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Pa3pa6oTka ruipodujaIbHOIO reJjisi Ha OCHOBe
cyJab(aTHUPOBAHHOIO apadHHOTaIaKTaHa

B.B. Koctripo, A.A. KocTteipo

@I'BYH Hpxymckuil uncmumym xumuu um. A.E. @asopckozo CO PAH, Hpxymck, Poccus

AHHOTAIIUA

BBeneunue. CoBpeMeHHbIN (hapManeBTUUECKUH PHIHOK MPEJIaraeT OueHb OTPAHIYEHHBIN aCCOPTUMEHT JIeKapCTBEH-
HBIX CPEJICTB /151 MPODUIAKTUKY ¥ JIEYEHU XPOHMUECKOHN BEHO3HOM HetocTaTouHoCTH. OpUrHHaIbHOE (hapMaKoIoTHye-
CKH aKTHBHOE COe/IMHEHNE Ha OCHOBE KaJIUEBOH COJH CyIb(haTHPOBAHHOTO ITPOU3BOIHOTO apabuHoraaktana (Arcyiap®)
SIBJISIETCST aHAJIOTOM TelapuHa.

Il enw. PazpaboTka ruApodUIHLHOTO Tesist Ha ocHOBe Arcynap® (1.5%).

MaTepuaJbl U MeTOABl. MoeabHble KOMIO3UIUA TOTOBUIN IO TPAJUIMOHHBIM METOJUKAM WU3TOTOBJIEHUS
resieii. U3UKO-XUMHUYECKHE CBOUCTBA TOJIYIEHHBIX 00Pas3IioB OEHUBAIM METO[AMHU ITIOTEHIIMOMETPHH, TUHAMUYIECKOM
PEOJIOTHH U IMHAMUYECKOTO CBETOpaccesiuus. Takske OlleHrBa1ach MUKPOOMOIOTHYECKAs YMCTOTA TeJlell IIPU XpaHEeHU .
PesyabpraThi. OGOCHOBAH ONTHMAJIbHBIA COCTAaB THAPOMHUIBHOTO Tess, COAEP:KAIIUN B KayecTBe JEHCTBYIOIIETO
BemecTBa Arcynap® (1.5%). 9To0 BOAHO-a3POCUII-TJIHIEPHUHCO/IEPIKATIIAs KOMIIO3UIUA (B COOTHOIIIEHHH KOMITOHEHTOB
1:2:13 cOOTBETCTBEHHO). McenemoBanus pH, AMHAMUYECKO BA3KOCTH U I3€Ta-MIOTEHIINAaIa TIOATBEPIK/IAI0T CTAOUIBHOCTD
9TOTO resis. BBeeHne KoHCcepBaHTa (HUIATHH 0.1%) obecnednBaeT MUKPOOUOJIOTHIECKYIO YHCTOTY I'eJisl IPU XPAHEHHH.
3aknwueHue. PazpaboTaHHBIN TUAPODWIBHBIN TeJIb ABJISETCS MEPCIIEKTUBHBIM CPEZCTBOM MPOMDUIAKTHKY U Jeue-
HUS XPOHUYECKOU BEHO3HOU HEJIOCTATOUHOCTH.

Kaouessle caoea: cyibpaTupoBaHHBIN apabUHOTaIaKTaH, Arcyiap®, resib, a9pOCHIL.

Oo0pasen murupoBaHusna: Kocreipo B.B., Kocteipo fI.A. PazpaboTka ruapodUIbHOTO TeJIs HA OCHOBE CYJIb-
daTupoBanHOTO apabuHorasiakTana // Journal of Siberian Medical Sciences. 2022;6(1):116—127. doi: 10.31549/2542-
1174-2022-6-1-116-127

Development of hydrophilic gel based
on sulfated arabinogalactan

V.V. Kostyro, Ya.A. Kostyro

A.E. Favorsky Irkutsk Institute of Chemistry, Irkutsk, Russia

ABSTRACT

Introduction. The modern pharmaceutical market offers a very limited range of medicines for the prevention and
treatment of chronic venous insufficiency. The original pharmacologically active compound based on the potassium salt of
the sulfated derivative of arabinogalactan (Agsular®) is an analog of heparin.

Aim . Development of a hydrophilic gel based on Agsular®.

Materials and methods. Model compositions were prepared according to traditional methods of gels prepa-
ration. The physical and chemical properties of the obtained samples were evaluated by methods of potentiometry, dynamic
rheology and dynamic light scattering. The microbiological purity of the gels during storage was also evaluated.
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Results. The optimal composition of the hydrophilic gel containing Agsular® (1.5%) as the active substance is substan-
tiated. This is a water-aerosil-glycerol-containing composition (the mixture ratio being 1:2:13 respectively). Studies of pH,
dynamic viscosity and zeta potential confirm the stability of this gel. The introduction of a preservative (Nipagin 0.1%)

ensures the microbiological purity of the gel during storage.

Conclusion. The developed hydrophilic gel is a promising mean of prevention and treatment of chronic venous

insufficiency.

Keywords: sulfated arabinogalactan, Agsular®, gel, aerosil.
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BBEJAEHUE

CoBpeMeHHBIH (hapMalieBTHUECKUN PHIHOK Poc-
CUU UMeeT BecbMa OTPAHHUYEHHBIH aCCOPTHMEHT
JIEKAPCTBEHHBIX CPEJICTB TOMUYECKOTO JIeHCTBUs
JU1s TPODUIIAKTUKY U JIEYEHUA XDOHUUECKOH BEHO3-
HOH HEIOCTAaTOYHOCTH, 00JIAZIAIONUX IOJIMBAJIEHT-
HBIM MEXaHH3MOM JIeHCTBUS, T.e. OKa3bIBAIOIUX
(neboToHU3MpYIOIIEE, AHTUOIPOTEKTOPHOE JIei-
CTBHE, a TAK)KE YMEHBIIAIONINUX arperaruio TpoM60-
[UTOB U YCKOPSIOIINX ITPOIIECCHI PETEHEPAIIHIH.

OJIHUM U3 TaKUX JIEKAPCTBEHHBIX CPEZICTB SABJIA-
€TCsI TellapUH, ero CyOCTaHIIUS OTHOCUTCA K KJIaccy
OpraHOIPENapaToB, MOJYIAEMbIX U3 JIETKUX KPYI-
HOTO POTaTOr0 CKOTA M CJIM3UCTOH ODOJIOUKHU TOH-
KOrO KUIlleuHuKa cBUHeH [1, 2]. CyliecTBeHHBIMH
HEJIOCTATKaMH TO/I0OHBIX JIEKAPCTBEHHBIX CPEZICTB
SIBJIAIOTCA: BO-TIEPBBIX, HAJINYUE B UX COCTAaBE CJIe-
OB 0Oesika W THUCTAMUHOIIOJOOHBIX BEIIECTB, UTO
MOKeT TIPUBECTH K TMOSIBJIEHUI0 aJUIEPTHUECKUX
peaknuii Ipu IpUMEHEHUU, a BO-BTOPHIX, TaK KaK
5TO OpTaHOIpenapaTbl, OHU WMEIOT CJIOXKHBII
COCTaB, He BCerya ABJIAIOIIUICS IIOCTOSHHBIM (KaK B
IIpoliecce MPOU3BOJICTBA, TaK M B IPOIECCE XPAHe-
HUS), YTO NPHUBOJUT K OTCYTCTBUIO aJ[€KBATHBIX
METOJIOB ero cTaHzaptusanuu [3]. [ToaTomy mouck
aHAJIOTOB TellapyHa, JINIIEHHBIX €r0 HeJOCTaTKOB,
SIBJISIETCSI BEChbMa aKTYaJIbHOH 33jiauell MeIuIlUH-
CKOH U (hapMareBTHIECKON HAYKU.

