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MOJIY4Y€HHbBIX MEXaHOXUMUYECKHM TBePA0(Pa3HbIM CHHTE30M

10.1. Tuxomuposa', H.O. Kapabunnesa', E.C. MeresneBa?, B.I1. EBceenko?, A.B. Jlymkun?,
M.B. 3enukmaHn?
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AHHOTAIIUA

BBengeHnwue. AnGeHIa301 — aHTUIIPOTO30WHBIM M AHTHTEJIbMUHTHBIN IIpernapaT IIUPOKOTO CIIEKTpa JIeWCTBUS,
00J1a/1a101UH TAKKe TPOTHBOOIIUCTOPXO3HBIM JIEHCTBUEM. B HacTOsAIIIEe BpeMs aKTyaJIbHON CTAaHOBUTCS ITP06JIeMa IMOBbI-
IIeHust GUOZIOCTYITHOCTH aI6eH/1a301a 15 JIeYeHH ] CUCTEMHBIX T'eJIbMUHTO30B U 1apa3uTo30B. OHIM U3 IyTel yiIyJIie-
HUS BCACBIBAEMOCTH aJI0€HIa30J1a CTAHOBUTCS TIOBBIIIIEHNE €0 PACTBOPUMOCTH B BOJIE 32 CUET 0OPa30BAHM MEKMOJIEKY-
JISIPHBIX KOMILJIEKCOB C ITOJIMCAXapUOM apabWHOTAJIAKTAHOM IIPU MEXaHHUYECKOW 00paboTKe MX cMecell B YCIJIOBHSX
MHTEHCUBHBIX MEXaHUYECKUX BO3ZeicTBUl. TBepaas aucnepcus anbeHas3osa ¢ apabuHOraTIaKTaHOM, ITOJIydeHHasT Mexa-
HOXVMUYECKHM METOZIOM, NMeeT 60Jiee BEICOKYIO BOJ[OPACTBOPHUMOCTb, & TAK3KE IIPOSIBJISIET TOBBIIIEHHYIO aHTUT€JIbMITHT-
HYIO, B TOM YHCJIe IPOTUBOOIINCTOPXO3HY0, (hapMaKOJIOTHYECKYI0 AKTUBHOCTD, He BbI3bIBAs TOKCHUECKOTO JIEHCTBHUSA Ha
KJIETKU [T€YEHH, IT0 CPAaBHEHUIO ¢ OHUITMHAIBHBIMHY IIPerapataMu abeH1a3071a.

IT e 1 b . V3yueHne PUBUKO-XUMHUECKHUX U TEXHOJIOTHIECKUX XapaKTEPUCTUK TBEPBIX TUCIIEPCUil aybeH/1a3071a ¢ apa-
OUHOTAIAKTAHOM, ITOJIYUE€HHBIX MEXaHOXUMUUECKUM CIIOCOOOM.

MaTtepuanbs u MeTo b . Cvech cybcTaHIME abeH/1a3071a M Apa0MHOTIAKTaHA ITO/IBEPTaJIM MeXaHUJIe-
CKOI1 00pabOTKe B IIAPOBBIX MEJIBHUIIAX JJIsI TOJIyIeHUsI TBEPBIX JUCIIEPCHI, B MACCOBBIX COOTHOIIEHUSIX 1:5, 1:10, 1:20,
[IPO/IOJIKUTENIFHOCTD MEXaHUYeCKO# 00paboTKH COCTaBIIsIIA 2, 8 U 24 U COOTBETCTBEHHO. POPMY U paszMep YacTHUI] HCXO-
JIHBIX CyOCTaHIMI U ITOJIyYeHHBIX TBEP/BIX JUCIIEPCUH ONIPEe/IsIM METOAAMU ONTUYECKOH U 3JIEKTPOHHOM CKaHUPYIO-
e Mukpockonuu. OpakIMOHHBIN COCTaB KPYIHBIX (DPAKITUH TBEP/IBIX AUCIIEPCHE OTIPEEIISIM METOIOM CUTOBOTO aHa-
JIN3a, OLEHKY MEJIKOIUCIEPCHOH (PpaKIuU MPOBOJUIN C IOMOIIBI0 METO/Aa AMHAMUYECKOTO aHAIN3a HU300parKeHui
CBINTyYUX MaTepuasaoB. Onpe/ieeHIe TEXHOJIOTHUECKUX XapAKTEPUCTHK IIPOBOUIIH € TOMOIIBIO OOIIENPUHATHIX Gapma-
KOIIEMHBIX METOIUK.

PesyunbTarTsl . Brpouecce uccienoBanus ObLIH OJIyUeHbI SKCIIEPUMEHTAIbHBIE JJaHHBIE 0 Ghusnueckux (bopma
U pazMep 4actul], GpaKIUOHHBIH cocTaB) U (HapMaKOTEXHOJIOTUYECKUX CBOHCTBAX (CHIIYyYeCTh ITOPOIIKOB, HACHIITHASL
IJTIOTHOCTD U IJIOTHOCTH MOPOIIKOB TIOC/IE YCAIKH, UHEKCh XaycHepa u Kappa) anbeHzazona u apabuHOTaIaKTaHA, a
TaK)Ke UX TBEP/BIX TUCIEPCUH, TOJTyYeHHBIX MEXaHOXUMUIECKUM TBEPA0(}A3HBIM CHHTE30M.

3akJoueHHe. IlopesyrbraTamMm UCCIET0BAHUS OTPe/IEIEH 00paser TBEPAOU JUCIIEPCUH aIbeH1a3071a U apabu-
HOTaJIaKTaHa (COOTHOIIIEHUE — 1:5, BpEMsI MEXaHOOOPaOOTKHU — 2 U) C ONTUMAIbHBIMUA (PU3UKO-XUMHUYECKUMH U TEXHOJIO-
TUYECKUMH CBOWCTBAMH JIJIsl JIAJIbHEHIIIETO UCIIOJIb30BAHUS €0 B TEXHOJIOTUH MTOJIyUYEeHUS [TePOPATTbHON JIEKAPCTBEHHOM
opmbl. BbIsIBIIEHHBIE TOCTATOUHO HUBKHE TEXHOJIOTHUECKHUE [I0KA3aTeIN OCTAIBHBIX UCCIIEyeMbIX TBEPABIX JUCIIEPCUI
ambeH/1a3071a ¢ apabMHOTAIAKTAHOM OTIPEIEIIAIOT HEOOXOUMOCTh MOA60pA ONTUMAJIBHOTO COCTaBa BCIIOMOTATEIbHBIX
BeIIECTB B X0/Ie JaIbHeHIIel (hapManeBTHIeCcKol pa3paboTKu.

Kaouesnsle caosa: anbeHnasos, apabMHOTIAKTaH, TBEPAble JUCIEPCHU, MEXaHOXUMHUYECKHH METOJ, 3JIEKTPOHHAS
MUKpOCcKonusi, GPaKI[MOHHBIH COCTAB.
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A comparative analysis of pharmacotechnological characteristics
of albendazole solid dispersions obtained by mechanochemical
solid-phase synthesis

Yu.I. Tikhomirova', N.O. Karabintseva’, E.S. Meteleva?, V.I. Evseenko?, A.V. Dushkin?, M.V.
Zelikman?

Novosibirsk State Medical University, Novosibirsk, Russia

2[nstitute of Solid State Chemistry and Mechanochemistry, Novosibirsk, Russia

ABSTRACT

Introduction. Albendazoleis abroad-spectrum antiprotozoal and antihelminthic drug which also has an anti-
opisthorchiasis effect. Currently, the problem of increasing the bioavailability of albendazole for the treatment of systemic
helminthiasis and parasitosis is becoming urgent. One way to improve the absorption of albendazole is to increase its water
solubility due to the formation of intermolecular complexes with arabinogalactan, a plant polysaccharide during mechani-
cal treatment of their mixtures under intense mechanical treatment. The solid dispersion of albendazole with arabinoga-
lactan, obtained by the mechanochemical method, has higher water solubility, and also increased antihelminthic, including
against Opisthorchis spp. infection, pharmacological activity, without toxic effect on liver cells, compared with the officinal
preparations of albendazole.

