thenticity of granules.

Materials and methods. Granules ob-
tained from crushed epidermis of Plantago
ovata seeds by wet granulation technology
in the presence of auxiliary components (su-
crose, citric acid, dextrin, sodium alginate,
flavoring, etc.) in ZAO VIFITEH pharma-
ceutical company (Russia, Moscow Oblast)

were the object of the study.
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AHanu3 BHEIIHUX U MUKPOCKOITUYECKUX
IPU3HAKOB U THCTOXUMHUYECKOE UCCIIEI0BA-
HHE TpoBOAWIM 1O Merogukam [ocynap-
cTBeHHOU (papmakonien Poccuiickoit Dene-
pauuu XIII m3ganus (OPC.1.5.3.0003.15
«TexHuka MUKPOCKOIIMYECKOTO U MHU-
KpPOXMMHUYECKOTO HCCIIEIOBAHUS JIeKap-
CTBEHHOTO PACTUTENILHOTO ChIPbS U JIEKap-
CTBEHHBIX PACTUTEIBHBIX IPENapaTroBy,
O®dC.1.5.1.0008.15 «Cemena» [15]) ¢
NOMOIIbI0  MUKpockona «Mukpomen-1»
C TPUHOKYJISIPHOM HacaakoW, OOBEKTHBA-
mu 4x, 10x, 40%, 100%, okynapamu 10x
u mudporoit kamepoir MD300 Electronic
Eyepiece 3,1 Mn (Jincheng). I'mctoxumu-
YECKHUE PEaKIMU Ha HAJIMYUE CIU3H IIPOBO-
JIWIA C PACTBOpaMU YEPHOU TYIIM U METH-
JIEHOBOT'O CMHET0, Kpaxmala — ¢ pacCTBOPOM
JIrorons. Ilomydyennble CHUMKH 00padaThI-
Banu B nporpamme Adobe Photoshop CS6
nyTéM coBMmellleHus Qororpapuil  00b-
eKT-MHUKpOMeETpa (1IeHa JIeNIEHUsI MUKPOJIH-
Heriku 0,01 mMm) u doTorpaduii u3ydyaeMbpIx
00BEKTOB, MOTYUYEHHBIX TIPHU KaXKI0M pado-
YeM YBEIMYEHUU MHUKPOCKONa U padouem
paspelieHny UCIoib3yeMoil 1uppoBor Ka-
Mephl. BrisBieHHBIE MOP(OTIOTO-aHATOMU-
YECKHUE JIMarHOCTUYECKUE MPU3HAKHU CPaB-
HUBAJIM C OMMCAaHHBIMU B JuTeparype [16,
17, 18].

Pe3yabTarsl 1 00cyxaenue. [1o BHem-
HUM MpU3HAKaAM HCXOJHOE CBIPhE — JIH-
JiepMa CeMsIH MOAOPOXKHUKA SULIEBHIHOTO
COCTOUT M3 MOJYMPO3PAYHBIX XPYIKHUX KY-
COUYKOB JUIMHOM 710 2 MM U IIUPUHOM OKOJIO
1 MM 1 ux Gosiee MeNKUX dacTuil (puc. 3).

Ha mnoBepXHOCTH HEKOTOPBIX YaCTHI]
UMEETCSl PO30BOE WJIM CBETIO-KOPUYHEBOE
NUTMEHTHOE TISITHO, COOTBETCTBYIOIIEE
PacIONIOKEHUIO 3aBsA3M Iepel yAalieHu-
eM u3 cemenu. llomynponykr — marepuann,
npeIHa3HAYeHHbIN JJIsl TOJyYeHUs TpaHyl,
IpEJCTaBISET COO0M MOPOIIOK AMUAECPMBI,
MMEET CBETIIO-KEINTYIO UM PO30BATO-KET-
TYI0 OKpacKy U cialblil 3amax, BKyC € OIlly-

The analysis of external and micro-
scopic signs and histochemical research
was carried out according to the methods
of the State Pharmacopoeia of the Russian
Federation (XIII edition) [15]. The study
preparations were performed using a micro-
scope “Micromed-1" with trinocular, with
objectives 4 x, 10 x, 40 %, eyepieces 10 x.
Recording is made with a digital camera
Electronic Eyepiece MD300 (3.1 megapix-
els). The photos edited in Adobe Photoshop
CS3 by combining them with a micrometer
photos (graduation range of 0.01 mm) ob-
tained with each working magnification of
the microscope and the working resolution
of the digital camera used. Histochemical
reactions to the presence of mucus were
carried out with solutions of black ink and
methylene blue, for the presence of starch
with Lugol’s solution. The revealed mor-
phological and anatomical diagnostic signs
were compared with those described in the
literature [16, 17, 18].

Results and discussion. The raw ma-
terial is the epidermis of Plantago ovata
seeds. By its external features it consists of
translucent fragile pieces up to 2 mm long
and about 1 mm wide and their smaller par-
ticles (fig. 3).

A pink or light brown pigmented spot is
presented on the surface of some particles.
It corresponds to the location of the ovary
before removal from the seed. The interme-
diate product is a material for the granules
preparation. It is a light yellow or pink-
ish-yellow powder of the epidermis with a
weak odor and taste with a sensation of mu-

cus. There are visible inclusions of brown or
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Pucynok 3 — Bnewtnuii 6u0 000104Ku ceman n0OOPOHCHUKA AUUEBUOHO20
Figure 3 — Layout of Plantago ovata seed husk

IIEHUEM CAU3UCMOCmU, B KOTOPOM BUIHBI
BKJIIOYEHUSI KOPUYHEBOIO MJIIM TEMHO-KO-
PUYHEBOTO IBETA, MPEICTABIISAIONINE COOO0M
KyCOYKH JPyTUX YacTel CEeMsH, [BETKOB,
IUIOJ0B, IUIOJOHOXKEK pacTeHus. [0ToBbIM
MPOAYKT — TPAHyJbl OT >KEIATOTO O CBET-
J0-KOPUYHEBOTO I[BETA, MPEICTABISIIOT CO-
00l pa3IMYHON YIJIMHEHHOW (OPMBI KO-
MOYKH U3 CIUMIIUXCSA KYyCOYKOB 3IUACPMBI
(puc. 4). Cpeau rpaHyn UMEIOTCSA OTIEIb-
Hble OeloBaThie KyCOYKH DSIHUICPMBI TO-
JOPOKHUKA W BKJIIOYCHHS] PACTUTEIHHOTO
MIPOUCXOKICHUS NHOW OKPACKH.

JUisi BBISIBJICHHST aHAaTOMO-AMarHOCTHU-
YEeCKUX MMPU3HAKOB SMHUIEPMbI CEMSIH 110J10-
POXKHMKA SHLEBUIHOIO TOTOBMJIM MMKPO-
Ipernaparsl B pacTBOpPE XJIOpaJiruapara npu
HarpeBaHWW. [paHylIbl MpenBapUTEIHHO
pa3pyIIagi 10 MOTydeHHUs TOPOIIIKa.

[Ipu paccmarpuBaHuUU TIOA MHUKPOCKO-
MoM HAOMIONanu OOpBIBKU  JMHUIAEPMBI,
KpaxMajbHble 3EpHAa M (PparMeHThl IUT-
MEHTHOTO CJIOSl C OCmamKkamu 3H00Cnepma

(puc. 5).
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dark brown in the powder. These inclusions
are pieces of other parts of seeds, flowers,
fruits, plant stems. The finished product
is granules from yellow to light brown in
color. It has a different elongated form of
a lump of stuck together pieces of the epi-
dermis (fig. 4). Among the granules there
are separate whitish pieces of the Plantago
ovata epidermis and the inclusion of plant
origin of a different color.

Micro-preparations were prepared in a
solution of chloral hydrate with heating to
reveal anatomical and diagnostic signs of
the epidermis of Plantago ovata seeds. The
granules were pre-destroyed until a powder
was obtained.

Fragments of the epidermis and the pig-
ment layer with the remnants of the endo-
sperm and starch grains were observed un-

der a microscope (fig. 5).



Pharmacy & Pharmacology V. 5 N 2, 2017

DOI:10.19163/2307-9266-2017-5-2-117-134

Pucynok 4 — Bnewnuii uo zpanyi, cooepicauiux uzmeabuénnvle 000/104Ku CeMaH
NOO0OPOHCHUKA AUUECBUOHO20
Figure 4 — Layout of granules with Plantago ovata seed husk

Cmpykmypa snudepmvl CEMSIH MHOTO-
CJIOiiHAasI, BKJIIOYAET:

— BepXHHUE U OOKOBBIC KIIETKU >nUIEP-
Mbl, COCTOSIIIAE U3 KPYNHBIX MHO20)20/b-
HbIX KJIemOK C IPSIMBIMU TOHKUMU aHTUKITU-
HaJbHBIMHA CTEHKAMU, TIOKPHITHIMU TJIJTKOM
KYTHUKYJIOH, TTOJT KOTOPBIMH COIEPKATCSI KO-
MOUKH causu (puc. 6);

— KJIETKH OCHOBAHUS SIHJIEPMBI, MIPEJI-
CTaBJISIIONINE COOON KIIETKH, BBITSHYTHIC
MOTIEPEK JUTMHBI CEMEHH, C TOJICTHIMH IIPsi-
MBIMH WJIH CIIA0OW3BUIIUCTHIMUA CTEHKAMH

(puc. 7).

Structure of seeds epidermis is multilay-
ered. It includes:

— upper and lateral cells of the epider-
mis. They are large polygonal cells with
straight, thin anticlinal walls covered with a
smooth cuticle. Lumps of mucus are under
them (fig. 6);

— cells of the epidermis base. They are
stretched across the length of the seed cells
with thick straight or slightly curved walls

(fig. 7).
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1 2

Pucynox 5 — Mukponpenapam nopouwika Inuoepmsl CeMsaH
no0opoXCHUKA AllYeeuonoz2o (1) u nopowka cpanyn (2)
Figure 5 — Micropreparation of Plantago ovata seed epidermis powder (1) and
powdered granules (2)

1 2
Pucynok 6 — Bepxnue u 60Koebvle Kiemku INUOEpmvl 8 MUKPORPERAPAMAX UCXOOHO20
nOPOWKa INUOEPMbL CEMAH NOOOPOHCHUKA AUYeeuoH020 (1) u nopowka zpanyn (2)
Figure 6 — Upper and lateral epidermal cells in the micropreparations of Plantago
ovata seed epidermis powder (1) and the powder granules (2)
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1 2
Pucynok 7 — Knemku ocHosanus Inuoepmvl 6 MUKPORPERAPAmax ucxo0Ho20 nopouiKa
INUOEPMBL CEeMAH NOOOPOIHCHUKA AUeeUOH020 (1) u nopowka zpauyn (2)
Figure 7 — Cells of the epidermis base in the micropreparations of Plantago ovata seed
epidermis powder (1) and the powdered granules (2)

BceTpeuatorcs ¢pparMeHTBl BHYTpEHHE- Fragments of the inner pigment layer
O IMTATMEHTHOTO €07 M3 0BOMLHO HEUCT  f.5m thin-walled cells containing a brown
KAX TOHKOCTCHHBIX KJIETOK, COJAEPIKaIINX

KODHUHEBBI THIMEHT, C MPUIETAIOMHMH pigment with adjoining endosperm residues

ocTaTKaMHM 3Hj0ocrepMma (puc. §). are found (fig. 8).

1 2
Pucynok 8 — Knemku snoocnepma 6 MUKPORpenapamax nopouwiKa Inuoepmol CeMan
no0opoXCHUKA Allyeeuonozo (1) u nopowka cpanyn (2)
Figure 8 — Endosperm cells in micropreparations of the Plantago ovata seed epidermis
powder (1) and the powdered granules (2)
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Cnusp B KJIETKaX SMUIEPMBI TIPH KOH-
TaKTe C BOAOU ObICTPO HabyXaeT U OOKOBBIE
CTEHKHU 3THX KJIETOK yBEJIMYMBAIOTCS B pa-
IMabHOM HANpaBJICHWH, YTO HaOIromanu
B XOJ/Ie TMCTOXMUMHMYECKOTO HCCIEAOBAHUS
HOpOIIKAa OOOJOYKH CEMSH IMOJI0POKHUKA
SIMUEBUIHOTO U MOPOIIKA T'PaHyN, KOTOPOE
OCYUIECTBIISUIM TIO0 CJIEAYIOIIUM METOAU-
KaM:

— He0OJIbII0E KOJIMYECTBO MOPOIIIKA T10-
MEIIAJIM B 2-3 KalUld CYCHEH3UM YE€pPHOU
Tymu B Bozie (1:10), TimarensHo nepemenu-
BaJIM, HAKPHIBAJIU MPEIMETHBIM CTEKIIOM U
TOTYAC paccMaTpUBaJIM O]l MUKPOCKOIIOM
MpU MaJIOM YBEIUYCHUH B TPOXOASIIEM
cBeTe, HaOMoJanu HaOyXIIue KJIETKH CO
CIM3BI0 B BHUJIE OENOBATHIX MATEH Ha 4ép-
HoM (one (puc. 9);

— HeOOoJIbIII0e KOJIMYECTBO MOPOIIKA IO-
MEIaan B 2 Karjii pacTBOpa METUIICHOBOTO
CHHETO, TIIATEIbHO MEPEMEILINBAIIN, HAKPbI-
BaJIM NPEAMETHBIM CTEKJIOM M TOTYac pac-
CMaTpHUBAJIU TI0/1 MUKPOCKOTIOM, HAOIIOIaH
B HAOyXIIIMX KJIETKaxX 3MUEPMbl OKpaIIUBa-
HUE CIIM3M B cUHUM 11BeT (puc. 10).

1

Mucus in epidermal cells upon contact
with water rapidly swells and the side walls
of the cells are increased in the radial di-
rection. This process was observed during
the histochemical study. It was carried out
according to the following procedures:

— A small amount of the powder was
placed in 2-3 drops of black ink suspension
in water (1:10), thoroughly mixed, covered
with a coverslip and immediately examined
under a microscope at low magnification in
transmitted light. Swollen cells with mucus
in the form of whitish spots were observed
on a black background of particles of finely
divided coal (fig. 9).

— A small amount of the powder was
placed in 2 drops of a methylene blue solu-
tion, thoroughly mixed, covered with a cov-
erslip and immediately examined under a
microscope. Staining of the mucus in blue
was observed in swollen epidermal cells
(fig. 10).

2

Pucynox 9 — Knemku ¢ nadyxwieii ciu3zpto 6 MUKPORpenapamax nopouwiKa Inudepmol
CeMAH NOOOPOMHCHUKA AUUe6uOH020 (1) u nopouwika cpanyn (2)
(peaxkyus c cycnen3uei 4épHo myuiu)
Figure 9 — Cells with swollen mucus in micropreparations of the Plantago ovata seed
epidermis powder (1) and powdered granules (2)
(reaction with black ink suspension in water)
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3 4
Pucynox 10 — Knemxu co cnu3vio 6 Mukponpenapamax nopouiKa Inudepmovl ceman
nO0OpodCHUKA AllUesuoOH020 (1 — euo ceepxy, 2 — nadyxuue 6 paouaibHom
Hanpaenenuu) u nopowKa pauyi (3 — euo ceepxy, 4 — nadyxuiue 6 paouaibHom
Hanpagaenuu). OKpacKka pacmeopom memuieHo068020 CUHE20
Figure 10 — Cells with mucus in micropreparations of the Plantago ovata seed
epidermis powder (1 — top view, 2 - swollen in radial direction) and powdered granules
(3 — top view, 4 — swollen in radial direction). Coloring with methylene blue solution

[Ipouiecc HaOyxaHusi CIHM3U B SMUACP- The process of mucus swelling in the
MaJbHBIX KJIETKax ceMmsH mnomopokHuka epidermal cells of ovoid plantain seeds is
SUIIEBUIHOTO TIOKa3aH Ha Mukpodororpa- shown in photomicrographs of the trans-
busX MonepeyHoro cpe3a dMUIepMbI o010~  verse section of Plantago ovata epidermis
pokHMKa siiiteBuAHOrO (puc. 11). (fig. 11).

129



DOI:10.19163/2307-9266-2017-5-2-117-134

@apmayus u papmaxonoeus T. 5 Ne 2, 2017

Pucynox 11 — Beimanymule 00K06ble CIMEeHKU KI1emOoK Inudepmol
HOOOPOHCHUKA AUYEEUOHO20 HA NONEPEYHOM CPe3e CeMEHU NPU HAOyXaHuu
6 600e codeprrcauienica 6 HUX C1u3u
Figure 11 — The elongated lateral walls of epidermal cells of Plantago ovata on the
transverse section of the seed when the mucus contained in them swells in water

[Ipy MHKpPOCKOITUPOBAHUM  HAOYXIIHX
KJIETOK SMHJIepMbl HaOIIOTAIOTCS Melbyaii-
e 3epHa KpaxMasa, OJMHOYHBIC WIH CO-
OpanHble B rpymnmsl 1o 2-4. OHU BUIHBI B
MUKpoIpernapare u 6e3 o0paboTKH peaKTu-
BOM, HO MX MPUPOJAa XOPOIIO BBISBISETCS C
MIOMOIIBIO CHEIU(DUIHON THUCTOXUMHYECKOM
peakuuu ¢ oroM. C 3TOH LENbIO MOPOLIOK
SMMJEPMBl U TPaHyl Ha KOHYMKE Ipernapo-
BaJIbHOM UIJIbI TOMENIAJIN B 2-3 KaIlIy pacTBO-
pa JIroroisi, HAKpHIBAIH TOKPOBHBIM CTEKIIOM
Y HaOJTIOJIATT OKPAIIMBAaHUE 3€PEH Kpaxmaa
B CHHE-(HOJIETOBBIN 1BET (pHC. 12).

1

Small grains of starch, single or collect-
ed in groups of 2-4 are observed when ex-
amining the swollen cells of the epidermis
under a microscope. They are visible in the
micropreparation without treatment with a
reagent, but their nature is well identified
with the help of a specific histochemical
reaction with iodine. For this purpose, the
powder of the epidermis and granules were
placed on the tip of the dissecting needle
in 2-3 drops of Lugol’s solution, covered
with a coverslip. Staining of starch grains in
blue-violet was observed (fig. 12).

2

Pucynok 12 — KpaxmanvHbie 3épHa 6 MUKponpenapamax nopouwtKka 3nuoepmovl CeMsaH
nooopoxcHuKa anuuesuonozo (1) u nopowka zpanyn (2) (peaxkuyus c pacmeopom Jlwzonn)
Figure 12 — Starch grains in micropreparations of Plantago ovata seed epidermis powder

(1) and powdered granules (2) (reaction with Lugol’s solution)
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B xone uccrienoBanust HaMu ObUTH OTIpe-
JIeJICHbl OMOMETPUUYECKUE XapPaAKTEPUCTUKH
HEKOTOPBIX 0OBEKTOB MUKPOCKOIHH, KOTO-
pBI€ MIpecTaBieHbl B Tabmmie 1.

The biometric characteristics of some
microscopic objects were determined during
the study (Table 1).

Taonuua 1 — Buomempuueckue xapakmepucmuKku 00veKmoe MUKpoCKOnuu
INUOEPMbl CEMAH NOOOPOHCHUKA AUUECBUOHO20
Table 1 — Biometric characteristics of objects of Plantago ovata seed
epidermis microscopy

OOBEKT MUKPOCKOTIHH / JlmuHa, MKM / [Mupuna, MM /
Microscopy object Length, pym Width, pm
Knetku Bepxuei SMHIEPMbI / 30-50 20-40
Cells of upper epidermis
Kietkn HmkHei .BHI/II[e'pMBI / 60-120 20-40
Cells of lower epidermis

JlnameTp KpaxmaybHbIX 3EpEH /
Diameter of starch grains

10-15

BrlsiBeHHbIE BHEIIHHE U MUKPOCKOIIH-
YeCcKHe MPU3HAKU SMUAEPMbI CEMSIH TMOJI0-
POKHUKA SIMIIEBUIHOTO CIYyXaT OCHOBOM
JUTSL CTAHIapTU3alMU JIEKAPCTBEHHOTO Tpe-
napara — TpaHyl, NpeIHAa3HAYEHHBIX IS
NPUTOTOBJICHUS CYCIIEH3WHM i1 TpueMa
BHYTpb, 10 TokazatesnsiMm «lloamuHHOCThY
U «MHKpOCKONUS» HOPMATUBHOW JIOKY-
MEHTAIUH.

3akJiiouenue. B pesynbrare npoBeneH-
HOTO MCCJICJIOBAHMS W3MEIBYECHHOW 3IH-
JIEPMBI CEMSIH TOJIOPOKHHUKA SUIIEBUIHOTO
U COEpXallUuX €€ TpaHyl, yCTaHOBJIEHO,
YTO BBISIBJICHHBIE MOP(HOJIIOTMYECKUE U aHa-
TOMUYECKHE TPU3HAKU TO3BOJSAT HAJIEXK-
HO U OBICTPO HJIEHTU(DUIIUPOBATH JIEKap-
CTBEHHBIN Mpernapar U MOATBEPKAATb €ro
NO0OpPOKAYECTBEHHOCTh B XOJI€ €r0 aHallu3a
Ha Pa3HBIX CTaaUSX MPOU3BOACTBA U TPH
cranaaptuszanuu. [loaTBepkIIeHO TaKxke
COOTBETCTBUE OMUCAHHBIX HAMH OCHOBHBIX
MPU3HAKOB MUKPOCKOIIHH CBIPbS M Tperna-
paToB CeMsiH MOAOPOKHUKA SUIIEBUIHOTO C
JAaHHBIMU, TPEACTABICHHBIMU B JIUTEPATY-

pe.

The revealed external and microscopic
features of Plantago ovata seeds epidermis
serve as the basis for the standardization
of the herbal drug such as granules for the
preparation of a suspension for oral admin-
istration. This is included in the sections of
regulatory documents such as “Identifica-
tion” and “Microscopy”’.

Conclusions. Identified morphological
and anatomical signs allow reliable and
quick identification of the drug and confirm
its good quality during its analysis at dif-
ferent stages of production and standard-
ization. This is established as a result of
the study for crushed epidermis of Plantago
ovata seeds and granules containing it. The
correspondence of the main signs of micros-
copy of raw materials and seeds epidermis

described with literature data is confirmed.
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noaxoabl K CTAHOAPTU3AL MU LLBETKOB POMALLKU ANTEYHOM
(CHAMOMILLAE RECUTITA FLORES)
B POCCUMCKOM U 3APYBEXHbIX PAPMAKONEAX

E.IO. 3azopynvko, M.I. Oxcuzosa

@I'BOY BO «Canxm-Ilemepoypeckas 2cocyoapcmeeHHas XuMuko-ghapmayesmudeckas
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197376, Poccus, Cankm-Ilemepoype, yn. Ilpogh. I[lonosa, 0. 14
E-mail: elena.zagorulko(@pharminnotech.com

APPROACHES TO THE STANDARDIZATION OF THE CHAMOMILE FLOWERS
(CHAMOMILLAE RECUTITA FLORES) IN THE RUSSIAN AND FOREIGN
PHARMACOPOEIAS

E.Y. Zagorulko, M.G. Ozhigova

St. Petersburg State Chemical-Pharmaceutical Academy,
14, Prof. Popov St., Saint-Petersburg, 197376, Russia
E-mail: elena.zagorulko@pharminnotech.com

B cmamve oxapaxmepuszosansvt nooxoowr Eeponeiickoti ¢papmaxoneu, bpumanckoti
¢apmaroneu, gapmaxoneu CILIA u T'ocyoapcmeennou ¢hapmaxoneu XIII uzoanus (I'®
XIII) x cmanoapmuzayuu yeemxos pomawxu anmeyrnou. Ilenvto pabomut sensemcs ana-
U3 mpebosanuil poCCUtCKOU U 3apy0edxiCHbIX (apmakoneli K Kauecmaey 1eKapCmeeHH020
pacmumenvHoco coipwbs (JIPC) — ysemkos pomawku anmeynou. Mamepuanvt u memoowl.
IIpeomemom uccnedosanus asnaromces papmaxonetinvle cmamou (PC) na yeemxu pomau-
KU anmeuHou, cooepicaujuecs 8 0eucmayioumux U30aHusx pocCUCKoU U OCHOBHbIX MUPO-
evix (hapmakoneii. [Ipoeeden cpasHumenbHblli aHanIU3 noKazameinel Kauecmead, YKa3auHvlX
6 dannvix @C. IIpoananuzuposansvl makice mpebo8aHus K Kayecmasy 3QhupHoco macia u
JHcuoKo20 akempaxkma pomawku uz Esponetickoi u bBpumanckoi gpapmwaxoneti. Pe3ynsb-
mamul u odcyscoenue. B pesynomame npogedeHno20 aHarumuyecko2o 0630pa eviseéie-
Hbl HEeKOmopble OMmauyusi 8 n00Xo0ax K Cmanoapmu3ayuu Y8emko8 poMauiKu anme4Hou
6 ¢hapmaxonesx paznvix cmpan. '@ XIII cooepoicum 6onee noopobHoe onucarue OUacHo-
CMUYECKUX NPU3HAKO8 OAHHO20 NeKaAPCMBEHHO20 PACMUMENbHO2O0 Cblipbs U npumecell 8
Hem. Coenacno oannvim I'®@ XIII, ocnosHoti epynnou 6uono2uiecku aKkmusHbX 8eujecms
(bAB) onsa uoenmughuxayuu oannozo JIPC sasnsaromcs ¢pnasonouosl, 6 0CmaibHbix hapma-
Konesix — agupHoe macno. Ilpu smom cocmas ananuzupyemvlx KOMNOHEHMO8 IPUPHO20
macna umeem omaunus medxcoy Eeponetickoii u bpumanckoti papmarxonesamu u gpapmaro-
neeu CILLIA. B 3apybesicHvix chapmakonesx umeem mecmo meHOeHyus: K KoruuecnmeeHHOMY
onpeoeneHu UHOUBUOYATbHBIX COeOUHeHUl, 8 mo épems Kak 6 1 @ XIII yeemxu pomawku
anmeyHou cmanoapmu3zyiom no cymme bAB pasuvix epynn. Hexomopwie paznuuus 8 nooxo-
oax x onpeodenenuto bAB, 0bvscHAIOMCSA, NO-8UOUMOMY, PAZHOOOPA3UEM XUMUYECKO2O0 CO-
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cmasa yeemkos pomawiku anmeyunotui. Cnedyem ommemumas, ymo mpebo8anus K Kayecmay
JIPC umetom 6onvuioe 3HaveHue Kax npu paspadbomxe npenapamos Ha e20 0CHose, max
U npu 8vloeneHUU UHOUBUOYAILHBIX COeOUHeHul. 3aKatouenue. Takum oopasom, Haubob-
wue paiuyus 8 NoKa3amessax Kavecmea yeemxkos pomawku anmeyrnou umerom '@ XIII u
3apybexcrvle ghapmaxoneu. I' D XIII cooepacum 6onee nodpobroe onucanue OUacHOCmMu-
yeckux npuznaxos oannozo JIPC u npumeceui 6 nem. B 3apyoedcnvix papmaronesx umeem
Mecmo meHOeHyus K KOTUUeCmeeHHOMY ONpedeleHuI0 UHOUBUOYANbHBIX COCOUHEHUN, 8 MO
epems kak 6 I'®@ XIII yeemku pomawxu anmeuynou cmarnoapmuzyiom no cymme bBAB.