B Upkyrckom nHctuTyTe XuMuu uM. A.E. ®aBop-
ckoro CO PAH paspaboTano opuruHaiabHoe papma-
KOJIOTHYECKH aKTHBHOE COe/IMHEHHWE — KaslreBas
COJIb Cy/IbAaTUPOBAHHOTO IPOU3BOHOTO apabUHO-
ranakrtana (Arcymnap®) (puc. 1) [4, 5]. Ero 6e3omnac-
HOCTh W (apMaKOJIOTUYeCKass AaKTUBHOCTHh IIOJ-
TBEP)K/IEHbI  DKCIIEPUMEHTAJIBHBIMU  JIOKJIMHH-
YeCKUMU HCCIIeTOBAaHUSIMH, MPOBEIEHHBIMU
HayJHO-KJIMHUYECKUM IEHTPOM TOKCHUKOJIOTHH M.
akaz. C.H. l'osiukoBa ®MBA (1. Caukt-Ilerepbypr) u
[IOKA3aBIIUMU TIEPCIIEKTUBHOCTD HCIIOJIb30BAHUS
Arcynap® B MeOUIMHCKON IPaKTHKe B KadecTBe
TUIOJUIUEMUYECKOTO U aHTHKOATYJIIHTHOTO
CpesiCTBa, MO0OHOTO TenapuHy [6, 7].

INTRODUCTION

The modern pharmaceutical market of Russia has
a very limited range of topical medicines for the pre-
vention and treatment of chronic venous insuffi-
ciency, which have a polyvalent mechanism of action,
i.e. phlebotonic, angioprotective effect, as well as
reducing platelet aggregation and accelerating regen-
erative processes.

One of such medicines is heparin, its substance
belongs to the «class of organopreparations
obtained from the lungs of cattle and the mucous
membrane of the small intestine of pigs [1, 2]. Sig-
nificant disadvantages of such medicines are:
firstly, the presence of protein traces and hista-
mine-like substances in their composition, which
can lead to allergic reactions when used, and, sec-
ondly, since these are organopreparations, and
have a complex composition that is not always
constant (both during production and during stor-
age), which resutls in the lack of adequate methods
of its standardization [3]. Therefore, the search for
analogues of heparin, devoid of its disadvantages,
is a very urgent task of medical and pharmaceuti-
cal science.

An original pharmacologically active compound
has been developed in A.E. Favorsky Irkutsk Insti-
tute of Chemistry (Irkutsk, Russia), the potassium
salt of the sulfated derivative of arabinogalactan
(Agsular®) (Fig. 1) [4, 5]. Its safety and pharmaco-
logical activity have been confirmed by experimental
preclinical studies conducted by the S.N. Golikov
Scientific and Clinical Center of Toxicology
(St. Petersburg) and showed the prospects of Agsu-
lar® use in medical practice as a heparin-like
hypolipidemic and anticoagulant agent [6, 7].

Since Agsular® is a highly water-soluble com-
pound, the most rational and optimal from techno-
logical point of view, as well as taking into account its
physical and chemical properties and the range of
modern excipients, is a semisolid dosage form of
topical action, that is a hydrophilic-based ointment
in the form of a gel.
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Puc. 1. ®parmeHT CTPYKTYpHI Arcynap®
Fig. 1. Fragment of the Agsular®structure

Tak xak Arcynap® siBjisieTCsl XOPOIIIO PACTBOPH-
MBIM B BOJIe CO€JWHEHHEM, TO Haubojiee paluo-
HAJIBHOMW M ONITUMAJIBHOM C TEXHOJIOTUYECKON TOUKHI
3pEHHUS, a TAKKE C YIETOM er0 GPU3UKO-XUMHIECKHUX
CBOHCTB M acCCOPTUMEHTA COBPEMEHHBIX BCIIOMOTa-
TEJIbHBIX BEIIIECTB SBJISIETCS MSTKasl JIeKapCTBEHHAsST
¢dopma TOMUUECKOTO JEUCTBUS — Mash Ha THUJIPO-
(unpHOI OCHOBe, Ipe/icTaBIeHHAA B BU/IE Tesidl.

Pacuer sddexTUBHON TepaneBTUUYECKOU KOH-
nentpanuu Arcynap® (1.5%) B reje ObLI MPOU3BE-
JIeH Ha OCHOBAaHUH IPOBEJEHHBIX JTOKIUHUYECKUX
WCCJIEIOBAHUUA W TI0 aHAJIOTHU € O(PUITTHAIIHBHBIM
IpernapaToMm Jisi TpOGHIAKTHKY U JIEUEHUS] XPOHU-
YeCKOU BEHO3HOU HeJIOCTATOYHOCTH Ha OCHOBE Tera-
puHa «I'enapuHoBast Ma3b» (JIC-000483, 100 EJI/T
masu, AO «AnrtariBuraMuHb», Poccust) [8] — masp
TOIMYECKOTO AEUCTBUSA, COJiepKaliasg MUHUMAaJb-
HO€ KOJIMYECTBO TelapuHa U MPOSBIISIONIAs ONTH-
MaJIbHOE TEPATIEBTHYECKOE JIEUCTBHE.

IEJIb NCCJIEJOBAHUA

PazpaboTka ruipodUILHOTO TeJisl, CO/IEPIKAIIETO
B KauecTBe JeficTByomero Bemiecrsa Arcynap® (1.5%).

MATEPUAJIBI 1 METO/IbI

Jl1s1 ToJIydeHMs Tejleld HCIOJIb30BaHbl: (apma-
KOJIOTUYECKHM aKTUBHOE coefuHeHue Arcynap®,
MIOJIyUeHHOe Ha OCHOBe apabuHorasakTtaHa (®C-
000905) [8] cormacHo meTomuke [4, 5] ¢ YMCTOTOH
98 %; Aspocun® (KOJUIOUJHBIM JUOKCHJ KpeM-
Hus) — AEROSIL® 200 Pharma (®C-000068, Evonik
Degussa, T'epmanusi) [8]; Boma ouwuIleHHAsA
(®C.2.2.0020.18) [9]; mmunepon (PC.2.2.0006.15)
[9]; xap6omep — Carbopol® EDT 2001 (Lubrizol,
I'epmanus) [10]; Humarusa (methylparaben, CAS
No. 99-76-3, Sigma-Aldrich, CIIIA); TpusTaHosa-
muH (TDA) (umersiii) (TY 2423-168-00203335-
2007, Poccus).

The calculation of the effective therapeutic con-
centration of Agsular® (1.5%) in the gel was made on
the basis of preclinical studies and by analogy with
the officinal heparin-based preparation for the pre-
vention and treatment of chronic venous insuffi-
ciency Heparin ointment (LS-000483, 100 U/g of
ointment, Altaivitamins, JSC, Russia) [8], topical
ointment containing a minimum amount of heparin
and showing optimal therapeutic effect.

AIM OF THE RESEARCH

Development of a hydrophilic gel containing
Agsular® (1.5%) as an active agent.