A im . Thestudy of physicochemical and technological characteristics of solid dispersions of albendazole with arabino-
galactan obtained by the mechanochemical method.

Materials and methods. Amixtureofalbendazoleand arabinogalactan substances was ball milled to
obtained solid dispersions, in a ratio of 1:5, 1:10, 1:20; the duration of mechanical treatment was 2, 8 and 24 hours. The
shape and particle size of the parent substances and the obtained solid dispersions were determined by light and scanning
electron microscopy. The particle size distribution of coarse fractions of solid dispersions was determined by sieve analysis,
fine fractions — by dynamic image analysis of bulk materials. The determination of technological characteristics was per-
formed using conventional pharmacopoeial methods.

R e s ults. Duringthestudy, experimental data were collected on the physical (shape and size of particles, particle size
distribution) and pharmacotechnological properties (powder flowability, bulk density and tapped density of powders,
Hausner’s ratio and Carr’s index) of albendazole and arabinogalactan, as well as their solid dispersions obtained by mech-
anochemical solid-phase synthesis.

Conclusion. According to the results of the study, a sample of solid dispersion of albendazole and arabinogalac-
tan (ratio 1:5, mechanical treatment time 2 hours) with appropriate physicochemical and technological properties was
determined for use in the technology of further oral dosage form obtaining. The revealed rather low technological param-
eters of the rest solid dispersions of albendazole with arabinogalactan determine the need to select the optimal composi-
tion of excipients during further pharmaceutical development.

Keywords: albendazole, arabinogalactan, solid dispersions, mechanochemical method, electron microscopy, particle
size distribution.

Citation example: Tikhomirova Yu.l., Karabintseva N.O., Meteleva E.S., Evseenko V.I., Dushkin A.V., Zelik-
man M.V. A comparative analysis of pharmacotechnological characteristics of albendazole solid dispersions obtained by
mechanochemical solid-phase synthesis. Journal of Siberian Medical Sciences. 2023;7(4):35-49. DOI: 10.31549/2542-
1174-2022-7-4-35-49

BBEJIEHHNE INTRODUCTION

Anbennmazos (AB3) — aHTUITPOTO30HHBIN 1 AHTH- Albendazole (ABZ) is a broad-spectrum antipro-
TeJIBMUHTHBIN TIpernapar IIMPOKOTO CIIEKTpa Ael- tozoal and antihelminthic drug of the benzimidazole
CTBUSA TPYIIBI OeH3UMUa301akapbomara (puc. 1). carbamate group (Fig. 1). It is active against both
OH TpOABIAET AaKTUBHOCTh B OTHOIIEHHUU KakK intestinal and tissue forms of parasites; it is rapidly
KHUIIIEYHBIX, TaK U TKAaHEBBIX (POPM Iapa3UTOB; metabolized in the liver during initial passage with
OBICTPO MeTaboIU3UpYeTCs B IIeUeHU IIPU IepBUY- the formation of a metabolite — albendazole sulfate,
HOM NIPOXOK/IEHUU ¢ 00pa3oBaHHeM MeTabosnTa — which is the main effective substance in the treat-
anbenmazona cysnbdara, KOTOPBIH SBJISIETCS OCHOB- ment of tissue infections. Because ABZ in oral admin-
HBIM 3G (PEKTUBHBIM BEIECTBOM IIPU JIEUeHUH TKa- istration is absorbed poorly (<5%) [1], and in the
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HeBBIX MHGEKIUN. B cBA3K ¢ TeM, YTO IpU IePO-
pansHOM npueme AB3 abcopbupyeTcst oueHb c1abo
(<5 %) [1], a Ipu JleueHUHN CUCTEMHBIX TeJIbMUIHT-
HBIX UHBA3WUH, TAKUX KaK SXUHOKOKKO3 F HEHPOIIH-
CTUIIEPKO3, MPEANOoJaraercsa IPOIOIKUTETHHOE
JledeHue BBICOKMMH Jo3aMu Ab3 Ha paHHUX cTa-
JIUSIX 5TUX 3a00J1€BaHUM, BO3MOXKHO 3HAYUTEIbHOE
MOBBIIIIEHNE PpHCKA Pa3BUTUA HeXKeJaTeJIbHBIX
oOOYHBIX sABJIeHUI [2, 3].

Kpowme Toro, Ab3 saBisieTcs: 3ppeKTUBHBIM IIPO-
THUBOOIIMCTOPXO3HBIM CPEJICTBOM, ITPUMEHSAIOITAMCS
JUTS JIeYEHUsI OCTPOU U XPOHIUUIECKOH dopm 3aboJte-
BaHUA. [Io cpaBHEHUIO C TPA3UKBAHTEJIOM, IIOCTABKH
kotoporo B Poccuiickyio ®enepariuio orpaHUYeHbI,
JIAHHBIM mpemapar MeHee sddektuBeH [2, 4, 5].
ITockonbky AB3 cTaHOBUTCA aJIbTEPHATUBHBIM
CPEAICTBOM JIJIf JIEUEHHUs OIKCTOPX03a B YCJIOBHAX
JledunuTa Mpa3suKBaHTeN A, aKTYaJIbHOU CTAHOBUTCS
rpobJsieMa MoBbIIIeHus: ouomoctymHocTd AB3 s
JIeYeHUs CUCTEMHBIX TeJIbMUHTO30B U IIapa3uTO30B.

OpgHUM U3 IyTed yJIydllleHus BCAChIBAEMOCTHU
ADB3 3a cueT MOBBIIIEHUS €70 PACTBOPUMOCTHU B BOJIE
SIBJIAETCS crmocob, TpesioKeHHblH panee B HUU
XUMHUHU TBepaoro Tejna um MmexaHoxumuu CO PAH,
KOTOPBIN 3aKJIFOYAETCSA B 00pa30BaHUH MEKMOJIEKY-
JISIPHBIX KOMILJIEKCOB C ITOJIUCAaXapuoM apabuHora-
nakTanoM (AIY), mpu MexaHU4YecKoi o0paboTKe HX
cMecell B YCJIOBUSX WHTEHCHBHBIX MeEXaHUUYECKHUX
BO37eticTBH [6—8]. YeTraHOBIEHO, UTO TBEP/AS JC-
nepcus (T/]) AB3 ¢ apabuHOTraJIaKTaHOM, TIOJTyYeH-
Hasi MeXaHOXMMHYECKUM MeTOJIOM, UMeeT Oosee
BBICOKYIO BOJIOPACTBOPHUMOCTD, & TaKXKe MPOABIIAET
MIOBBIIIEHHYI0 IIPOTHBOOIHUCTOPXO3HYIO (dapMako-
JIOTHYECKYI0 aKTUBHOCTh, HE BBI3bIBAs TOKCHYE-
CKOTO IEHCTBUA Ha KJIETKU II€YEHH, II0 CPABHEHHUIO C
ucxoaHou cyberanmueit AB3 [9, 10].

Bri6op A" B kauecTBe HOCUTEIISI 0OYCIIOBJIEH OCO-
OEHHOCTSAMU ero XUMHYECKOTO CTPOEHHS KaK TalaK-
TAHCO/IEPIKAIIETO IOJINCaXapu/ia, KOTOPBIH o0Ja-
JlaeT BBICOKOM PACTBOPUMOCTHIO B BOJIEe, YHUKAJIHHO
HUBKOU  BABKOCTBIO  PAaCTBOPOB,  HEBBICOKHUM
MOJIEKYJISIPHO-MAaCCOBBIM pacIipejieJieHHeM, a TAaKXKe
MIPOSIBJISIET CBOKWCTBA MPeOUOTUKA U SABJISIETCS OHO-
pasiaraeMbIM [4, 11]. CylllecTBEHHBIM IMpEUMYyIIie-
CTBOM apaOHHOTAJIAKTaHA Tepe] IPYTUMU O10I0TH-
YeCcKH aKTUBHBIMU IIOJIHCAXapUJIaMHU SIBJISIETCS €r0
JIOCTYIIHOCTH [11].

s pasipHeled pa3paboTKH coCTaBa U TEXHO-
JIOTHU TIOJy4YeHUs JIeKapCTBEHHOU GOPMBI A
[epOpaJIbHOr0 IPUMEHEHHS Ha OCHOBE TBEPABIX
nucnepcuii AB3 ¢ AT' HE0OXOUMO ITPOBECTH CPaB-
HUTEJIBHBIA aHATN3 QU3UKO-XUMUYECKUX U TeXHO-
JIOTUYECKUX XapPaKTEPHUCTUK TBEPABIX JTUCIEPCUU.
Pe3yspTaThl HCCIEOBAHUA IIPOJEMOHCTPUPYIOT

treatment of systemic helminthic invasions, such as
echinococcosis and neurocysticercosis, the long-
term therapy with high doses of ABZ in the early
stages of these diseases is assumed, a significant
increase in the risk of undesirable side effects is pos-
sible [2, 3].