Knrouegwle cnosa: ¢papmaroneiinas cmamos, yeemku poMauiKu anmeyHoll, cmaHoap-
mu3zayusi, rasoHoudsl, 3PuUpHoe Macio

The article describes approaches to standardization of chamomile flowers in European
Pharmacopoeia, British Pharmacopoeia, United States Pharmacopoeia, and State
Pharmacopoeia thirteenth edition (SP XIII). The aim of this work is to analyze the quality
requirements among Russian pharmacopoeia and foreign pharmacopoeias for medicinal
plant raw material (MPRM) — chamomile flowers. Materials and methods. Monographs
about chamomile flowers, which are found in the current editions of the Russian
pharmacopoeia and the world’s major pharmacopoeias were the objects of the study. A
comparative analysis of the quality parameters specified in the monographs was carried
out. Quality requirements for the essential oil and fluid extract of chamomile given in
the European and British pharmacopoeias were also analyzed. Results and discussion.
Some differences in the approaches to the standardization of chamomile flowers in the
pharmacopoeias of different countries were revealed. SP XIII contains a more detailed
description of the diagnostic signs of this MPRM and its impurities. According to the
SP XIII, flavonoids are the main groups of biologically active substances (BAS) for
MPRM identification, while other pharmacopoeias declare essential oil as a main BAS
of chamomile flowers. Meanwhile, the composition of the essential oil components is
different in European, British, and the United States Pharmacopeias. There is a tendency
for the foreign pharmacopoeias to quantify the individual compounds, whereas in SP
XIII chamomile flowers are standardized by the amount of BAS of different groups. The
differences in the BAS determination approaches could be apparently explained by the
chemical composition diversity of chamomile flowers. It should be mentioned that quality
requirements of MPRM are of great importance either in the process of plant-based drugs
development or when individual compounds extraction is performed. Conclusion. Thus
the greatest differences between the chamomile flowers parameters have SF XIII and the
foreign pharmacopoeias. SF XIII has the most detailed description of diagnostic signs of
the medicinal plant raw material and the impurities in it. For the foreign pharmacopoeias
there is a tendency to the quantitative analysis of the individual substances while in SF XIII
chamomile flowers are standardized upon a sum of biologically active substances.

Keywords: pharmacopoeial monograph, chamomile flowers, standardization,
flavonoids, essential oil

BBenenme. [{BeTkrn pomamiku anTeqyHon Introduction. Chamomile flowers are
SABIIAIOTCS OQUIMHATBHBIM JIekapcTBeHHbIM  officinal medicinal raw plant materials
pactutensHbiM cbippeM (JIPC), xotopoe (MPRM), which have a long history of
MMeEeT JONTYI0 UCTOPUIO ucroiib3oBaHus B appliance in medicine of different coun-
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MeIUIMHE pa3HbIX cTpaH. OHA U3 MEePBHIX
dapmaxoneiinbix crareit (@C) Ha gaHHOE
JIPC nosiBunace B Hemernkoit hapmakornee
2 u3nanus, uznanHou B 1882 romy (DAB
2 — German Pharmacopoeia 2nd edition).
Togom mozxe B IlIBeiinapckoit dapmaxo-
nee 3 umzganus Obwia omyOnukoBana OC
Ha IBETKH U A(PUPHOE MACIO POMAIIKH
anteuynoit (Pharmacopoeia Helvetica 3rd
edition, 1883) [1]. B pa3Hoe Bpems B Ha-
MOHAIBHBIX (papMakomnesx cTpaH EBpors
MPUCYTCTBOBAJIM CTaThU HA BBICYIICHHBIE U
CBEXHE I[BETKU POMAIIKU, YPUPHOE MACTIO,
TYCThIE W >KUJKUE DKCTPAKThI, HACTOWKH,
B TOM YHMCJIE€ TOMEOIMATHUYECKUE, CUPOIBI U
apoMaTHbIE BOJIbI, ITOJIYYCHHbBIE U3 JAHHOTO
JIPC[1, 2, 3].

B nacrosimee Bpemst @C Ha 1BETKU poO-
MAaIlIKM alTeYHOW NPUCYTCTBYIOT B EBpoO-
netickoit (ED), bpuranckoii dapmakonesx
(b®), dapmaxonee CIIA u l'ocymapcrBen-
Hoit (papmakonee XIII m3manus (I'® XIII)
[4 —7]. B TO ke BpeMsi yHOMUHAHUS O IaH-
HOM JIPC OTCYTCTBYIOT B MOCIIEHUX U3/1a-
Husx SnoHckol dapmaxoreu [8, 9].

[[BeTkr poMamIK¥ anTeyHOW COAEpKAT
KOMIUIEKC OHMOJIOTUYECKH AaKTHBHBIX Be-
miectB (BAB), OCHOBHBIMU TpyHIIaM# KOTO-
PBIX SIBIISIFOTCSI TEPIEHOUBI, (DITaBOHOU/IBI,
KyMapuHbl, ()€HOJbHBIE COCAUHEHUS U JIp.
[[BeTkH pomaiiku OTHOCSIT K CBIPbIO, Oora-
TOMY d()HPHBIM MACJIOM, B COCTaBE KOTOPOTO
npeobianatoT ceckButeprieHou sl [1, 10].

AHanu3 JaHHBIX POCCUICKON U 3apy-
OeXHBIX (papMakoriel TMO3BONHII BBISBUTH
HEKOTOpbIE pa3Nuyusl B MOAXOAaX K CTaH-
JapTU3alii [[BETKOB pOMaIiKh. B To ke
BpeMst TpeOoBaHus k kauectBy JIPC nme-
10T OOJIBIIIOE 3HAYEHHE KaK MPHU pa3padoTKe
MpernapaToB Ha €ro OCHOBE, TaK U MPH BbI-
NIEJICHUH UHIUBUyalTbHBIX COSTUHECHUN.

Henabo padoThI SBISIETCS CPAaBHUTEIb-
HBIM aHaJIN3 [M0KA3aTeJIel KaueCTBa [IBETKOB
pOMalIKy anTeuHoi, ykasanHbix B @C poc-
CUICKOW ¥ OCHOBHBIX 3apyOeKHBIX (hapma-
KOIIEH.

tries. One of the first monographs upon this
MPRM appeared in the German Pharmaco-
poeia 2nd edition published in 1882 (DAB
2 — German Pharmacopoeia 2nd edition). A
year later, in the Swiss Pharmacopoeia 3 edi-
tion (Pharmacopoeia Helvetica 3rd edition,
1883) a monograph concerning flowers and
essential oil chamomile was published [1].
The monographs upon chamomile flowers
(dried and fresh), essential oil, thick and
liquid extracts, tinctures, including homeo-
pathic, syrups and fragrant water derived
from the MPRM were published in the
national pharmacopoeias of the European
countries at different times [1, 2, 3].

Currently the monographs upon cham-
omile flowers present in European Phar-
macopoeia (EP), British Pharmacopoeia
(BP), United States Pharmacopoeia (USP),
and State Pharmacopoeia thirteenth edition
(XIII SP) [4 — 7]. At the same time, this
MPRM were not mentioned in the last edi-
tions of the Japanese Pharmacopoeia [8, 9].

Chamomile flowers contain a complex
of biologically active substances (BAS).
The basic groups in this complex are ter-
penoids, flavonoids, coumarins, phenolic
compounds etc. Chamomile flowers are
rich in essential oil, where sesquiterpenoids
dominate among the other components [1,
10].

When analyzing the Russian pharmaco-
poeia and foreign pharmacopoeias, some
differences in the approaches of cham-
omile flowers standardization were re-
vealed. At the same time, quality require-
ments of MPRM are of great importance
either in the process of plant-based drugs
development or in individual compounds
extraction.

The aim of this work is to carry out the
comparative analysis of chamomile flowers
quality parameters that are specified in the
monographs of the Russian State Pharma-
copoeia and the major foreign pharmaco-
poeias.
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Marepuaabl U Metoabl. [Ipenmerom
WCCIIEZIOBAaHUS SBISIOTCS (hapMaKoleiHbIC
CTaThU Ha LIBETKH POMAILIKHU ANTEYHOM, CO-
JepKalecss B JCHCTBYIOIMX W3JaHUAX
POCCHICKOW M OCHOBHBIX MHPOBBIX (papma-
xorneit (I'ocymapctBennas dapmakones: XIII
u3nanusi, EBpomneiickas Qapmakomnes 9.0,
bpuranckas dapmakones 2017, dapmaxo-
nest CIA 40 — Haunonansubiii @opmysisp
35). IIpoBeneH cpaBHUTENBHBIN aHAIU3 T10-
Ka3areseil KauecTBa, yKa3aHHbIX B JAHHBIX
OC.

[Ipoananu3upoBaHbl Takke MOKa3aTenu
KauecTBa 3(UPHOTO Macya M KHUIKOTO IKC-
Tpakra poMamiku, @C Ha KOTOpbIE IPUCYT-
cTBy10T B EBponetickoit u bpuranckoii dap-
MAaKoIIesX.

Pesynbrarsl U 00cy:KIeHuUe.

Dapmaxoneunvle cmamovu

B Tabmune 1 npencraBiaenst ®C Ha
[BETKM POMAIIKU aNTeYyHOM, JIeKapCTBEH-
HBIE CPE/ICTBA PACTUTEIBHOTO ITPOUCXOXKIE-
HUS U penaparsl Ha ocHoBe fanHoro JIPC,
coJieprKaluecs B JEeHUCTBYIOIIUX U3JaHUSIX
POCCHIICKON U OCHOBHBIX MUPOBBIX (papMma-
konew [4 —7].

Ha ocHoBanuu aHanu3a npeacTaBleH-
HBIX JaHHBIX ycTaHOoBIeHO, yTo [ @ XIII u
¢dapmakoniess CILIA conepxxkar ®C TOMNBKO
Ha JIPC, B To Bpems kak B b® u ED npen-
CTaBJICHBI TAKXKE CTaThU Ha Y(PUPHOE MACTIO
U KUJKANA DKCTPAKT POMAIIKH.

buonoeuuecku akmuenvie éewjecmea

PazBepHyTO€ Oonpenenenue st IBETKOB
pomaiuku comep:kurcs Toiabko B ['d XIII:
nanHoe JIPC npexncrasnsier co0oit coOpan-
Hbl€ B HayaJle LIBETCHUS WU BBICYLICHHBIE
IBETKH (LBETOYHBIE KOP3UHKH) KyJIbTUBH-
PYEMOIO M JIMKOPACTYILErO OJHOJETHETO
TPaBAHUCTOTO PACTEHUs POMAILIKH amnTed-
HOM (pomartku oboapannoit) — Chamomilla
recutita (L.) Rauschert (Matricaria recutita
L., M. Chamomilla L.), cem. ACTpOBBIX —
Asteraceae. B E®, b® u hapmakorniee CIIIA
nanHoe JIPC omnucaHo Kak «BBICYILICHHbBIC
KOP3UHKW» C YKa3aHUEM JIaTUHCKHUX HanuMe-
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Materials and methods. The mono-
graphs upon chamomile flowers published
in current editions of the Russian pharma-
copoeia and the world’s major Pharmaco-
poeias (State Pharmacopoeia thirteenth edi-
tion, European Pharmacopoeia 9.0, British
Pharmacopoeia 2017, United States Phar-
macopeia 40 — national Formulary 35) are
the objects of the study. A comparative anal-
ysis of the quality parameters specified in
the monographs was carried out.

Quality parameters of the essential oil
and the chamomile fluid extract from the EP
and the BP were also analyzed.

Results and discussion.

Monographs

Table 1 presents monographs upon
chamomile flowers, medicinal plant-based
remedies and preparations on the basis of
this MPRM, that are published in current
editions of the Russian pharmacopoeia and
main world pharmacopoeias [4 — 7].

In virtue of data analysis presented
above it was revealed, that the SP XIII
and the USP contain monographs just for
the MPRM, while the BP and the EP also
contain monographs upon essential oil and
fluid extract of chamomile.

Biologically active substances

A detailed definition of chamomile
flowers contains only SP XIII. It describes
chamomile flowers as a collected at
the beginning of flowering season and
dried flowers (flower capitula) of wild
and cultivated annual herb chamomile
(chamomile ragged) — Chamomilla recutita
(L.) Rauschert (Matricaria recutita L., M.
chamomilla L.), Asteraceae family. The EP,
BP, and USP describe this MPRM as “dried
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HOBAaHUU pacTteHus u cemeinictsa. [Ipu aTom
B JaHHBIX (apmakonesx pasaen «Ompene-
JICHWE» JOMNOJIHEH TOKa3aTeIsIMU COAEp-
aHusg BAB, uTo He yka3aHO B mog00HOM
pasnene I'd XIII.

capitula” with the Latin names of plants and
families. However, the Definition section
in these pharmacopoeias is added with the
parameters of BAS contents, which are not
specified in this section in SP XIII.

Taonuya 1 — I[éemku pomawiku anmeuHou u npenapamal
Ha ux ocHoge 8 hapmaxonesnx pazHvlX CMpaH
Table 1 — Chamomile flowers and medicines based
on them in pharmacopoeias of different countries

No Hasganue dapmakonen /
i/t / Name of pharmacopeia
No

HazBanue (hapmakomneitHoii ctatbu /
A monograph title

T'ocynapctBennas ®@apmakones XIII
uznanus, Tom 3 (I'® XIII, 1. 3) / The
State Pharmacopoeia of the XIII edi-
tion, volume 3 (SP XIII, vol. 3)

Pomamky anteqyHol IBETKU
(Chamomilla recutita flores) /
Matricaria flowers (Chamomilla recutita flores)

EBponeiickas ®apmaxkones 9.0, Tom 1
(E® 9.0, T. 1) / European Pharmaco-

Pomamiku nisetok (Matricariae flos) /
Matricaria flower (Matricariae flos)

poeia 9.0, volume 1 (EP 9.0, vol. 1)

Pomamiku sxuakuii skctpakt (Matricariae
extractum fluidum) / Matricaria liquid extract
(Matricariae extractum fluidum)

Pomamiku macno (Matricariae aether oleum) /
Matricaria oil (Matricariae aetheroleum)

bputanckas ®apmaxones 2017, Tom

Pomaniku niBetku / Matricaria flowers

4 (b® 2017, 1. 4) / British Pharma-
copoeia 2017, volume 4 (BP 2017,

Pomariku sKuIKui SKCTpaKT /
Matricaria liquid extract

vol. 4)

Pomariku maciio / Matricaria oil

®apmakonies CIIA 40 — Hanwmo-
HanbHbIH @opmyrsip 35, tom 1 (DC
40 — H® 35) / United States Pharma-
copeia 40 — National Formulary 35,
volume 1 (USP 40 — NF 35)

Pomarmka / Chamomile

B tabnuue 2 npencrasneHsl TpeOOBaHUS
K coaepxkannio BAB B 1BeTkax pomaiiku
anTEYHOW M METOJbl MX KOJIWYECTBEHHOTO
oTpeieNieHusI, yKa3aHHbIC B pa3HbIX (hapma-
kormesix [4 — 7].

Table 2 presents the requirements to the
BAS content in chamomile flowers and their
quantitative determination methods referred

to different pharmacopoeias [4 — 7].
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Taonuuya 2 — Cooeprrcanue 6uonocudecku AKMUGHbHIX 6eU{ECME 8 YBEMKAX POMAUIKU
anmeuHoil co2naAcHo POCCUIICKON U OCHOBHBIM MUDPOBHIM (apMaKoneam
Table 2 — The content of biologically active substances of chamomile flowers according
to Russian and main world pharmacopoeias

Haszeanue
dapmakoreun /
Name of phar-

macopeia

ConeprxkaHue OMOIOTHYECKH
akTuBHBIX BemiecTB / The con-
tent of biologically active sub-

stances

MeTo/ KOJIM4eCTBEHHOTO ONpeCIeHHS /
Method of quantitative determination

I'd X1, T3/
SP XIII, vol. 3

1. D¢upHoro mMacna: He MeHee
0,3 %%* / Essential oil: mini-
mum 0,3 %

Huctumsanus (macca HaBecku 15,0 T,
BpeMSI IIEPEroHKH 2 4, cKopocTh 60 — 65
karens/MuH) / Distillation (sample weight
15.0 g, distillation time 2 h, speed 60 — 65
drops/min)

2. CyMMBI (h1aBOHOUIOB B
nepecyere Ha pyTHH: HE MEHee
1,2% / Total content of flavo-
noids in equivalents of rutin:
minimum 1,2 %

Huddepennnanbras crieKTpodoToMeTpus
MOCJIe PEaKIIUU KOMIUIEKCOOOpa30BaHMUsI C
amomunus xiopuaom / Differential spec-
trophotometry after the reaction of complex
formation with aluminum chloride

3. DKCTPaKTUBHBIX BEIIECTB,
HM3BJIEKAEMBIX BOJOI: HE MEHEE
18 % / Water soluble extractive

substances: minimum 18 %

OpnnokparHas Mauepauus (2 4
MIpU KUIIEHUH B KOJIOE ¢ 00paTHBIM
xonoamIbHUKOM) / Single-stage maceration
(2 hours with boiling in a flask with a reflux
condenser)

E® 9.0, 1 1;
Bd 2017, 1.4/
EP 9.0, vol. 1;
BP 2017, vol. 4

1. Cunero s¢upHOro mMacia He
menee 4 mi1/ kr / Blue essential
oil: minimum 4 mL/kg

Juctummsiius (macca HaBecku 30,0 T,
BpeMs MIEPEroHKH 4 4, cCKopocThb 3 — 4 mi/
muH) / Distillation (sample weight 30.0 g,
distillation time 2 h, speed 3 — 4 mL/min)

2. O01iee conepkanue
alUreHUH-7-TITMKO311a He
menee 0,25 % / Total content of
apigenin 7-glucoside: minimum
0.25 per cent

BricokoadexkTuBHas KUAKOCTHAS
xpomatorpadus (BOXKX) (pacTtBopsl
CpaBHEHHMSI COJIEPKAT alUureHUH-
7-rmuko3un, S,7-1uruapokcu-4-
metunkymapun) / High performance liquid
chromatography (HPLC) (reference solu-
tions contain apigenin-7-glycoside,5,7-di-
hydroxy-4-methylcoumarin)

O®C40-HD
35/ USP 40 -
NF 35

1. Cunero >¢gupHOro Macia He
meree 0,4 % / Blue volatile oil:
minimum 0.4%

Huctumsanus (macca HaBecku 60,0 1, Bpe-

MsI TIEPETOHKH 4 9, CKOPOCTh 3 — 4 MJI/MUH)

/ Distillation (sample weight 30.0 g, distil-
lation time 2 h, speed 3 —4 mL/min)

2. O6uee coaepkaHue
aNUTeHUH-7-TIIMKO3KU 1A HE
menee 0,3 % / Total content of
apigenin-7-glucoside: minimum
0.3%

BDXX (pacTBOpbI CpaBHEHUS COAEPIKAT
ANUTeHUH-7-TIIUKO3U, S,7-TUruapoKkcu-4-
metunkymapus) / HPLC (reference solu-
tions contain apigenin-7-glycoside,5,7-di-
hydroxy-4-methylcoumarin

3. IIpousBoaubix Oucadonona
B IIEpeCUETE HA JICBOMEHTOJ HE
menee 0,15 % / Bisabolol deriv-
atives, calculated as levomenol:

minimum 0,15%

[azokunkocTHast Xpomarorpadus
(I'’XX) (pacTBOp cCpaBHEHUS COACPKHUT
neBomeHnTon) / Gas-liquid chromatography
(GLC) (reference solution contains levo-
menthol)

* [Ipumeyanue. Bce uucnennvle sHaueHus npedcmasienvl 8 nepecueme Ha Cyxoe Cblpbe.
* Note. All numerical values are given in terms of dried MPRM.
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Ha ocHoBanum aHanu3a JaHHBIX, TIpeJl-
CTaBIIEHHBIX B Talmuie 2, YCTAaHOBJIEHO,
YTO JJIsl IIBETKOB POMAIIKU HOPMHPYETCS
coliepkanue 3pUpHOro macia, (JiaBoHOU-
JIOB ¥ DKCTPAKTUBHBIX BEILIECTB.

ITpu 3ToM Bo Bcex @C st nannoro JIPC
periaMeHTHPOBAHO COJIEpKaHUe F(PUPHOTO
MacJia, KOTOpO€ OIpPeNEsSOT KOJNYEeCTBEH-
HO MeTofioM aucTuuisiiuu. Cienayer oTMme-
TUTbh, YTO YCJIOBHUSI IPOBENEHMS Ipolecca
UMEIOT OTINYHS B (PapMakormesiX pasHbBIX
CTpaH.

Eme ogHuM mnokaszarenem, yKa3aHHBIM
BO BceX NpoaHanu3supoBaHHbiXx PC, sBis-
ercsi conepkanue (¢uaBoHOMAO0B. OIHAKO
MOJIXO/IbI K UX OTMPEACIICHUIO PA3IHYaI0TCS
B POCCHHCKOM M 3apyOeXHBIX (hapMaKorie-
ax. Tak, B I'® XIII Hopmupyercs conepxa-
HUE CyMMbI (DJIaBOHOMIOB B IepecueTe Ha
pyTHH, ompexaenseMoe MeToaoM audde-
pEeHIMANbHONW CHEKTPO(POTOMETPUH TMOCTE
peakiuu KOMILIEKCOOOPa30BaHUs € airo-
muHus xaopuaom. B E®, b® u dapmaxo-
nee CIIIA pernmameHTHpPOBaHO colepkKaHUE
UHAUBUAYAJIbHOTO COCAMHEHHS] — arlure-
HUH-7-IJIMKO3HU/1a, ONPEIENISIEMOE METOIOM
BOXX. Tlpu stom B dapmakonee CIIIA
HWOKHUM Tpesiest coJepKanus JaHHOTO TJIH-
Ko3uja Beile, yeM B b® u E®, a MeToauka
KOJIMYECTBEHHOTO OIpE/IEICHUSI UMEET He-
3HAYUTEIIbHbIC OTINYUSL.

CrnemyeT OTMETUTH, YTO B (hapmaxornee
CIIIA pernamMeHTHpPOBAHO TaK¥Ke copaepxkKa-
HUE KOMITIOHEHTa 3(UpHOro Macia — Ouca-
6omoma, onpenensiemoe meromom KX,

ConepxaHue SKCTPAKTUBHBIX BEIIECTB,
U3BJIEKaEMbIX BOJIOH, JIJISl IIBETKOB pOMaIll-
k1 Hopmupyertcs Tosbko B '@ XIII. 3naue-
HHE JJAHHOTO moka3zaTeiis BaxkHo st JIPC,
UCIIOJIb3YEMOT0 IPU U3TOTOBIIEHUH TaJIEHO-
BBIX MPENAPATOB (HACTOEB).

Iloonunnocmo

[Tokazarenu MOIIMHHOCTU LBETKOB PO-
Malku, ykasaHHele B @C npoaHaau3upo-
BaHHBIX (hapMaKomeid, MpeACTaBICHBI B Ta-
omune 3 [4 —7].

In virtue of data analysis presented in
table 2 it was revealed that the content of
essential oils, flavonoids and extractives 1s
standardized for the chamomile flowers.

All  of the monographs the
MPRM contain the essential oil content
requirements, where the essential oil is
quantitated by the distillation method. It
should be noted that the process performing
conditions differ in the pharmacopoeias of
different countries.

Another parameter listed in all of the
analyzed monographs is the content of
flavonoids. the approaches
to their determination differ in the
Russian pharmacopeia and in the foreign
pharmacopoeias. Thus, the content of
flavonoids in terms of rutin, determined by
the method of differential spectrophotometry
after the reaction of complex formation with
aluminum chloride is standardized in SP
XIII. The content of individual compound,
apigenin-7-glucoside, determined by HPLC
isregulated in the EP, BP, and USP. Herewith
the lower limit of this glycoside content is
higher in the USP than it is in the BP and
the EP, and the method of quantitative
determination has minor differences.

It should be mentioned that the USP
also regulates the content of bisabolol - a
component of the essential oil, determined

for

However,

by GLC.
The content of water soluble extractive
substances for chamomile flowers is

regulated only in SP XIII. The value of
this parameter is important for the MPRM
used in the galenical medicines preparation
(infusions).

Identification

The identification parameters of
chamomile flowers, specified in monographs
of analyzed pharmacopoeias, are listed in
table 3 [4 —7].
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Taonuya 3— Iloxkazamenu nOOTUHHOCHU YBEMKO8 POMAWKU ANMEYHOU

6 papmaronesnx pasnvlx cmpan

Table 3 — Identification parameters of chamomile flowers in pharmacopoeias

of different countries

HasBanue
dapmaxoneu /
Name of pharma-

[Tokazatenu noguuHocTH / Identification parameters

BP 2017, vol. 4

copeia

I'd XIIL, 1. 3/ SP| 1. Buemnue npusnaku / External characteristics.

XIII, vol. 3 2. Mukpockonuueckue npusHaku / Microscopic characteristics.
3. Omnpenenenue ¢GraBOHOMIOB METOAOM TOHKOCIIOMHOM XpomaTtorpaduu
(TCX) (cucrema: sTmianerar — MypaBbUHAs KHCIOTa O€3BO/HAs — BOZA
(40:4:6); pacTBOp CpaBHEHHUSI COAEPKUT PYTUH M KBEPLETHH; 00paboTKa
pacTBOpamMi 1U(EeHUIOOPHOIN KUCIOTH aMUHOSTHIIOBOTO 3(hupa U MOIU3-
tunenrnukois) / Identification of flavonoids by thin-layer chromatography
(TLC) (system: ethyl acetate — formic anhydrous acid — water 40:4:6,
reference solution contains rutin and quercetin; treatment with solutions of
diphenylboric acid aminoethyl ester and polyethylene glycol).

E® 9.0, 1 1; 1. Buemrnue npusnaku / External characteristics.

b® 2017, 1.4/ 2. Mukpockonuueckue npusHaku / Microscopic characteristics.

EP 9.0, vol. 1; 3. Ompenenenue >dupnbix Macen meronom TCX (cuctema: moayon-smu-

nayemam (95:5); pacmeop cpasuenus cooepoicum xamazyiew, (—)-o-Ou-
cabonon, GOpHUIALIETAT; 0OPAOOMKA PACMBOPOM AHUCOB020 Anboe2uda) /
Identification of essential oils by TLC (system: toluene-ethyl acetate 95:5,
reference solution contains chamazulene, (—)-a-bisabolol, bornylacetate;
treatment with anisaldehyde solution).

®C 40 -HD 35/
USP 40 — NF 35

1. Buemnue npusHaku / External characteristics.

2. Mukpockonuueckue npusHaku / Microscopic characteristics.

3. Ompenenenue 3¢upHbix Macen meronom TCX (cucrtema: xiopodopwm;
pacTBOp CpaBHEHUS COAEPKUT OOpHEOJ, OOpHHUIIALIETAT U IBails3yseH; 00-
pabotka pacTBopoM anucoBoro anpaerunaa) / Identification of essential oils
by TLC (system: toluene — ethyl acetate 95:5; reference solution contains
chamazulene, (—)-a-bisabolol, bornylacetate; treatment with anisaldehyde
solution).

4. Peaknys Ha NPOU3BOAHBIE a3ylieHa C PACTBOPOM TUMETHUIAMUHOOCH-
3anpaeruna, (GochopHO M YKCYCHOW KHCIOTaMu (IOce HarpeBaHusl U
no0aBieHUs] TeKCaHa BOAHBIM CIIOM OKpalluBaeTcs B 3€JIEHOBAaTO-TONY-
Ooii wnu cuHmit uBet) / Reaction to azulene derivatives with a solution of
dimethylaminobenzaldehyde, phosphoric and acetic acids (after heating and
addition of hexane, the aqueous layer has a greenish blue or blue color).

Taxum o6paszom, Bo Bcex PC npoaHanu-
3UPOBAHHBIX (hapMaKONe MPUCYTCTBYIOT
paszaeinbl, MOCBAIICHHBIE BHEIIHUM MHKPO-
ckonmueckum npusHakam JIPC, a rtaxxe
unentudukanuu bBAB metogom TCX. Tlpu
stom Tosbko ['® XIII comepxkut moapo0-
HOE€ ONHMCAaHHWE JUATHOCTUYECKUX IPHU3HA-
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Thus, the sections upon external and
microscopic characteristics of herbal drugs
and identification of biologically active
substances by TLC are present in all the
monographs of pharmacopoeias analyzed.
However, only SP XIII contains a detailed
description of the diagnostic features of
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KOB II€JIbHOTO, W3MEJIBYEHHOTO ChIPbSl U
MOPOIIKA I[BETKOB POMAIIKH B pa3zAesiax
«BHemnue npusHakm» U «MHKPOCKOIH-
YeCcKHe TPU3HAKWY», a TaKKe MHUKPO(POTO-
rpadun o6paszios. B E®, b® u dapmaxo-
nee CIIA mnpencraBieHa XapaKTepUCTHKA
toabko neapHoro JIPC. B E®, b® moaro-
TOBKa OOPA3IOB IS MUKPOCKOIIMH BKIIIO-
YaeT MPOCBETICHUE B XJIOpAITUIpare, 4ro
He ykazaHo B octanbHbix PC. B dapma-
konee CIIIA nuarHocTuueckue NpU3HAKU
JIPC BbIACIIECHBI B 0COOBIN pasnen «Botanic
characteristics» [4 —T].