MATERIALS AND METHODS

To obtain gels, the following were used: pharma-
cologically active compound Agsular®, derived from
arabinogalactan (FS-000905) [8] according to the
method [4, 5] with a purity of 98%; Aerosil® (colloi-
dal silicon dioxide) — AEROSIL® 200 Pharma (FS-
000068, Evonik Degussa GmbH, Germany) [8];
purified water (FS.2.2.0020.18) [9]; glycerol
(FS.2.2.0006.15) [9]; carbomer — Carbopol® EDT
2001 (Lubrizol Deutschland GmbH, Germany) [10];
Nipagin (methylparaben, CAS No. 99-76-3, Sigma-
Aldrich Corp, USA); triethanolamine (TEA) (pure)
(Technic Specification 2423-168-00203335-2007,
Russia).

The pH of the gels was measured by the potentio-
metric method (General Pharmacopeia Monograph
(GPM).1.2.1.0004.15 [9]) at a temperature of 20°C
using an Expert-pH pH-meter (Econix-Expert, LLC,
Russia).

The study of the rheological properties of gels was
carried out by dynamic rheology (GPM.1.2.1.0015.15
[9]) on a modified Rheotest 2.1 rotational viscosim-
eter (Rheotest Medingen GmbH, Germany) with a
cylinder-cylinder measuring module (ratio between
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Usmepenue pH resneil mpoBOAWIN IIOTEHITHOME-
TpudeckuM MeronoM (O®PC.1.2.1.0004.15 [9]) npu
Temiieparype 20 °C ¢ ucnosp3oBaHueM pH-merpa
«3kcnept-pH» (OO0 «dxoHMKC-IKCnepT», Pocens).

UcenenoBaHue peoJIOTHYECKUX CBOUCTB TeJIeH
OCYIIIECTBJISJIA METOJIOM JUHAMUYECKOH PEOJIOTHH
(0O®C.1.2.1.0015.15 [9]) Ha MoOAUGUIIUPOBAHHOM
peosuckozumerpe Rheotest 2.1 (Fepmanusi) ¢ uame-
PUTEJBHBIM MOYJIEM «IAJIUHAP-IUIHHADP» (OTHO-
[IeHNEe MEXIY PaANycaMu 1.02) B PeXKUMe KOHTPO-
supyemoii ckopocrtu caBura. CKOpoCThb CIBUTA H3Me-
HSJIU B IIpefesiax 0.1-800 ¢ ™.

Jl3eTa-oTeHIIUA TeJled W3MEPSUIM METOOM
JUHAMUYECKOTO CBETOPACCESTHUS C HCII0JIh30Ba-
HueM npubopa Zetasizer Nano ZS (Malvern
Instruments Ltd, BenukoGpuranus). V3mepenus
[IPOBO/IMJINCH B CTEKJISTHHBIX KIOBETAX 1X1 CM C KBa-
JIPATHOM TOPJIOBUHOM 7711 6e€3BOAHBIX 0Opa3IOB C
WCIIOJTb30BAHMEM  VHUBEPCAJIBHBIX  IOTPYKHBIX
3JIEKTPOJIOB. PesysbraThl 06pabaThiBasid ¢ IIOMO-
b0 POTPAaMMHOTO obeclleueHusi CceMeHrcTBa
Dispersion technology Zetasizer family software
v7.01 (Malvern Instruments Ltd, Beuko6purauus).

Jl3eTa-moTeHIMaJI — OCHOBHOM IOKa3aTeJb CTa-
OMIBHOCTH KOJUIOU/IHBIX CHCTEM B KHUJIKUX CpeZax.
Ero 3nauenme (+30 MB), sABAmOIIEecs XapakTep-
HBIM JIJISI YCJIOBHOTO Pasjie/ieHus] HU3KO-3apsiKeH-
HBIX U BBICOKO-3apPS?KEHHBIX ITOBEPXHOCTEHN, CUUTA-
€TCs IIOPOTOBBIM /I CTaOMJIBHBIX cucTeM [11].

OmpeniesieHHe MUKPOOHOJIOTHYECKOH UYHCTOTHI
MIPOBOJIWJIM Ha cpeHel mpobe (10 T) KaXK0ro Tejis B
cootBeTcTBuH TpeboBaHmsaMHu ODC.1.2.4.0002.18 [9].

HccenegoBanusa  TOJATOCPOUYHOH  CTaOWIBHOCTH
rejiedl MPOBOIWIINICH ITPY XPAHEHUU B €CTECTBEHHBIX
YCJIOBUSX, 00€CIIeYNBAOIINX KOMHATHYIO TeMIIepa-
Typy (+15...—25 °C), OTHOCUTEJBHYIO BJIAKHOCTD
BO3/yxa He Oosiee 50 % U 3aIIUTy OT IPSIMBIX COJI-
HEUYHBIX Jiyded. DUBHKO-XUMUUYECKHUE CBOUCTBA,
BKJIIOYAsi BHEIIHWH BUJ, pH, AMHAMHUYECKYIO Bs3-
KOCTb, J3€Ta-IIOTEHIIUAT U MUKPOOHOJIOTHIECKYIO
YUCTOTY, OIPEEsIs/IA C MHTEPBAJIIOM 3 MeC Ha IIPo-
TSOKEHUU 1 TOIA.

Bce mosnyuyeHHble maHHBIE OBLIN CTATUCTHYECKU
obpaboTtanbl (p = 95 %) NpH MOMOIU KPUTEPUS
CThIOZIEeHTa B COOTBETCTBUU  TPEOOBAHUSIMH
0dC.1.1.0013.15 [9].

PE3YJ/IBTATBI 1 OBCYKJIAEHNE

Ha ceroguamuuii ieHb B MEPOBOU hapMarieBTH-
YecKOM INpaKTUKe /JIs IPUTOTOBJIEHUA Tesiell Hau-
0oJiee MIMPOKOE PACIPOCTPAHEHHE IMOJIYUMJIN CHH-
TETUYECKUE  BBICOKOMOJIEKYJIAPHBIE  TOJIIMEPHI
AKPUJIOBOU KUCJIOTHI, CIIUThIE AJIUIIOBBIM 3(UPOM
caxaposbl WIN IEHTA3PUTPUTA, HA3BIBAEMBIE Dell-

radii is 1.02) in a controlled shear rate mode. The
shear rate was varied within 0.1-800 s™.

The zeta potential of the gels was measured by
dynamic light scattering using a Zetasizer Nano ZS
device (Malvern Instruments Ltd, UK). Measure-
ments were carried out in 1x1 cm glass cuvettes with
a square neck for anhydrous samples using universal
immersion electrodes. The results were processed
using a Dispersion technology Zetasizer family v7.01
software (Malvern Instruments Ltd, UK).

Zeta potential is the main indicator of the stability
of colloidal systems in liquid media. Its value
(+30 mV), which is characteristic of the conditional
separation of low- and highly-charged surfaces, is
considered the threshold for stable systems [11].

Microbiological purity was determined on an
average sample (10 g) of each gel in accordance with
the requirements of GPM.1.2.4.0002.18 [9].

Studies of the long-term stability of the gels were
carried out when stored in natural conditions that
provide room temperature (+15...—25°C), relative
humidity of no more than 50% and protection from
direct sunlight. Physical and chemical properties,
including appearance, pH, dynamic viscosity, zeta
potential and microbiological purity, were deter-
mined at intervals of 3 months over the period of
1year.

All the data obtained were statistically processed
(p = 95%) using the Student’s t-test in accordance
with the requirements of GPM.1.1.0013.15 [9].