In addition, ABZ is an effective agent for treat-
ment of acute and chronic forms of opisthorchiasis.
Compared with praziquantel, whose supplies to the
Russian Federation are limited, this drug is less
effective [2, 4, 5]. Since ABZ becomes an alternative
for the treatment of opisthorchiasis in conditions of
praziquantel shortage, the problem of increasing the
bioavailability of ABZ in systemic helminthiasis and
parasitosis therapy becomes relevant.

One way to improve the absorption of ABZ by
increasing its water solubility is the method pro-
posed previously at the Institute of Solid State Chem-
istry and Mechanochemistry, which consists in the
formation of intermolecular complexes with arabi-
nogalactan (AG), a plant polysaccharide during
mechanical treatment of their mixtures under the
intense mechanical treatment [6—8]. It was found
that the solid dispersion (SD) of ABZ with arabinoga-
lactan obtained by the mechanochemical method has
higher water solubility, and also increased pharma-
cological activity against Opisthorchis spp. infection,
without toxic effect on liver cells, compared with the
officinal preparations of ABZ [9, 10].

The choice of AG as a carrier is conditioned by
peculiarities of its chemical structure as a galactan-
containing polysaccharide, which has a high water
solubility, an extraordinary low viscosity of solu-
tions, a low molecular mass distribution, and also
exhibits prebiotic properties and is biodegradable [4,
11]. A significant advantage of arabinogalactan over
other biologically active polysaccharides is its avail-
ability [11].

For further development of the composition and
technology of obtaining an oral dosage form based
on solid dispersions of ABZ with AG, it is necessary
to carry out a comparative analysis of the physico-
chemical and technological characteristics of solid
dispersions. The results of the study will show the
nature of the influence of the mechanochemical
effect on the properties of ABZ and will allow deter-
mining the appropriate drug-to-carrier mixture ratio
and the time of mechanochemical treatment.

AIM OF THE RESEARCH

Study of physico-chemical and technological
characteristics of solid dispersions of albendazole
with arabinogalactan obtained by the mechano-
chemical method.

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

37



Tuxomuposa FO.HU. u dp. / Journal of Siberian Medical Sciences T. 7, N° 4 (2023)

XapakTep BJIUAHUA MEXaHOXHMHYECKOTO BO3/eH-
cTBUSA Ha cBoiicTBa AB3 W TO3BOJIAT OIPEJIENIUTH
ONTHMAaJIbHbIE IAPAMETPhI MACCOBOTO COOTHOIIIEHU S
JIEKaPCTBEHHOI'O BeIlecTBa K HOCUTEJI0 U BpeM:A
MeXaHOXHUMUUYECKOH 00paboTKHY.

ITEJIb NCCJIEJOBAHUA

V3yuenve GUBUKO-XUMHUYECKUX U TEXHOJIOTHAYE-
CKHUX XapaKTEPUCTUK TBEPABIX JUCIEPCUN anbeH/1a-
30J1a ¢ apabMHOTAJIAKTAHOM, ITOJIyUYeHHBIX MEXaHO-
XUMUYECKHUM CITOCOOOM.

MATEPUAJIBI 1 METO/bI

B pabotre HCIIOIH30BATIN aKTHUBHYIO (apMales-
trueckyto cyocranmnuio (ADC) anbenmazona (Wuhan
Dasen Biotechnology Co., Ltd., Kuraii). AB3 mpen-
cTaBiser coboit Gesblii Min GeTOBAaTHIN MTOPOIIOK.
PactBopuM B AUMETHUIICYTHMOKCH/IE, CUIBHBIX KUC-
JIOTaX ¥ IIeJsIoYaX, IUVIOX0 PACTBOPUM B METHJIOBOM
cnupTe, xJI0podopMe, YKCYCHOATHJIOBOM 3dUpe,
MIPaKTHYECKH He pACTBOPUM B Bo/ie. /[[aHHbBIE 10 pac-
TBOPUMOCTH IIO3BOJISIIOT OTHECTH CyOCTAHITUIO KO
IT xiaccy 6uodapManeBTUUECKOH KiaccudUKaIy-
OHHOU CHCTEMBI.

B kadecTBE BCIOMOTATEJIBHOTO  BEIECTBA-
HOCHUTEJISI WCIOJIb30BAJIN apabWHOTaIaKTaH, Cy0-
CTaHITUs — TIOPOIIIOK, ¢ cojiepskanueM Al 96.2 % (AO
«Ametuc», TY 9325-008-70692 152-08). ITomcaxa-
puj, IMOJydaeMblil U3 JpEeBECUHBI JIMCTBEHHUIIBI
cuOUpPCKOM W JiMcTBeHHHITBI I'menumua [11]. s
MakpoMOJIeKysbl AI' XapakKTepHO BBICOKO Pa3BeT-
BJIEHHOE CTPO€HUe; IJIaBHAs IIellb COCTOUT U3 3Be-
HbEB TaJaKTO3bl, OOKOBBIE IIENN — U3 3BEHBEB apa-
OMHO3BI U FaJIAKTO3HI (CM. pHC. 1). OTa CTPYKTYpHAs
0CODEHHOCTH CIOCOOCTBYET 0OPA30BAHUIO IIPOYHBIX
MEXMOJIEKYJISIPDHBIX KOMILIEKCOB C JIEKApCTBEH-
HBIMH IIpeliapaTaMu, a TaK:Ke 00yCIOBIINBAET U30U-
parenbHOe IIPOHMKHOBEHUE uYepe3 MeMOpaHHbIe
Oapbepbl, Osarojaps ueMy apabWHOTralaKTaH
MOXKHO KCIIOJIb30BATh JJIs1 MOBBIIIEHHUS BCACHIBAe-
MOCTH JIPYTUX JIEKAPCTBEHHBIX CPEJCTB, XapaKTePH-
3YIOIIUXCSA HU3KOU OMOIOCTYITHOCTHIO [4, 6,7, 9—13].

Cybcraunus AT mpezcrasiisieT co6oii aMOpGHBIN
IIOPOIIIOK, CBETJIO-KOPUYHEBOTO IIBeTa, Oe3 3araxa,
HMeeT CJIQJIKOBAThIH BKyC. PAaCTBOPUM B XOJIOZHOM
Bozie (5 T/100 MJI), IpU HarpeBaHUH PACTBOPUMOCTh
Bo3pacraer [11].

J1J151 IOy YeHUs TBEPABIX JUCIIEPCUH UCIIOTb30-
BTN MEXaHOXUMHUIECKYI0 00paboTKy cyxux oOpas-
noB AbB3 u AT’ B mponopnuu 1:5, 1:10 1 1:20 COOT-
BeTcTBeHHO. MexaHo0o6paboTKka cMecH IPOBOIU-
Jlach € TPUMEHEHHEM POTAIMOHHOHN (BaJIKOBOM)
MesgbHUIBI BM-1. B KauecTBe MeJIOIIUX TeJl
HCIIOJIb30BAJINCH CTAIbHBIE INMapbl (MapKa CTau

MATERIALS AND METHODS

An active pharmaceutical substance (APS) of
albendazole (Wuhan Dasen Biotechnology Co.,
Ltd., China) was used in the study. ABZ is a white or
whitish powder. It is soluble in dimethyl sulfoxide,
strong acids and alkalis, poorly soluble in methyl
alcohol, chloroform, ethyl acetate, virtually water
insoluble. Solubility data allow the substance to be
assigned to Class II of the biopharmaceutical clas-
sification system.