B kauectBe ocHOBHOM rpynnbel BAB st
unentudukanuu MerogoM TCX B I'd XIII
ykazanbl praBoHou 61, B E®, b® n ®apma-
konee CIIIA — a¢pupHOE Maco.

PactBopbI cpaBHEHUS U YCIIOBUS XpOMa-
TorpaupoBaHus MpU aHamu3e 3PUPHOTO
Macja B yKa3aHHbBIX (papMmakoresx pas3jiny-
Hbl. Tak, B E® u b® mnsa naenTudukanum
HCIIOJNIb3YIOT PAcTBOP B KCUIIOJE 3(PUPHOTO
Macia, MOJIYyYE€HHOIO NMPU KOJIMYECTBEHHOM
onpezenenud. [ momoObHOro uccieaoBa-
Hus B ¢apmakonee CIIIA ommcana merto-
JIMKA TOJYYEHHS] XJIOPUCTOMETUIIEHOBOIO
u3Bneuenus u3z JIPC ¢ nocnenyromum ero
yHnapuBaHUEM M PAacTBOPEHHEM OCTaTKa B
tonyosne. Creayer OTMETUTb, YTO pasiiv-
YaIOTCSl TAKXKE W PAcTBOPbI CTaHIAPTHBIX
00pas1ioB, UCIONB3YyEeMbIX TIPU KaueCTBEH-
HOM OIIPEIENICHUU KOMIIOHEHTOB 3(PHUPHO-
ro macia. Tak, B E® u b® nis stux neneu
UCHOJIB3YIOT XaMasyieH, (—)-a-Oucabosnon
u 6opHmnanerar. B ¢papmaxonee CILA, mo-
MuMO OOpHUIIaleTaTa, yka3aHbl OOpHEOI U
rBaiszyned [4, 5, 7].

B I'® XIII u3Bneuenue s onpeesie-
HUSL CyMMBbI (uiaBoHOUA0B MetogoM TCX
MOJIy4aloT C HCIOJIb30BAHUEM B Kau€CTBE
pactBopuTens coupra 3TUiaoBoro  96%.
Cnenyer OTMETHUTb, YTO XpOMaTorpamMmy
MPOSIBIISIIOT  PacTBOPOM  TU(DEHUITOOPHOMA
KHCIIOTBl aMHHOATHIJIOBOTO 3(dupa — pe-
aKTUBOM, XxapakrtepHbiM mi1 ED u b
(4,5, 7].

whole, crushed, and powder of chamomile
flowers in the “External signs” and “Mi-
croscopic characteristics” sections as well
as photomicrographs of the samples. In the
EP, BP, and USP only whole MPRM is de-
scribed. In the EP, BP the samples for mi-
croscopy preparation include a chloral hy-
drate development that is not specified in
the other monographs. In the USP the di-
agnostic signs of MPRM are allocated in a
special section titled “Botanic characteris-
tics” [4—T].

Flavonoids are specified as the main
group of BAS to be identified by TLC in SP
XIII whereas essential oil is the main BAS
in the EP, BP, and USP.

The reference solutions and conditions
of chromatography in the analysis of essen-
tial oils differ between the pharmacopoeias.
Thus, in the EP and BP a solution of the es-
sential oil obtained at the quantitative de-
termination in xylene is used for identifica-
tion. In the USP a methodic of producing
a dichloromethane extraction of MPRM,
followed by evaporation and dissolving the
residue in toluene is described for similar
studies. It should be noted that the standard
reference solutions in the constituents of
essential oil qualitative determination also
differ. Thus, chamazulene, (—)-a-bisabolol,
and bornylacetate are used for this purpose
in the EP and BP. In the USP, borneol and
guaiazulene are specified in addition to bor-
nylacetate [4, 5, 7].

An extraction to determine the flavo-
noids amount by TLC is obtained using eth-
anol 96 % as a solvent according to SP XIII.
It should be noted that the chromatogram is
developed by a solution of diphenylboric
acid aminoethyl ester — a reagent, that is rel-
evant for the EP and BP [4, 5, 7].
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B E®, b® u dapmakonee CIIA npu-
BEJIEHbI cxeMbl Xpomarorpamm, B ['® XIII
30HBI aICOPOITMH OMKCaHBI B TeKCTe [4 — 7].

CrnemyeT OTMETUTH, YTO B (apmakornee
CHIA omnucana Takke LIBETHasl peakiuy Ha
NPOU3BOJHBIC a3yJieHa /Jis OMNpPEeIICHUS
MOVIMHHOCTH 1IBETKOB pOMAIIIKH [7].

Hcnoimanus

Bo Bcex npoananuszupoBanubix OC s
[[BETKOB POMAIIIKH OMPEIEISIOT 307y 00-
Y0 U U3MEIBYEHHOCTh ChIpbsi. CornacHo
['® XIII, conep>kanue 30561 00IIEH TOMK-
HO COCTaBIIITH He Oojiee 12%, B 0CTaIbHBIX
dapmaxonesix — He 6omnee 13%. B I'd XIII
yKa3aHbl TIPEACNbl COACpP)KAHUSI YaCTHII,
MPOXOJISAIINX CKBO3b CUTO C OIPEIEeICHHBIM
JMaMETPOM OTBEPCTHH, JJIsS LIEIBHOTO, U3-
MEJIBYEHHOTO ChIpbs 1 nopouika. B ED, bd
u (apmaxorniee CIIA sToT mokasaresnb co-
cTaBIsieT — He 6onee 25% JacTull, mIpoxos-
IIMX CKBO3b CUTO C IUAMETPOM OTBEPCTHI
0,71 mMm [4 —T7].

Cornacio E® u b®, noreps B macce
IIPU BBICYIIMBAHUU I[BETKOB POMAIIIKH afl-
TEYHOU JTOJKHA COCTaBIATh He Ooiee 12%.
Bmaxnocte panHoro JIPC comracno I'd
XIII — ne 6omnee 14 %. B papmaxonee CIIIA
aQHAJIOTMYHBIN TOKa3aTelb IS JaHHOTO
JIPC ne ykazas [4 —7].

B I'® XIII nokasarenb «IOCTOPOHHUE
IpPUMECH» ISl ENbHOIO ChIPbsI BKIIIOYAET
oTpeieNieHre JIUCThEB, CTE0IeH U KOP3UHOK
C OCTaTKaMH IIBETOHOCOB JUIMHHEE 3 cM (HE
6omnee 9 %), a TakKe KOP3UHOK, U3MEHUB-
mux okpacky (He 6onee 5 %). s uenb-
HOTO U H3MEJIBYECHHOTO CHIPbsi B JIAHHOU
OC permaMeHTHpPOBaH TaKXKe IMOKa3aTelb
«opraHuueckas npumechy (He Oonee 3%).
Taxoii sxe moka3zarenb B gpapmakornee CLIA
coctasisieT He Oosee 2%. B E® u bd mo-
NOOHBIE TTOKA3aTeNH JIJIsl IBETKOB POMAIIIKH
OTCYTCTBYIOT [4 — 7].

Tonbko B I'® XIII 1151 BETKOB poManiku
OTIPEIETISIFOT MUHEPATIbHYIO TIpUMeCh (He 60-
nee 0,5%) u 30i1y, HEPaCTBOPUMYIO B XJIOpHU-
CTOBOZIOPOAHOM Kucnote (He 6onee 4%) [6].
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In the EP, BP, and USP schemes of chro-
matographic diagrams are specified, in SP
XIII zones of adsorption are described in
the text [4 — 7].

It should be noted that the USP also de-
scribes an azulene derivatives color reaction
for chamomile flowers identification [7].

Tests

In all of the monographs analyzed the to-
tal ash and broken drug for chamomile flow-
ers are to be determined. According to the
SP XIII, total ash content must not be more
than 12% while in the other pharmacopoe-
1as this parameter is not more than 13%. SP
XIIT specity the content limits of particles
passing through a sieve with a certain hole
diameter, for whole, crushed, and powder.
In the EP, BP, and USP, this parameter is not
more than 25% of particles passing through
a sieve with a hole diameter of 0.71 mm
[4-7].

According to the EP and BP, the loss in
weight of dried chamomile flowers must
be at most 12 %. MPRM moisture content
according to the SP XIII must be at most
14%. In the USP the same parameter for the
MPRM is not specified [4 — 7].

In SP XIII “foreign matter” parameter
for the whole MPRM includes the identifi-
cation of leaves, stems, and capitula with the
residues of stalks longer than 3 cm (9 %), as
well as capitula that changed colors (at most
5%). For whole and crushed MPRM in this
monograph the “organic matter” parameter
is regulated (3%). The same parameter in
the USP is not more than 2 %. In the EP and
BP, these parameters for chamomile flowers
are absent [4 — 7].

Only in SP XIII the mineral impurity (at
most 0.5 %) and ash insoluble in hydrochlo-
ric acid (at most 4%) for chamomile flowers
are determined [6].
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B pasubix dapmakonesix OCTaTOYHbIE
KOJIMYECTBa MECTULIUIOB, COEpKaHHE pa-
JTUOHYKJIUAOB, TSKEIBIX METAJUIOB U MU-
KpoOUoJIorHuecKasi YuCToTa HOPMUPYIOTCS
COMIacHO TpPeOOBaHUSM OOIIKX (papMako-
neiinbix crareid (ODC). B I'd XIII u dap-
makoriee CIIIA yka3zanbl Takxke TpebGoBa-
HUS K XPaHEHMIO, YITAKOBKE U MapKHUPOBKE
[IBETKOB POMAIIKHA alTE€YHOW CO CCBHUIKOU
Ha cootBeTcTBYtoIMEe ODC [4 — 7).

Opuprnoe macno

E® u bO® comepxur ®C Ha adupHOE
Macjao pomaimikd. Ero momywaror aucTui-
JAUUEH U3 CBEXKUX WU BBICYHICHHBIX
KOP3UHOK poMallku antedyHoi. CornacHo
dbapmakoneiiHoMy ompeneneHu, 3dup-
HOE MAacJl0 pOMAIIK{ MPEJICTABISIET COO0M
MPO3PAYHYIO BI3KYIO KUJKOCTh HHTEHCHUB-
HO CHHETO IIBETa C CUJIbHBIM XapaKTEePHBIM
3anaxoM. Beiaenstor nBa Tumna 3QpupHOTO
Macna: rnepoe 0oraro okcujgamu Oucabo-
jona, BTopoe — (—)-a-6ucadomonom. [loxm-
JUHHOCTB onpenensiioT Merogom TCX B
YCJIOBUSIX, AHAJOTHYHBIX OMNPEAECICHUIO
a¢pupaeix Macen B JIPC. Jlns xomuue-
CTBEHHOTO OIPEEICHUS UCIOIb3YIOT Me-
ton KX [4, 5].

Kuoxuit skempakm pomawixu

@®C Ha )KUJIKHHA SKCTPAKT pOMAILKH CO-
nepxar E® u b®. Ero craHaapTu3yroT 1o
COJIEP’KaHUI0 CUHEro 3(UpHOro Macia (He
menee 0,30%). Kupkuil skcTpakT mnosy-
YaloT MOIXOISALIUM CIIOCOOO0M, MCTOIb3YS
cMmech 2,5 oobeMHbIx vacted 10 % amMmu-
aka, 47,5 obbemMHBIX yacTtedl Boabl u S50
00BbEeMHBIX YacTel crnupra 3TuiIoBoro 96%
(4, 5].

[Tokazatenu KadyecTBa >KUIKOTO HKC-
TpakTa LBETKOB POMAILIKH MPEICTABICHBI B
tabmute 4 [4, 5].

The residual quantity of pesticides, ra-
dionuclides, heavy metals and microbiolog-
ical purity is to be standardized according
to the requirements of general monographs
(GM). The requirements for storage, pack-
aging and labeling of chamomile flowers
are also specified in the relevant GM of SP
XIII and the USP [4 — 7].

Essential oil

The EP and BP contain monographs
upon chamomile essential oil. It is obtained
by distillation from fresh or dried flower
capitula of chamomile. According to phar-
macopeial definition chamomile essential
oil is a clear, viscous liquid of intense blue
color with intense characteristic odor. There
are two types of essential oil: the first is
rich in bisabolol oxides, the second is rich
in (—)-a-bisabolol. The identification is per-
formed with TLC under conditions simi-
lar to the identification of essential oils in
MPRM. GLC method is used for the quan-
titative analysis [4, 5].

Chamomile liquid extract

The EF and the BF contain monographs
upon chamomile liquid extract. It is stan-
dardized by the content of a blue essential
oil (at least 0.30%). The liquid extract is
obtained by a most appropriate way using
10% of ammonium, 47.5 volume parts of
water and 50 volume parts of ethanol 96%
[4, 5].

Quality parameters for chamomile liquid
extract are shown in the table 4 [4, 5].
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Taonuuya 4 — Cmanoapmu3zayus Hcuo0Ko20 IKCMPAKmMa pOMamKu

¢ Eeponeiickon u bpumanckoii ghapmarxonesnx

Table 4 — Chamomile liquid extract standardization

in the European and British pharmacopoeias

[Tokazarens /

TpeOosanus / Requirements

Parameter
Onucanue / 1. BHemnuil BUa: KopudHeBaTast po3payHast KHUJIKOCTb C XapaKTepPHBIM
Characters CHJIBHBIM 3aI1aXOM U TOPbKHM BKycoM / Appearance: brownish, clear lig-

uid. Intense characteristic odour and characteristic bitter taste.

2. PacTBOpUMOCTB: cMemuBaeTcs ¢ Bogoil u 96% staHonom ¢ obpazo-
BaHHEM IOMYTHEHUs1, pacTBOpuM B 3TanHoie 50% / Solubility: miscible
with water and with ethanol (96 per cent) with development of turbidity,
soluble in ethanol (50 percent V/V).

IMommuuHOCTE /
Identification

1. Onpeoenenue s¢pupnvix macen memooom TCX / Identification of essen-
tial oils by TLC.

2. Onpenenenue OpraHMYECKUX KUCIOT U (hraBoHOHI0B MeTogoM TCX
(cucrema: MypaBbUHasl KMCIOTa O€3BOJIHAS — YKCYCHAsi KUCIIOTA JIE/s-
Hasg — BoAa — atunauerar (7,5:7,5:18:67); pacTBop CpaBHEHUsI COAEp-
KHT XJIOPOTCHOBYIO KUCIIOTY, TUIIEPO3U, PyTHH; 00paboTKa pacTBOPOM
TG eHnI00pHON KUCIOTHl aMUHOATHIIOBOTO 3¢upa) / Identification of
organic acids and flavonoids by TLC (mobile phase: anhydrous formic
acid — glacial acetic acid — water — ethyl acetate 7.5:7.5:18:67; reference
solution contains chlorogenic acid, hyperoside and rutin; treatment with
solution of diphenylboric acid aminoethyl ester).

Ucnbiranus /

1. Dranomn: ot 38 no 53% / Ethanol: 38 per cent V/V to 53 per cent V/V.

onpeneneHue / Assay

Tests 2. Cyxoit ocrarok: He MeHee 12,0% / Dry residue: minimum 12.0 per
cent.
KonnuectBennoe DdupHoe macno: qucTrwusius (Macca HaBecku 20,0 T, Bpemsi TIeperoHKu

3 ) / Essential oil: distillation (sample weight 20.0 g, distillation time 3 h).

TCX pns onpeneiieHUuss KOMIIOHEHTOB
3(uUpHOro Maciia IpOBOAST MO METOAMKE,
ananoru4noi st JIPC B E® u b®. Bmecto
XaMasyJIeHa B Ka4eCTBE CTaHAapTa UCIOJIb-
3yIOT TBasi3ylieH. D(PUpHOE Macio 3KcTpa-
TUPYIOT U3 3KCTPAKTa IEHTAHOM, KOTOPBIH
BBINIAPUBAIOT J10CYXa, PACTBOPSIsL OCTATOK B
Tosyouie [4, 5].

3akarouenue. ®C Ha IBETKU pOMAIIKU
anTe4YHOU NPUCYTCTBYIOT B EBpomnenckoin
u bputanckoil apmakonesx, papmakornee
CIIA u TocymapctBeHHO# (apmakoree
XIII n3nanus. EBponeiickas n bpuranckas
¢dapmaxkornien conepxar taxxe OC Ha 3up-
HO€ MAacJI0 U JKUJKHAWA dKCTPAKT POMAILIKH,
P 3TOM UX TPeOOBAHMS COBIAJIAIOT.
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The TLC to identify the essential oil
constituents is performed according to
the methodic similar to monographs in
the EF and BF. Instead of chamazulene, a
guaiazulene reference standard is used. The
essential oil is extracted with pentane which
1s evaporated to dryness and the residue is
then dissolved in toluene [4, 5].

Conclusion. There are monographs
about Chamomile flowers in the European,
British Pharmacopoeias, in United States
Pharmacopoeia,and StatePharmacopoeia X1II.
The European and British Pharmacopoeias
also contain monographs upon the essential
oil and liquid extract of chamomile flowers,
and their requirements are the same.
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[IpoBeneHHBIN aHAIUTHYECKUNA 0030p
[03BOJINJ BBISIBUTh HEKOTOPBIE OTIMYMS B
MOAXOJAaX K CTaHJapTU3allMM LIBETKOB PO-
MallIK{ anTeyHoU B (hapMakomesx pa3HbIX
CTpaH.

B nenom, I'd XIII comepxur Oomee
MOIPOOHOE 0 CPAaBHEHHUIO C OCTaJbHBIMHU
MPOAHATM3UPOBAHHBIMUA  (hapmakoresMu
ONMCAaHUWE JMATHOCTUYECKUX MPU3HAKOB
nenoro, u3menpieHHoro JIPC u moporka,
BKJIOYasi Mukpodororpadun  0OpasIoB.
D10 oTHOCUTCS M K mokazarento «Ilocro-
ponuue npumecu» 'O XIII.

Hexotopele oTnuuusi B NOAXOAaX K
onpeneneHuto BAB, 00bSICHSAIOTCS, TI0-BU-
TUMOMY, pa3HOoOOpa3ueM XHUMHYECKOTO
COCTaBa IIBETKOB POMAILIKM anTedHou [1,
2, 10]. Tak, cormacuo I'® XIII, ocHOBHOM
rpynnoiit BAB nns uaentudukanum 1anHo-
ro JIPC sBnstorcst praBOHOUIBI, B OCTalb-
HBIX (apmakonesx — dpupHoe maciuo. [pu
3TOM COCTaB aHAIU3UPYEMbIX KOMITIOHEHTOB
3(QUpPHOrO Maclia MUMEET OTIMYUS MEXKIY
EBpomneiickoit u bpurtanckoii dapmaxones-
mu u papmaxoneeit CIIIA.

[Toaxoapl K KOJIMYECTBEHHOMY OINpeJie-
nenuto BAB B mpoananu3upoBaHHbIX (ap-
MaKoIesAX TaKKe UMEIOT CXOJICTBO U pa3iiv-
yus. Tak, Bo Bcex ®C B IBETKaX POMAIIKH
anTeYyHOUW OMpPEeNessIoT coaepkanue dup-
HOTO MacJja MeToIoM AUCTHLISIUuU. B dap-
Makoniee CIIIA pernamMeHTUPOBaHO TaKkKe
coJiep>KaHre KOMIIOHEHTa 3()UPHOTO Maciia
— Oucabosoia, KOTOpoe OMPEISSIOT METO-
oM IOKX.

Cornacio I'® XIII, uBeTku pomaiiku
anTe4YHOW CTaHJIapTU3YIOT TAKXKE IO Colep-
KAHUIO CyMMBbI (DJTaBOHOUIIOB B Tiepecue-
TE€ Ha pyTHH. B ocTanpHBIX (apmakomnesx
st ganHoro JIPC pernmaMeHTHpPOBaHO CO-
Jep>KaHue MHAMBUIAYAJIBHOTO COEIMHEHUS
— QIUT'€HUH-7/-TIMKO3UAa, OMNPEAECTIAeMOE
MeronoM BOXKX. CornacHo JaHHBIM JIUTE-
paTyphbl, allUT€HUH U €r0 MPOU3BOAHbBIC SIB-
JISIFOTCSL OCHOBHBIMH (DJTaBOHOUJAMH I[BET-
KOB POMAILIKH.

This analytical review has identified
some differences in the approaches to
the chamomile flowers standardization in
Pharmacopoeias of different countries.

In general, SF XIII has more detailed
compared to the other pharmacopoeias
the
whole, crushed and powder medicinal

diagnostic  signs description of

plant raw material, including sample
microphotography. This also belongs to the
“foreign matter” parameter in SF XIII.
Some differences in BAS identification
approaches could be apparently explained
by the diversity of chamomile flowers
chemical composition [1, 2, 10]. Thus,
according to SP XIII the main groups of
biologically active substances identified
are the flavonoids, while in the other
pharmacopoeias the main constituent is
the essential oil. And the composition of
essential oil constituents differs in the
European, British Pharmacopoeias, and
Pharmacopoeia of the United States.
Biologically active substances
quantitative analysis approaches in the
pharmacopoeias analyzed have differences
Thus, in all of the

monographs the essential oil content is

and similarities.

determined by the distillation method. In
the United States Pharmacopoeia bisabolol
content is regulated. The content is
determined by the GLC method.

According to SF XIII the chamomile
flowers are standardized upon the sum of
flavonoids in terms of rutin. In the other
pharmacopoeias the content of individual
constituent apigenin-7-glycoside is
determined by HPLC. According to the
literature, apigenin and its derivates are the
main flavonoids of chamomile flowers.
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CopeprxaHne SKCTPAKTUBHBIX BEILIECTB,
U3BJIEKAEMbIX BOIOM, /sl LIBETKOB pOMalll-
KU Hopmupyercs Tosibko B ' XIII.

Taxum 006pa3oM, HAMOOJBIITNE PABTUYMS
B I0Ka3aTeNsX KaueCTBa LIBETKOB POMAILIKU
anteuynoit umeror ['® XIII u 3apybexHbie
dapmakonien. I'd XIII comepxkutr Ooinee
NoApPOOHOE OINHUCAHUE JTUArHOCTHYECKUX
npusHakoB nanHoro JIPC u nmpumecei B
HeM. B 3apyOexHbix (apmakomesx wume-
€T MECTO TEHJICHLIMSI K KOJIMYECTBEHHOMY
ONpEJICTICHNUIO WHJIUBUAYAJIbHBIX COEANHE-
Hui, B TO Bpems Kak B I'® XIII usetku po-
MalIK{ anNTeYHOM CTaHJIAapTU3YIOT MO CyM-
me BAB.
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The content of water soluble extractive
substances is determined only in SF XIII.

Thus the greatest differences between
the chamomile flowers parameters have
SF XIII and the foreign pharmacopoeias.
SF XIII has the most detailed description
of diagnostic signs of the medicinal plant
raw material and the impurities in it. For the
foreign pharmacopoeias there is a tendency
to the quantitative analysis of the individual
substances while in SF XIII chamomile
flowers are standardized upon a sum of
biologically active substances.
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UCCNEQOBAHUE ®EHONIbHbIX COEQUHEHWIA B U3BNEYEHUAX
13 TINCTbEB JIABPA BIATOPOAHOTIO

H.M. Hacyxoea', O.M. Illesuyx?, JI.A. J/lozeunenxo?

"Tamueopcruti meouko-gpapmayeemuueckuti uncmumym — ¢uauan @I'EOY BO Borel MY
Munzopasa Poccuu, 357532, Poccus, e. [lamueopck, np. Kanununa, 11
‘@I'FYH « HEC-HHI]», 298648, Poccus, Pecnybnuxa Kpoim, e. Anma, nem. Hukxuma

E-mail: konovalov_da@pochta.ru

INVESTIGATION OF PHENOLIC COMPOUNDS IN EXTRACTS FROM
THE LEAVES OF LAURUS NOBILIS L.

N.M. Nasuhova', O.M. Shevchuk?, L.A. Logvinenko®

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

Jlasp 6Onacopoomsiii (Laurus nobilis L.) — eeunosenenoe 08yoomuoe, pedko 00HO00-
MHOe pacmeHue evbicomotl 00 15 m. EcmecmeeHnblMu Mecmamu €20 0OUumanus a61sion-
cs meppumopuu cmpan CpedusemHomopwsi. Pacmenue 0agHo u akmuHO 8blpauyueaemcs
kak oexopamuenoe (Espona, Poccus, CLLIA u 0p.), kynomueupyemcs 6 Typyuu, Andcupe,
Mapoxxko, Hcnanuu, @panyuu, Umanuu, [lopmyeanuu, Mexcuxke u Poccuu. Xumuyeckuii
cocmas Ucmves 1aspa 6KI04aem KOMHOHEHMbl d(UPHO20 MACd, CeCKEUMEPNEeHO8ble
JIGKMOHbL U (PeHONbHbIe COCOUHEHUS] 8 KAYeCm8e OCHOBHbIX ODUOI02UYECKU AKMUBHbIX 2DYNN
coedunenuil. Ilenv uccnedoseanus — uoenmughuxayus henonbHvIX coeouHeHUull 8 600HOM
U 800OHO-CRUPMOBBLIX U3GTIEUEHUSX U3 TUCMbes Jlaspa O1a2opoonozo. Mamepuansl u me-
moowl. Viccredosanue KauecmeenHo20 cocmasa (henonbHo20 KOMNLEKCa 8 U3BNIeYeHUAX U3
usyuaemuvlx 00pa3yo08 IUCmves 1aspa O1a2opooH020 NPOBOOULU HA BbICOKOIPHeKmusHom
arcuoxocmuom xpomamoepaghe «Hitachi Chromastery ¢ mepmocmamonm xononok « Column
Oven 5310», nacocom «Pump 5110» u Y®D-0oemexmopom « UV-detector 5410». Pezynoma-
mol u oocysycoenue. O6veKmom Uccie008anus AGNANIUCL 00PA3Ybl TUCNbES 1a8pa O1A20-
poonozo, cobpannvle 6 utone 2016 cooa 6 okpecmunocmsx 2. Anywma (Pecnyonuxka Kpoim).
B u3zeneuvenusx, nonyuennuvix ¢ nomowvto cnupma smunogozo 70%, uoenmughuyuposanvi
Koghetinas, 2annosas u yukopuesas Kuciomsl, 2auiam snueariokamexuna (1K), niome-
ONUH-T7-2NI0K03U0. B uzeneuenusx Ha ocnoge cnupma smunogozo 40% 6 kauecmee Kkomno-
HEeHmMOo8 UOeHMupuyuposansvl Kogelunas, 2annoeas u uzo@epynosas KUciomsl, OUKyMa-
DUH, dnuKamexut, Kkemngepon u u3okeepyumpun. B 800HbIX U3871€YEHUAX YCMAHOBIEHO
npucymcmeue ackopOouHo8ou, 2anii08ol U 6AHUIUHOBOL KUCIIOM, dNUKAMeXUHd, Keepye-
MuH-3-210Ko3uda u Kkemngepon-3-eaiakmosuoa. 3akjiawueHue. B pezyiomame uzyueHus
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0bpa3zyos aucmves 1aspa 61a20pooH020, COOPAHHBIX 8 OKpecCmHocmax 2. Anywma 6 600-
HOM U 80OHO-cnupmogvix (40% u 70%) uzeneuenusx ¢ noMowbo 8blCOKOIPHEKMUBHOU
HCUOKOCMHOU Xpomamozpaguu udeHmu@uyuposausvl ackopounosas kucioma u 13 coe-
OuHenuti heHonvbHoU npupoovl. M3opepynosas u yuxopuesas KUCI0mbl, 2aulam 3MUSALN0-
xkamexuna (DI'KT), ouxymapun, kemnghepon, uzokeepyumpun, kemngepon-3-eaiakmosuo
U IIOMEONUH-7-2NII0KO3UO 8 TUCMbS 1a8pa O1a20pOOH020 UOEHMUDUYUPOBAHDL GNEpPEble.