RESULTS AND DISCUSSION

To date, in the world pharmaceutical practice, the
synthetic high-molecular polymers of acrylic acid,
crosslinked with allyl ether of sucrose or pentaeryth-
ritol, called lightly crosslinked acrylic polymers or
carbomers, have become the most widely used com-
pounds for the preparation of gels.

To develop a hydrophilic gel containing Agsu-
lar® (a water-soluble high-molecular compound
that is a sufficiently strong electrolyte) from a large
assortment of carbomers presented in Russia, the
Carbopol® EDT 2001 was selected, a low-toxic gel-
forming agent that swells very quickly in water and
easily disperses without the formation of lumps, as
well as having high stability in the presence of elec-
trolytes [10].

The aqueous solution of Agsular® (1.5%) has a
pH 5.2—5.3, therefore, the gel of the neutralized car-
bomer after adding a solution of the active sub-
stance to it should have a pH 5.25 + 5% (4.99—-5.51),
which corresponds to the physiological pH value of
the skin (5.5) [12]. To obtain a transparent gel, pure
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KOCIIUTBIMU aKPUJIOBBIMHU IOJTUMEPAMHU HJIU Kap-
bomepamu.

s pazpaboTku TUAPODUILHOTO Tess, COAep-
kamero Arcysnap® (BogopacTBOpUMOe BBICOKOMOJIE-
KyJIApHOE COeIWHEHUE, SIBJIAIONIEECT JOCTATOYHO
CHJIPHBIM 3JIEKTPOJIUTOM), U3 OOJIBIIOTO acCOPTH-
MeHTa KapOOMepOB, IIpeJCTaBJIeHHbIX B Poccuw,
6511 BeIOpaH Carbopol® EDT 2001 — MayiOTOKCHY-
HBIH Tesieo0pa3oBaTesib, OUeHb OBICTPO Habyxaro-
IIUH B BOJIE U JIETKO IMCIIEPTUPYIOUCSA 6e3 oOpa-
30BaHUs KOMKOB, 8 TAK}Ke HUMEOIIUN BBICOKYIO CTa-
OUJIBHOCTD B IPUCYTCTBUU BJIEKTPOJIUTOB [10].

Bogusrii pactBop Arcynap® (1.5%) umeet pH 5.2—
5.3, IO3TOMY T'eJIb HEUTpaJIn30BaHHOTO KapboMepa
Iocjie BHECEHMS B HEro pacTBOpa JeHCTBYIOIIETO
BelllecTBa JIOJI?KeH uMeTh 3HaueHue pH 5.25 + 5 %
(4.99—5.51), 9YTO COOTBETCTBYET (PUHOJIOTHIECKOMY
snauenuo pH koxu (5.5) [12]. JI1s1 mosrydeHus mpo-
3pavyHOrO0 Teji B KauyecTBe HEUTPAIU3YIOIIETO
areHTa HCHOJIb30Baau TOA B YHCTOM BUAE, UTO
SIBJISIETCSL BeChbMa PAIlMOHAIBHBIM U TEXHOJIOTHUYE-
CKH BBITOJIHBIM pPEIIeHHEM, IMOCKOJIbKY ITO3BOJISIET
HAIPpaBUTh HA CTaJUI0 HaOyXaHUs MMOJIIMEepa IpakK-
TUYECKHU BCIO MACCy BOJIbI OUHIIIEHHOH I10 TPOITUCH U
HCKJIIOYAET TEXHOJIOTHYECKYIO CTATUI0 IPUTOTOBJIE-
HHUA pacTBOpa-HedTpanusaropa. lcnosb3oBaHue
T3OA nozBoJsiseT noaepkuBath pH rend Ha 3amaH-
HOM YPOBHE, B pe3yJIbTaTe uero He TpebyeTcsi BBee-
HHE JIOTOJITHUTEIbHBIX BCIIOMOIaTeIbHBIX BEIIECTB,
peryiupytonux pH siekapcTBeHHON (POPMBL.

OntumasibHasi KOHIlEHTpalus Kapbomepa wu
KoJIm4ecTBO TOA, He0oOXOUMOe IS IOJIydeHUs
1.5% renst Arcynap® ¢ 3aganabiM pH, Obl1a ompese-
JleHa TpPHU TMOMOIIUA MOJEJbHBIX 00pasioB (KA1-—
KA4) (Tabi. 1).

Kak BUIHO U3 TIPE/ICTaBIeHHBIX JAHHBIX, TPAAU-
IIMOHHO UCIIOIb3yEeMBbIE JIJISI ITOJIyYeHUs TeJIed TOMH-
YeCKOro JIEUCTBUS KOHI[eHTpaIuu kapbomepa 1o 1 %
(B aToM ciyuae reneoOpa3oBaHUE ITPOUCXOIAT
HaMHOTO 3(pdeKTUBHEE) HE IPUBOJAT K MTOJIYUEHHIO
BA3KO-IUIACTUYHOHN TeJIeBON cHUcTeMbl. B TexHuue-
CKOM JJOKyMEHTAINHU [10] JomycKaeTcs: IpuMeHeHHe
kapOoMepa B KoHIleHTpanuu 70 3 % (KA4), omHako B
pe3yJibTaTe UCCJIEIOBAHUS PEOJIOTHYECKUX CBOUCTB
JTAHHOTO TeJisA OBLIO YCTaHOBJIEHO, UTO pa3paboTaH-
HBIH COCTaB He SIBJISIETCSA ONTUMATbHBIM, TaK KaK €eT0
PEOJIOTHYECKHE XapaKTEPUCTUKUA HE Y/IOBJIETBO-
PSAIOT TPeOOBAHUAM «TEXHOJOTUYECKOTO PEOJIOTH-
YECKOTO OIITUMYMAa 3KCTPY3UH » JJI TUAPOPUITHHBIX
resiedt [13] (puc. 2), a TEXHOJIOTHSA MOJIydeHUs Tesis
SKOHOMUYECKH HEBBITOZHA W MO’KET MPUBECTH B
JIAJTbHEUIIIEM K YIOPOKAHUI0 KOHEUHOTO MPOYKTA.

B cBA3HM c 3THUM I TaJbHEUIIETO U3YUYEeHUs B
KauecTBe resieobpasoBaresisi ObLT BRIOpAaH KOJITOU/I-

TEA was used as a neutralizing agent, which is a
very rational and technologically advantageous
solution, since it allows to direct almost the entire
mass of water purified according to the prescription
(GM) to the swelling stage of the polymer, and
excludes the technological stage of preparation of
the neutralizing solution. The use of TEA makes it
possible to maintain the pH of the gel at a given
level, so the introduction of additional auxiliary
substances regulating the pH of the dosage form is
not required.

The optimal carbomer concentration and the
amount of TEA required to obtain 1.5% Agsular® gel
with a given pH was determined using model sam-
ples (KA1—KA4) (Table 1).

As can be seen from the presented data, car-
bomer concentrations up to 1% are traditionally
used to produce topical action gels (thus, gelation
occurs much more efficiently) do not lead to the for-
mation of a viscous-plastic gel system. In the techni-
cal documentation [10], the use of carbomer in con-
centrations up to 3% (KA4) is allowed, however, as a
result of the study of the rheological properties of
this gel, it was found that the developed composi-
tion is not optimal, since its rheological characteris-
tics do not meet the requirements of the technologi-
cal rheological optimum of extrusion for hydrophilic
gels [13] (Fig. 2), and the technology of this gel pro-
duction is economically unprofitable and may lead
to an increase in the cost of the final product in the
future.