Arabinogalactan, a powder with AG content of
96.2%, was used as an auxiliary carrier (Ametis JSC,
Technical Conditions 9325-008-70692 152-08).
Arabinogalactan is a plant polysaccharide obtained
from Siberian larch and Dahurian larch wood [11]. A
highly branched structure characterizes the AG mac-
romolecule; the main chain consists of galactose
units, the side chains consist of arabinose and galac-
tose units (Fig. 1). This structural feature contributes
to the formation of strong intermolecular complexes
with drugs, and also conditions selective penetration
through membrane barriers, so that arabinogalactan
can increase the absorption of other drugs with low
bioavailability [4, 6, 7, 9—13].

The substance of AG is an amorphous powder,
light brown, odorless, with a sweet taste. It is soluble
in cold water (5 g / 100 ml). When heated, the solu-
bility increases [11].

To obtain solid dispersions, mechanochemical
treatment of dry ABZ and AG samples was used in a
ratio of 1:5, 1:10 and 1:20. The mechanical treat-
ment of the mixture was carried out using a rotary
BM-1 mill. Steel balls (steel ShX-15) with a diameter
of 15 mm, and loading of balls 675 g were used as a
grinding medium. The duration of mechanical
treatment was 2, 8 and 24 hours. The samples of
solid dispersions obtained by mechanochemical
synthesis were fine powders, light beige in color,
odorless, during storage forming lumps that disin-
tegrate on grinding.

The determination of the technological properties
of ABZ, AG and their solid dispersions was per-
formed in accordance with the requirements of the
State Pharmacopoeia, XIV ed.: description, sieve
analysis, flowability of powders, bulk density, com-
pressibility.

The determination of the shape and sizes of par-
ticles of the parent substances and their solid disper-
sions was performed by light microscopy using a
Micmed-1 version 2 microscope (LOMO JSC, Rus-
sia) and by scanning electron microscopy using a
TM-1000 microscope (Hitachi, Japan).

To determine the particle size distribution of the
parent substances and their solid dispersions, a sieve
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Puc. 1. CtpykrypHble GopMysl: A — aybeHa301a; B — apabuHOraIakTaHa;
C — anbeniazosa u apabuHOrasakTaHa (Ipe/mosaraeMas CTpyKTypa)
Fig. 1. Structural formulas: A — albendazole; B — arabinogalactan;

C — albendazole and arabinogalactan (putative structure)
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III1X-15) fuaMeTpoOM 15 MM, 3arpy3Ka ImaposB 675 T.
IIpoIOIKUTENTPHOCTh MEXaHUYECKOU 00paboTKH
cocrasiisiyia 2, 8 v 24 4. [ToslyueHHbIE MEXaHOXUMH-
YECKUM CHHTE30M 00pasIlbl TBEPBIX JUCIEPCHH
MIPEJICTABJISLIIN COO0Y MEJTKOTMCIIEPCHBIE TIOPOIIIKH,
cBeTJI0-0exkeBoro I1Bera, 0Oe3 3amaxa, IpU XpaHe-
HUHU 00pasyolue KOMKH, paciaaroliuecs Mpu Ux
pacTupaHum.

OmpeziesieHre TEXHOJIOTUYECKUX CBOHCTB AB3,
AT ¥ ¥IX TBEPBIX TUCIEPCUI TIPOBOJUIIUA B COOTBET-
ctBUM ¢ TpeboBaHusAMHU ['ocymapcrBeHHON (papma-
koneu XIV um3maHuA: omuMcaHue, CUTOBOW aHAIN3,
CTEIleHb CBIIYYECTH IOPOIIKOB, HACHIITHAA ILJIOT-
HOCTb, IIPECCYEMOCTb.

Omnpenesnenrie GOPMbI I pa3MeEPOB YACTHUI] UCXO-
JTHBIX CyOCTAHIIMH U UX TBEPABIX TUCIIEPCUI TTPOU3-
BOJWJI METOJIOM OINTHYECKOH MHKDPOCKOIIHU C
IIOMOIIbI0 ONTHYECKOTO MHUKpPOCKoma Mukmena-1
BapuaHT 2 (AO «JIOMO», Poccust) 1 METO/IOM 3JIEK-
TPOHHOU CKAaHUPYIOIIEH MUKPOCKOITUU C TIOMOIIIHIO
Mukpockona TM-1000 (Hitachi, fAmonus).

Jlns onpeneneHust GpakIMOHHOTO COCTABa UCXO-
JTHBIX BEII[ECTB U TBEP/bIX JUCIIEPCUE ObLI ITPOBEIEH
CUTOBOI aHAJIN3 B COOTBETCTBUHU C 001I1el (hapMako-
nerinout cratbein (OPC) 1.1.0015.15 «CUTOBOM aHa-
au3». PacripesiesieHe pa3MepoB YacTHUI[ METKO Y-
crepcHON (pakiuu ObLIO U3MEPEHO OTAENBHO C
ITOMOIIBI0 aHAJIU3aTopa pazMepa U (POPMBI YACTHUI]
Camsizer X2 (Microtrac MRB). /Iji1 5TOro HCIIOJIb-
30BaH METOJ] IMHAMUUYECKOTO aHajau3a usobpaxe-
HUH CBHIIYYUX 00pasIioB. ITUM METOJIOM IOJIyuyeHa
XapaKTEPUCTUKA, Ha3blBaeMasi BHYTPEHHEH IIHPU-

analysis was carried out in accordance with the gen-
eral pharmacopoeial monograph (GPM) 1.1.0015.15
Sieve Analysis. The particle size distribution of the
fine fraction was measured using a Camsizer X2 par-
ticle analyzer (Microtrac MRB). For this purpose, the
method of dynamic image analysis of bulk samples
was used. This method allowed to obtain a character-
istic called the internal particle width (x__, , um). Itis
equal to the smallest of all the maximal chords of the
particle projection. The dependence diagram of x_ .
and its frequency distribution in relation to the vol-
ume q3(x) is presented (Fig. 2):

q,(x) = dQ,(x) / dx,

where dQ,(x) is the total distribution (percentage of
passage), in relation to volume.

This characteristic shows the sieve mesh size
through which this particle is sifted, and thus, is con-
sistent with the distribution measured by the sieve
analysis method.

The determination of bulk density, flowability
and slope angle was performed in accordance with
the GPM.1.4.2.0016.15 Powders Flowability Grade
[14].

Based on the values of bulk density, the Haus-
ner’s ratio and the Carr’s index were calculated, by
the values of which flowability and compressibility
are assessed (Table 1). The reference value of the
Hausner’s ratio should not exceed 1.36, and the
Carr’s index is allowable up to 26% [15].

Formulas for calculating:

Hausner’s ratio (H): H = p, / p;

—— AB3 / ABZ
AT / AG

—— AB3+AT (1:5) 24
ABZ +AG (1:5) 2 h

——— AB3 + AT (1:5) 84
ABZ + AG (1:5) 8 h

—— AB3+AT (1:5) 244
ABZ + AG (1:5) 24 h

6
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Puc. 2. JluarpamMma 3aBUCHMOCTHA X, . ¥ €€ YACTOTHOE PACIPE/Ie/IEHAE B OTHOLIEHUH K 0GbeMy g, /ULt anbensasona
(AB3) u apabuHoranakrana (Al') U UX TBEP/ABIX IUCIIEPCHI B COOTHOIIEHUH 1:5 C pA3HBIM BpeMEHEeM MeXaH000paboTKH

Fig. 2. The dependence diagram of x

¢ min

and its frequency distribution in relation to g, volume for albendazole (ABZ)

and arabinogalactan (AG) and their solid dispersions in a ratio of 1:5 with different mechanical treatment time
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Ta6una 1. Onenka nuHekcoB XaycHepa u Kappa
Table 1. Estimation of the Hausner’s ratio and Carr’s index

IIpeccyemocTts / Compressibility

UHpekc XaycHepa / Hausner’s ratio

Hnpekc Kappa / Carr’s index, %

Ouenb xopouias / Very high 1.00-1.11
Xopoiuuas / High 1.12-1.18
Cpennss / Medium 1.19-1.25
YnoBnetBopuTesbHas / Acceptable 1.26-1.34
[lnoxast / Low 1.35-1.45
Ouenb mioxas / Very low 1.46-1.59
OuyeHb-o4eHb m10xas / Very-very low >1.60

10
11-15
16-20
21-25
26-31
32-37
>38

HOM yacTunsl (x, ., MkM). OHa paBHA HaMMeHbIIen
U3 BCEX MAKCUMAaJIbHBIX XOPJ MPOEKIIUU YaCTHIIHI.
IIpezcraBieHa guarpaMma 3aBHCHUMOCTH X, . H ee

YaCTOTHOE pacClpeesieHrne B OTHOIIEHUHN K O6’beMy
q,(x) (puc. 2):

q,(x) =dQ,(x) / dx,

rae dQ,(x) — cymmapHoe pacupezenenue (% npo-
XO3K/IEeHHsI), B OTHOIIIEHUU K 00beMy.