Knioueswie cnosa: nasp o6nacopoonuiil, Laurus nobilis, nucmos, ¢henonvhvie coeoure-
HUs

Laurus nobilis L. is an evergreen dioecious, rarely monecious plant up to 15 m high.
Its natural area includes Mediterranean countries. For a long time this plant has been
actively cultivated as a decorative plant in (Europe, Russia, USA and others) as well as in
Turkey, Algeria, Morocco, Spain, France, Italy, Portugal, Mexico and Russia. Chemical
composition of the Laurus leaves include essential oil components, sesquiterpenic lactones
and phenolic compounds as the principal active groups of compounds. The aim of the study
was the identification of phenolic compounds in water and water alcohol extracts from
leaves of Laurus nobilis. Materials and methods. Examinations of qualitative composition
of phenolic complex in extracts from Laurus samples under study were carried out using
«Hitachi Chromastery high-performance liquid chromatographer with «Column Oven
5310», «Pump 5110» and «UV-detector 5410». Results and discussion. The samples of
Laurus nobilis leaves gathered in outskirts of Alushta (Republic of Crimea) in July 2016
were the objects if the study. We identified caffeic, gallic, and chicoric acids, epigallocatechin
gallate, luteolin-7-glycoside in the extracts obtained using ethanol 70%. And caffeic, gallic,
isoferulic acids, dicoumarin, epicatechin, kaempferol, and isoquercitrin in ethanol 40%
extracts. In water extracts we found the presence of ascorbic, gallic, and vanillic acids,
epicatechin, quercetin-3-glycoside and kaempferol-3-galactoside. Conclusion. As the result
of the Laurus nobilis leaves samples study, gathered in Alushta outskirts, ascorbic acid
and 13 phenolic compounds were identified in water and water-alcohol (40% and 70%)
extracts using high performance liquid chromatography. Isoferulic and chicoric acids,
epigallocatechin gallate, dicoumarin, kaempferol, isoquercitrin, kaempferol-3-galactoside
and luteolin-7-glycoside were identified in Laurus nobilis leaves for the first time.

Keywords: laurel noble, Laurus nobilis, leaves, phenolic compounds

BBenenne. JIuctes 1aBpa HCMOJB3Y- Introduction. Laurus nobilis leaves are
TOTC B KQ9CCTBC CBIPBA UL MPUTOTOBIIC-  ysed as raw materials for seasonings, and
HUsSI cCTIeNHi U mpunpaB Hapoaamu Cpeau-
3€eMHOMOPCKHUX U APYTUX CTpaH mupa [1].

OHM NpUMEHSAIOTCS B HAPOTHON MeauIu-
HE PasHBIX CTPAH JUIS CHIDKCHHUS BBICOKO- medicine of different countries to reduce a

flavors by peoples of Mediterranean and
other countries [1]. They are used in a folk

TO YpOBHS TJIOKO3BI B KpoBH, npu rpud- high level of blood glycosis, to treat fungus
KOBBIX M OakTepuanbHbIX HMH(EKLUMAX; and bacterial diseases; biologically active
OMOJOTHYECKH aKTUBHBIE BELIECTBA, CO-
JeprKalecss B HUX, 001a/1al0T MPOTHBO-

BOCTIAJINTEIHHBIMH,  yCIOKAUBAIOIUMU,
MPOTHBOSIMIENTHIeCKUME  cBoiicTBamu  S)- Leaves of Laurus nobilis are officinal

substances of leaves has anti-inflammatory,

soothing, and anti-epileptic properties [2,

[2, 3]. Jluctesa maBpa OmaropogHoro sB- raw materials (Lauri Folium) in Iran [4].
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JASI0TCST OPUIUHAIBHBIM ChIpbEM (Lauri
Folium) B Upawne [4].

XUMUYECKHM COCTaB JIUCTHEB HCCIIE-
JIOBAJICSl JIOCTaTOYHO UIMPOKO YUYEHBIMU
pa3HbIX CTpaH, IJ€ ATO PACTEHHE MPOU3-
pacTaeT B €CTECTBEHHBIX MECTaX OOMTaHUS
WIH KyJIbTUBUpYeTcs. B nmpeapiaynmux ¢u-
TOXUMHUYECKUX HCCIICIOBAHUSIX B JIUCTHSX,
noberax, MmiIogax M KOpHIX JlaBpa Obuin
oOHapyXeHbI pa3HbIE TPYIIHI XUMHUECKUX
COEJIMHEHUH, OJJHAKO 3TH CBEACHMS HEIO-
CTaTOYHO MOJHBIE.

O¢dupHoe macio B HaMOONIbIIEM KOJH-
YeCTBE HAKAIUIMBAETCSI B JIUCTHSIX JaBpa
1 MOXET gocturarh 10 2% u Oonee B Ie-
pecueTe Ha BO3IYIIHO-CYXO€ ChIpbe [5, 6].
1,8-1{uHeon sBaseTCs IIaBHBIM KOMIIOHEH-
TOM 3(UPHOTO Macia MPaKTUYECKHU BO BCEX
U3BECTHBIX wuccaenoBanusx [7]. Ilmombr
cozepxkar xupHoe [8] u aupHOEe Macio,
UMEHHO 3Ta CMECh OblJla M3BECTHA paHEe
MOJT Ha3BaHUEM «MAacIO JIaBpa» U coliepxka-
Jla B KAYECTBE OJTHOTO M3 KOMIIOHEHTOB Jia-
ypocTeapuH — 3Gup JayprHHOBON KHUCIOTHI.

Kopau u nmcthst maBpa OGrmaropomHoro —
UCTOYHUK CECKBUTEPIIEHOBBIX JIAKTOHOB [6].
JIBa OTUETIIMBBIX XMMUYECKUX THIIA, CONEP-
JKallye J1aypeHOOHONIU U KOCTYHOIU/I, KaK
IJIaBHBIC BEIIECTBA, ObUIM UACHTU(UITIPOBa-
HbI B HUX [9]. {11 cCECKBUTEPIIEHOBBIX JIAKTO-
HOB JIaBPOBBIX JIUCTHEB YCTAHOBIICHBI Pa3HbIC
¢apmakoIoruyeckue CBOMCTBA, BKIIIOUAsT MH-
rudupytolee BIusHUE Ha npoxykimo NO
[10], mornomenue stunoBoro cnupra [11] u
MOBBIIICHUE AKTUBHOCTU TMEYEHOYHOM IIIIO-
TatuoH-S-TpaHcdepassl [12]. B mocnennee
NECATUIIETUE AaKTHUBHO WCCIEIYETCsl IIUTO-
TOKCHUECKasl (IPOTUBOPAKOBAsI) aKTUBHOCTH
OTAETBHBIX CECKBUTEPIICHOBBIX JIAKTOHOB
(KOCTyHONU, JETUAPOKOCTYCIIAKTOH) U3 JIU-
CTbEB ATOro pacteHuii [13].

Kpowme Toro, B HeM 0OHapy»KeHbI alika-
aounsl [14], Toxodeponsr [15] u peHOMB-
HbIE COE€IMHEHUS [2].

O0630p Hay4HOU JUTEpaTyphl (CTaThs B
npoliecce MyOauKaluu) Mokaszal, 4to (e-
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Chemical composition of the leaves
was examined by a big number of scientists
from all over the countries were this plant
grows in natural areas or is cultivated. In
previous phytochemical studies there were
found different groups of chemical com-
pounds in leaves, sprouts, fruits, and roots
of Laurus nobilis, however the data were
insufficient.

Small quantity of essential oil is accu-
mulated in the leaves of Laurus nobilis and
may reach up to 2% and more in terms of
air dry raw materials [5, 6]. 1,8-cineol is the
main component of essential oil almost in
all known studies [7]. The fruits contain fat
[8] and essential oils. This mix was the one
that was known under the name “laurel oil”
and has laurostearin — ether of lauric acid as
one of the components.

Roots and leaves of Laurus nobilis are
the source of sesquiterpenic lactones [6].
Two clear chemical types, which contain
laurenobiolid and costunolid as the prin-
cipal substances, were identified there [9].
There were established different pharma-
cological properties for sesquiterpenic lac-
tones of Laurus leaves, including inhibiting
influence on the products NO [10], adsorp-
tion of ethanol [11] and increase of liver
glytation-S-transferase activity [12]. The
last decade cytotoxic (antitumor) activity of
certain sesquiterpenic lactones (costunolid,
dehidrocostuslacton) from this plant leaves
has been actively studied [13].

It also has alkaloids [14], tocopherols
[15] and phenolic compounds [2].

A review of scientific literature (an ar-

ticle in publication) showed that phenolic
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HOJIbHBIE COEIUHEHHUS B JIMCThSIX JaBpa
npencTaBieHbl GuiaBoHOUAAMH (B OCHOB-
HOM, TIPOU3BOJIHBIC KBEPIIETHHA, Kemrde-
poJia v anureHrnHa), GeHOIbHBIMU KUCIIOTA-
MU (3,4-mUruapoKCUOCH30HAs, TaJJIOBas,
BAaHWJIMHOBAs, PO3MapUHOBAs, Ko(eiiHas,
depynoBasi, KymMapoBas, 2-THIAPOKCHUIIMH-
HaMoBasi) W (¢uaBaH-3-o1amMu  (KaTeXuH,
(+)-ranmiokaTexuH, SMUKATEXUH, UTAIIIO-
KaTeXWH, JMHUKATeXUHTAIIAT, [TUHHAMTAH-
HuH Bl), kotopble ObUIM BBIJEICHBI U3
BOJIHBIX, CIUPTOBBIX, CIHUPTOBOAHBIX H3-
BJICUECHUN U UACHTU(PHUITUPOBAHBI C UCTIONb-
30BaHUEM (PU3UKO-XUMUYECKUX U CIICK-
TPaJIbHBIX XapPAKTEPUCTHUK.

@DeHoIIbHbIE COSAMHEHUS J1aBpa Ccoriac-
HO OITyOJUKOBAHHBIM JaHHBIM OKCIIEPH-
MEHTAJIbHBIX HCCJIEIOBAHUN MPOSBIISIIOT
BBIPXKCHHYI0 aHTUOKCUIAHTHYIO U aHTUpa-
JTUKAJIbHYI0 aKTUBHOCTb, OKa3bIBalOT UHIU-
Oupyrolee BIUSHUE HA MPOTYKIIUIO OKCH/IA
a30Ta, HaTpUM-KaIMEeBYIO aJIeHO3UHTPH-
¢docdarasy, Ha IMHUM OMYXOJIEBBIX KJIETOK
(HeLa, MCF7, NCI-H460 u HCT15), xa-
paKTepHU3yIOTCS aHTUOAKTEPHAIILHBIM JIEH-
CTBUEM B OTHOILEHHH T'PAMIIOIOKUTEIb-
HBIX U TPaMOTpHUIIATENbHBIX OakTepuit [2].

JIucths naBpa OIArOPOTHOTO SIBISTFOTCS
[IEHHBIM HMCTOYHUKOM (PEHOJIBHBIX COEIU-
HeHMi. B cymme ux copepkaHue B 3TOM
CBIPbE MOXKET IOCTUTATh 10 99,7 T/Kr (B Te-
pecuére Ha rajuioByI0 KUCIOTY) [16].

KonnuectBeHHOE conepkaHUEe pa3HbIX
rpynn (peHONIbHBIX BEIIECTB BapbUPYET B
3aBUCUMOCTH OT MecTa cOopa, MCTOYHHMKA
ChIpbs (KyJbTUBUPYEMbIE WM JUKOPACTY-
e pacteHus), BpemeHu (¢asbl) ero 3a-
TOTOBKH, CIIOC00a CYIIKUA U U3BJICUCHUS U3
CeIpbst U T.1. [17].

KadecTBeHHBII coCTaB (EHOIBHBIX CO-
€IMHEHU! B M3BJICUCHUSIX U3 JIUCTHEB JIAB-
pa cormacHo OmyOJIMKOBAaHHBIM JITAHHBIM B
OOJIBIIMHCTBE MCCIEAOBAHUN OMPEEISIICS
C HMCTOJB30BAaHUEM METOa BBICOKOI((hEK-
TUBHOM KUJKOCTHON Xpomarorpaduu, co-
BMEIIEHHON ¢ Y®- U Macc-IeTeKTOpaMH.

compounds in laurel leaves are represent-
ed by flavonoids (mainly quercetin deriv-
atives, kaempferol and apigenin), phenolic
acids (3,4-dihydroxybenzoic, gallic, van-
illic, rosemary, caffeic, ferulic, coumaric,
2-hydroxycinnamic) and flavan-3-ol (cate-
chin, (+)-gallocatechin, epicatechin, epigal-
locatechin, epicatechinhallate, cinnamtan-
nin B1), which were isolated from aqueous,
alcoholic, alcoholic extracts and identified
using physical, chemical, and spectral char-
acteristics.

According to the published data of ex-
perimental studies, phenolic compounds
of Laurus exhibit signified antioxidant and
antiradical activity, have an inhibiting influ-
ence on the production of nitrogen oxide,
sodium-potassium adenosine triphospha-
tase, lines of tumorous cells (HeLa, MCF7,
NCI-H460 u HCT15). They are character-
ized by the antibacterial action in relation to
gram-positive and gram-negative bacteria
[2].

Laurus nobilis leaves are a valuable
source of phenolic compounds. Their con-
tent in these raw materials may rich up to
99.7 g/kg (in terms of gallic acid) [16].

Quantitative content of different groups
of phenolic compounds varies depending on
a place of gathering, raw materials source
(cultivated and wild growing plants), time
(phase) of its gathering, way of drying and
extraction from the raw materials etc. [17].

According to the published data qual-
itative content of phenolic compounds in
extracts from the leaves of Laurus nobilis
is determined using the method of high per-
formance liquid chromatography, together
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CoenguHenust WACHTUPUIMPOBAIUCH IO
BpEMEHAM YJIEP)KMBAHUS U CPAaBHEHUEM CO
CTaHJIapTHBIMH oOpasmamu [1, 18].

O (eHONbHBIX COEIUHEHUSX JIHCTHEB
JaBpa O1aropoaHOTO, MPOU3PACTAIONIETO U
KyJbTHUBUpYyeMoro B Poccuu, nmpakTuyecku
MaJio, 4To u3BeCcTHO. [loaToMy nanpHeIee
Oonee mIyOOKOE UCCIIEIOBAHUE JIUCTHEB
JaBpa OJaropoiHOro, KyJabTUBHUPYEMOTO B
Poccun, akTyanbHO, O3BOJIUT OLIEHUTH Ka-
YECTBO ITOTO CBHIPBS 1O CONEPIKAHUIO (e-
HOJIbHBIX COE€IMHEHUH 1 pa3paboTaTh METO-
JIUKU €r0 CTaHAapTH3aIUH.

Hear ucciaenoBanuss — uaeHTU(UKA-
s (EHONBHBIX COCIUHEHUM B BOJHOM
U BOJHO-CIUPTOBBIX HM3BJICUCHUSAX U3 JIH-
CTBEB JIaBpa OJIATOPOIHOTO, IPOU3PACTAIO-
1Iero Ha nosyoctpose Kpbim.

MarepuaJjnbl u meToabl. OOBEKTOM HC-
CIIEZIOBAHUS SBISUIMCH OOpaslbl JINCTHEB
1agpa 61a2opooHo2o, cobpanHvie 8 urje
2016 roga B okpecTHOCTX T. Anymirta (Pe-
cnyonuka Kpseim). HccnenoBanue kade-
CTBEHHOI'0 cocTaBa (DEHOJIBHOTO KOMILIEK-
ca B M3BJICUCHUSAX U3 U3YyUaEMBIX 00pa3IioB
JIUCTHEB JIaBpa OJAropoIHOTO MPOBOIUIH C
MTOMOUIBIO BBICOKO3(DPEKTUBHOTO KHUIKOCT-
Horo xpomarorpada «Hitachi Chromaster»
¢ tepmoctaroM KoJoHOK «Column Oven
5310», Hacocom «Pump 5110» u YO-ge-
tektopoM «UV-detector 5410».

Pesyabrarel u o0cyxkaenue. O6pasibl
JUCTHEB JIaBpa OJaropoJHOro M3MEIbYaIH
70 pa3Mepa 4YacTull, MPOXOJSAIINX CKBO3b
CUTO ¢ auameTpoM orBepctuil 1 mm. 3,0 T
(TouHass HaBeCKa) M3MEJIBYEHHOIO ChIPbS
noMemaii B Kojaby co nuim@om BMECTH-
mMocTho 100 mu1, npunuBanu 30 M1 BOIBI
OUHIIEHHOH 100 criupTa 3THoBoro 40%,
an6o cnupra stunoBoro 70%. Konby npu-
COCNIMHSIIU K OOpPaTHOMY XOJIOAWJIBHUKY W
HarpeBaju Ha KUIISIIEH BOJSHON OaHe B
teyeHue 30 MuHyT. OCThIBIIIEE U3BIICYECHUE
dbunpTpoBasi yepe3 OyMaxkHbIN 0€330I1b-
HBI (UIBTP B MEPHYIO KOJIOYy BMECTHUMO-
ctbio 100 M1, K chIpbIO IPUITUBAIN CBEKYIO
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with UV and mass detectors. Compounds
were identified by the retention time and
comparison with standard samples [1, 18].

There is a little information about phe-
nolic compounds of Laurus nobilis leaves
which grows and is cultivated in Russia.
Therefore further profound study of Laurus
nobilis leaves, cultivated in Russia is timely
and will allow estimation of this raw ma-
terial quality by content of phenolic com-
pounds and determination of its standard-
ization methods.

The aim of the study was to identify phe-
nolic compounds in water and water-alco-
hol extracts from the Laurus nobilis leaves,
which grow in Crimea.

Materials and methods. Laurus nobilis
leaves, gathered in Alushta outskirts (Re-
public of Crimea) in July 2016. Examina-
tions of qualitative composition of phenolic
complex in extracts from Laurus samples
under study were carried out using «Hitachi
Chromaster» high-performance liquid chro-
matographer with «Column Oven 5310»,
«Pump 5110» and «UV-detector 5410».

Results and discussion. Samples of
Laurus nobilis leaves were milled to parti-
cles penetrable through a sieve with 1 mm
holes. Then 3.0 g (precise weighing) of
milled raw materials were placed to a flask
with 100 ml sleeve, 30 ml of cleared wa-
ter or ethanol 40% or ethanol 70% were
poured. The flask was connected to the re-
flux condenser and warmed at water bath
during 30 minutes. Cold extract was filtered
through a paper ash-free filter into 100 ml
measuring flask. Raw materials were added
with a fresh portion of extragent. After that
the above mentioned process was repeated
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MOPIUIO SKCTPAreHTa U MOBTOPSIIN BBIIIEO-
MHCAHHBIA MPOLECC ABAXK]bI. M3BIeueHus
00bEeIMHANIM, PACTBOPUTENb OTTOHSJIU Ha
POTOPHOM HCHApUTENe MPU MOHUKEHHOM
JABJICHUHU, CYXHE€ OCTarKd PacTBOPSIU B
10 mu1 BOZIBI OUHMIIIEHHOM MO0 CUpTa ITH-
soBoro 40%, mu6o crupta dtrnoBoro 70%
u nentrpudyruposanu npu 5800 o6/muH.
Kaxxnp1it pacTBOp OTAEIIAIN OT OCaaKa.

[TapannensHo roroBunu ceputo 0,05%
pPacTBOPOB CTaHIAPTHBIX 00pa3IoB de-
HOJIbHBIX COEIMHEHUN: PyTHHA, KBEPIETHU-
Ha, KBEPIETUH-3-TJIIOKO3U/Ia, KeMIdepona,
KeMrgepon-3-rajakro3naa,  JIIOTEOIUHA,
JIOTEOJIMHA-7-TJIMKO3Ua,  TeCIepUIUHA,
TUNEepO3u/a, alWreH’uHa, KBEpUUTPHUHA,
M30KBEPILUTPHUHA, JTUTUAPOKBEPIIETUHA,
KyMapuHa, TUKyMapuHa, KHCJIOThI acKop-
OMHOBOM, KHCIOTHI KO(MEWHOW, KHUCIOTHI
BAHUJIMHOBOW, KHCJIOTBI XJIOPOT€HOBOW,
KHUCJIOThI KOPUYHOW, KACIIOTHI IUKOPUEBOM,
KHUCTIOTHI (hepynoBOM, KHCIOTHI H30depy-
JIOBOM, KHUCJIOTHI TaJUIOBOM, SIMKATEXHHA,
eannam onueanmnokamexuna (SI'KI). Tlo
20 MKJ UCCIeIyeMOro M3BJIEUEHHUs U pac-
TBOPOB CTaHAApTHBIX 00pa3lloB BBOJAWIIU B
BBICOKOA()(DEKTUBHBIN KUIKOCTHON XpoMa-
torpad ¢upmsr «Hitachi Chromaster», co-
CTOSIILIETO U3 TEPMOCTATa KOJIOHOK (MOJEINb
«Column Oven 5310»), Hacoca (Mozenb
«Pump 5110») u Y®-nerektopa (Moaenb
«UV-detector 5410»).

B kausectBe HemomBmxkHOM (a3bl uc-
MOJIb30BaJIM  METaJUIMYECKYI0  KOJIOHKY
«Nucleodur C18» paszmepom 250%4,6 Mm,
pa3Mep 4acTHIl 5 MKM.

B kauecTBe moaBMKHOM (a3bl UCIOJb-
30BaJII CMECh: METAHOJI — BOAA — KHC-
gora ¢docdopHas  KOHIIECHTPUPOBAHHAs
(36:65:0,2). CropocTth mogauu dmroenta 1,0
MJI/MUH. AHaIu3 MPOBOJIWIN MPU KOMHAT-
HOoW Temneparype. [IpogoiKUTENbHOCTD
ananu3a 50-70 muH. JleTekTupoBaHue mpo-
BOJWJIM TIPH JUTMHE BOJHBI 290 HM.

two times. The extracts were blended, sol-
vent was distilled at rotor evaporator in low
pressure, dry residues were solved in 10 ml
of clear water, or ethanol 40% or ethanol
70%, and were centrifuged at 5800 rpm.
Every solution was separated from the re-
sidual matter.

At the same time we were preparing se-
ries of 0.05% solutions of standard samples
of phenolic compounds: routine, quercetin,
quercetin-3-glycoside, kaempferol, kaemp-
ferol-3-galactoside, luteolin, luteolin-7-gly-
coside, hesperidin, hyperoside, apigenin,
quercitrin, isoquercitrin, dihydroquercitrin,
coumarine, dicoumarin, ascorbic acid, caf-
feic acid, vanillic acid, chlorogenic acid,
cinnamic acid, chicoric acid, ferulic acid,
isoferulic acid, gallic acid, epicatechin, epi-
gallocatechin gallate. 20 pl of the extract
under study and solutions of standard sam-
ples were put into «Hitachi Chromaster»
high-performance liquid chromatographer,
which consists of «Column Oven 5310»,
«Pump 5110», and «UV-detector 5410».

«Nucleodur C18» metallic column with
sizes 250x4.6 mm and particles size 5 um
was used as a stationary phase.

A mixture: methanol — water — phospho-
rous acid concentrated (36:65:0.2) was used
as a mobile phase. Eluent delivery rate — 1.0
ml/min. Analysis was executed at ambient
temperature. Analysis took 50-70 minutes.
Detection was done at the wave length of
290 nm.
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Pucynok 1 — Xpomamozpamma u3zéneuenus, noay4eHHo20 cRupmom smunoevim 70%
u3 1ucmoeg 1aepa 01a20po0H020

Figure 1 —Chromatogram of extract, obtained with ethanol 70%
Jfrom Laurus nobilis leaves

Tabnuya 1 — Xpomamozpaghuueckue xapaxmepucmuKku 0OHAPYHCEHHBIX COCOUHEHUT

(cnupm 3munoewviit 70%)

Table 1 — Chromatographic characteristics of the compounds detected (ethanol 70%)

Bpewmst / | Beicora | [Tnomans /
[T/ Coemunenne / Compound Time | / Hight Square Acmam. /
Peak vua/ | mAU/ [mAUxcek /| Asymm
min mAU | mAUXxcexk
1 |Heunentudumnmposano / Undefined 3.764*% | 2191 708.51 0.48
2 |Hewmpentuduuuponano / Undefined 4.118 33.01 412.44 1.02
3 |Kodeiinas kucnora / Caffeic acid 4.621 59.24 2271.04 1.67
4 |Tannosas xkucnora / Gallic acid 5.962 21.74 1211.78 0.89
5 |Hwuxopuesas kucnora / Chicoric acid 6.874 12.87 518.99 1.84
6 |OI'KI'/ Epigallocatechin gallate 7.988 12.47 917.89 1.46
7 |Hempentudunuposano / Undefined 9.345 17.16 651.52 0.73
8 |Hewmpentuduuuposano / Undefined 10.13 13.28 795.85 232
9 |Heugentudunuponano / Undefined 12.09 16.83 1042.22 0.58
10 figgﬁi“?;l;fzfgsm/ 1411 | 1884 | 171297 | 0.4
11 |Hewmnentuduuuposano / Undefined 15.42 9.70 455.78 2.24
12 |Heunentudunuposano / Undefined 18.78 10.68 884.20 2.35
13 |Heunentudunuposano / Undefined 31.34 1.15 90.47 1.15

* — npedcmasnenHvle OaHHble — CPeOHUe 3HAUEHUsL Pe3YTbMAmos mpex no8mopHocmell
*— data shown are the average values of three replication results
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W3 nannbix puc. 1 utabn. 1 cnexyer, 4To
XpOMarorpaMMbl U3BJICUYEHUH, [TOJTyYEHHbIX
crnupToM 3TUoBbIM 70% U3 TMCTHEB JaBpa
071aropoJIHOTO, 3aroTOBJICHHBIX B OKPECT-
HOCTAX I Anymura, coaepar 13 nukos. B
KaueCcTBE KOMIIOHEHTOB HJIECHTU(UIIPOBaA-
HBI Ko(heliHas, rajuioBast U [IUKOpHUeBast KUC-
70Thl, Tayuar snuramnokarexuna (OIKT),

JIIOTEOJINH- 7 -TTTIOKO3 M.

As it is shown in the figure 1 and table 1,

chromatograms of extracts obtained using

ethanol 70% from Laurus nobilis leaves,

gathered in Alushta outskirts have 13 peaks.

The components identified: caffeic, gallic,

and chicoric acids, epigallocatechin gallate,

luteolin-7-glycoside.