In this regard, colloidal silicon dioxide (Aerosil®),
which is a very light white highly dispersed, micron-
ized powder with a particle size of up to 40 um
(mainly 10—30 um), belonging to inorganic synthetic
polymers, was chosen for further study as a gel-
forming agent.

It contains siloxane Si-O-Si and silanol Si-OH
functional groups that are unevenly distributed:
there are surface groups that are free or connected by
hydrogen bridges, which determine a high affinity
for water and other polar liquids; and silanol groups
inside the molecule, which can also be intercon-
nected by hydrogen bridges [14].

As a result, a branched space structure is formed
which participates in the processes of gelation when
Aerosil® is dispersed in a liquid, due to the formation
of a three-dimensional lattice from its aggregates,
which externally manifests itself in the form of thick-
ening. The less polar the liquid, the greater this effect.
The gel will be transparent if the liquid refractive
index (glycerol, liquid paraffin and fatty oils, Aesilo-
num-5 polyethylsiloxane fluid, vinylin and polyethyl-
ene oxide 400) is close to the refractive index of
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Ta6umma 1. CocTaB v OpraHOJIENITHYECKAsI XapaKTEPUCTUKA KapOOMeEPHBIX resiel ¢ Arcyiap®
Table 1. Composition and organoleptic characteristics of carbomer gels with Agsular®

Koa  CocraB MoaeJabHOM Buemrnumi Buj PegyabTart

Code xomMmo3unuu Appearance Result
Composition

KA1  Kap6omep 0.5/ Carbomer 0.5 IIpo3pauHsblii pacTBOp CBETJIO-KEJITOTO I[BETA, fl0b6aBieHne HeymosyeTBo-
T9A 0.3/ TEA 0.3 0.103 + 0.003 T TIA (0 pH 5.5) 3aryIleHus He BbI3bIBAET  PUTEIbHBIN
Arcymap® 1.5 / Agsular® 1.5 A clear solution of light yellow color, the addition of Unsatisfactory
Bopa ouninesHas 10 100.0 0.103 £ 0.003 g of TEA (up to pH 5.5) does not cause
Purified water up to 100.0 thickening

KA2  Kap6owmep 1.0 / Carbomer 1.0 Hwu3skoBs3Kas Mpo3pavHas >KUJKOCTb CBETIO-)KEJITOTO Heynosnetso-
T9A 0.6 / TEA 0.6 1BeTa, 106aBeHue 0.160 + 0.006 T TIA (o pH 5.5) PUTEbHBIN
Arcynap® 1.5 / Agsular® 1.5  3aryIieHus He BBI3bIBAET Unsatisfactory
Boja ouniiieHHas 10 100.0 A low-viscosity transparent liquid of light yellow color, the
Purified water up to 100.0 addition of 0.160 + 0.006 g of TEA (up to pH 5.5) does not

cause thickening
KA3  Kap6omep 2.0 / Carbomer 2.0 Bsskas mpospavHasi KH/IKOCTb CBETIO-3KEJITOTO IIBETa, Heynosnerso-

TOA 1.2 /TEA 1.2
Arcynap® 1.5 / Agsular® 1.5
Bopna ouniienHas 70 100.0
Purified water up to 100.0

KA4  Kap6owmep 3.0 / Carbomer 3.0 Bs3kwuii resib cBeT10-3KeITOTO 11BeTa ¢ pH 5.413 + 0.007

T9A 1.8 /TEA 1.8

nmobapyieHue 0.303 + 0.003 r TAA (710 pH 5.5) 3aryieHusi He pPUTETbHBINA

BBI3BIBAET Unsatisfactory
Viscous transparent liquid of light yellow color, the addition
of 0.303 + 0.003 g of TEA (up to pH 5.5) does not cause
thickening
YnosnerBopu-
Viscous gel of light yellow color with a pH 5.413 + 0.007 TeJIbHBII
Satisfactory

Arcynap® 1.5 / Agsular® 1.5
Bopa ounrnennasi 10 100.0
Purified water up to 100.0

IllpuMedaHue. 3HAUEHUA BHIPAXKEHBI KaK CPEHEE + CTAaHAPTHOE OTKJIOHEHHUE cpeniHero; n = 3 (p = 0.05). TOA — TpusTaHOTIAMUH.
Note. The values are expressed as the mean + standard deviation of the mean; n = 3 (p = 0.05). TEA — triethanolamine.

HBIN Auokcna KpeMmuus (Aspocun®), mpeacrasisio-
N cOO0U OUeHb JIETKUH OesbIii BBICOKOHCIIEPC-
HBIH, MUKPOHU3UPOBAHHBIN IMOPOIIOK C Pa3MEPOM
YaCTHIL JI0 40 MKM (B OCHOBHOM 10—30 MKM), OTHO-
CAIIUMICA K HEOPTAHUYECKIM CUHTETUYECKUM IT0JTU-
Mepam.

OH cojiep>KUT cuyIoKcaHOBbIe Si-O-Si U cuiaHo-
soBble Si-OH QyHKIIMOHAJIbHBIE TPYIIIBI, KOTOPHIE

Aerosil® (1.45). When Aerosil® is injected into these
liquids in an amount of 8—16%, thixotropic gels are
formed, having a soft plastic consistency, well applied
and fixed on the skin, slowly releasing medicinal sub-
stances [15]. At the same time, the presence of Aero-
sil® in semisolid dosage forms for topical use, does
not cause irritating and general toxic effects, and also
disorders of metabolism in the skin [16].

300 -
- 250 - D
=
- E
€
S A 200 4
=)
gz B F
22 150 |
T
& 100 -
wn
= N O~
E |
= 50 -
0 T T T T T :
90 120 150 180 210 240 270 300

Ckopocrtsb ciBura, ¢ ' / Shear rate, s™

Puc. 2. 3aBUCHUMOCTh HANPSIKEHUsI CIBUTA OT CKOPOCTH CIBUTA MOJICTIbHOM Kommo3uiuu KA4
(remeobpazoBarens — Carbopol® EDT 2001 (3%)) pu 20 °C; OykBbl A—H — rpaHHUIBI «TEXHOJIOTMYECKOTO OITHMyMa
SKCTPY3UU» IS TUAPOPUIBHBIX Teslel
Fig. 2. The shear stress — shear rate dependence of the KA4 model composition (gelation agent is Carbopol® EDT 2001
(3%)) at 20°C; letters A—H are the boundaries of the technological optimum of extrusion for hydrophilic gels
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pacrpe/iesieHbl HEpaBHOMEPHO: PAa3JIMYAI0T ITOBEPX-
HOCTHBIE TPYIIIbI, CBOOO/IHBIE WJIM COEJIHMHEHHBIE
BOZIOPOZIHBIMH MOCTHUKAMH, OIPEZEISIONIAE BHICO-
KO€ CPOJICTBO K BOJIE U JIDYTUM IOJISIPHBIM KHJTKO-
CTSIM, ¥ CUJIAHOJIOBBIE TPYHIIBI BHYTPU MOJIEKYJIbI,
KOTOpPBIE TaK:Ke MOTYT COEAUHSATHCS MEXKIY COOOM
BOJIOPOZTHBIMHU MOCTUKaMU [14].