JTa XapaKTepUCTHKAa IIOKa3bIBaeT paszmep
STYEUKHU CUTA, CKBO3b KOTOpPOE IIPOCEETCs JIaHHAs
YacTUIla, U, TAKUM 00pa30M, COTJIaCyeTCs ¢ pacipe-
JleJIeHueM, W3MEPEeHHBIM METOJIOM CHUTOBOTO aHa-
J3a.

OmpeziesieHre HACBIITHOTO 00'beMa, CHITTyYecTH U
yIJIa €CTECTBEHHOTO OTKOCA OCYIIECTBJISJIH B COOT-
BeTcTBUM ¢ ODC.1.4.2.0016.15 «CTeneHb ChIIIyuecTu
ITOPOIIIKOB» [14].

Ha ocHOBaHMU 3HAYE€HWUH HACBHIITHOUN IIJIOTHOCTU
paccuuThIBaIiM MHAEKC XaycHepa U uHjzekc Kappa,
[0 BEJIMYMHAM KOTOPBIX OIIEHHUBAIOT CHIMyYECTh U
CKUMaeMocTh (Tabsi. 1). 3HaueHHWe HHeKca Xayc-
Hepa He JIOJDKHO IpeBbImaTh 1.36, a uHjaeke Kappa
CUHTAETCsI PUEeMJIEMBIM JI0 3HaUeHus 26 % [15].

dopMyJIbl pacueTa HHIEKCOB:

unznexc Xaycuepa (H): H =p_/ p;

unzaexkc Kappa (C): C =100 - (py -p)/ Py
I/ie p, — HACBIIHAS IUIOTHOCTH [OCI€ YIUIOTHEHNS;

p — HACBIITHAS IJIOTHOCTD /IO YIUIOTHEHHUS.

M crosib30BayiiCch METO/IbI IEPBUYHON U BTOPUY-
HOH CTaTUCTHIECKOH 00PaOOTKY JAHHBIX.

PE3YJIBTATDBI 1 OBCY KAEHUE

ITo aHHBIM MHUKPOCKOTTMYECKOTO HMCCIIETOBAHUS
UCXOAHOH cyOcraHiuu AB3 ycTaHOBJIEHO, YTO
YaCTHUIIBI JIEKAPCTBEHHOTO BEIECTBA MMEIOT HeIpa-
BWIBHYIO, VIJIOBaTO-IUIACTUHYATYI0O (opMy ¢
OCTPBIMH YIJIAMUA W HEPOBHOH IOBEPXHOCTHIO, Pas-
MepBhI COCTABJIAIOT 10—30 MKM (puc. 3).

Mukpockonuyeckoe uccieoBanue Al' 10 mexa-
HOOOpPabOTKM MOKa3ajio, YTO OCHOBHAS Macca ero

Carr’s index (C): C=100-(p,— p) / p,s
where p, is tapped density;

p is bulk density (baseline).

The methods of primary and secondary statistical
data processing were used.

RESULTS AND DISCUSSION

According to the results of microscopic examina-
tion of the parent substance of ABZ, it was found that
the particles of the pharmaceutical substance have
irregular, angular-laminar shape with sharp angles
and uneven surface, the dimensions are being
10—30 um (Fig. 3).

Microscopic examination of AG before mechani-
cal treatment showed that the bulk of its particles
have a regular spherical structure with a smooth sur-
face and the voids of various sizes inside. The AG
particle size ranges from 10 to 100 um. The AG
microscopic examination, namely the presence of
spherical particles and voids between them, allowed
us to suggest the prospects of using AG as a carrier
and matrix for ABZ.

The comparative microscopic analysis of solid
dispersions of ABZ with AG, which were obtained by
solid-phase mechanochemical treatment in a BM-1
mill in a mass ratio of 1:5, 1:10, 1:20 during 2, 8 and
24 hours, showed a significant change in the shape
and size of the initial particles. For particles of solid
dispersions, the shape of polyhedra is characteristic;
many projections, irregularities and roughness on
the particle surface are observed, there is with a com-
plication of the shape, as well as microparticle aggre-
gation (Fig. 4).

The particle size of solid dispersions ranged from
5to 30 um. At the same time, the significant increase
in the number of particles with a smaller size occurs
in solid dispersions of ABZ and AG with a mass ratio
1:20 and a milling time of 24 hours.

When studying the size of particles of ABZ and
AG and their solid dispersions, it was found that in
the parent substance of ABZ, the largest mass con-
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TM-1000_5125

L D3.6 x600 100 um

TM-1000_5131

Puc. 3. 91eKTpOHHO-MUKPOCKOTIYecKue (pororpaduu HCXOMHOU cyOcTaHINu anbenaazona (A1)
1 apabuHoranakrana (B2). Yeesuuenue (yB.) x600
Fig. 3. Electron microscopic images of the parent substance of albendazole (A1) and arabinogalactan (B2).
Magnification (magn.) x600

YaCTUI] UMeeT IPAaBUJIbHYIO CHEepUUECKYyI CTPYK-
TYpY C IJIaIKOH MOBEPXHOCTHIO U HAJTUUNEM BHYTPHU
MyCTOT Pa3JINUYHOro pasmepa. Pazmep wactuiy AT
COCTaBJIfAET OT 10 710 100 MKM. Pe3ysibTaTsl MHKPO-
CKOIIMYECKOTo uccienoBanusd Al', a UMEeHHO HaIU-
yue yacTull cheprudecKoi GopMbI U IIyCTOT MEXKIY
HHUMH, TI03BOJIMJIO IPEAIOJIOXKUTh IEPCIEKTUBBI
ucnonb3oBanuss Al B KadecTBe HOCUTeNST —
martpursl A AB3.

CpaBHUTENBPHBIH MHKPOCKOIMIMYECKUN aHAIN3
TBepabix aucnepcuii AB3 ¢ A, KoTopble mOJIy-
Yajayu mMyTeM TBepAoGda3HOH MeXaHOXUMHUUECKOH
o0paboTku B MesbHUIIE BM-1 B MacCOBOM COOTHO-
IIeHUH 1:5, 1:10, 1:20 B TeueHUe 2, 8 U 24 4 COOT-
BETCTBEHHO, IIOKa3ajl CYIIeCTBEHHOe U3MeHeHUe
¢dopMBI W pasmMepoB HCXOAHBIX dacTurm. s
YaCcTHUIl TBEPABIX JUcIepcHil xapakTepHa (opma
MHOTOTPAaHHUKOB, HAaOJIIOAIOTCA MHOTOYHCIIEH-
HBIe BBICTYIIbI, HEPOBHOCTH U IIEPOXOBATOCTU HA
IIOBEPXHOCTHU YaCTHUI], NPOUCXOAUT YCJIOKHEHUE
dopMbl, a TakKe sBJIEHUE arperanuu MHUKpOdYa-
crur (puc. 4).

Pasmep uacrury TBepAbIX AUCIEPCHH COCTABUII
oT 5 A0 30 MKM. [Ipu sTOoM HabiI0/1aeMoOe 3HAYU-
TeJIbHOE yBEJIWYeHHE YACTHI[ ¢ MEHBIINM pa3Me-
POM IIPOUCXO/IUT B TBEPABIX JUCIEPCUAX C COOTHO-
menneM AB3 u AT 1:20 u BpemeHeM MexaHOOOpa-
0OTKHU 24 U.