Pucynox 2 — Xpomamozpamma uzeneuenus, noay4eHHo20 cnupmom 3muiosevim 40%
U3 aucmoves 1aepa 61a20po00HO20

Figure 2 — Chromatogram of extract, obtained with ethanol 40%
from Laurus nobilis leaves

Tabnuua 2 — Xpomamozpaguueckue xapakmepucmuxu
ooHapyscenHbIX coeounenuil (cnupm smunoetit 40%)
Table 2 — Chromatographic characteristics of the compounds detected

(ethanol 40%)
Bpewmst / | Beicora / | [Tmomans /
Ti Hight
i / Coenunenne / Compound - . mISAq[lJlire Acim. /
Peak s P muH./ | mAU/ / €K1 Asymm
min mAU mAUXceK
1 |Heunentuduuuponano / Undefined 3.747*% | 3493 716.82 0.27
2 |Heunentuduuuponano / Undefined 3.925 35.45 306.96 0.73
3 |Heunentudpumuponano / Undefined 4.129 88.72 1556.98 2.01
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IIpooonocenue maonuywl 2 / Table 2 continued

4  |Kodeiinas kucnora / Caffeic acid 4.533 75.20 1281.75 3.23
5 | Jduxymapus / Dicoumarin 5.345 167.03 2738.90 2.76
6 I"ammoBas kucmota / Gallic acid 5.96 475.61 12399.47 3.30
7 | DOnukarexun / Epicatechin 7.595 22.85 373.27 0.83
8 Heunnentudumuposano / Undefined 9.408 35.94 1421.84 2.17
9 |Uzodepynosas kuciora / Isoferulic acid 12.03 18.11 1153.54 2.24
10 |Hewnentudurnuponano / Undefined 14.78 6.18 252.76 0.64
11 |Hemnentudumuposano / Undefined 16.13 19.28 1542.89 1.73
12 |Hewpentuduruponano / Undefined 18.96 76.85 4331.67 0.35
13 |Hewpentuduruponano / Undefined 19.87 97.11 8683.46 4.69
14 |Kemndepon / Kaempferol 25.1 76.11 8937.64 2.06
15 |M3oxBepuutpuH / Isoquercitrin 31.26 8.02 1317.26 1.82

* — npedcmasnennvle OaHHble — CPeOHUe 3HAUEHUsL Pe3YIbMAmos mpex no8mopHocmell
*— data shown are the average values of three replication results

N3 nannbIX puc. 2 u Tadi. 2 cleayerT, 4To
XpOoMaTrorpaMMbl U3BJICUEHUM, TOJTyYEHHbIX
crupToM 3TUI0BbIM 40% W3 JINCTHEB JaBpa
0J1aropoIHOTO, 3aroTOBJIEHHBIX B OKPECT-
HOCTSX I. AnymiTa, coxepxar 15 nukos. B
KaueCTBE KOMIIOHEHTOB ATOIO U3BJICUECHHUS
UAeHTU(DUITMPOBAHBI KO(eitHas, rajioBas 1
u3odepylioBasi KUCIOTbI, JUKYMAapUH, 3H-
KaTeXuH, KeMI(epoa 1 U30KBEPIUTPUH.

As it is shown in the figure 2 and table 2,
chromatograms of extracts obtained using
ethanol 40% from Laurus nobilis leaves,
gathered in Alushta outskirts have 15 peaks.
The components identified: caffeic, gallic,
and isoferulic acids, dicoumarin, epicate-

chin, kaempferol, and isoquercitrin.

Pucynok 3 — Xpomamozpamma 600H020 u3eiedeHus u3 JUchbes 1aspa 01a20pooHozo
Figure 3 — Chromatogram of water extract from Laurus nobilis leaves
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Tabnuua 3 — Xpomamozpaghuueckue xapaxmepucmuku 00HAPYHCEHHBLX COCOUHEHUT

(6ooa)
Table 3 — Chromatographic characteristics of the compounds detected
(water)
Bpewms / | Boicora/ | Ilnomans /
[Tz / Coenunenune / Compound Time Hight Square | Acim. /
Peak MUH. / mAU/ | mAUxcek /| Asymm
min mAU mAUXxcek

1 | AckopbunoBas kuciota / Ascorbic acid | 3.38* -0.08 67.75 140.40
2 |Heunentudunuponano / Undefined 3.753 3.70 18.85 1.16
3 |Heunentudunuponano / Undefined 4.151 34.26 490.30 3.14
4  |T'annosas kucnota / Gallic acid 5.227 101.70 1566.90 2.40
5 |Bamwmobas kuciora / 6.077 | 213.11 | 546402 | 2.89

Vanillic acid
6 |Onuxarexun / Epicatechin 7.612 14.85 665.07 0.95
7  |Hempentudunuponano / Undefined 9.777 12.56 412.34 2.30
8 |Hemaentudpunuposano / Undefined 12.56 5.19 304.61 1.41
g |Keepuetuii-3-rmowosita/ 1756 | 1697 | 111943 | 1.01

Quercetin-3-glycoside
10 |Heunentudunuposano / Undefined 19.92 20.87 1437.90 0.45
11  |Heuaentudunuposano / Undefined 20.93 16.93 1272.67 5.17
1o |Kewndepor-3-ranaxrosin / 26.92 1732 | 147424 | 0.92

Kaempferol-3-galactoside

* — npedcmasnennvle OaHHble — CPeOHUE 3HAUEeHUS Pe3YTbmamos mpex nosmopHocmel
* — data shown are the average values of three replication results

N3 nanubix puc. 3 u tabn. 3 cienyer,
YTO XpOMATOTpamMMbl H3BJICYEHUH, MOIY-
YEHHBIX C MOMOIIBIO BOJABI OYUIICHHOU U3
JUCTHEB JIaBpa OJIArOPOHOTO, 3aTrOTOBIICH-
HBIX B OKPECTHOCTSIX T. AJTyITa, CofepKaT
12 nukoB. B xauecTBe KOMIIOHEHTOB 3TOTO
W3BIICUCHUS HUACHTH(PHUITUPOBAHBI aCKOP-
OWHOBAsI, TAJIJIOBasi U BAHUJIMHOBAS KHUCIIO-
ThI, YMUKATEXUH, KBEPIIETUH-3-TJIIOKO3U]] U
KkeMIi(epoi-3-rajakTo3u/.

3akirouenune. Takum obOpazom, B pe-
3yJbTaTe U3y4eHus 00pa3IoB JINCTHEB JaBpa
0IaropoHOTO, COOPAHHBIX B OKPECTHOCTSIX
I. AnymTa, B UX BOJIHOM W BOJIHO-CITHP-
ToBBIX (40% u 70%) u3BIEUEHUSX C TIO-
MOIIbIO  BBICOKOI(DPEKTUBHON KUIKOCT-
HOM Xpomarorpaduu MACHTUPUIIMPOBAHBI
ackopOMHOBas KHcioTa W 13 coenuHEHUI
(heHONIbHON MPUPOABL: TaJJIOBAasi, BAaHWIIH-

As it is shown in the figure 3 and table 3,
chromatograms of extracts obtained using
clarified water from Laurus nobilis leaves,
gathered in Alushta outskirts have 12 peaks.
The components identified: ascorbic, gal-
lic, and vanillic acids, epicatechin, querce-
tin-3-glycoside, and kaempferol-3-galacto-
side.

Conclusion. Thus, in the result of the
study of Laurus nobilis leaves samples gath-
ered in Alushta outskirts, using high-perfor-
mance liquid chromatography ascorbic acid
and 13 phenolic compounds were identi-
fied in their water and water-alcohol (40%
and 70%) extracts: gallic, vanillic, caffe-
ic, isoferulic, and chicoric acids, epigallo-
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HOBas1, KoeitHast, n3odepynoBast u UKOPH-
eBasi KHCIIOThI, TajulaT SMUrajIOKaTeXHuHa,
JTUKYMapHH, STHUKaTeXUH, KeMpepo1, u3o-
KBEPIIUTPHUH, JTIOTEOTUH-7-TJIFOKO3U I, KBEP-
LETUH-3-TJTI0KO3u ] U KeMmripepo-3-ranax-
TO3U/.

U3odepynoBas 1 MUKOpreBast KUCIOTHI,
rajar OSIUTaJIOKaTeXWHA, TUKyMapHH,
KeMQepos, HW30KBEPUUTPHUH, Kemriie-
pOJ-3-TajlakTO3UJl ¥ JIFOTEOJIMH-7-IJIIOKO-
3H]1 B JIUCThS JaBpa OIaropoJHOro UJIEHTH-
(uLUpPOBaHbI BIEPBBIE.

Kak crienyer u3 mojiy4eHHbBIX JAHHBIX,
OCHOBHBIMH TPYTITIIaMU (PEHOJIBHBIX COEIH-
HEHUH, WICHTH(QHUIMPOBAHHBIX B JIUCTHIX
JaBpa, MPOU3PACTAIOIIETO B OKPECTHOCTSIX
. Anyira, sBIsOTCS (EHOJIbHBIE KHUCIIO-
Thl, (p1aBOHOUBI U (hr1aBaH-3-0JIbl.
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catechin gallate, dicoumarin, epicatechin,
kaempferol, isoquercitrin, luteolin-7-gly-
coside, quercetin-3-glycoside and kaemp-
ferol-3-galactoside.

Isoferulic and chicoric acids, epigallo-
catechin gallate, dicoumarin, kaempferol,
1soquercitrin, kaempferol-3-galactoside and
luteolin-7-glycoside were identified in Lau-
rus nobilis leaves for the first time.

As it follows from the data obtained, the
principal groups of phenolic compounds,
identified in Laurus nobilis leaves which
grow Alushta outskirts are phenolic com-

pounds, flavonoids, and flavan-3-oles.
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MNONYYEHUE MUKPOKANCY/ NPOTUBOTYBEPKYNE3HbIX NPEMAPATOB
HA OCHOBE BUOMNOJ/IUMEPOB U NOJTIUINEKTPOJZIUTOB

B.X. Mycabaesa', K.b. Myp3azynoea*?, M.E. Kum?,
B.A. H3ympyooé®, 3.7K. Apuncanosa’
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yuusepcumema um. M.B. Jlomonocosa, 119991, Poccus,

2. Mocksa, yn. Jlenunckue eopul, 0. 1
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ENCAPSULATION OF ANTITUBERCULAR DRUGS
BY BIOPOLYMERS AND POLYELECTROLYTE MULTILAYERS

B.H. Mussabayeva *, K.B. Murzagulova ', M.E. Kim 2,
V.A. Izumrudov 3, Z.Zh. Aripzhanova '

'Department of Chemistry, Shakarim State University of Semey,
20a, Glinka St., Semey 071400, Republic of Kazakhstan
2 Ph C “Romat”, 33, Karamzina St., Pavlodar region, Pavlodar,
140000, Republic of Kazakhstan
‘Department of High Molecular Compounds, Lomonosov Moscow State University,
1, Leninskiye Gory St., Moscow, 119991, Russia
E-mail: kaf-him@post.semgu.kz

IIpobnema neuenusi 1eKapcmeeHHO-yCmoudugo20 myoepKyie3a s61saemcs ClOHCHOU U
AKMyaIbHOU. CIMAHOAPMOM JledeHus npedyCMOmMpeH npuem nayueHmom uecmu HaumeHo-
BaHULL AHMUOUOMUKO8, M.e. 00 08a0Yamu mabiemox 6 Cymku. Imo 8vi3vieaen msiiceivle
nobounvle d¢hghexmol, 8 Mmom wucie us-3a 00pa308aHuUs 8 OP2aHUIMe MOKCUUHBIX NPOOYK-
Mo 83auMo0elCmaUsL 1eKapCmeeHHbIX npenapamos. Ilosmomy éasxcHo, umodwvl 00HU npe-
napamsi pacmeopanucs 6 xcenyoke, a Opyue — 6 KuuleuHuKe, Ymo npuseoem K no8blUEeHUIO
buodocmynHocmu, YMeHbuleHUu0 003UpO8KU, U, KAK C1e0Cmaue, K CHUNCEHUIO MOKCUYHO-
cmu. Mumepec npedcmasisiem co30anue cucmem HanpasieHHol 00CmasKu 1eKapcmeeH-
HbIX CPEeOCm8, UMEIOWUX KOHMPOIUPYeMoe 8blc8000dCOeHUe U MUHUMUZAYUIO NOOOUHBIX
appexmos. OOnum U3 Memooos AGNAEMCs BKIOUEHUE 8 NOTUILEKMPOIUMHBLE MYTIbINUC-
nou. Ienvto oannoii pabomsi A61410CL MUKPOKANCYIUPOBAHUE NPOMUBOMYOEPK)IE3HbIX
npenapamos 8 NOAUINEeKMPOIUMHbIE MYTbMUCIOU HA OCHO8E OUONOIUMEPOS, U3ydeHue
PACmMBOpUMOCMU MUKPOKANCYIL npu 3HaveHusx pH, modenupyowux pasnuunvie yuacmku
JHceny0ouHo-Kuueunoeo mpakma. Mamepuanovt u memoosl. [ nonyyeHuss MUKpOKancyi
UCNONb306AHbL IeKAPCMBEHHbIE NPENnapamyl. U30HUAZUO, NUPAZUHAMUO, MOKCUDTIOKCAYUH
u buononumepvl — 2eIaH, NeKMUH U AlbeUHAmM HAMPUs, XUmo3ar u 0eKCmpaucyivgham,
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a maxace ayopaeum S. Ilonyuennvie MUKpOKancyivl u3yyervl Memooom pacmpoeou d1eK-
mpouHoU Muxpockonuu. Konuuecmeennoe onpeoenenue d¢hghekmusHocmu Ki0OueHUs Jie-
KAPCMBEHHbIX NPenapamos 8 MUKpOKAncyivbl NPo8oOULU (PapmMakonetuHblMu Memoodmu.
Pesynomamot u oocysycoenue. Ilokazana 803MO*CHOCHb MUKPOKANCYIUPOBAHUSL NPOMU-
60nybepKYNe3HbIX NPenapamos NUPA3UHAMuod, U30HUA3UOA U MOKCUPDTIOKCAYUHA NOCPeO-
CMBOM NOKPbIMUSL NOTUINEKMPOTUMHBIMU MYTbIMUCTOAMU. YCmaHoseHo, Yymo d¢hghex-
MUBHOCMb BKIIIOYEHUs] NOBbIUUAEMCS C Y8elUudeHUeM KOHYeHmpayuu 6uonoiumepa 8 psoy
usoHuasuo<nupazunamuo<moxcugnroxcayun. Ilpu pH=7,4 cmenenv 6v1c86000COeHUA
npenapamos u3 MUKpoKkancyi, 6e3 HaHeceHHbIX Mylbmucioes, cocmasuia 3a 12 uacos —
bonee 80%, m.e. npononeayus — 12 uacos. B ciyuae Mukpoxkancyi, nOKpblmsix HOAUILEKN-
ponumuuiMu mynvmucinoamu: 3a 12 yacos — 50-55%, 3a 18 uacoe — 6onee uem 80-87%. 3a-
Karuenue. l[lokazana 803MON*CHOCMb NOIYUEHUST MUKPOKANCYI NPOMUBOM)OEPKYIe3HbIX
npenapamos ¢ UCNoNb308aHUeM OUONOIUMEPOS C NOKPbIMUEM NOTUITEKMPOIUMHBIMU C1O-
AMU, 001A0AIOWUX NPOTOHSUPOBAHHLIM Oeticmauem 00 18 uacos, umo 6 1,5 paza bonvuue,
yem 0e3 NOKpuLMus.

Knioueswie cnosa: npomueomybepkynesnvie 1eKapcmeeHuble cpeocmed, MUKpOKancy-
JIbl, NONUINEKMPONIUMHbBLE MYTLINUCTOU

The problem of drug-resistant tuberculosis treatment is complex and urgent: the stan-
dard of treatment includes the oral administration of six names of antibiotics, i.e. up to
twenty tablets a day by the patient. This causes severe side effects, including those ap-
peared due to the formation of toxic products of drug interactions in the body. Therefore, it
is important that some drugs dissolve in a stomach, and others — in the intestine, which will
lead to increased bioavailability, reduced dosage and toxicity. The development of targeted
delivery systems for drugs with controlled release, targeted delivery and minimization of
side effects are of interest. One of the promising methods is polyelectrolytic multilayers
and the technology of creating such layers by a step-by-step adsorption of heterogeneously
charged polyelectrolytes. The aim of this article is the microencapsulation of anti-tuber-
culous drugs into biopolymers coated with polyelectrolytic multilayers, and the solubility
study of microcapsules at pH values simulating various parts of the gastrointestinal tract.
Materials and methods. Drugs as isoniazide, pyrazinamide, moxifloxacin, and biopoly-
mers: gellan, pectin and sodium alginate, chitosan and dextran sulfate, as well as Eudragit
S are used to prepare microcapsules. The obtained microcapsules are studied by a method
of scanning electron microscopy. Quantitative determination of the effectiveness of the in-
clusion of drugs in microcapsules was carried out using pharmacopoeial methods. Results
and discussion. The inclusion efficiency rises with an increase of biopolymer concentra-
tion. The inclusion efficiency increases in the row isoniazide <pyrazinamide <moxifloxa-
cin. The possibility of microencapsulation of anti-tuberculosis drugs of pyrazinamide, iso-
niazide and moxifloxacin by means of coating with polyelectrolytic multilayers is shown.
At pH = 7.4, the degree of release of the drugs from microcapsules without applied mul-
tilayers for 12 hours was more than 80%, i.e. the prolongation was 12 hours. In the case
of microcapsules coated with polyelectrolytic multilayers: for 12 hours — 55/50%, for 18
hours — more than 87/80%. Conclusion. The possibility of preparation of microcapsules
of anti-tuberculosis drugs using biopolymers coated with polyelectrolytic layers, having a
prolonged action is up to 18 hours, il.5 times greater than that without coating.

Keywords: anti-tuberculosis drugs, capsule, biopolymers, polyelectrolytic multilayers
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Beenenme. [IpoGiema neueHus nexap-
CTBEHHO-YCTOWYUBOTO TyOepKyne3a sBIIs-
€TCsl CII0)KHOM M aKTyaJIbHOW: CTaHIapTOM
JIeYEHUs PEAYCMOTPEH MPUEM MALIUEHTOM
[IECTH HaUMEHOBAaHUN aHTHOUOTHKOB, T.C.
710 IBaiaTH TabJIeTOK B CYTKH. DTO BbBI3bI-
BACT TsDKENbIe MOOOYHBIE YPQEKTH, B TOM
Yuclie U3-3a 00pa30BaHMs B OPraHU3ME TOK-
CUYHBIX MPOIYKTOB B3aUMOJEUCTBUS Jie-
KapCTBEHHBIX mpenaparoB. [loatomy Baxk-
HO, YTOOBI OJTHU Tpenaparbl pacTBOPSIIUCH
B JKEIyIKE, a Ipyrue — B KHUILIEYHUKE, UTO
MIPUBEAET K MOBBIILIEHUIO OMOJOCTYITHOCTH,
YMEHBIICHUIO JO3UPOBKU U K CHH)KEHHUIO
TOKCUYHOCTH [1].

B nmocnegnee Bpems M3ydeHBI BO3MOXK-
HOCTH HCIIOJIb30BAHUS PA3IMUYHBIX CHCTEM
JIOCTaBKU JJI CO3/IaHUS MTPOTUBOTYOEPKY-
JIE3HBIX JIEKAPCTBEHHBIX IPENApaToB: IO-
JUMEpPHbIE KOMIO3UTbl, MHKPOYACTHULIBI,
HAHOYACTHIIbI, JIUTIOCOMBI, 3aMOJHEHHBIC
U TIoJIbIe Karcyisl [2-12]. B GonbmmHCTBE
Clly4yaeB B KaueCTBE MOJIEIH pacCMaTpUBa-
cs pudammuius [5-8, 11-12].

Pandey R. ¢ coaBropamu [10] m3yummu
COBMECTHOE KalCyJIMpOBaHUE TPEX IMPOTH-
BOTYOEpKYJIE3HBIX MpenapaToB NEPBOTo psijia
(pudaMnuiyH, U30HUA3U], THPA3UHAMU)
B HaHo4YacTHIbl Tonu-DL-nakTua-ko-rm-
konuaa. Asropamu [11] ObuM TOMydYeHBI
XUTO3aH-aJIbIT'MHATHbIE MUKPOKAIICYJIbI, CO-
JiepKalliie MpoTUBOTYOEpKyJIe3HbIE JeKap-
CTBEHHbIC Mpernaparbl: pudaMnulH, H30-
HUA3W]l WM NMUPa3uHAMUJ B COOTHOILICHUU
mpemnapar : ajbrusar : xutosad (1:2:2). Ilo-
Ka3aHO, YTO Mpernaparbl BbICBOOOKIAIOTCS
13 TaKMX MUKPOKAIICYJI B TEUEHUE 72 4acoB.

B nureparype omnucaHbl pe3ynbTaThl
BKJIFOUEHUSI TPOTHUBOTYOEPKYJIE3HbIX Je-
KApCTBEHHBIX IpENapaToB B MHOTOCIOMN-
Hble Karcyinbl. Tak, pugamMIuiMH BBOJUIN
B KarncCyibl W3 TOJUBUHUINUPPOIUIOHA
U TIOJMMETAKPUIOBOM KHCIOTHI U3 & cilo-
€B Pa3MEpPOM HECKOJIBKO MUKpPOH. B Heli-
TpaJIbHON CpeJie JIEKapCTBEHHOE BEIIECTBO
BBICBOOOXKa10Cch Ha 90% [8].
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Introduction. The problem of drug re-
sistant tuberculosis treatment (DR-TB) is
difficult and timely. The standard of treat-
ment of DR-TB has provided reception of 6
antibiotics by the patient, i.e. 20 tablets each
day. It causes heavy side effects because of
the formation of toxic products in organism
as a result of drugs interaction. It is import-
ant that some drugs were dissolved in a gas-
tric, and others were soaked up in intestines
that lead to the increase of bioavailability,
reduction of a dosage, and decrease in tox-
icity [1].

Recently, the possibilities of different
drug delivery systems usage (DDS) for an-
tituberculosis drugs has been studied more:
polymeric  composites, microparticles,
nanoparticles, liposomes, the hollow and
filled capsules [2-12]. As a model of anti-
tuberculosis drug rifampicin has been more
studied [5-8, 11-12].

Evaluation of three first-line antituber-
culosis drugs (rifampicin, isoniazide, and
pyrazinamide) co-encapsulated in poly
(DL-lactide-co-glycolide nanoparticles was
carried out by Pandey et al [ 10]. The authors
[11] have prepared the chitosan-alginate
microcapsules containing antituberculosis
drugs rifampicin, isoniazide or pyrazin-
amide in the ratio drug: alginate: chitosan
1:2:2. They have shown that drug release
from microcapsules happens within 72
hours.

Some results of the inclusion of antitu-
berculosis drugs in multilayer capsules are
described in the literature. So, rifampicin
was included in multilayered capsules at
pH=2 to the capsules of polyvinylpirroli-
done and poly(methacrylic) acid formed
by 8 layers having several microns size. In
neutral media, up to 90% of the preparation
was released [8].
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HecMmotpss Ha Hanuuue omnpeneseHHO-
ro KoJnyecTtBa paboT B 3TOM Harpa.Je-
HUU, 710 HACTOSAIIETO BPEMEHHU MOJIHOCTHIO
pemmmth mpobiemy He ymaercs. [lo stoit
MIPUYMHE BHUMaHUE yleseTcs: pa3padoTke
CUCTEM aJ[peCHOM JIOCTAaBKH JIEKapCTBEH-
HBIX CPEICTB, UMEIOIIUX KOHTPOIUPYEMOE
BBICBOOOKIEHUE U MUHUMHU3ALUAIO TOOO0Y-
HbIX 3(¢ekroB. ONHUM M3 NEepPCHEeKTUB-
HBIX METOJOB SIBIISIETCS TEXHOJOTHS CO3-
JaHUS TOJIUANIEKTPOIUTHBIX MYJIBTUCIOEB
MyTeM TMOCTAAMNHON aJCcopOIMU pa3HO-
UMEHHO  3apsOKCHHBIX  IOJIMAJIEKTPOIIH-
toB — LbL (Layer-by-Layer Electrostatic
Self-Assembly, LbLL. ESA) [13]. K npeu-
MYIIIECTBAaM MaTe€puajioB Ha OCHOBE MOJH-
AIIEKTPOJIMTHBIX KaIlCyl MOXHO OTHECTHU
3alIUTy OT BO3MOYKHOTO BIIMSIHHSI OKpYKa-
IOIIEH CPeJlbl; PACTBOPUMOCTD B Pa3IMYHbIX
pPacTBOPUTENSIX, KOTOPAsi PETyaUPYyeTCs U3-
MEHEHUEM BHEIIHEro cyios (ruapooOHbie
CJIOM YBEIMYHMBAIOT PACTBOPUMOCTh B Mac-
Jax, TUAPO(HUIBHBIE CIIOW TMOBBIIIAIOT BO-
JIOPACTBOPUMOCTh ).

JInist co3maHusi HOBBIX CPEACTB JOCTaBKU
OMOJIOTMYECKH aKTHUBHBIX BELIECTB WHTEPEC
TIPENICTABISIIOT CHHTETUYECKIE U TIPUPOIHBIC
MOJIUMEPBI, B YaCTHOCTH, MOJMCAXapUJbl,
TIOJIMMOJIOYHAS. W TIOJUIJIUKOJIEBAsT KUCIIOTHI,
MOJUIAKTUABI, MTOJUAKPUIIATHI, TIOIUATHUIICH-
JIUKOJb M €T0 aHAJOTU | Jp. TOHKHE MONu-
MEpHbI€ TUICHKA BBICBOOOXKIAIOT OHOJIO-
TMYECKH AaKTHBHBIC BEIIECTBA B OTBET Ha
U3MEHEHHE MapaMEeTPOB OKPYKAIOIIEH CpeJib
(pH, Temmieparypa U MOHHAs CHJIa pacTBOPA,
ANIEKTPOHHOE M MarHuTHoe moJst). Mmetorcs
JTAHHBIE TI0O MUKPOKAICYJIMPOBAHUIO TMPOTHU-
BOTYOEpKYJIE3HbIX JIGKAPCTBEHHBIX Iperapa-
TOB TOJU3JIEKTPOIIMTHBIMUA  MYJIBTHCIIOSIMU
LbL (texnuka cioit 3a cioeM). C MOMOIIBIO
9TOW TEXHOJNOIWU OBbUIM TOMY4EHBl XUTO-
3aH-JIEKCTPAHCYIb(aTHble MHKPOKAIICYJbI C
PUPAMITUIIMHOM € MCHOIb30BAHUEM JAUOKCHU-
71a KpEMHHS B Ka4eCTBE sijpa ¢ BBICBOOOXK 1e-
HueM pudamvmuimaa npu pH=1,2 u pH=7,4 B
TedeHue 72 vacos [12].

Despite the presence of a certain number
of works in this direction epy attempts to re-
solve the problem completely fail until the
present. For this reason, attention is devoted
to the development of systems for targeted
drug delivery with controlled release and
minimizing side effects. One of the prom-
ising methods is the polyelectrolyte mul-
tilayers creating technology by sequential
adsorption of oppositely charged polyelec-
trolytes — LbL (Layer-by-Layer Electrostat-
ic Self-Assembly, the LbL ESA) [13]. The
advantages of the materials based on poly-
electrolyte capsules include protection from
possible environmental effects; solubility
in various solvents, which is adjusted by
changing the outer layer (hydrophobic lay-
ers increase the solubility in oils, hydrophil-
ic layers to improve water-solubility).

To create new delivery vehicles of bio-
logically active substances of interest are
synthetic and natural polymers, particularly
polysaccharides, are and polyglycolic acid,
polylactide, polyacrylates, polyethylene
glycol and its analogs, etc. A thin polymer
film release biologically active substances in
response to changing environmental param-
eters (pH, temperature and ionic strength of
the solution, electronic, and magnetic field).
However, there are very few literary data
on encapsulation of antitubercular drugs
by polyelectrolytic multilayers. In chi-
tosan-dextran sulfate hollow capsules were
prepared by LbL-technique (Layer-by-Lay-
er, Electrostatic Self-Assembly, LbL. ESA)
using silica particles. Anti-tuberculosis
drug, rifampicin encapsulated into prepared
hollow capsules. The microcapsules exhib-
ited sustained release of rifampicin over 72
hours at pH=1.2 and pH=7.4 [12].
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Ieabro 1aHHOM pabOTHI ABISETCS MUKPO-
KariCyJIMpOBaHUE  MPOTHUBOTYOEPKYJIE3HBIX
IpernapaToB B OMONOJIMMEPHI C HCTIOIb30Ba-
HUEM TEXHOJIOTUHU TOKPBITHS MOJIUAIEKTPO-
JUTHBIMA MYJBTHCIOSIMH M H3yUYEHUE pac-
TBOPUMOCTH MHUKPOKAICY1 MpPU 3HAYECHUSIX
pH, Mozenupyromux pazIuyHble YYacTKU
KEITYTOYHO-KUILIEYHOTO TPAKTA.