B pesysnbrare o6pasyeTcs pa3BeTBIIEHHAs 00'beM-
Hasl CTPYKTypa, YJacTBYIOIIash B IpoOIleccax reje-
00pa3oBaHUs MPU JAUCIIEprUpOBaHUU Aspocmia® B
JKHUJKOCTH 32 CUET BO3HUKHOBEHUS TPEXMEPHOU
PElIIeTKH! U3 €ro arperaToB, BHEIIHE MPOSBIISIONIA-
sicsl B BUJIE 3arylieHus. YeM MeHee IOJISIPHA KH/I-
KOCTb, T€eM 3HauHTebHEe 3TOT 3¢ deKT. ['enpb Oyaer
MPO3payHbIM, €C/IK KO3(PDHUIMEHT IIpeToMIeHHUs
JKUAKOCTH  (TJIMIEPOJI, Ba3eJIMHOBOE U JKUPHBIE
Macya, TMOJUATUJICHJIOKCAHOBAS JKHIKOCTh «ICH-
JIOH-5», BUHUJIMH U MOJIUITUIEHOKCH, 400) OJIM30K
K K03bdunuenTy npemomiaeHus Aspocmwia® (1.45).
ITpu BBeeHnu Aspociia® B 3TH YKUAKOCTH B KOJIH-
yectBe 8—16 % 006pasyloTcss TUKCOTPOITHBIE TesH,
UMEIONNEe MATKYI IUIACTHYHYI0 KOHCHUCTEHIIHIO,
XOpOIII0O HAHOCHUMble U (UKCHUDPyeMble Ha KOXKE,
3aMe/IJIEHHO BBICBOOOXKAIONINE JIEKAPCTBEHHBIE
BemiectBa [15]. IIpu aTom npucyrerBrue Aspocuina® B
MATKUX JIEKAPCTBEHHBIX (opMax IpU HapYyKHOM
MpUMEHEHUN He BBI3bIBAET pa3Apakaloliero u
OOIIETOKCHYECKOTO JIEACTBUS, a TAKIKe HE HAPYIIIaeT
KOKHBIH 0OMeH [16].

I ToJTydeHHus] SKCIEePUMEHTATbHBIX (dapMa-
[IEBTUYECKIX KOMIIO3UIINH Ha OCHOBe Arcysap® 6bL1
ucnonb3oBad AEROSIL® 200 Pharma, sBisro-
MANCS TUAPODUIBHBIM BBICOKOUCIIEPCHBIM IIPO-
JIYKTOM, JIETKO TUCIEPTUPYIONUMCS B JKUIKOCTAX U
BBICOKOA()(PEKTUBHBIM B KadecTBe Treeobpasyio-
mero aresra [14].

YuureiBas GU3UKO-XUMUYECKHE CBOMCTBA ATCY-
aap®, Ui W3TOTOBJIEHUS adPOCUJICOZEPIKAIIETO
resisf 11ejiecoo0pa3HO MCIOJIb30BaHUE THAPODUIb-
HOU JTUCIIEPCUOHHOU CPEJIbI, COCTOSIINEN K3 BOZbI
OYUIIEHHOU W IVIUIEPOJia — TUAPOGHILHOTO HEBO-
JTHOTO pacTtBOopuTesis. B (papmareBTHUecKOl mpak-
THKE MPUMEHSIOT B OCHOBHOM 86—90% BOJHBIE pac-
TBOPBI IJIMIIEPOJIa € IOKa3aTeJeM IPeJIOMJIEHUS
1.4524—-1.4584 [17], Tak kak 6e3BO/IHBIN (100%) TJTH-
IIepOJI OYEeHb TUTPOCKOIIUYEH M 00jaj7jaeT pasjapa-
JKaoImUMHU cBoMcTBaMu [18], XOTs U sABJIseTCA ILjIa-
cTU(PUKATOPOM, YMEHBIIIAIOIIUM BhICBIXaHUE TeJIsl 1
VJIYUIIAIOIINM €r0 PEOJIOTHYECKHE CBOHCTBA.

PacTBopHI ruimeposia B KOHIIEHTPAIIUU 25 % U
BBIIIIE HE IIOBEPralTCsA MUKPOOHOMY obceMeHe-
HUIO [19], a Aspocuyi® He SIBJISIeTCA MUTATEIbHBIM
BEIIECTBOM 11 MUKpPOOpraHusMoB [14]. CoBmecT-
HOe TIPUMeEHEHHE TIIUIEepoIa U Aspociia® cHUKaeT

To obtain experimental Agsular®-based pharma-
ceutical compositions, the AEROSIL® 200 Pharma
was used, which is a hydrophilic highly dispersed
product, easily dispersed in liquids and highly effec-
tive as a gel-forming agent [14].

Taking into account the physical and chemical
properties of Agsular®, it is advisable to use a hydro-
philic dispersion medium consisting of purified
water and glycerol, a hydrophilic non-aqueous sol-
vent, for the manufacture of an aerosil-containing
gel. In pharmaceutical practice, 86—90% aqueous
solutions of glycerol with a refractive index of
1.4524—1.4584 are mainly used [17], since anhydrous
(100%) glycerol is very hygroscopic and has irritating
properties [18], although it is a plasticizer that
reduces gel drying and improves its rheological char-
acteristics.

Glycerol solutions at a concentration of 25% and
higher are not subjected to microbial contamination
[19], and Aerosil® is not a nutrient for microorgan-
isms [14]. The combined use of glycerol and Aerosil®
reduces microbial contamination of gels, therefore, it
is believed that no extra preservatives for dosage
forms based on them, are required.

For experimental studies, model compositions
with a glycerol concentration of 25% or higher and
the maximum recommended concentration of Aero-
sil® (16%) (AGA1—-AGAG6) were obtained (Table 2).

As can be seen from the presented data, only the
AGA 5 and AGA 6 model aerosil-containing compo-
sitions were found satisfactory according to organo-
leptic properties. As a result of the study of their
structural and mechanical characteristics, it was
found that only the rheological properties of the
AGA6 sample meet the requirements of the techno-
logical rheological optimum of extrusion for hydro-
philic gels [13] (Fig. 3), providing easy dosing during
possible technological operations (filling tubes dur-
ing packaging, squeezability of preparation from
tubes, etc.), as well as the spreadability of the gel on
the skin.

Therefore, further studies of microbiological
purity and physicochemical properties were carried
out for the AGA 6 model sample in order to deter-
mine storage stability (Table 3).

The model sample AGAG6 is a dispersed gel system
in which the aqueous glycerol solution Agsular® acts
as a dispersion medium, and the dispersed phase is
Aerosil®. As can be seen from the presented data, the
high zeta potential (more than +30 mV) of the gel
means that the dispersed system is electrically stabi-
lized, i.e. resistant to aggregation [11]. During sto-
rage, the zeta potential of the AGA 6 model sample
decreases by 32.4%, but its value remains above the
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MHUKPOOHYI0 KOHTAaMUHAIHIO I'eJIEH, [I03TOMY CUUTA-
€TCsI, YTO BBEJIEHUE B JIeKapCTBEHHBIE (POPMBI HA UX
OCHOBE KOHCEPBAHTOB He TpebyeTcs.

JIJ1s 9KCIIepUMEHTATBHBIX HCCIE0BAaHUN ObLIH
MTOJIy4€eHbl MOJIEJIbHbIE KOMITO3UIIMH C KOHIIEHTpa-
[FeHd TJINIEPHUHA OT 25 % W BBIIIE U MAaKCUMAaJIBHO
peKoMeHIyeMoii KoHIleHTpanuei Aspocua® (16 %)
(ATA1—-ATA6) (tabi. 2).