IIpu m3yuennu ¢paxiuoHHOro cocraBa Ab3 u
AT' 1 UX TBepJbIX AUCHEPCUH YCTAaHOBHWJIH, UTO B
HUCXOHOU cyOcTannmu AB3 Haunbosplliee MaccoBoe
cozeprkanue yactury (66.65 %) cocrapisiia dpax-
U ¢ pa3MepoM OT 0.1 710 0.2 MM. B ucxosHo# cy6-

tent of particles (66.65%) was a fraction with a size
from 0.1 to 0.2 mm. In the parent substance of AG,
the bulk (62.39%) consisted of particles with a size of
less than 0.1 mm.

As a result of milling, a change in the particle size
occurs, and this process is influenced by both the
ratio of the solid dispersion components and the
time of mechanical treatment. When mechanically
treating a mixture of ABZ and AG for 24 hours, the
content of the fine fraction (less than 0.1 mm) on
average increases to 50% of the total mass of the
solid dispersion. In the mechanical treatment mode
for 8 hours, a significant content of the fine fraction
in relation to the total volume of the solid dispersion
is also observed in the solid dispersion. In the sample
of the dispersion of ABZ and AG in a ratio of 1:5 and
mechanical treatment for 8 hours, an increase in the
fraction of particle size less than 0.1 mm to 36% of
the total mass was observed. The lowest content of
the fine fraction was found for the solid dispersion of
ABZ and AG (1:5) and the mechanical treatment
time of 2 hours, that amounted to 7.52% of the total
mass of the dispersion, which, of course, will cer-
tainly further result in the reduction of solid disper-
sion dusting and aggregation of microparticles with
each other.

The mass content of an excipient influences the
particle size of solid dispersions. The content of par-
ticles passing through a 0.1-mm-mesh-size sieve is:
in the solid dispersion of ABZ + AG (1:10) and the
mechanical treatment time of 2 hours — 29.73%, in
the sample of ABZ + AG (1:20) and 2-hours mechan-
ical treatment — 16.89% (Table 2).
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Puc. 4. neKTpOHHO-MHUKpOCKonueckue poTorpadun TBepAbIX quctepcrii anbenaasona (AB3) ¢ apabuHoOraIakTaHOM
(AT) (C—AB3 + AT' (1:5) 2 4; C1 — AB3 + AT (1:5) 8 u; C2 — AB3 + AT' (1:5) 24 u; D — AB3 + AT (1:10) 2 u; D1 — AB3 + AT
(1:10) 8 u; D2 — AB3 + AT' (1:10) 24 4; E — AB3 + AI' (1:20) 2 u; E1 — AB3 + AI' (1:20) 8 u; E2 — AB3 + AT (1:20) 24 4).
¥VB. X2500
Fig. 4. Electron microscopic images of albendazole (ABZ) solid dispersions with arabinogalactan (AG) (C — ABZ + AG
(1:5) 2 hours; C1 — ABZ + AG (1:5) 8 hours; C2 — ABZ + AG (1:5) 24 hours; D — ABZ + AG (1:10) 2 hours; D1 — ABZ + AG
(1:10) 8 hours; D2 — ABZ + AG (1:10) 24 hours; E — ABZ + AG (1:20) 2 hours; E1 — ABZ + AG (1:20) 8 hours;

E2 — ABZ + AG (1:20) 24 hours). Magn. x2500

crannuu A’ ocHOBHYI0 Maccy (62.39 %) cocTaBiisiu
YACTHUIIBI C PA3MEPOM MeHeE 0.1 MM.

B pesynbTaTe MEXaHUUECKOTO BO3/IEHCTBUS IIPO-
HUCXOJUT U3MeHeHue (ppaKIMOHHOTO COCTaBa, MPU-
yeM Ha STOT IPOIECC BIUAIOT KaK COOTHOIIEHHE
KOMIIOHEHTOB TBEPZIOH [IUCIIEPCUU, TaK U BPEMs
MexaHooOpaboTku. Ilpu MexaHO0OpabOTKe cMecH
AB3 u AT B TeueHUe 24 U cofiep>KaHUE MEJIKOJH-
cuepcHoil ppakinuu (MeHee 0.1 MM) YBEJTUUUBAETCS
B CpefiHeM JI0 50 % oT o0Iel Macchl TBEPAOU JuC-
nepcud. [Ipu pexxrme MexaHOOOPAOOTKH B TeUEHHE
8 u B TBep/0¥ [TUCIIEPCUY TaK:Ke HabJII0gaeTes 3Ha-
YUTEJIPHOE COZIEPXKAHME MEJIKOJUCIIEPCHON (pak-

Due to the fact that the most monodisperse com-
position was detected for the solid dispersion
obtained after 2 hours, then samples of solid disper-
sions with different ratios of ABZ and AG were com-
pared, but obtained after 2 hours. The analysis
results showed that in the solid dispersion with a
mass ratio of ABZ to AG of 1:5, the bulk comprises
particles with a size of 0.2—0.3 mm, whereas in sam-
ples with a ratio of 1:10 and 1:20, the higher content
of the fine particle fraction with a size of less than
0.1 mm is observed.

When analyzing the composition of the fine par-
ticle fraction by the method of dynamic image anal-
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Ta6una 2. Pe3ysibTaThl CATOBOTO aHA/IM3a UCXOAHBIX CyOCTAaHIIMH a6eH/1a30J1a M apabUHOTraIaKTaHa U UX TBEPABIX

JUCIepCUi

Table 2. Results of the sieve analysis of the parent substances of albendazole and arabinogalactan and their solid dispersions

HaumeHoBaHue 06pa3ua

I'paHUYHbIEe pa3Mepbl YacTUL, ppaKnuii, MM

Boundary sizes of fraction particles, mm

Sample

-1,0..+0,5 -0.5...+0.315 -0.315...+0.2 -0.2..+0.1 -0.1...+0
Anbenpason m,r/g 0.018 0.336 2.716 13.330 1.073
Albendazole X%  0.09 1.68 13.58 66.65 5.365
Apa6uHorasakTaH m,r/g 0.005 0.013 0.166 6.011 12.479
Arabinogalactan X%  0.025 0.065 0.83 30.06 62.39
An6enpnasosn + apabuHoraiakTtad (1:5) 2 4 m,r/g 0.761 1.285 6.983 3.216 1.128
Albendazole + arabinogalactan (1:5) 2 hours X, % 507 8.57 46.55 21.44 752
An6enpason + apabuHoranakrtas (1:5) 8 4 m,r/g 0.42 1.739 1.749 5.681 5.402
Albendazole + arabinogalactan (1:5) 8 hours X, % 2.8 11.59 11.6 37.87 36.01
An6enpasos + apabuHoranakTad (1:5) 24 4 m,r/g 0.357 1.603 7.569 2.359 3.112
Albendazole + arabinogalactan (1:5) 24 hours  y o4 2.38 10.69 50.46 15.75 20.75
An6enpazon + apabuHoranaktat (1:10) 2 4 m,r/g 0.199 0.823 1.269 6.449 4.46
Albendazole + arabinogalactan (1:10) 2 hours  x o4 1.33 5.49 8.46 42.99 29.73
An6enpasos + apabuHorasnakTa (1:10) 84 m,r/g 0339 1.933 2.122 5.615 4.447
Albendazole + arabinogalactan (1:10) 8 hours o4 2.26 12.87 14.15 37.43 29.65
An6enpasosn + apabuHoranakTtad (1:10) 24 4 m,r/g 0.089 2.586 2.005 1.858 7.544
Albendazole + arabinogalactan (1:10) 24 hours  x oy 0.59 17.24 13.37 12.39 50.29
An6enpazos+ apabuHoranakrtad (1:20) 2 4 m,r/g 0.571 0.697 3.056 7.125 2.533
Albendazole + arabinogalactan (1:20) 2 hours  x o4 3.81 4.65 20.37 475 16.89
An6enpaasosn + apabuHoraiakTtad (1:20) 84 m,r/g 1.367 1.357 1.027 6.683 3.947
Albendazole + arabinogalactan (1:20) 8 hours x, % 911 9.05 6.85 44.55 26.31
An6enpason + apabuHoranakrtas (1:20) 24 4 m,r/g 0.164 1.327 1.170 3.198 8.032
Albendazole + arabinogalactan (1:20) 24 hours x, % 1.09 8.85 7.8 21.32 53.55

[IpuMmevyaHnue.
Note.