Marepuanasl 1 mMeroabl. s nomyde-
HUSI MUKPOKAICyJl B Kau€CTBE KOHTEUHEPOB
MCIIOJIb30BaHbl PUPOHBIC MOIUMEPHI Tell-
JlaH, TIEKTUH W aJbruHar Hartpus. B pabo-
T€ HCIOJb30BaH HU3KOAUETUINPOBAHHBIN
rejulad (npousBoacTBo Kwutail), Hu3koMe-
TOKCWJIMPOBAHHBIN TEKTUH CO CTETCHBIO
srepudukaimu 20-40% u anbruHaT HaTPUS
(mpomzBoactBa Sigma-Aldrich). s momy-
YEHHUS] MYJIBTHCIIOEB BBIOpAHBI KAaTHOHHBIN
MOJIMAJIEKTPOJIUT XUTO3aH M aHHUOHHBIE T10-
JIMRJIEKTPOIUTHL  JIGKCTpaHCYIb(par u 23y-
naparuT S. B paboTe ucronb30BaH XUTO3aH
BogopactBopuMslii, > 8000 Jla (3AO «buo-
mporpecc») M JeKcTpaHcynbdar Harpus
(C), 500 xa (Sigma-Aldrich), synparur S.

CyOcTaHUUd  MPOTUBOTYOEPKYJIE3HBIX
JIEKapCTBEHHBIX MpENapaToB H30HHUA3UIA
u nupaszuHamuja (mpousBoacTBa Shanghai
International Pharmaceutical Co), Mok-
cuduioKkcanuHa THAPOXJIOPHUA (TIPOU3BO-
ctBa TOO «IlaBnonapckuii papmareBTHYE-
CKHH 3aBO/»).

Mukpokarncybl MoJIy4aald METOJOM HO-
HOTPONHOTO TeneodpazoBanus. Mcnoms3o-
BaHbI CJICAYIOININE KOHIICHTPALUU OMOTIOIH-
MEpOB: KOHILIEHTpauuu OuomnonumepoB 1%
u 3% pactBop remana, 1% u 2% pactBop
nektuHa, 2% u 3% pacTBOp aJbrMHATA Ha-
Tpus. s MUKpOKaICyaIupoBaHusl UCIOIb-
3oBanbl 0,01 r/mu1 pacTBOp NMuUpasuHaAMU/IA,
0,02 r/mn pactBopbl MOKCHU(]IIOKCAalIMHA U
u3oHuasuaa. PactBop 6uomnonumepa Harpe-
BaJM C pacTBOpPOM Ipenapara (mupa3uHa-
MU, MOKCU(ITOKCAIIMH WA U30HUA3U) J10
90°C. M3BecTHO, YTO MOHOTPOITHOE Telie-
0o0pa3oBaHUE MPOUCXOIUT B MPUCYTCTBUHU
coieil MerauioB. ONTUMaIbHOW Cpenou
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The aim of this work is the encapsula-
tion of anti-tuberculosis drugs in the bio-
polymers coated with polyelectrolytic mul-
tilayers, and evaluation of drug release at
values pH, modeling various sites of a gas-
trointestinal tract.

Materials and methods. The natural
polymers: low-acetylated gellan (China
producted), LM (low methoxyl) pectin, and
sodium alginate (Sigma-Aldrich) were used
as the containers for capsules. For prepa-
ration multilayers cationic polyelectrolyte
chitosan (Hit) water-soluble, > 8000 Da
(Bioprogress, Moscow), anionic polyelec-
trolytes sodium dextran sulphate (DS), 500
kDa (Sigma-Aldrich) were chosen. Sub-
stances of antitubercular drugs isoniazide
and pyrazinamide (Shanghai International
Pharmaceutical Co producted), a moxiflox-
acin hydrochloride (Pavlodar Pharmaceuti-
cal Plant, Kazakhstan producted.

Microcapsules were obtained by the
method of ionotropic gelation. The follow-
ing concentrations of biopolymers: 1% and
3% gellan gum solution, 1% and 2% pectin
solution, 2% and 3% sodium alginate solu-
tion were used. For microencapsulation 0.01
g/ml solution of pyrazinamide, 0.02 g/ml

solutions of moxifloxacin and isoniazid
were used. The biopolymer solution was
heated with a solution of the drugs (pyrazin-
amide, moxifloxacin, or isoniazid) to 90°C.
It is known that ionotropic gelation occurs

in the presence of metal salts. The opti-
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JUISL  TIOJIYYCHHSI MHKPOKAIICYJT SIBIISCTCS
pacTBOp COJM JABYXBAJIEHTHOIO METaJIa.
Hamu BbIOpaH pacTBOp XJI0pHIa KaJlblUs B
KoHI1eHTpauu 1%.

[TomyueHHYI0 CMECH: pacTBOp OMOTIONH-
Mepa U JIEeKapCTBEHHOIO Mpernapara, 1o Ka-
TUTSIM BHOCHWJIH B PaCTBOP KJIBIIHSI XJIOPHU/IA.
Mukpokarncynibl BbIACPKUBAIN B TEUCHUE
10 MuH B pacTtBOpe KanbLus XJOpUJIa, 3a-
TEM MPOITYCKaJli Yepe3 CUTO U MPOMBIBAIIH
20 M TUCTUITUPOBAHHOM BOJIbI, MOACYILIN-
BaJIM Ha BO3JIyXe, & PACTBOP HCIOIb30BAIH
st onpeneneHust 3HHEKTUBHOCTH BKITIO-
YEHUS JIEKAPCTBEHHOT'O BEILIECTBA.

KomnuectBennoe ompenenenue  ¢-
(heKTUBHOCTH BKJIIOUCHHSI JICKAPCTBEHHBIX
MpernapaToB B MUKPOKAICYJIBI TTPOBOIUIH
(hapmMakonelHbBIMU METOJIaMU: COZIEp)KaHHE
nupasuHaMua U MOKCH(IIOKCAIIMHA OIpe-
JEJSITA METOJIOM CIIEKTPOOTOMETPUN HA
npudope Specord 210 (I'epmanus) npu anu-
HE BOJIHBI 268 HM 1 295 HM, n30HHa3uga —
MeTooM Opomarometpun [ 14].

[lokpbiTHE Karcynd MOJIMANEKTPOIIUT-
HBIMA MYJIBTUCIIOSIMH TIPOBOAUIIM  METO-
nom LbL, mocnenoBarensHO TOTrpy»)as WX
B BOJHBIA PAaCTBOpP XUTO3aHA M B PaCTBOP
NeKcTpaHcyabdara B XJIOpUIE HATpUS WIH
B pacTBop syaparuta S. I[locne norpyxenus
B KQKJIBIM MOJTUAICKTPOIUT MUKPOKAIICYIIbI
JIBKbI MPOMBIBAJIM BOJOW. DTy Mpolie-
ypy TIOBTOPSUIH TISITh WJIM JIecaTh pa3. Ta-
KUM 00pa3oM, OTy4YaIuCh MATh WU JECATh
OMCII0EB U3 MOJIOKUTEITHHO U OTPULIATEIIEHO
3apsHKEHHBIX  TTOJTUAJIEKTPONUTOB. MCTons-
30Banbl 0,5% BOAHBIN PacTBOpP XHMTO3aHA,
0,5% pacTBOp AeKCcTpaHCyIb(ara B XJIOpUIE
Harpus, 0,5% pactBop syaparuta S.

JI3eTa-noTeHnuan noaudIeKTPOIUTHBIX
CJIOEB OIPEAEISIN C TOMOIIbIO TUHAMUYE-
CKOT'0 JIa3€pHOT0 CBETOPACCESIHUSI Ha IMpH-
6ope Malvern Zetasizer Nano ZS90 (Bemnu-
KOOpUTaHMUS ).

CTpyKTypy MHUKpPOKAICYyJl H3ydajau Me-
TOJIOM CKaHUPYIOIIEH AEKTPOHHOU MUKPO-
CKOIMM HAa HHU3KOBAKYYMHOM PacTpPOBOM

mal phase for microcapsules is a solution
of the salt of divalent metal. We have
chosen the solution of calcium chloride at a
concentration of 1% for this purpose.

The mixture of biopolymer and drug
dropwise introduced into the solution of
calcium chloride. Microcapsules were kept
for 10 min in a solution of calcium chloride,
then passed through a sieve and washed
with 20 ml of distilled water, dried in air at
the ambient temperature. The solution was
used to determine the effectiveness of sub-
stances incorporating.

The encapsulation efficiency was deter-
mined by Pharmacopoeia methods: pyrazin-
amide and moxifloxacin on the spectropho-
tometer (Specord 210, Germany) at 268 nm
and 295 nm, isoniazide by a bromatometric
method [14].

The coating of capsules by polyelec-
trolytic multilayers was carried out by
LbL-technique, consistently immersing
them in water solution of a chitosan and in
dextran sulphate solution in sodium chlo-
ride. After immersion in each polyelectro-
lyte capsules twice washed distilled water.
This procedure was repeated by 5 or 10
times. Thus, 5 or 10 bilayers of oppositely
charged polyelectrolytes have been formed.

Dzeta-potential of each polyelectrolytic
layer was measured by dynamic laser light
scattering method on the Malvern Zetasizer
Nano ZS90 (Great Britain).

The surface morphology of the capsules
was studied by scanning electronic micros-

copy on a low-vacuum raster electronic mi-
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anekTpoHHOM MUKpockorie «JEOLy pupmer
«JSM-6390 LV» (SnonHus).

TecTsl in vitro Ha paCTBOPEHUE U BBICBO-
OOXJIeHHE TMpenaparoB M3 MHUKPOKAICYI
Ipu pasHbIX 3HaYeHusx pH nmpoBonunu B
COOTBETCTBUU ¢ TpeOoBaHusmu [14], uc-
none3yst mpudop «Tectep pacTBOPUMOCTH
(Erweka, I'epmanust) ¢ xop3uakoi. O0beM
cpensl pactBopeHus — 600 mi, Temmnepa-
Typa cpensl pactBopenus — (37 + 0,5)°C,
CKOpOCTh BpamieHusi kop3uaku — 100 06/
MUH, BpeMsI pacTBOpeHHsI — 110 12 yacos,
MOBTOPHOCTh OMNBITOB 3 pasa. TecTsl mpo-
BOIMIIKCH B cpefe xenynka (0,1 M pactBop
XJIOPUCTOBOOPOIHOM KucioThl, pH=1,2) u
kuiedyHuka (pocdarusiii Oydep, pH=7,4).
Konuenrpauuu  nupazuHamuaa,  MOK-
cudIoKcallMHa U W30HUA3UJIA ONpeNesin
METOJIOM Y®-BUIUMOM CIEKTPOCKOINU
IpH JUIMHE BOJIHBI 268, 295 u 263 uwm. Ilo-
BTOPHOCTh BCEX KOJIMUYECTBEHHBIX OIpee-
JIeHUH ObllIa TPEXKPATHOM.

PesyabTarsl u o0cy:xkaenne. Metonom
MOHOTPOIIHOTO Trejieo0pa3oBaHus MOIyye-
Hbl MUKPOKAIICYJIbl N30HUA3K/1a, TUpa31Ha-
MHUJa U MOKCU((DIOKcaIlHa Ha OCHOBE OHO-
MOJIMMEPOB: TeJlJIaHa, IEKTHUHA U aJbruHaTa
Hatpus. [lonyyarorcst mpo3payHble MUKPO-
KarlcyJybl co cpeHUM AuameTpom 1,5-2,0 Mm.
Muxkpokarncyibl Ha OCHOBE MEKTHHA IMOJTY-
YaroTCsl HEMPABUIILHOMN BBITSIHYTOU (DOPMBI,
OCTaJbHbIE MMKPOKANCYIbl MPABUIBHOMN
cthepuueckoir GopMbI TPUMEPHO OJTUHAKO-
BOTr0 auamerpa. Takyke yCTaHOBJIEHO, YTO
aJbIMHATHBIE MUKPOKAICYJIbl HYXKHO MOJTY-
yaTh Npu 3HadeHnu pH=>5, npu npyrux 3Ha-
yeHusAx pH MuKpoOKancCynbl OKa3ajlnuch He-
cTabmibHbBIMU. BusyanbsHO HaOm0OIanoch,
YTO TIOCJI€ MOKPBITUSI MYJIBTUCIIOSMHU TIPO-
3payHble MHUKPOKAICYJbl IMOKPBUIUCh Ma-
TOBOU mJieHKOoN. HaHeceHne KaXkIIoro ciios
ITOATBEPKIAJIOCHh HM3MEPEHHUEM J3€Ta-I10-
TEHLMAJIa TIOBEPXHOCTU MHKPOKAIICYIIBI.
[Tocne HaHeceHus1 XUTO3aHa, A3€Ta-MOTEH-
[AaJl UMEET MOJOKUTEIbHBIN 3HAK, MOCIe
HaHECEHUs ACKCTpaHCyab(haTa WiIn dyapa-
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croscope of “JEOL” of JSM-6390 LV (Ja-
pan).

In vitro drug release studies carried out
according to Pharmacopoeia requirements
[13], using the dissolution apparatus (Erwe-
ka, Germany) at temperature (37 + 0.5)°C
and the rotation speed 100 rpm. The tests
were performed at gastric pH (0.1N HCI,
pH=1.2) and intestinal pH (phosphate buf-
fer, pH=7.4). Pyrazinamide, moxifloxacin
and isoniazide concentration were deter-
mined by UV-Visible spectrophotometric
method at 268, 295 and 263 nm. All quanti-
tative analyses were repeated 3 times.

Results and discussion. By the meth-
od of ionotropic gelation microcapsules of
isoniazid, pyrazinamide, and moxifloxacin
on the basis of biopolymers: gellan gum,
pectin and sodium alginate were obtained.
Transparent microcapsules with an average
diameter of 1.5-2.0 mm were obtained. Mi-
crocapsules on the basis of pectin obtained
irregular elongated shape. The remaining
microcapsules are of spherical shape ap-
proximately the same diameter. It is found
that alginate capsules need to be prepared
only at pH =5, at other pH values the pre-
pared capsules were unstable.

It was visually observed that after coat-
ing the transparent multilayer microcapsules
covered with frosted film. The application
of each layer was confirmed by measuring
the Zeta potential of the surface of the mi-
crocapsules. After application of chitosan,

Zeta potential is positive after deposition of
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ruTa S J3€Ta-NMOoTeHLHal HUMEET OTpHUIla-
TEIbHBIN 3HAK.

Ha pucynke 1 npeacraBieHbl MUKpOdO-
Torpaduy MUKPOKAICYJbI, OJy4YCHHBIC Ha
ANEKTPOHHOM MHKpockomne. CrpaBa oTueT-
JIMBO BHUJIHA TPaHULA MEXK]Y TIeUIaHOM U
MOJIUAIEKTPOITUTHBIMUA MYJIBTUCIOSIMU.

dextran sulfate or Eudragit’s Zeta potential
has a negative sign.

The microphotographs of the capsule
are presented in the figure 1. On the right,
the border between gellan and polyelectro-

lytic multilayers is clearly visible.

Pucynox 1 — Mukpokancynul 2enian-u3oHuasud, ROKpolmule noauI1eKmpoIumHblMu
MYbMUCTOAMU U3 XUMO03AHA U 0eKcmpancyibpama
Figure 1 — Gellan-isoniazide capsule is coated by polyelectrolytic multilayers
of chitosan and dextran sulfate

Pesynbrarel onpeneneHus 3PpQPeKTuB-
HOCTH BKJIIOUEHHMSI NIPENapaTroB B KarCyJibl,
npuBeeHbI B Tabnuue 1.

Kak BugHo u3 tabmuusl 1, 3pdextus-
HOCTb BKJIIOYEHMSI IOBBIIIAETCA C YBEIU-
YeHHEeM KOHLIeHTpauuu ouononaumepa. OHa
yBEJIMUYMBAETCA B PSAAY M30HUAZUA<ITUPA3U-
HaMUI<MOKCHUDITOKCAIIHH.

HccnenoBanust BICBOOOXKIEHUS Iperia-
paToB M3 TeJlJIaHOBBIX MHUKPOKAICYJ KOM-
OWHaIMU THpa3WHAMUAA U MOKCH]IIOKCa-
LIMHA B YCIIOBUAX, MOJEIUPYIOLIUX CPEIbI
KEJIyJOYHO-KHILIEYHOIO TpPAaKTa 4YeJlOBeKa
ITOKa3aju, 4To B KUcCJIou cpeae npu pH=1,2
(COOTBETCTBYET JKEIYIKY) MHKPOKAIICYJIBI
HE PacTBOPSUINCH B TEYEHHUE CYTOK.

Results of encapsulation efficiency de-
termination are given in tab. 1.

As seen from the table 1, generally en-
capsulation efficiency increases with the
increase of biopolymer concentration. En-
capsulation efficiency increases among iso-
niazide<pyrazinamide<moxifloxacin.

Study of drugs (the combination of pyr-
azinamide and moxifloxacin) release from
gellan microcapsules in conditions simu-
lating the environment of the gastrointes-
tinal tract showed that in acidic medium at
pH=1,2 (corresponds to stomach) of the mi-
crocapsules did not dissolve during the 24 h.
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Taonuua 1 — Ipghexmusnocms 6K110UEHUA NPENAPAMOE 8 MUKPOKANCYbl
Table 1 — The effectiveness of the inclusion of drugs encapsulation

Db HeKTUBHOCTD BKIIIOUEHHUS JIEKAPCTBEHHBIH MIpenaparos, %o /
Marpuua kamncyssl / Efficiency of drug encapsulation, %
Capsule matrix IMupazunamun / Moxkcuduoxcanus / W3onnasun /
Pyrazinamide Moxifloxacin Isoniazide
1% rennan / 22.67+1.44 31.00 +2.49 2633+ 1.44
1% gellan
3% rennan / 25.00 +2.49 49.67 + 1.44 22.00 +£2.49
3% gellan
1% nexruH / 17.00 + 3.05 39.00 +2.49 3533+ 1.44
1% pectin
2% nextuH / 46.33 +1.44 51.67+1.44 35.67+1.44
2% pectin
2% anbruHar / 2433 +4.54 30.07 £ 2.61 13.72 +4.41
2% alginate
3% anbrunar / 26.53 +3.09 50.60 + 1.64 19.43 £2.93
3% alginate

[Ipu pH=7,4 ctenennp BBICBOOOXKICHUS
npernapaToB M3 MHUKpPOKarcyn, 0e3 HaHe-
CEHHBIX MYJIBTUCIIOEB, COCTaBHIIA 32 4 yaca
okojo 30% akTUBHOTO WHIPEIUEHTA, 3a
8 gacoB okono 50%, 3a 12 yacoB — Oosee
80%. Ilpononramus cocraBuia 12 4acos,
4TO O0ECreuynBaeT MPUCYTCTBUE Tepares-
THYECKUX J103 JICKAPCTBEHHBIX Iperapa-
TOB B TeueHue JaHs. OIHaKO, TaKas CTEIICHb
NPOJIOHTAIIMM  HEIOCTAaTOYHA, TOCKOJIBKY
npernaparsl TOKCHYHBIL. B ciyuae MuUKpo-
Karcyi, MOKPBITHIX MOJUIEKTPOIUTHBIMH
mynbsruciosmu (5/10 6ucnoes), npu pH=7,4
HaAOIIFOIaI0Ch  0oJiee  MPOJIOHTHPOBAHHOE
BBICBOOOXIeHHE: 3a 6 yacoB 30-34% ak-
THUBHOTO BelllecTBa, 3a 12 yacoB — 50-55%,
3a 18 yacoB — Ooinee, uem 80-87%. Takum
o0pa3om, B 3TOM cllydae MPOJIOHTAIUs CO-
craBmia Oonee 18 gacos, T.e. B 1,5 paza
OobIre, yem 6e3 myabrucioeB. [Ipononra-
IMS BBIIIC, YeM OOJIbIIIe OMCIIOEB.

HcxonHble aKTHBHBIC HHTPEAUCHTHI TTH-
pasuHaMUI, MOKCH(IIOKCAIIMH U H30HUA3H/T
OBICTPO PACTBOPSIOTCS, BCACBIBAIOTCS B XKe-
JTYIOYHO-KUIIIEYHOM TPAKTE€ U BBIBOIATCS
U3 OpraHu3Ma, Mo3TOMy OOJbHBIC BBIHYXK-
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At pH =7.4 extent of drug release (%)
without coating polyelectrolytic multilayers
has made of capsules in 4 hours about 30%
of active agent, in 8 hours — about 50%, for
12 hours — more than 80% (pH =1,2, pH
=4,5 and pH =6,8). Prolongation amounted
to 12 hours. The drugs stated above are ap-
plied daily once a day. The therapeutic dose
remains in an organism of patients within
12 hours. Prolongation of 12 hours provides
presence of therapeutic doses within a day.
However such extent of prolongation is in-
sufficient for anti-tuberculosis drugs as they
are very toxic. In case of the capsules coat-
ed with polyelectrolytic multilayers (5/10
bilayers of each polyelectrolyte) at pH =7.4
more prolonged release was observed: in 6
hours is released by 34/30% of active agent,
in 12 hours — 55/50%, in 18 hours — more
than 87/80%. In this case prolongation is
over 18 hours, 1,5 times more, than without
multilayers. The prolongation is longer if
more number of bilayers.

Initial active ingredients pyrazinamide,
moxifloxacin and isoniazide are quickly
dissolved and quickly soaked up in gastro-
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JICHBI IPUHUMATh UX €XKeIHEeBHO. Pa3pabo-
TaHHas HaMU MPOJOHTUPOBaHHasA (opma
MpenapaTtoB MOXKET TMOAJICPKUBATH Tepa-
MEBTUYECKYIO KOHIICHTPAIIUIO B OPTaHU3ME
0osee NTUTENBHOE BpEMs, YTO IMO3BOJIUT
YMCHBIIIUTh YAaCTOTY MPUEMa MPEnapaToB U
CHU3UTh UX TOKCHUECKOE BO3/ICHCTBUE.

3akirouenue. Takum oOpa3om, TIpoBe-
JIEHO MUKPOKAICYJIUPOBAHUE MPOTUBOTY-
OEpKyYJE3HbIX JIEKAPCTBEHHBIX IMpErapaToB
OouornoiMMepaMu ¥ TMOJIUAICKTPOIUTAMHA
MOCJIEIOBATEILHOM aAcopOIMeil mTpPOTUBO-
MOJIO’KHO 3apsSIKEHHBIX MOJUAIEKTPOJIUTOB
U3 PAacTBOPOB C 0Opa30BaHMEM TOIHMAIEK-
TPOJUTHBIX MYJIBTUCIIOEB (TaK Ha3bIBaeMast
texuuka LbL). ITlokazaHa BO3MOXHOCTb
WCIIONBb30BaHUS ISl MHUKPOKAICYJIHpPOBa-
HUsl OMOpa3yiaraeMbiX U OMOCOBMECTUMBIX
noauMepoB. JIaHHBIM METOZOM MOXKHO J10-
OUTBCS KOHTPOJIUPYEMOTO BHICBOOOXKICHHUS
MPOTUBOTYOCPKYJE3HBIX  JICKAPCTBEHHBIX
npernapaToB B cpele KuileuyHuka. J[okasa-
HO, YTO TOJUDJIEKTPOJUTHOE MHUKPOKAICY-
JUPOBAHUE MTO3BOJISIET TIOTYYaTh MTPOJIOHT U~
poBaHHbBIE (OPMBI IPOTUBOTYOCPKYIIE3HBIX
IpernapaToB JJis MEepOpPabHOTO MPUMEHe-
HUSL.

Baarogapuoctu. Jlannas paborta BbI-
NoJIHEHA NMpY GUHAHCOBOU NojAepx ke Mu-
HUCTEpCTBa 00a3oBaHUs U Hayku Pecmy-
omuku Kazaxcran, rpant Ne0794/ I'®4.
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intestinal tract and also quickly removed
from an organism. Therefore, patients are
forced to accept them daily. The developed
prolonged shape will be kept by therapeutic
concentration a long time, so it is possible
to reduce the frequency of drugs, using that
will lead to decrease in toxic effects.

Conclusions. Thus, the microencapsu-
lation of antituberculosis drugs with bio-
polymers and polyelectrolytes by sequential
adsorption of oppositely charged polyelec-
trolytes from solution with of polyelectrolyte
multilayers (the so-called LbL technique)
formation was carried out. It is shown that
the use of microencapsulation with biode-
gradable and biocompatible polymers. By
this method it is possible to achieve a con-
trolled release of antituberculosis drugs in
the environment of the intestine. It is proved
that the polyelectrolyte microencapsulation
allows to obtain a prolonged form of an-
ti-TB drugs for oral administration.
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BINAHUE CKOPOCTU, BPEMEHU TOMOTEHU3ALUMU,
BUAA NOBEPXHOCTHO-AKTUBHOIO BELWWECTBA HA PASMEP U dOPMY
HAHOYACTULU NEHTOKCUOUNNTUHA
HA OCHOBE NMOJIN-DL-NAKTUA-KO-TMTUKONUAA

T.B. Tumuenko', A.B. Bhunoe?, A.B. Cepoé?, JI.U. Il]epbaxosa’,
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INFLUENCE OF SPEED, TIME OF HOMOGENIZATION,
TYPE OF SURFACE ACTIVE SUBSTANCE ON THE SIZE OF PENTOXYPHILLINE
NANOPARTICLES BASED ON POLY-DL-LAKTIDE-CO-GLICOLIDE

T.V. Timchenko', A.V. Blinov’, A.V. Serov?, L.I. Shcherbakova*,
V.A. Kompantsev', O.M. Markova, A.I. Medvetskiy', A.Y.Platonova*

!Pyatigorsk Medical and Pharmaceutical Institute —
branch of Volgograd State Medical University,
11, Kalinin ave., Pyatigorsk, 357532, Russia
’Institute of Electric Power Engineering, Electronics and Nanotechnologies
FGAOU VO SKFU, 1, Pushkina St., Stavropol, 355009, Russia

Hanogapmaronoeuss — smo cogoxynnocms mMemooos u npuemos, UCNoib3yemblX npu u3-
VueHuu, co30anuu, UCNOIb30BAHUU U NPOU3BOOCMEe HAHOCMPYKMYP (pazmep oxono 1—-700
HM) € HOBbIMU OUONO2UYECKUMU, DUULECKUMU, XUMUYECKUMU c8oticmeamu. Yoice 0agHo
Gapmakonozu Onsi CUHME3UPOBAHUSA HOBbLIX JIEKAPCMBEHHLIX 8eUiecme U NOACHEHUs UX
mexanusma oeucmeus, 6edym pabomy Ha MONEKYIAPHOM, d NOPoU oadxce HA CYOMONeK)-
JsipHOM YposHe. bnazodaps smomy, ce2o0us unmepec hapmaxonocuyu K HaHOMexHONO2U-
AM C643aH C HOBbIMU CHOCODAMU NONYYEHUS. U UCNONb30BAHUS IeKAPCMBEEHHBIX CPEOCma.
Oonum u3 cnocobos nonydeHusi HOvlX (OPM JIeKAPCMBEHHBIX NPEenapamos A6NsAemcs
cuHme3 HaHOYacmuy, NOCKOIbKY OHU NO3BOJAIOM OelCmEYIoujemy eeujecmsy npeoooie-
samv 3auumHvle 6apvepsbl OPeaHUIMa MAakKux, Kax, Hanpumep, UMMYHHAs cucmema. 3a
cuem mozo, 4mo NOGEPXHOCMb HAHOYACMUY (HAHOKANCYN) MHO2OCIOUHA, YEeaudusaen-
Csl UX YCMOUYUBOCMb K OeliCMBUI0 3auWUMHbIX MEXAHUZMO8 OP2aHU3Ma, 4mo no3eoisem
JIeKapCmeeHHOMY 8eUjecma)y COXpAHUMb aKMUEHOCMb (hapmMakonio2Uiecko2o 0elcmsusl, a
makdice ceor0 CmMpyKmypy Ha 00120e 8pems. Bosmoodxcnocms npoHuKkHoeenus uepes ouoino-
euueckue bapvepvl, MKaHeCneyupuyHOCm», CKOPOCMb BbIC8000HCOEHUS 1eKAPCMBEHHO-
20 geuyecmaa 60 MHO2OM 3ABUCAM OM pa3mepad U NOBEPXHOCMHBIX C8OUCE HAHOYACTIUY.
Ienvto naweti pabomvl A6UNOCH UCCLE008AHUE BIUAHUAL MAKUX BANHCHBIX (PAKMOPO8, KaK
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8peMs, CKOPOCMb 20MO2EHU3AYUU U 8UO NOBEPXHOCMHO-AKMUBHO20 6eujecmed, Ha pasmep
nonyuaemvlx HAHOYACMUY NeHMOKCUDUIIUHA HA OCHOGe nonu-DL-n1akmud-ko-enukonuoa
(PLGA). Mamepuanst u memoowt. Vccieoosanue nposoouiocs ¢ UCHONb308AHUEM UH-
Gopmayuonno-nouckosotl bazwl dannvix (PubMed), a maxorce pezynomamos coocmeenHvix
uccnedoganuti. Pesynemamol u oocyycoenue. Ycmarnosneno, umo oucnepcuoHuas gaza
0bpaszya, 8 KOMOPOM 8 Kauecmee NOBePXHOCMHO-aKkmueHo2o ewjecmaa (I1IAB) ucnonwso-
eancs nonugununoswlii cnupm ([1BC), obraoana Haumenvuium pazmepom Hanouacmuy, a
UMEHHO, CPeOHULL 2UOPOOUHAMUYEeCKUL paouyc yacmuy 0vil pasen 175,4 um. Ixcnepumen-
MAnbHO ObLIO OOKA3AHO GNIUAHUE CKOPOCTU U BPEMEHU 20MO2EHU3AYUU HA pasmep U hopmy
Hanouacmuy nenmoxcughuniuna Ha ocnose PLGA. B pabome makoice npedcmasienvt Mu-
Kpoghomozpaghuu Hanouacmuy neHmoxkcupuiiuHa Ha ocHoge noau-DL-n1akmuo-ko-enuxo-
auoa. 3akarwuenue. Ilposedennvle HaMU UCCTIE008AHUSL OOKAZLIBAIOM GIUAHUE CKOPOCU U
8pemeHu 2omoz2enuzayuu, a maxace euoa I1AB na pasmep nHanouacmuy neHmoKCu UIIUHA
Ha ocHoge noau-DL-naxmuo-xo-enukonuda. B pezynvmame npogedeHHbIX UCCIed08aHUl
ObLIA CKOPPEKMUPOBAHA MEMOOUKA NONYYEeHUsL HAHOYACTUY NeHMOKCUDUITUHA.