Kax BUTHO U3 Mpe/iCTaBJI€HHBIX JTAHHBIX, TOJIBKO
MOJIEJIbHBIE ~ a3POCHJICOJIEPIKAIIIE  KOMITIO3UITUH
AT'A5 u ATA6 110 OpraHOJIENITUYECKUM CBOMCTBAM
MpU3HAHBI YIOBJIETBOPUTEIbHBIMU. B pesysbraTe
HCCIEOBAaHUSA WX  CTPYKTYPHO-MEXaHHYECKUX
CBOHCTB OBLIIO YCTAHOBJIEHO, UTO TOJIHKO PEOJIOTHYE-
ckue cBouicTBa oOpasiia AI'A6 yOBJIETBOPSIIOT Tpe-
OOBaHHUSMHU «TEXHOJIOTUYECKOTO PEOJIOTHUUECKOTO
ONTHUMYyMa BKCTPY3UU» JIsI TUAPODHUIbHBIX Teleh
[13] (puc. 3), obGecrieunBasi JieTKoe I0O3UPOBAHUE
IPU BO3MOXKHBIX TEXHOJIOTHYECKUX OIEPALHAX
(mamosiHenue Ty6 mpu ¢acoBKe, BHIABIMBAEMOCTD
U3 TyO U T.JA.), @ TAK}KE HaMa3bIBAEMOCTh T'eJisd Ha
KOXKY.

ITosTomy masee fjist MoaeabHOro obpasna AI'A6
OBbLTH ITPOBE/IEHBI UCCIIEIOBAHUS MUKPOOUOJIOTHYE-
CKOU YHCTOTHI U (HPUBUKO-XUMHUUYECKUX CBOUCTB C

critical value (£30 mV). Therefore, the developed gel
is stable.

However, after 1 year storage, microflora growth
is observed above the recommended parameters for
this type of dosage form (the total count of aerobic
bacteria, yeast and mold (in total) should not exceed
102 CFU/g) [9], which requires the introduction of a
preservative in order to adjust the composition of the
AGA6 model sample. To ensure the microbiological
purity of the developed gel, Nipagin was chosen as a
preservative, which is an antimicrobial agent of static
action against a wide range of bacteria, yeast and
mold fungi. Its standard concentration for use is up
to 0.3%, while the activity of Nipagin increases at a
pH < 7.

CONCLUSION

As a result of the experiments carried out, the
optimal composition of the hydrophilic gel contai-
ning Agsular® (1.5%) as the active substance was
substantiated. This is a water-aerosil-glycerol con-
taining composition (the ratio of components 1:2:13
respectively) with the addition of Nipagin (0.1%).
The technology of the developed gel has been tested
in compliance with the conventional stages of gel

Ta6auna 2. CocTaB 1 XapaKTEPHUCTUKA a9POCUIICO/IEPIKAIIUX restell ¢ Arcyiap®
Table 2. Composition and characteristics of aerosil-containing gels with Agsular®

Kox  CocraB MOAEJIbHONM KOMIIO3UIIMI BHelrHuM BUJ H Pe3ysabTaT

Code Composition Appearance p Result

ATA1  Bopa ouniiennas 63.8 / Purified water 63.8 Cierka Baskas cycreH3ust 5.027 £ 0.009 HeynosieTBo-

AGA1 Arcynap® 1.5/ Agsular® 1.5 GeJioro mBeTa PUTEbHBIN
Tmunepos (90%) 30.0 / Glycerol (90%) 30.0 Slightly viscous suspension of Unsatisfactory
Aspocun® 10 100.0 / Aerosil® up to 100 white color

ATA2 Boja ouniiennas 52.2 / Purified water 52.2  Bsizkas cycrnensus 6e10ro 5.113 £ 0.003 HeyznosieTrso-

AGA2 Arcymnap® 1.5/ Agsular® 1.5 IBeTa pUTETBHBIA
Tmunepos (90%) 40.0 / Glycerol (90%) 40.0 Viscous suspension of white Unsatisfactory
Aspocun® 10 100.0 / Aerosil® up to 100 color

ATA3  Bopa ouniiiennas 40.5 / Purified water 40.5 Tycrast macca 6e1oro 1iseta 5.210 + 0.006 HeynoByieTBo-

AGA3 Arcymnap® 1.5/ Agsular® 1.5 Viscous mass of white color PUTEbHBIN
Tiiuniepost (90%) 50.0 / Glycerol (90%) 50.0 Unsatisfactory
Aspocun® 10 100.0 / Aerosil® up to 100

ATA4 Bopa ounmuenHas 29.0 / Purified water 29.0 Omnaznecrupyormas rycras 5.260 + 0.006 Heynosierso-

AGA4 Arcynap® 1.5 / Agsular® 1.5 Macca CBEeTJI0-3KeJITOTO IIBETA PHUTEIBHBIN
Tnunepon (90%) 60.0 / Glycerol (90%) 60.0 Opalescent viscous mass of Unsatisfactory
Aspocun® 10 100.0 / Aerosil® up to 100 light yellow color

ATA5 Bopa ountiennas 17.5 / Purified water 17.5  Onaseciiupyroiuii resib 5.393 £ 0.009 Y/IOBJIETBOPU-

AGA5 Arcynap® 1.5/ Agsular® 1.5 CBETJIO-3KEJITOTO I[BETa TeJIbHBIN
Tnunepos (90%) 70.0 / Glycerol (90%) 70.0 Opalescent gel of light yellow Satisfactory
Aspocun® 10 100.0 / Aerosil® up to 100 color

ATA6 Bopaa ouwninennas 6.0 / Purified water 6.0 IIpo3pauHbIii resib CBETIO- 5.443 £ 0.003 Y/I0OBJIETBOPU-

AGA6 Arcymap® 1.5/ Agsular® 1.5 3KEJITOTO I[BETa TeJIbHBIN
Tnunepos (90%) 80.0 / Glycerol (90%) 80.0 Transparent gel of light yellow Satisfactory

Aspocun® 10 100.0 / Aerosil® up to 100

color

Ilpumeuanue. 3HaUEHNUA BHIPAYKEHBI KaK CPE/IHEE + CTAHAPTHOE OTKJIOHEHHUE CpeiHero; n = 3 (p = 0.05).
Note. The values are expressed as the mean + standard deviation of the mean; n = 3 (p = 0.05).
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Puc. 3. 3aBUCUMOCTH HANPSI>KEHUsI CIBUTA OT CKOPOCTH CABUTAa MOJICIbHBIX KoMriozulinii ATAS u ATA 6
(remeoOpazoBatens — AEROSIL® 200 Pharma) npu 20 °C; OykBbl A—H — rpaHUIbI «TEXHOJIOTHYECKOTO OITUMyMa
SKCTPY3UU» JIJIA TH/APODUIIBHBIX TeJlei
Fig. 3. The shear stress — shear rate dependence of the AGA5 and AGA 6 model compositions
(gel-forming agent is AEROSIL® 200 Pharma) at 20°C; the letters A—H are the boundaries
of the technological optimum of extrusion for hydrophilic gels

IIeJIBIO OTIPe/ieJIeHUs] CTaOMIbHOCTH TIPU XPaHEHUH production. In the technological process, the follo-
(tabi. 3). wing characteristics of the target product were moni-