MY [T0 OTHOIIIEHUIO K 0011eMy 06'beMy TBEPI0H AuC-
nepcuu. B o6pasue qucnepcuu AB3 u AT' B COOTHO-
IIEHUH 1:5 U IpU MexaHoobpaboTke 8 u HabOAa-
JIOCh yBeJIMYeHUE (Ppakiuu ¢ pasMepoM YacCTHII
MeHee 0.1 MM 10 36 % ot obmieii maccel. HanboJstee
HHUBKOE COJIepKaHUe MEJIKOJUCIIEPCHON (pakiuu
OBLIO YCTAaHOBJIEHO JUUIs TBepaou aucnepcuu AB3 u
AT (1:5) ¥ BpeMeHeM MexaHO00pabOTKH 2 U M COCTaB-
JISIO 7.52 % OT 00I1el Macchl UCIIEPCHH, YTO, 6e3y-
CJIOBHO, CKa’KeTcsl B JIAJIbHEHUIIIEM HAa YMEHbBIIIEHUH
MIBLIEHHUSI TBEPOH AUCIIEPCUN U arperanuu MUKPO-
YaCTHUI] JIPYT C IPYTOM.

Ha ¢pakmuoHHBIA cOCTaB TBEPJBIX JUCIIEPCHH
OKa3bIBAET BJIMSHIE MAaCCOBOE CO/IEPKAHKE BCIIOMO-
raTeJbHOTO BelectBa. CoJiep;kaHue YacTHlIl, IPOXO-
JIAIAX Yepe3 CUTO, C Pa3MepoOM SUYEeHKH 0.1 MM
cocTaBJseT: B TBepyoii aucnepenu AB3 + AT (1:10) u
BpeMeHeM 00paboTku 2 4 — 29.73 %, B 0o0Opasie
AB3 + AT (1:20) 24 — 16.89 % (TabI. 2).

B cBsi3u ¢ TeM, 4TO HanboJIee MOHOAUCIIEPCHBIH
coctaB OBbLI BBISIBJIEH IS TBEPAOHU JUCIIEPCUH,

m - Macca GpaKIny; X — cofiepKaHne GPaKIUY OT 061Iel MacChl HaBECKH.
m - fraction mass; x - fraction content of the total sample weight.

ysis of bulk samples, it was found that in mechani-
cal treatment for 8 and 24 hours, in solid disper-
sion, the highest frequency distribution of particles
with a size of less than 20 um is observed, compared
with the sample that had 2 hour mechanical treat-
ment (Fig. 2).

A comparison of the results of the fine particle
fraction distribution dependence on the volume of
samples of solid dispersions with mechanical treat-
ment of 2 hour duration, but with different mass
ratios, showed no significant differences in particle
sizes.

Thus, the results of the sieve analysis of solid dis-
persions and dynamic image analysis of bulk sam-
ples made it possible to establish that a higher uni-
formity for the particle size distribution is provided
in mechanical treatment for 2 hours, which will
ensure the future dosing accuracy during the techno-
logical process.

In the simultaneous mechanochemical treat-
ment of ABZ and AG, changes in their technological
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IIOJIyYeHHOU B Te€UYeHHe 2 U, jjajiee ObLJIO IMPOU3Be-
JIEHO CpaBHeHHEe OOpa3IlOB TBEPIbIX AMCIIEPCHUI,
cozep:kamux pasHoe cooTHomieHue Ab3 u AT, HO
IOJTyYeHHBbIX B TeUeHWe 2 4. PesysbTaThl aHAIM3a
MIOKA3aJIM, YTO B TBEPJAOH IUCIEPCUU C MACCOBBIM
cootHomeHneM AB3 k Al 1:5 OCHOBHYIO Maccy
COCTAaBJISIOT YaCTHUIIBI C Pa3MepPOM OT 0.2—0.3 MM,
TOTZ]a KaK B 00pasiiax ¢ COOTHOIIIEHHEM 1:10 U 1:20
HabofaeTcss OoJlee BBICOKOE COZEPIKAHUE MEJTKO-
JIUCIIEPCHOU (DpAKIIUU YACTHI] C pa3MepOM MeHee
0.1 MM.

[Ipu ananu3e cocTaBa MeJIKOAUCIEPCHOU (pak-
I METOJIOM JIMHAMHYECKOTO aHAIM3a U300paske-
HUH CBIMyYnX OOPa3IOB YCTAHOBWJIM, UYTO IIPHU
pexxume 8 U 24 4 MexaHOOOpPaOOTKH B TBEPAOH JTHC-
IIeEpCUH OTMEeUaeTcss HauboJiee BBICOKOE YACTOTHOE
pacrpejiejieHHEe YacTHI[ pa3MePOM MeHee 20 MKM,
II0 CPAaBHEHUIO C 00PA3IIOM B PEIKMME 2 U MeXaHuJe-
CKOTO BO3/IEHCTBUA (CM. pHUC. 2).

CpaBHeHHe pe3yJIbTaTOB 3aBUCHMOCTH YaCTOT-
HOT'O pacIipe/iesIeHUs MeJIKOAUCIIepCHOM hpakiuu B
OTHOIIIEHUH K 00beMy OOpa3IlOB TBEPJIBIX JHUCIEP-
CHH ¢ peKMMOM MeXaHOOOpabOTKK 2 4, HO C pas-
HBIMH MaCCOBBIMH COOTHOIIEHHUSIMH IIOKA3aJI0, YTO
CTATUCTUYECKU B3HAYUMBIX Ppa3JIUYdd pa3sMepPOB
YyacTull He HabJTIojaeTcs.

Taxum 006pa3oM, pe3ysIbTaThl METOZOB CUTOBOTO
aHaJIW3a TBEPABIX JUCIHEPCUA U JUHAMUYECKOTO
aHaM3a U300paKEeHUH ChIMyYnx 0OPasIioB IO3BO-
JIVJTU YCTAHOBUTD, UTO IPH PEKUME 2 U MEXaHOXU-
MHUYECKOTO BO3[eHcTBUs obecrieunBaercs 0Oosiee
BBICOKasi CTENeHb OJHOPOJHOCTH B OTHOIIEHUH
(paKIMOHHOTO COCTaBa, UTO 0OECIIEUUT B JaJTbHEN-
IIIeM B XO7l€ TEXHOJIOTHYECKOTO IPOIlecca TOYHOCTh
JIOBUPOBAHUA.

B mporecce coBMeCTHOH MeXaHOXUMUYECKOU
06paboTku AB3 u AI' TpOUCXOMAT TaKKe U3MeHe-
HUS WX TEXHOJIOTUYECKHX CBOUCTB. IIpeccyemocTh
(cmocoGHOCTH MaTepHasia MPeCcOBATHCSA) UCXOTHOU
cyocranuu AB3, onieHuBaemas o uHekcam Kappa
u XaycHepa, XapaKTepU3YeTCsl KaK «IJIOXasi»
(MHJIEKCHI COCTaBJISIOT 27.45 % W 1.38 cOOTBeT-
CTBEHHO), YTO HCKJII0YaeT BO3MOJKHOCTH CyOCTaH-
nun AB3 mosBepraTbCs MPAMOMY ITPECCOBAHUIO.
B To >xe BpeMsI HCXOAHAS ITPECCYEMOCTh CYOCTAHITUN
AT omeHeHa Kak «0ueHb xopomasa» (nHaekcsl Kappa
u XaycHepa cocTaBiAoT 7.89 % u 1.08 cooTBeT-
crBeHHO). Ilocsie MeXaHWYecKoro BO3JIEHCTBHSA Ha
AB3 c Al' HabI0/1AJIOCH YIyUIIEHHE TPECCYEMOCTU
TBepAbIX aucnepcuit. MHAekc XaycHepa TBEPHAbIX
JIUCIIEPCHH COCTABJISI OT 1.12—1.34, mHAeKe Kappa —
16—25 %, 4TO XapaKTepU3UPYET IPECCYEMOCTh TBEP-
JIBIX JTUCIIEPCUM KaK «CPEJHIOI» U «YIOBJIETBOPH-
TeJIbHYI0O» U T03BOJIET PACCMATPUBATH TaOJIETKU

properties also occur. The compressibility (ability
of a substance to be pressed) of the parent sub-
stance of ABZ, estimated by the Carr’s index and
Hausner’s ratio, is low (27.45% and 1.38, respec-
tively), which excludes the possibility of the sub-
stance of ABZ to be directly pressed. At the same
time, the initial compressibility of the AG substance
was assessed as very high (the Carr’s index and
Hausner’s ratio are 7.89% and 1.08, respectively).
After mechanical treatment of ABZ with AG, an
improvement in the compressibility of solid disper-
sions was observed. The Hausner’s ratio for solid
dispersions ranged from 1.12-1.34, the Carr’s
index — 16—25%, which characterizes the compress-
ibility of solid dispersions as medium and accept-
able, and allows us to consider tablets as a possible
dosage form for further development.