Knrouegwle cnosa: nanoghapmaronoeus, Hanouacmuysl, pasmep HaHOYaAcmuy, NeHmMoK-
cughunnum, nonu-DL-1axmuo-ko-enuKonuo, yciosus noiyyeHus

Nanopharmacology is a set of methods and techniques used in the creation, study,
production and use of nanostructures (size about 1-700 nm) with new chemical, physical,
and biological properties. For a long time pharmacologists have been working on molecular,
and sometimes even on a submolecular level for synthesizing new drugs and explaining
their mechanism of action. Thanks to this, the interest of pharmacology in nanotechnology
is connected with new ways of obtaining and using medicines. One way of obtaining new
forms of drugs is the synthesis of nanoparticles, since they allow the active substance to
overcome the protective barriers of the body such as, for example, the immune system. Due
to the fact that the surface of nanoparticles (nanocapsules) is multilayered, their resistance
to the action of the protective mechanisms of the body increases, which allows the drug
to retain the activity of the pharmacological action, as well as its structure for a longer
time. The possibility of penetration through biological barriers, tissue-specificity, rate of
drug release depends largely on the size and surface properties of nanoparticles. The aim
of our study was to study the influence of such important factors as time, homogenization
rate and the type of surface active substance, on the size of the obtained nanoparticles
of pentoxifylline based on poly-DL-lactide-co-glycolide (PLGA). Materials and methods.
The research was carried out using the information retrieval database (PubMed), as well
as the results of our own research. Results and discussion. It has been found that the
dispersion phase of the sample, in which polyvinyl alcohol was used as the surfactant,
had the smallest size, particularly, the average hydrodynamic radius of the particles
amounted to 175.4 nm. The influence of the speed and time of homogenization on the
size of nano particles of pentoxifylline based on PLGA was experimentally proved. Also,
microphotographs of nanoparticles of pentoxifylline based on poly-DL-lactide-co-
glycolide (PLGA) are presented. Conclusion.Our studies prove the effect of the speed and
time of homogenization, as well as the type of surfactant, on the size of nanoparticles
of pentoxifylline based on poly-DL-lactide-co-glycolide. As a result of the studies, the
procedure for obtaining nanoparticles of pentoxifylline was adjusted.

Keywords: nanopharmacology, nanoparticles, nanoparticle size, pentoxifylline, poly-
DL-lactide-co-glycolide, preparation conditions
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BBenenmne. Haunnasg ¢ 70-x . XX B.,
UCCIEyeTCs] BO3MOKHOCTh H300pETEHHUS
CUCTEM JIOCTAaBKH JIEKAPCTBEHHBIX CPE/ICTB
HANPSIMYIO K TaTOJIOTMYECKOMY Ouary MeTo-
JIOM CBSI3bIBAHUSI MOJIEKYJI JIEKAPCTBEHHOTO
BEUIECTBA M HEKOTOPBIX JAPYTUX MOJEKYI
(BEKTOpPOB), MMEIOIIUX CPOJICTBO K OIpe-
JICJICHHBIM KJIETKaM (METOJ «MEUCHHUsS»), a
TaK)K€ METOJIOM BKJIIOUEHHUS MOJIEKYJ Jie-
KapCTBEHHOTO CPE/ICTBA B «OMOAKTHUBHBIC
Karcyjbl Ha OCHOBE HWCKYCCTBEHHBIX, ITO-
JYTIPOHHUIIAEMBIX WJIM €CTECTBCHHBIX MEM-
OpaH (MeTox «ymakoBku») [1, 2].

Vke maBHO (papmaxosoru mpu uzoope-
TEHUU HOBBIX JICKAPCTBCHHBIX BEIIECTB W
O0OBSICHEHUSI UX MEXaHU3Ma JICUCTBHUS, pa-
00TarOT Ha MOJEKYIISIPHOM, a MHOTJA Jaxe
Ha CyOMOJIEKYJISIpHOM YpOBHE, T.€. C pa3Mme-
pamMu MOJIEKyll MeHee | HM M MX AJIeKTPOH-
HbIMH oOnakamu [3, 4]. Mcxons u3 3toro,
WHTEpPEC K HAHOTEXHOJOTHUSM B (apMaKo-
JIOTUU CBSI3aH HE CTOJIBKO C TeoMeTpuye-
CKUMH pa3MepaMu, CKOJILKO C TIEPEIOBBIMH
METO/IaMH CHHTE3MPOBAHHS U HCIOIB30Ba-
HUS JICKAPCTBEHHBIX CPEJICTB, C MOMOIIBIO
METOJIOB HaHOTeXHOJIoruu. HaHonekapcTBa
paboTaroT Ha ypOBHE OTACIBHBIX HAaHOYA-
CTHII, U UX BO3MO)KHO HAIPaBJIATH LIeJeHA-
MIPABJICHHO K HYXXHOMY OpTaHy, TKaHU WJIH
rpynne KJIeTOoK, 3TO MO3BOJISIET CYIIECTBEH-
HO YMEHBUIUTH 103y JIEKAPCTBEHHOT'O Bellle-
CTBa W TPU ATOM MHUHOBATh €r0 MOOOYHBIX
NercTBUM. TakuM IyTeM, yMEHBIIAETCS €r0
TOKCUYHOCTh U OJJHOBPEMEHHO JOCTHUTaeT-
cs1 ero Oonbas 3pPeKTUBHOCTS [5].

N3 n1ByX KOMIIOHEHTOB COCTOUT HAHOJIE-
KapCTBO:

— MaTpullbl (Ha KOTOPYHO HAHOCHUTCS aK-
TUBHOE BEILIECTBO U C MOMOIIBIO KOTOPOU
OHO JIOCTaBIIECTCS K HAMEUEHHOM 117N );

— JIeHcTByIOMIEro (hapMaKoJIOTHUYECKU
AKTUBHOTO JIEKAPCTBEHHOT'O BEILIECTBA.

Kpome nekapcTBeHHOro BellecTBa, Ha
MaTpUIly MOKHO HAaHOCHUTh M JAPYTHUE KOM-
MMOHEHTHI, CITOCOOCTBYIOMIHME OOJIee TOYHO-
MY TIOTIaJIaHUIO JIEKAPCTBEHHOTO CPEICTBA B

Introduction. Since 1970s, the
possibility of creating drug delivery
systems directly to a pathological focus
have been being studied using methods of
binding molecules of a drug substance and
certain other molecules (vectors) that have
tropicity to certain cells (the “tagging”
method), as well as by concluding drug
molecules in “bioactive” capsules based
on semipermeable artificial or natural
membranes (the “packing” method) [1, 2].

For a long time pharmacologists have
been working on the molecular, and
sometimes even on a submolecular level,
when inventing new drugs and explaining
their mechanism of action. With molecular
sizes less than 1 nm and their electron
clouds [3, 4]. On this basis, interest in
nanotechnology in pharmacology is
associated not so much with geometric
dimensions as with advanced methods
of synthesizing and using drugs, using
nanotechnology methods. Nanoparticles
work at the level of individual nanoparticles,
and they can be directed specifically to the
desired organ, tissue or a group of cells, this
allows to substantially reduce the dose of
the drug substance and at the same time to
avoid its side effects. In this way, its toxicity
is reduced and at the same time its greater
efficiency is achieved [5].

Nano-drugis consists of two components:

— matrix (on which the active substance
is applied and by means of which it is
delivered to the intended purpose);

— active pharmacologically active drug
substance.

In addition to the drug substance, other
components can also be applied to the
matrix to facilitate a more accurate drug
delivery to the intended target. It is possible
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HAMEUYEHHYIO 1IeJb. BO3MOXXHO BKIIOUEHHUE
OMOJIOTUUECKUX HHAUKATOPOB, KOTOPHIE C
JIETKOCTBIO PACIO3HAIOTCS MMEHHO TEMH
KJIETKAaMU OpPraHu3Ma, Ha KOTOpble HalpaBs-
JICHO JICMCTBUE ATUX JIEKAPCTBEHHBIX Be-
miecTB. B ponu marpuiibl (HOCUTENs ) JeKap-
CTBEHHOT'O BEIIECTBAa MOXHO UCIIOJIb30BaTh
JIUTIOCOMBI — KaTCyJbl, pa3Mep KOTOPHIX CO-
crapnsger 100-200 uM, BHemHssi MeMOpa-
Ha JIUIIOCOM COCTOUT M3 (Pochomunuaos,
a JCHCTByIOIee BEUIECTBO PACTBOPEHO B
BOJIHOU (paze BHYTPHU JUIIOCOMBI UJIH B €€
JUMUAHON MeMmOpaHe, WM TOJMMEpHBIC
Marepuaibl. [[eHapomMepsl — 3TO cBepxpas-
BETBJICHHBIC TTOJIMMEPHI, OJIarofapsi CRBOeMy
CTPOCHHUIO, OHU CIIOCOOHBI OCYIIECTBIISATH
aJpECHYIO IOCTABKY B OPTraHU3M HECKOJIBKO
pPa3IMYHBIX TIpEnaparoB. YK€ CErofHs Ha-
HOJIEKapCTBa MO3BOJIAIOT MEPEUTH Ha OpH-
EHTUPOBAHHYI0O K KOHKPETHOMY YE€JIOBEKY
CHUCTEMYy JICUEHUS — «HUHIUBUAYaJTbHON
Tepanuu WK «JIeYeHus 1o 3akazy» (tailor-
made therapy) [3, 4, 5].

C noMOIIbI0 HAHOYACTHUI[ CTAJIO BO3-
MO>KHBIM MPEOJI0JICHUE JIEKaPCTBEHHBIX Be-
IIECTB 3alIUTHBIX 0aphepoOB OpraHm3Ma, K
MpUMeEpy, TAKUX KaK UMMYyHHas cUCTeMa. 3a
CUeT TOro, 4YTO MOBEPXHOCTh HAHOYACTHII
(HaHOKAIICyJ) MHOTOCJIOIHA, YBETNYUBAET-
€S X YCTOMYMBOCTB K JEHCTBUIO 3AIIUTHBIX
MEXaHHU3MOB OpraHuM3Ma, 4YTO MO3BOJISET
JIEKapCTBEHHOMY BEILIECTBY COXPAHUTh aK-
TUBHOCTh (PApMaKOIOTHYECKOTO JIEUCTBUS,
a Tak K€ CBOIO CTPYKTYpy Ha OoJjiee joiroe
Bpemsi. J{ist cuHTe3a HaHOUaCTHUIl Haubosee
YaCTO MCIOJIb3YeMbIM MOJUMEPOM SIBIISICT-
csi Ouopaznaraemblii moaudGUp MOIHIIAK-
T TuKoiauaa. Ha ocHOBe TaHHOIO JaKTH-
J1a y’Ke CYIIECTBYIOT TaKue Mpenaparsl Kak:
Comarynus, bycepenun-geno, Cangocra-
tuH Jlap, OxTpeoTua-aeno u T.1. [6, 7].

bropaznaraemeie o GpuphI MOMHIaKTH]T
nkomiaa (PGA) sSBISIOTCS OMHUME U3 HaM-
Ooree 4acTo MPUMEHSEMBIX TOJTUMEPOB IS
JIOCTaBKH JieKapcTB 1 Onomonekyi. [lommnak-
TH/] TIAKOJIU/IBI MOTYT OBITh MOTyYEHBI:
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to include biological indicators, which are
easily recognized by those cells of the body
to which the action of these drugs is directed.
In the role of the matrix (carrier) of the drug
substance, it is possible to use liposomes -
capsules, the size of which is 100-200 nm,
the outer membrane of liposomes consists
of phospholipids, and the active substance
is dissolved in the aqueous phase inside
the liposome or in its lipid membrane
or polymeric materials. Dendromers are
superbranched polymers, due to their
structure they are able to carry out targeted
delivery of several different drugs into the
body. Already today, nano-drugs can move
to a person-centered treatment system —
“individual” therapy or “treatment by order”
(tailor-made therapy) (3, 4, 5].

With the help of nanoparticles it became
possible to overcome the medicinal sub-
stances of the body’s protective barriers, for
example, such as the immune system. Due
to the fact that the surface of nanoparticles
(nanocapsules) is multilayered, their resis-
tance to the action of the protective mech-
anisms of the body increases, which allows
the drug to retain the activity of the pharma-
cological action, as well as its structure for
a longer time. For the synthesis of nanopar-
ticles, the most commonly used polymer is
the biodegradable polyester polylactide-gly-
colide. On the basis of this lactide there are
already such drugs as: Somatulin, Buserelin
Depo, Sandostatin Lar, Octreotide Depot,
etc. [6, 7].

Biodegradable
polylactiglygolide (PLGA) are one of

polyesters of

the most commonly used polymers for
the delivery of drugs and biomolecules.
Polylactide-gligolides can be obtained:
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— cuHTeTHueckuM nyreM, PGA mnomy-
YalOT U3 IJIMKOJIEBOM M MOJIOUHOM KHCIIOT,
MEXIY KOTOPBIMH OOpa3yercss CIIOKHOI-
dbupHast cBs3b;

— TyTh (EPMEHTATUBHOTO OpOKEHUS
MaJIbTO3bl WM JEKCTPO3bl, Cyciia KapTode-
JIS1 WM 3€pHa, KOTOPBIE SIBJISIOTCSI BOCIIOJI-
HSIEMBIM CBIpbEM OHOJIOTMYECKOTO MPOHC-
xoxaeHus [8, 9, 10].

Ouznko-xumuyeckue cporictBa PLGA
3aBUCAT OT PACHOJOXKEHUSI MOJIOYHOM U
[JIMKOJIEBBIX KHUCIIOT, TOUHEE CKa3aTh OT UX
MOCTIEA0BATENIbHOCTH, a TaKXKe OT MOJIAp-
HOIO COOTHOLIEHHUsI. MosodHas Kuciora
ObIBaeT B JIByX U30MEpHBIX (hopmax B L- u
D-. Bonee Toro, 6pIBaeT ee 1 pareMuyecKas
dopma. Ilonmyuennslii B mporeccax ¢ep-
MEHTallUU MPOAYKT, conepkuT B cede 0,5%
D-uzomepa u 10 99,5% L-uzomepa [8, 10].

MosouHas KUcoTa, CyluleCTBYET B BUJIE
OECIIBETHBIX KPUCTAJUIOB, IOCTATOYHO JIET-
KO 00pa3yeT MUKIMYECKUI JUMEp — TaKTU]I,
TUTPOCKOINYHA.

[omurmukonmun (polyglycolide — PGA)
— 3TO MPOCTOU MomMdPup, B KOTOPOM H3-32
ONU3KOTO PACIIONIOKEHHUS CIIOKHOIPUPHBIX
TPYIII XOPOIIO IPOSIBIIEHBI MEXKMOJIEKYJIISP-
Hble B3aumojencTeus. [lomurmukonua nme-
€T BBICOKYIO BEJIMYMHY TOUKHU IUIaBJICHUS,
npuMepHo 300°C, a Takke BBICOKYIO CTe-
MeHb KPUCTAIUIMYHOCTH; XapaKTEepPU3yeTCs
BBICOKOUM THUIPOIUTUYECKON HECTaOUIIBHO-
CTBIO.

CeronHsi BO3MOXHO IMOJIYYEHUE COIO-
JUMEPOB JaHHBIX KHUCJIOT C Pa3HbIMU MO-
JIEKYJIIPHBIMU MaccaMu U CTPYKTYpOH Ma-
KPOMOJIEKYJ, JaHHbIE (PaKTOPBI MTO3BOJISIFOT
pEerylIupoBaTh CTENEHb B3aUMOJICUCTBUS
Mexay Makpomosiekynamu. Ha 0aze mo-
JIOYHOU Y TIIMKOJIEBOM KUCIIOTHI MOSBIISIETCS
BO3MOKHOCTbB ISl CHHTE€3UPOBAHUS LIETI0T0
ceMeicTBa conoaudupoB, CBOMCTBA KOTO-
pBIX OyIyT UMETh OTJIMYUS B Mpeeiax Ha-
3HAUYEHHOTO Juara3ona [§, 9, 10, 11].

CrnemoBaTelibHO, noiau-DL-nak-
TUJ-KO-TJIUKOJIUJT MOKHO TIOJY4HTh C pas3-

— synthetically, PLGA is derived from
lactic and glycolic acids, which form an
ester bond;

— by enzymatic fermentation of dextrose
or maltose, grain or potato wort, which are a
renewable raw material of biological origin
(8,9, 10].

Physico-chemical properties of PLGA
depend on the location of lactic and
glycolic acids, more precisely from their
sequence, as well as on the molar ratio.
Lactic acid is in two isomeric forms in L-
and D. Moreover, there is its racemic form.
The product obtained in the fermentation
processes contains up to 0,5% D-isomer
and 99,5% L-isomer [8, 10].

Lactic acid, exists in the form of colorless
crystals, easily enough forms a cyclic dimer
- lactide, hygroscopic.

Polyglycolide (PGA) is a polyether in
which intermolecular interactions are well
developed due to the close arrangement
of ester groups. Polyglycolide has a high
melting point value of about 300°C, as
well as a high degree of crystallinity, is
characterized by high hydrolytic instability.

Today, it is possible to obtain copolymers
of these acids with different molecular
weights and the structure of macromolecules,
these factors allow us to regulate the degree
of interaction between macromolecules.
On the basis of lactic and glycolic acid, it
becomes possible to synthesize a whole
family of copolyesters whose properties
will differ within the prescribed range [8, 9,
10, 11].

Therefore, poly-DL-lactide-co-glycolide
can be obtained with different structure and
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JUYHOU CTPYKTYPOM U MOJEKYJISIPHBIMU
MacCaMHM, a TaK)K€ BO3MOYKHO BKJIIOUEHUE
NPAKTUYECKHU JII000Tr0 pazMepa MOJIEKYN B
JIAHHBIM ITOJIMMEp, YTO Kacaercsi pacTBO-
PUMOCTH, TO JAHHBIN MOJIUMEDP PACTBOPHUM
B PAa3JIMYHBIX PACTBOPUTEIIAX, HAIPUMED,
B TaKUX Kak alleTOH, 3THJIALIeTaT, TeTparu-
apodypan. Ilomu-DL-makTwI-KO-TINKOIH
paznaraercs B BOJIe, BCJIEICTBUE TUAPOIIM3a
a¢upHbIX cBsizel. cxons U3 3Toro, B Xxapak-
TEPUCTUKAX, OMHUCHIBAIOIIUX CYOCTaHIIMIO
nonuMepa (comepkaHue BJIArd, MOJEKY-
JISIPHBIN BEC), BOBMOXKHBI U3MEHEHHUS B Te-
YEHHE BpEMEHU. BilMsiHUE TaHHBIX CBOMCTB
MoJIUMEpa Ha CKOPOCTh BBICBOOOXKICHHS
JIEKapCTBEHHOTO BEIIECTBA U3 MOJUMEPHON
MaTpulIlbl XOpouIo u3yueHo [8, 9, 10].

[Ipenmy1iecTBOM  MPOJOHTHPOBAHHOM
JIeKapCTBEHHOM (opMbl Ha OCHOBE TIO-
J-DL-1aKTh1-KO-TIHUKOJINAa SIBIISICTCSI
OoJbllasi MPOJIOHTANMS TIEHTOKCU(PIILIMHA.
B Toxxe Bpems, cam monuMep HE BIUSET Ha
CTPYKTYpY JIEKAPCTBEHHOIO Ipenapara, a B
OpraHu3Me MoJIMMepHbIC (PparMeHThI OTIEIs-
IOTCSl U TUAPOIN3YIOTCs. MoouHast KucaoTa
JErpaaupyeT 10 BOABI U IMOKCUIA YIVIEPO/Ia,
a NIMKOJIEBasl KWCJIOTa BBIBOAUTCS B HEU3-
MEHHOM BuJe. [laHHble MPOIYKTHI MeTabo-
JM3Ma HE OKAa3bIBalOT HUKAKOIO HEraTWBHO-
ro JCWCTBHUS HA OPraHu3M, JIEKAPCTBEHHOE
BEILIECTBO BBICBOOOXKIAECTCS U3 MOJMMEPHOM
MaTpHUIlbl B HEU3MEHEHHOM BHJIE M CITOCOOHO
OKa3bIBATh 0KUIAEMbIi (hapMaKoIOrHYECKHUM
u TepaneBTrdeckuil A¢dekt. Eme omHum
TUTIOCOM JIaHHOUM (DOpMBI SIBIISIETCS TO, YTO B
3aBUCUMOCTH OT CTENEHH KPUCTALIMYHOCTH,
MOJIEKYJISIPHOM Macchl, U APYTux (haKTOpOB,
BpeMsi ICUCTBHS MperapaTa MeHTOKCH(PUILTH-
Ha MOJKET COCTABIIATh OT HECKOJIBKUX CYTOK
JI0 HeCKOJIbKMX Heaenb [ 10, 11].

Hcnonb3oBaHue  IPOJIOHTHMPOBAHHBIX
JIEKapCTBEHHBIX (OpPM HA OCHOBE IIO-
nu-DL-naKkTuI-KO-INIMKOJIMAA AE€T OIpeie-
JIEHHBIE IPEUMYLIECTBA!

— COKpallleHHuEe O0IIEero KoJu4ecTBa Jie-
KapCTBEHHOTO BEIIECTBa, HEOOXOIUMOTO B
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molecular weights, and it is also possible to
incorporate almost any molecule size into
the polymer, as to solubility, this polymer
is soluble in various solvents, for example
acetone, ethyl acetate, tetrahydrofuran.
Poly-DL-lactide-co-glycolide decomposes
in water as a result of hydrolysis of ester
bonds. Based on this, in the characteristics
the

content,

describing polymer’s  substance

(moisture molecular weight),
changes are possible over time. The effect
of these polymer properties on the release
rate of the drug substance from the polymer
matrix has been well studied. [8, 9, 10].

The advantage of a prolonged drug based
on poly-DL-lactide-co-glycolide (PLGA) is
a large prolongation of pentoxifylline. At
the same time, the polymer itself does not
affect the structure of the drug, and in the
body the polymer fragments are separated
and hydrolyzed. Lactic acid degrades to
water and carbon dioxide, and glycolic acid
1s eliminated unchanged. These metabolic
products do not have any negative effect on
the body, the drug substance is released from
the polymer matrix in unchanged form and is
able to exert the expected pharmacological
and therapeutic effect. Another advantage
of this form is that depending on the degree
of crystallinity, molecular weight, and
other factors, the time of action of the drug
pentoxifilin can range from several days to
several weeks [10, 11].

The use of prolonged dosage forms
based on poly-DL-lactide-co-glycolide

gives certain advantages:
— reduction of a total amount of
medicinal  substance required as a
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Ka4eCTBE TEPANeBTUYECKOM /103l U YMEHb-
[IEHUE KPATHOCTH €ro IpreMa, YBeJTUYEHUE
OMOAOCTYHOCTH JIEKAPCTBEHHOTO Ipemna-
para;

— YMEHBIIICHHE BO3HUKHOBEHUS M0O0OU-
HBIX (P PEKTOB, CBI3aHHBIX C HAKOTJICHHEM
€ro B KPOBH, CIIOCOOHOCTh YCKOPEHHOM J10-
CTaBKHU K OpPraHy MUIIEHU JIEKAPCTBEHHOTO
BEIIIECTRA;

— MOAJAEp>KaHHE IMOCTOSHHOM Tepares-
TUYECKOW KOHLEHTpauuu B kpou [8, 11,
12, 13].

OpnHOM U3 MPUOPUTETHBIX 3a7au (papm-
WH]TyCTPHH SBIISIETCS pa3pabOTKa U BHEApE-
HUE TPOJIOHTUPOBAHHBIX JIEKAPCTBEHHBIX
(dhopM Ha OCHOBE OMOIETPAIUPYEMBIX TTOTH-
MepoB. Ha cerojus mpenaparsl ¢ yaydllleH-
HOW CUCTEMOW JOCTABKH 3aHUMAIOT OKOJIO
25% ot mupoBoro oovéma npoaax [14].

Ha nanHBII MOMEHT MHKpO-, HAHO- U
OMOTEXHOJIOTHS JaeT BO3MOXKHOCTh CHHTE-
3UpOBATh YXE C 3alIpOrpaMMHUPOBAHHBIMU
CBOMCTBAMH YaCTHUIIbI, TAKUMH KaK: CTPYK-
Typa €€ NOBEPXHOCTH, 3aBUCUMBIN OTBET Ha
MECTHbIE U YyHAJIEHHBIE BO3JICUCTBUS, pa3-
MEp YaCTHI], a TAKXKE BO3MOXXHOCTb BU3Yya-
JU3alUK JACHUCTBUS JICKAPCTBEHHOTO BEIlle-
CTBA U pe3yJbTaTOB TUArHOCTUKH [6, 15].

Bo3MOXXHOCTh NPOHUKHOBEHUSI 4epe3
Ouonornueckue Oapbepbl M TKaHECHEIH-
(PMYHOCTH TaKUX MPENapaToB MOXKET OBITH
MOJTy4eHa 3a CYET BBIOOpA pa3Mepa YyacTHll,
a TaK)K€ MX MMOBEPXHOCTHBIX cBOWCTB. On-
TUMAJIbHBIA pa3Mep YacTUll HAXOIUTCS B
unreppane 10-300 um [16, 17]. Pa3me-
pbI 4acCTHUI[ MOTYT MOBJIHATH HE TOJBKO Ha
cneuUYHOCTh U TPAHCIOPTHYIO (PYHK-
LU0, HO TaKXX€ M Ha CKOPOCTb BbIJCICHUS
JIEKapCTBEHHOTO BEILIECTBA MPU PABHBIX YC-
noBusix [17].