MogenbHbIH 06pasen; ATA6 pencTaBiisieT co0o tored: appearance (description), authenticity, pH,
JIUCIIEPCHYIO CHCTEMY — TeJIb, B KOTOPOH B KauecTBe viscosity, zeta potential, microbiological purity and
JIMCIIEPHOU CPebI BHICTYIIAET BOAHO-TJIUIIEPOJIOBBIN microbial enumeration test. The obtained data
pacrBop Arcynap®, a mucnepcHoi ¢az3oi ABIAETCA formed the basis for the development of product’s
Aspocun®. Kak BUZHO U3 IPE/ICTaBIEHHBIX JIAHHBIX, specification and laboratory regulations for the pro-

Taoauna 3. McenenoBanue cTabUIbHOCTH MOJIeIbHOTO 06pasna ATA6 npu XpaHEeHUH B €CTECTBEHHBIX YCIOBUAX
Table 3. Study of the stability of the AGA 6 model sample in real-time storage

MuKpoOOHOJIOTHYECKAS

Cp::{(eﬂnﬂ BHEIIHUH BUJ, H JIzera-moreHnuasi, MB uwncrora, KOE/r
}Sql)lelf-life Appearance p Zeta potential, mV Microbiological purity,
CFU/g
Jlo xpanenusi IIpo3payHbIii TeJib CBETIIO- 5.420 + 0.006 —565.00 * 29.65 25.00 + 2.89
Before storage kenToro sera
Transparent gel of light
yellow color
3 Mec [Ipo3pauHbIii I'eJib CBETIIO- 5.417 £ 0.003 —520.00 + 10.82 36.00 + 1.15
3 months 2KEJITOTO I[BeTa
Transparent gel of light
yellow color
6 mec ITpo3pauHbIii resTb CBETIIO-  5.407 £ 0.007 —469.00 + 18.82 50.00 + 2.89
6 months JKEJITOTO LIBETa
Transparent gel of light
yellow color
9 Mec ITpo3pauHbIii resib CBETNIO-  5.403 £ 0.003 —408.00 + 20.23 75.00 + 8.66
9 months 2KEJITOTO I[BeTa
Transparent gel of light
yellow color
12 mec ITpo3pauHbIli resib CBETIIO-  5.400 £ 0.006 —382.00 + 16.52 152.00 + 4.16

12 months 2KEJITOTO I[BeTa
Transparent gel of light
yellow color

IllpuMeuanue. 3HaUEHUA BHIPAYKEHBI KAK CPEIHEE + CTAaHJAPTHOE OTKJIOHEHHUE cpesHero; n = 3 (p = 0.05).
Note. The values are expressed as the mean + standard deviation of the mean; n = 3 (p = 0.05).
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BBICOKUH n3era-noreHnuain (6osee +30 mB) ress
03HAYAeT, YTO JIUCIIEPCHAs CHCTEMA BJIEKTPUUECKH
cTaOUIU3UPOBaHA, T.e. yCTOMYHBA K arperaruu [11].
B mporecce xpaHeHUs [13€Ta-TMOTEHINAT MOJETh-
Horo obpasia AT'A6 cumkaercs Ha 32.4 %, HO ero
3HAUEHHEe IIPU 3TOM COXPAHsETCS BBIIIE KPUTHUUE-
ckoro (+30 MB). CieoBaresibHO, pa3pabOTaHHBIN
reJib CTabUJIeH.

OpHako Tocyie 1 rofjla XpaHeHus HaOJIIomaercs
pocT MEKPOGJIIOPHI BhIIIIE pEKOMEH TyeMbIX TpeboBa-
HUN 7719 JIaHHOTO BUJIA JIEKAPCTBEHHON (POpMBI
(ob1Iee KOTMUECTBO a3POOHBIX OAKTEPUH, APONIKEN
U 1eceHU (CyMMapHO) HeE JIOJKHO IIPEBBIIIATH
102 KOE/r) [9], uTo TpebyeT BBeZeHUST KOHCEpBAaHTA
C IeJbI0 KOPPEKTHUPOBKU COCTAaBA MOJIEJIBHOTO
obpasna AT'A6. Jlinsa obecniedyeHUsT MUKPOOHOJIOTH-
YeCKOU YHCTOTHI Pa3pabOTaHHOTO TeJisA B KauecTBe
KOHCEpPBaHTA ObUT BHIOPAH HUIATHH, SBJIIONIUACI
MIPOTHBOMUKPOOHBIM CPEJICTBOM CTATHYECKOTO JIEH-
CTBUS IO OTHOIIEHUIO K IITUPOKOMY CIIEKTPY OakTe-
puii, ApoKIKe U IIecHeBbIX rpuboB. Ero cranmapt-
Hasi KOHIIEHTPAIN JJI UCI0JIb30BAHUSA COCTABIIAET
J10 0.3 %, IpU 5TOM aKTUBHOCTHh HUIIATWHA BO3pPac-
TaeT npu yposHe pH < 7.

3AK/ITIOYEHUE

B pesysibraTe MpPOBENEHHBIX HKCIEPHUMEHTOB
000CHOBAaH ONTHUMAJIBHBIA COCTaB TUAPOQPUILHOTO
resis, COAEpXKalMid B KadecTBe JeHCTBYIOIIETO
BemectBa Arcynap® (1.5%). 9TO BOIHO-a3POCHUII-
IJIHIEPOJICOAEPIKAIIas KOMIIO3UIUs (B COOTHOIIIE-
HUHM KOMIIOHEHTOB 1:2:13 COOTBETCTBEHHO) C 100aB-
JieHreM HunaruHa (0.1%). TexHosiorus pa3paboTaH-
HOTO TeJIsl anpoOupoBaHa ¢ cOBIII0ZeHUEeM TPAIUITU-
OHHBIX JTAlOB IIOJyYeHUs Tejedl. B TexHosmoruue-
CKOM TIpoIlecce KOHTPOJIMPOBAIM  CJIEAYIOIINE
XapaKTEPUCTUKH I1€JIEBOTO IMPOYKTa: BHEITHUN BU/T
(ommucanwme), moasMHHOCTH, pH, BSA3KOCTH, nA3€Ta-
MIOTEHITH A, MUKPOOHOJIOTHUECKYIO YUCTOTY U KOJTU-
YecTBEeHHOe oIpeziesienre. [losydeHHble JTaHHbIE
JIETJII B OCHOBY pa3pabOTKH HOPMAaTHUBHOU JIOKY-
MEHTAIluU U JJabopaTOPHOTO peryiaMeHTa JJis IPOo-
WU3BOZICTBA JIEKAPCTBEHHON GopMBI «Arcynap® reian
1.5%», KOTODBIH SIBJISIETCS IEPCIEKTUBHBIM CpEJ-
CTBOM TPODUIAKTUKA U JIEUEHUS XPOHUUECKOH
BE€HO3HOH HEIOCTATOYHOCTH.

BbaarogapHOCTH. ABTOPBI BBIpasKaioT 0Jaro-

papuocts  |T.B. Pomanko|, JI.A. Benosexen u

B.O. CrpaxoBy 3a HOMOIIb B BBIIIOJIHEHUH JTAHHOU
paboTsI.

duHaHCUpPOBaHUE PaGoThI. Pabora BHIIOJI-
HeHa TpU (PUHAHCOBOH MOAMEPIKKE ITPOrPAMMBI

duction of the dosage form Agsular® gel 1.5%, which
is a promising pharmaceutical for prevention and
treatment of chronic venous insufficiency.
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