Llenbro Hamel pabOThI SABISICTCS CO3/1a-
HU€ HAHOYACTHUIl IEHTOKCU(UIITNHA Ha OC-
HOBe TOJIM-DL-1aKkTu-Ko-IJMKoanuaa, Tak
KaK TMPUMEHEHHE TMEHTOKCHU(WILINHA Tpe-
OyeT MpOJOJKUTEIBLHOTO Kypca JICUCHHUS.
Pesynbrarom siBisieTcst pa3paboTka HOBBIX

therapeutic dose and a decrease in the
frequency of its administration, increasing
the bioavailability of the drug;

— decrease in the occurrence of side
effects associated with the accumulation of
it in the blood, the ability to accelerate the
delivery of the drug substance to the target
organ;

— maintenance of a constant therapeutic
concentration in the blood [8, 11, 12, 13].

One of the the
pharmaceutical industry is the development

priorities  of
and introduction of extended dosage
forms based on biodegradable polymers.
For today, preparations with an improved
delivery system amount to about 25% of
global sales [14].

At the moment, micro-, nano- and
biotechnology makes it possible to
synthesize already with programmed
particle properties, such as: the structure
of its surface, the dependent response to
local and remote impacts, the particle size,
and the ability to visualize drug action and
diagnostic results [6, 15].

The possibility of penetration through
biological barriers and the tissue-specificity
of such preparations can be obtained
through the choice of particle size, as well
as their surface properties. The optimum
particle size is in the range of 10-300 nm
[16, 17]. The particle size can affect not
only the specificity and transport function,
but also the rate of drug release under equal
conditions [17].

The particle size can affect not only
the specificity and transport function, but
also the rate of drug release under equal
conditions since the use of pentoxifylline
requires a long course of treatment. The
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6ornee A (hEKTUBHBIX MPOJIOHTUPOBAHHBIX
JeKapCTBEHHBIX (POpM Ipemapara, KOTOpbIe
HE TpeOyIT KaXXIOAHEBHOTO 3-pa3oBOro
PUMEHEHHSI.

Lenp uccienoBaHusi HaNpaBieHAa Ha
U3y4YCHHUE BIUSHUS OJHUX M3 OCHOBHBIX
(pakTOpoB (CKOPOCTH, BpeMsi TOMOTEHHU3a-
IIUY, BUJ TTIOBEPXHOCTHO-aKTUBHOTO BeIlle-
ctBa (ITAB)) Ha pa3mep u hopmy, nonyyae-
MBIX HAaMU, HAHOYACTHII IEHTOKCU(UIUTUHA
Ha OCHOBE Monu-DL-1aKkTHI-Ko-IIIMKOJIK/IA,
a TaKke JOCTMKCHHE ONTHUMATIBHOTO pa3-
Mepa HaHOYAaCTHIL.

MarepuaJybl 1 MeToabl. B 1anHOM Hc-
CIIEZIOBAaHUHU HCTIOIH30BANIACh CYOCTAHIIUS
nentokcuummHa, PLGA (50:50), TIBC,
Teun-80. B kauectBe ITAB wucnonb3oBa-
muck TBuH -80, ¥ NMOJMBUHUIOBBIA CIIUPT
(IIBC), Tak Kak OHM COOTBETCTBYIOT OC-
HOBHBIM TPEOOBaHUSM, KOTOPBIC MPEIbSIB-
JISIFOTCSI K BCIIOMOTATENIbHBIM BEIIIECTBAM, a
UMEHHO:

— JIOJDKHBI HE MEIIaTh MPOSIBICHUIO HE-
obxonumoro  gapMaKoIOTUYECKOTO JeH-
CTBUS JICKAPCTBEHHOTO CPENICTBA C yUYETOM
ero papMaKOKWHETHKH,

— HE BBI3BIBATh AJUIEPTUUYECKUX Ppeak-
1[UH, HE TMPOSIBIISITH TOKCUYECKOTO JIeHCTBUS
Ha OpPraHu3M, ObITb OE3BPEIHBIM;

— OMOCOBMECTUMBIM C TKAaHSIMH Opra-
HU3Ma;

— obecrnieunBaTh HEOOXOAMMBIE TTapaMe-
TPBI JIEKAPCTBEHHOU (popMme: PU3NKO-XUMU-
YeCcKHe, CTPYKTypHO-MEXaHWYeCKHe, Kak
pe3ynbTar - yiaydlleHHe ee OHOAO0CTYITHO-
CTH;

— Ha OpraHoJEeNTHYECKUE CBOICTBA Jie-
KapCTBEHHBIX TMPENapaToB BCIOMOTATelb-
HBIC BEIIECTBAa HE JIOJHKHBI OTPULIATEIHHO
BJIMSATH Ha BKYC, 3alax, [BET U Jp;

— OBITh (PUBHKO-XUMHUYECKH COBMECTH-
MBIMH C YKYITOPOYHBIMHU M YITAKOBOYHBIMH
CpeJICTBaMHU, C IEKAPCTBEHHBIMHU BEIlIECTBA-
MU, a TaKXKe C TEXHOJIOIMYECKUM 000pyI0-
BaHUEM B IPOIIECCE M3TOTOBICHUS JIeKap-
CTBEHHBIX MpernaparoB U MpH JajbHeHIeM
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result is the development of new, more
effective, prolonged dosage forms of the
drug, which do not require an everyday
3-time use.

The aim of the study is to study the effect
of one of the main factors (speed, time of
homogenization, the type of surface active
substance (surfactant)) on the size and
shape of the pentoxifylline nanoparticles
obtained on the basis of poly-DL-lactide-co-
glycolide, and also to achieve the optimum
nanoparticles.

Materials and methods. In this study, the
substance of pentoxifylline, PLGA (50:50),
PVA, tween-80 was used. As surfactants,
Twin-80, and polyvinyl alcohol (PVA) were
used, since they met the basic requirements
for auxiliary substances, namely:
with  the
necessary

interfere
the
pharmacological action of the drug taking

— should not
manifestation of

into account its pharmacokinetics;

— do not cause allergic reactions, do
not show a toxic effect on the body to be
harmless;

— biocompatible with the tissues of the
body;

— provide the necessary parameters
for the dosage form: physico-chemical,
structural-mechanical, as a result — improve
its bioavailability;

— on the organoleptic properties of
medicinal products, auxiliary substances
should not adversely affect: taste, odor,
color, etc.;

— to be physically and chemically
with the
packaging materials,

compatible closures and
with medicinal
with  the

technological equipment in the process

substances, as well as
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UX XpaHEHUH;
— COOTBETCTBOBATh CTENEHU MHUKPOOHO-
JIOTUYECKOU YMCTOTBI U3TOTOBIIIEMOTO IIpe-
napara 1o TpeOOBaHUSAM MPEAETBHO JOITy-
CTUMOW MUKPOOHOW KOHTaMUHAI1H;

— MIOZIBEPraTbCs CTEPUIIN3ALNHN, TAK KAK
BCIIOMOTaTeJIbHbIE BELIECTBA B HEKOTOPBIX
ciTydasix OBIBAIOT OJHUM U3 TJIABHBIX UCTOY-
HUKOB MUKPOOHOTO 3arps3HeHus [9].

HccnenoBanue npoBOaNIIOCH C UCIIOJb-
30BaHUEM UH(POPMAIIMOHHO-TIONCKOBOM
6a3bl ganHbIX (PubMed), a Takske pesynbra-
TOB COOCTBEHHBIX UCCIIEJOBAHUH.

PesyabTrarel M o0cyxkaenme. Ilep-
BbIM Obulo  u3yueHo BiusiHue I[IAB
(nomuBunminoBoro cnupra (IIBC) wu

Teun-80) Ha pa3mep MOJYYEHHBIX MHUKPO-
YacTHI] NMEHTOKCU(UIUIMHA HA OCHOBE IO-
nu-DL-naktua-ko-rukonuaa. Jis storo
TOYHBIE HABECKU MEHTOKCU(UIUIMHA U TIO-
mu-DL-TakTuA-KO-ITIMKONIMAa  pacTBOPS-
JUCh B HEOOIBIIOM 00beMe Xiopodopma,
Janee TIONYYEHHBId pacTBOpP KallelbHO
BBOAMJICS B BOAHBIN pacTtBop [IAB (TBuH-
80 — ob6pazer; Nel, [IBC — o6pazer; Ne2), B
TeueHue 20—25 MHMH pacTBOp MOABEpPraIu
romorenuzauuu npu ckopoctu 20000 06/
mMuH romoreHuzatopoM Ultra-Turrax T-18
(IKA, ®PT). IlomyyeHne MHKpPOYACTHIL
MEHTOKCU(PUILTMHA TPOBOJIUIOCH MPU KOM-
HaTHOU Temmnepatype. [lonyduenHyro smyb-
cuto B30anTeiBaiu B TeueHue 10-24 vacos
710 TIOJHOTO yaaneHus xjopogopma. [lanee
MOJIyYEHHBIN pacTBOp HEeHTpUudyrupona-
a1 co ckopocThio 6000 06/MUH B TeueHHE
40 muH B nentpudyre OITH-8, nocne yero
HAJ0CA/IOUHYI0 >KUJIKOCTh CIUBAJIM METO-
JIOM JIEKaHTALMK U OTIIPABIISUIA HA aHAJIN3,
0CaJI0OK MHUKpPOYACTHUL[ MPOMBIBAJIA BOJOU
OYHUIIIEHHOW M TOBTOPHO ILEeHTpUudyrupo-
Banu [9].

JlucriepcHsbrii coctaB 00pa3moB Nel u No2
UCCJIEIOBAJIA C MOMOIIBIO (POTOHHON KOp-
PEJSIIMOHHOMN CHEKTPOCKOIINY HA YCTAHOB-
ke Photocor Complex (mpoussoactso OO0
«Antek-97», Poccust). KomnerorepHyto 06-

of manufacturing medicinal preparations
and at their further storage;
the
microbiological purity of the manufactured

— correspond to degree of
product according to the requirements
of the maximum permissible microbial
contamination;

— subject to sterilization, since auxiliary
substances in some cases are one of the main
sources of microbial contamination [9].

Research was carried out using the
information retrieval database (PubMed),
as well as the results of our own research.

Results and discussion. The first study
was the effect of surfactants (polyvinyl
alcohol and Tween-80) on the size of the
obtained pentoxifyllinemicroparticles based
on PLGA. To do this, the exact weights of
pentoxifylline and PLGA were dissolved
in a small volume of chloroform, then the
resulting solution was drip-fed into an
aqueous solution of surfactants (tween-80-
sample Nel, polyvinyl alcohol — sample
Neo2), for 20-25 minutes the solution was
homogenized at a speed of 20000 r/min,
Ultra-Turrax T-18 (IKA,
Germany). The preparation of pentoxifylline

homogenizer

microparticles was carried out at room
temperature. The resulting emulsion was
shaken for 10-24 hours until the chloroform
was completely removed. The resulting
solution was centrifuged at a rate of 6000 1/
min for 40 minutes in an OPN-8 centrifuge,
after which the supernatant was decanted
and sent for analysis, the precipitate of the
microparticles was washed with purified
water and re-centrifuged [9].

The dispersion composition of samples
no.l and no.2 was investigated by photon-
correlation spectroscopy using the Photocor
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paboTKy MaccuBa JIaHHBIX CHEKTPOCKOITUU
MIPOBOJIWIN C TPUMEHEHUEM IPOTPAMMHOTO
obecneuenust DynalS. [TomyueHHble rucTO-
rpaMMbl paclpeneseHus] TUAPOJAUHAMUYC-
CKOTO pajiyca YacTHI] MEHTOKCU(UIUIUHA
Ha OoCHOBe mnoyn-DL-makTua-Kko-riuKoInaa
¢ ucmnojb3oBanueM B kauectBe IIAB TBuH —
80 unu II1BC npencrasiens! Ha puc.l.

Pucynok 1 — Pacnpedenenue 2uopoouna-

Complex (produced by Antek-97 LLC,
Russia). Computer processing of the array of
spectroscopic data was carried out using the
DynaLS software. The obtained histograms
of the distribution of the hydrodynamic radius
of particles of pentoxifylline based on PLGA
using as a surfactant: Tween 80 or polyvinyl
alcohol are presented in the figure 1.

MUYECKUX PAOUYCO8 YACMUY
nenmoxcuguanuna na ocnoge nonu-DL-n1akmuo-Ko-21uKkonuoa, ¢ ucno1b308aHUeM
6 kauecmee IIAB: a) Teun — 80; 6) IIBC
Figure 1 — Distribution of the hydrodynamic radii of pentoxifylline particles based
on poly-DL-lactide-co-glycolide using as surfactants: a) Tween 80; b) PVC

Jlanee HamMu OBLIO H3Y4YEHO BIMSHUE
CKOPOCTH M BpPEMEHHM TOMOTCHHM3alluM Ha
pasMep MHUKpPOYACTHI] TEHTOKCHU(HIITHHA
Ha ocHOBe noyim-DL-1aKkTua-Ko-IITUKOINIA.

[IpuroToBnenre ©u HU3y4YEHUE [HUC-
MEePCHOTO COCTaBa HAHOYACTHI[ MEHTOK-
cupuIIMHA OCTaJoCh TaKUM K€, Kak
B ucneiTanuu Ha BiausgHue IIAB 3a ne-
KOTOPBIM MCKJIIOYEHUEM (CKOPOCTHU TIoO-
MOT€HU3allUU U BpeMeHu). B kauecTBe
ITAB ucnons3oBancg tonpko IIBC, T.x.
OH TIO3BOJISIET IMOJIy4aTh HAaHOYAaCTHUI[bI
c Oonee ONTUMAJbHBIMU pa3MEpaMH.
C yuerom 3apyOeXHBIX HCCIEIOBAHUM,
a TakKXe pe3ylabTaToB, MOJIYy4YECHHBIX B
OKCIEPUMEHTE MO M3YYECHUIO CTEIECHU
BKJIIOUCHUSI TEHTOKCH(PUIINHA B TIO-
au-DL-1aKTHI-KO-TIIMKOJIN I, HaMHU OBIIIH
paccmoTpensl 3 obpasna [8, 15, 16].

Oo6pazern Nel — Bpems romorenusammu 40
MHHYT, Ipu ckopoctu 7200 06/muH (puc. 2).

O6pazern;r No2 — BpeMsi rOMOT€HU3AIMHT
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Next, we studied the effect of the speed
and time of homogenization on the size of
the pentoxifyllinemicroparticles based on
PLGA.

Preparation and study of the dispersed
composition of pentoxifylline nanoparticles
remained the same as in the test on the
effect of surface active agents with some
exceptions (homogenization and time rates).
As a surfactant, only polyvinyl alcohol was
used; It allows to obtain nanoparticles of
more optimal sizes. Taking into account
foreign studies, as well as the results
obtained by us in the experiment on the
degree of incorporation of pentoxifylline
into  poly-DL-lactide-co-glycolide, we
considered 3 samples [8, 15, 16].

sample no 1 — homogenization time 40

minutes, at a speed of 7200 r/min (fig. 2).
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25 munyt npu ckopoctu 20000 o6/mun sample no 2 — homogenization time 25
(puc. 2). minutes, at a speed of 20000 r/min (fig. 2).

Oo6pazernr Ne3 — BpeMsi TOMOTCHHU3AIMHI sample no 3 — homogenization time
15 munyt npu ckopoctu 20000 o6/mMun 15 minutes, at a speed of 20000 r/min
(puc. 2). (fig. 2).

Pucynok 2 — 3asucumocms pacnpeoeenus 2UOPOOUHAMUUECKUX PAOUYCO8 YaACMUY
neHmokcuguiiuna na ochose noau-DL-nakmuo-Ko-2nukonuoa om epemeHu u cKopo-
cmu 2omozenuzayuu a) oopazey Ne 1; 6) oopazey Ne 2; 8) oopazey Ne3
Figure 2 — Dependence of distribution of the hydrodynamic radii of pentoxifylline
particles based on poly-DL-lactide-co-glycolide on time and homogenization rate a)
sample number 1; b) sample number 2; c¢) sample number 3

[TonmyueHHbIe TaHHBIE 11O YKCIIEPUMEHTY The obtained data on the experiment are
MIpEICTaBICHBI B BUE TaOIuIIb (Tabdm. 1). presented in the form of a table (table 1).

Taonuua 1 — Pesynomamul uccie008anus auaHus CKOpocmu
U 6DEMEHU 20MO2EHUZAUUL HA PAZMEP MUKPOUACMUY, REHMOKCUPUIIURA
Ha ocHoee noau-DL-nakmuo-ko-enuxonuoa
Table 1 — Results of the study of the influence of speed and time of homogenization
on the size of pentoxifylline microparticles based on poly-DL-lactide-co-glycolide

CKopoCTh TOMOTEHHU3AIHH, Bpemst .
'mnponuHaMuyeckuit
Ne o6pazma 00/MuH / TOMOTEHH3AINH, MUH /
. L panuyc, HM /
/ Sample Speed of homogenization, | Homogenization time, . .
. . Hydrodynamic radius, nm
r/min min
1 7200 40 496.8
2 20000 25 175.4
3 20000 15 155.0
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Haunyummm ruipoquHaMHUYeCcKUM pa-
MycoM O0Jiajjany 4acTHUIbl B oOpasie Ne
3, MOATOMY WCCIEOBaHUsT MOP(HOIOTHH
HAHOYACTHI] IEHTOKCU(UIIITMHA HA OCHOBE
nonu-DL-nakTui-ko-mMKonuaa mpoBOAU-
JIM Ha JaHHOM o0pas3iie. JlaHHoe uccienosa-
HUE IPOBOAWIIM C IOMOILBIO CKAHUPYIOIIEH
anekTpoHHo Mukpockonuu MIRA-LMH c
CHUCTEMOM OMNpEIEeICHUsl 3IEMEHTHOIO CO-
craBa «AZtecEnergy Standart / X-max 20
(standard)» dupmser «Tescany.

Ha cranmapTHbiii npuOOpHBIA CTONHK
(12 MM) HaHOCHUTCS JBYXCTOPOHHUU IPO-
BOJAILIMK YIJIEpOAHBIA cKOTY. M3 cyxoro,
pacTepToro B CTYIKe, MOpOIIKa OTOMpa-
eTcsl TIIATENIbHO IepeMelIaHHas npoda u
HAHOCHUTCS Ha BCIO oOmacth ckortya. W3-
JIUIIKA CAYBAIOTCS J1a00paTOPHOM TpyIIeH.
3areM NMpOU3BOJIUTCS HAMBUICHHUE YITIEPO/a
cinoeM nopsaka 10 HM Ha HaNBUITUTEIBbHOU
cucreme QR 150. Ha cnenyromem srane B
CUCTEMY MHUKPOCKOIA IMoJlaeTcs ra3 (a3or).
3areM OCYHIIECTBISIETCSl BXOJ B IPOTpam-
My «Tescan» MO JIOTMHY/NIApPOII0 TOJb-
3oBarens. [IpousBoauTcst Hamyck azoTra B
pabouyro KaMepy MHMKPOCKOINA KHOIKON
«HAMyCK», yCTAaHABIIMBAETCS CTAHIAPTHBIN
CTOJIMK C 00pa3IoM B JIepKaTeib 00pasIloB.
[IpousBoauTcs BakyyMUPOBAHUE CHUCTEMBbI
KHOMKOM «OTtkauuBanuey». OTKpbIBaeTCs
kianad nymka kHonkod «BKJIy». IToxbop
napamMeTpoB U3y4eHHUss MOpPQOJIOTUM da-
CTHI] NMPOU3BOJMJICS COITIACHO IMOCTAaBJIEH-
HoM 3amaun. [lpu m3ydennu mopdonoruu
gactul obpasua Ne3 mmkpodororpadun
ObUTH TIOTy4eHbI KHOTKOW «Hakormutey. 3a-
TEM IIPOU3BOIUTCS BHITPY3Ka JAHHBIX U BbI-
xox u3 cucteMsl «Tescany.

B pesynbrare noixyueHHbIE MEKPO(]OTO-
rpa¢uu npeacTaBiIeHbl Ha pHC. 3
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The best hydrodynamic radius was
possessed by particles in sample no 3;
therefore, studies of the morphology of
pentoxifylline nanoparticles based on
PLGA were performed on this sample.
This study was carried out using scanning
electron microscopy MIRA-LMH with
the element determination system «Aztec
Energy Standart / X-max 20 (standard)»
company «Tescany.

On a standard instrument table (12 mm),
double-sided conductive carbon tape is ap-
plied. From a dry powdered mortar, a care-
fully mixed sample is taken and applied to
the entire area of the tape. Surplus is blown
off by a laboratory pear. Next, the carbon
deposition layer of about 10 nm on the sput-
tering system QR 150. In the next step in
the microscope system supplied with gas
(nitrogen). Then the user logs in to the «Tes-
can» program. Nitrogen is introduced into
the working chamber of the microscope us-
ing the “admission” button, a standard table
with a sample is placed in the sample holder.
The system is evacuated using the “Pump-
ing” button. The gun valve is opened with
the “ON” button. The selection of param-
eters for studying the morphology of parti-
cles was carried out according to the prob-
lem posed. When studying the morphology
of particles of sample Ne3, the micrographs
were obtained with the “Accumulate” but-
ton. Then the data is downloaded and exited
from the «Tescan» system.

As aresult, the micrographs obtained are
shown in the figure 3



Pharmacy & Pharmacology V. 5 N 2, 2017

DOI:10.19163/2307-9266-2017-5-2-177-194

Pucynok 3 — Mukpogpomozpagpuu oopazua Ne3
Figure 3 — Micrographs of sample number 3

bbino ycraHoOBIIEHO, YTO HUCTIEPCUOH-
Has (asza oOpasia, B KOTOPOM B KadueCTBE
ITAB 6511 TBUH-80, COCTOUT M3 YaCTHIL CO
CPEIHUM THUAPOAMHAMUYECKUM PaJUYyCOM
nopsiika 3680 HM, a nucnepcroHHas (asza
obpasna ¢ I[TAB-IIBC coctout u3 4acTuiy
CO CpeIHUM THIPOJUHAMUYECKUM pau-
ycom mopsinka 175,4 am. CrenoBarenbHO,
HAaWMEHBIIUMHU pa3MepamMu oOiajanu Ha-
HOYACTHIIBI B 00pas3Ile ¢ UCIIOJIb30BAHUEM B
kayectBe [IAB-IIBC.

[lo pesynbTaram 3KcrepuMeHTa, ObLIO
JIOKA3aHO BIIUSIHUE CKOPOCTH TOMOTE€HH3a-
IIMY Ha pa3Mep HaHOYACTHUIl MEHTOKCU(UII-
JMHa Ha ocHOBe nonu-DL-makTua-ko-riu-
KOJU/a, a Takke TOT (PaKkT, YTO BpeMs
TOMOT€HHM3alluK paBHOE 15 MuUH, nocTarou-
HO JIsl IOJIyYEHHUsl ONITUMAJIbHOTO pa3Mepa
HAHOYACTHUI] TMEHTOKCU(PUIUINHA, U J1allb-
Helilllee YBEJIMUYEHHE BPEMEHH IepeMeIln-
BaHMS HE MPUBOJUT K YMEHBIIICHUIO Pa3Me-
pa 4acTwuil.

Anamuz Mmukpodotorpaduii, npeacras-
JICHHBIX Ha pucC. 3, mokasall, 4To B o0pasiie
Ne 3 mpucyTcTBYIOT YacTHIIbI cepruuecKoit
dbopmbl, IMeroIIIMe OUMOIATBHOE pacpeie-
nenue. CpelHUi TuaMeTp YacTULl MEHbILIEH
¢pakuun nopsinka 300 = 50 HM, Oomnblueit
¢pakumu — 6onee 1 mukpomerpa. [lomyyen-
HBIC JTAHHBIC TI0 MEHBIIECH (paKIuu Corlia-

It has been found that the dispersion
phase of the sample, in which the surface-
active substances was Tween-80, consists
of particles with an average hydrodynamic
radius of about 3680 nm, and the dispersion
phase of the sample with surface-active
substances - polyvinyl alcohol, consists of
particles with an average hydrodynamic
radius of the order of 175.4 nm. Therefore,
nanoparticles in the sample had the smallest
dimensions, using polyvinyl alcohol as
surfactants.

Based on the results of the experiment,
the effect of the homogenization rate on the
size of the nanoparticles of pentoxifylline
based on PLGA was proved, and also the
fact that the homogenization time of 15
minutes is sufficient to obtain the optimum
nanoparticle size of pentoxifylline, and
further increase in the mixing time does not
lead to a decrease in particle size.

Analysis of the microphotographs
presented in Fig. 3 showed that in sample
No. 3 there are spherical particles having a
bimodal distribution. The average particle
diameter of the smaller fraction is of the
order of 300 £ 50 nm, the larger fraction
is more than 1 micrometer. The obtained
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CYIOTCsI C pe3ysbTaraMu (POTOHHOU KOppesi-
LMOHHOM crieKTpockonuu. Opakius yacTuil
¢ OonpmMM pa3MepoM CcPOpMHPOBAJIACH,
HO-BUAMMOMY, OO B MpoIlecce XpaHEHUS
npenapara, Ju00 B MPOLECCEe MOATOTOBKU
oOpa3ia A aHajau3a, IpU BBICYIIMBAHUU
CYCIIEH3UH Ipenapara.

3akitouenue. [lo JaHHBIM, MOy4YEH-
HBIM B XOJI€ UCCJIEJIOBAaHUS, ObLIIO JOKa3aHO
BJIIMSIHUE CKOPOCTU U BPEMEHU T'OMOT€HU3a-
1y, a Takxke Buaa [TIAB nHa pasmep u dop-
MYy HAHOYACTHI] NMEHTOKCU(UIIIMHA HA OC-
HOBe PLGA. YuuTsiBasi pe3yabTaThl HallUX
MCCIIeZIOBaHUH, ObLIa CKOPPEKTUPOBAHA Me-
TOJUKA MOJYyYEHUs HAHOYACTHI] IEHTOKCH-
¢uIMHA: IPU UCIIOJIB30BAaHUU B KayeCTBE
IIOBEPXHOCTHO-aKTUBHOI'O BEILIECTBA MOJIH-
BUHUJIOBOTO CIIMPTAa B KOHIEHTpauuu 3%,
npu ckopoctu romorenuzanuu 20000 06/
MUH B TeueHue 15 MuH o0pa3yrorcs Haubo-
Jee oNTUMaNIbHOTO pa3Mepa (155 um) HaHo-
JacTUIBl cPeprudeckoil GopmMbl, UMEIOIINE
OMMOIIalIbHOE pacIpeiesiCHHeE.

BbaaronapuocTu. PaGota BbIMONHE-
Ha 0OpU TMOAJepKke rpaHTa Bceepoccwuii-

CKOTO  MOJIOAECKHOIO  HAy4yHO-UHHOBA-
HAOHHOTO  KOHKypca «YMHUK-2015»
Ne78941'V/2015.
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data on the smaller fraction are consistent
with the results of photon correlational
spectroscopy. The fraction of particles
with a large size was formed, apparently,
either during the storage of the preparation,
or during the preparation of the sample
for analysis, when the suspension of the
preparation is dried.

Conclusion. According to the data
obtained during the study, the influence
of the speed and time of homogenization,
as well as the type of surface-active
substances on the size of pentoxifylline
nanoparticles based on PLGA, has been
confirmed, taking into account the results
obtained in this study, the procedure for
obtaining nanoparticles of pentoxifylline
has been corrected, when using surfactants-
polyvinyl alcohol concentrations of 3%, at
a homogenization rate of 20,000 r/min for
15 minutes, the most optimal size spherical
bimodal particles (155 nm) are formed.
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