The lowest Carr’s index of 12.2% and the Haus-
ner’s ratio of 1.14 were found in the solid dispersion
of ABZ and AG in a mass ratio of 1:10 with a mechan-
ical treatment time of 24 hours, which allows us to
assess the compressibility of this solid dispersion as
high. The highest compressibility coefficient is
observed in solid dispersions obtained in mechanical
treatment for 2 hours. For solid dispersions of ABZ
and AG (1:5), 2-hours mechanical treatment, the
compressibility coefficient is 24, for the sample of
solid dispersion of ABZ with AG (1:20), 2-hours
mechanical treatment — 25 (Table 3).

According to the results of the flowability assess-
ment, it was established that the parent substances
of ABZ and AG do not possess flowability. After
mechanical treatment and changes in the shape and
size of particles, it would be possible to assume an
improvement in the parameter. But the complica-
tion of the particle shape during the alignment of the
particle size did not lead to an increase in the flow-
ability of solid dispersions, regardless of the ratio of
ABZ and AG in the dispersion and the mechanical
treatment time.

Thus, the study made it possible to characterize
the solid dispersions of ABZ with AG in the term of
the suitability of obtaining an oral dosage form (tab-
lets, capsules), as well as to identify the properties of
the dispersion that require correction by preliminary
granulation or the addition of excipients.

CONCLUSION

The study allows us to draw the following conclu-
sions:

1. Solid dispersions of ABZ with AG as a carrier
obtained by solid-phase mechanochemical treat-
ment are characterized by changes in physical prop-
erties. For solid dispersions of ABZ with AG, in com-

Journal homepage: http://jsms.ngmu.ru
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Ta6.mupa 3. TexHOJIOrMYeCKHe CBOMCTBA a16eHAa30J1a, apabHOTaJaKTaHa U UX TBEP/bIX JUCIEPCUI
Table 3. Technological properties of albendazole, arabinogalactan and their solid dispersions

HachinnHas njJ10THOCTS, I‘/MJI

HHpekc

Bemecrso/TBepaas Pe:xxum mexaHo- Density, g/ml Koadppunuenr Xayc- HUHaekc
S 06paboOTKH npeccyeMoCTH Hepa Kappa
gubstal:lce /solid dispersion Mechanical A0 yIJIOT- nocje ymiaor-  Compressibi- Haus- Carr’s
p treatment HeHus HeHUus lity coefficient ner’s index
bulk density tapped density ratio

Anb6enpmazon Be3 06paboTku 0.37 0.51 28 1.38 27.45

Albendazole No treatment

ApabuHoranakTaH Bes 06paboTku 0.35 0.46 7.69 1.08 7.89

Arabinogalactan No treatment

An6enpmason + 24 / hours 0.53 0.69 24 1.30 23.20

le)sﬁﬂ(;wfalﬂamaﬂ (1:5) 84 / hours 0.69 0.80 13.79 116 13.75
endazole +

arabinogalactan (1:5) 2449 / hours 0.59 0.74 20.59 1.25 20.27

Anbenpmaszon + 24 /hours 0.56 0.71 22.20 1.27 21.13

2117;614:0”1113“% (1:10) 84 / hours 0.71 0.54 24.32 1.31 23.94
endazole +

arabinogalactan (1:10) 244 / hours 0.72 0.82 12 1.14 12.20

An6enpgason + 24 /hours 0.53 0.70 25 1.32 24.30

Zﬁ’gﬁﬂgorﬁﬂamaﬂ (1:20). 84 / hours 0.58 0.70 16.67 1.20 17.14
endazo’e + 244 / hours 0.58 0.71 19.20 1.22 18.31

arabinogalactan (1:20)

KaK BO3MOXKHYIO JIEKapCTBEHHYI0 (popMy JUJIf 1aylb-
HeUmen pazpaboTKU.

Haubonee nuskuii unzekc Kappa 12.2 % u
uHjeKc XaycHepa 1.14 yCTaHOBJIEH Y TBEPAOU JUC-
nepcuu AB3 u AT' B MacCOBOM COOTHOIIIEHUHU 1:10
C BpeMeHeM MeXaHOOOpabOTKH 24 U, UTO IO3BO-
JIsIeT OI[€HUTH IIPECCYyEMOCTh JAHHOU TBEP/IOH JTHC-
IEPCUH KaK «Xopolryo». CaMblid BBICOKHUH KO3(-
(uueHT TpeccyeMOCTH OTMEYAEeTCA Y TBEPJIBIX
IUCIIEPCUH, ITOJIYIEHHBIX Yepe3 2 4 MeXaHooOpa-
6otku. [l tBepapix aucnepcuii AB3 u AT (1:5)
2 4 K03dULIMEHT IPECCYEMOCTH PaBEH 24, A
obpasma TBepaod aucnepcuu AB3 c¢ AT (1:20)
2y — 25 (Tabi. 3).

[To pesynbraTaM IIPOBEEHHBIX HCCIIEIOBAaHUN
CBIITyYECTH YCTAHOBIUIH, UTO UCXOJHBIE CYOCTAHIINH
AB3 u AT ceimyyecThio He 006J1aatoT. B pesysbrare
MeXaHU4YeCKOH 00paboTKu u u3MeHeHUs: GOPMBI U
pa3MepOB YACTHI] BOBMOXKHO OBLIIO ObI HPEAIoJio-
JKUTHh YJydllleHHe Iokasaresd. Ho ycimoskHeHUe
(opmBbl yacTuI] Ipu BEIPAaBHUBAHUY (PPAKIIHOHHOTO
cocTaBa He IPUBEJO K IIOBBIIIEHUIO CBIIIYYECTH
Macchl TBEPZBIX JIUCIEPCHI BHE 3aBUCHMOCTH OT
cootHomeHusa Ab3 u AIl' B sucnepcuu U BpeMeHU
MEeXaHHUUYeCKOro BO3AeHCTBHUA.

Taxkum 00pa3oM, IIPOBeEHHBIE HCCIIEOBAHUSI
TIO3BOJIMJIM OXapaKTEPU30BaTh TBEP/bIE JUCIIEPCUU
AB3 c AT’ ¢ TOuKU 3peHUs IPUTOJHOCTH MOIyIeHUA
IepoOpaJIbHON JIeKapCTBEHHOW (opMbl (TabseTKH,
KaIICYJIbl), a TaK)Ke BBIIBUTH CBOUCTBA JIUCIIEPCHH,
Tpebyrolre KOPPEKTUPOBKU IIyTEM IIPEBAPUTEIIb-

parison with the substance of ABZ, a change in the
shape and size of particles has been revealed.

2. For solid dispersions of ABZ and AG, a change
in the particle size distribution composition has
been established. The dependence of the particle size
distribution on the mechanical treatment time is
revealed. The most monodisperse composition of
solid dispersions is observed during mechanical
treatment for 2 hours.

3. Solid dispersions of ABZ are characterized by a
2-fold improvement in the compressibility compared
to the parent substance of ABZ.

4. The mechanochemical treatment of ABZ does
not affect its flowability.

5. The appropriate mass ratio of components for
obtaining a solid dispersion of ABZ with AG is 1:5,
and the mechanical treatment time being 2 hours.

Conflict of interest. The authors declare no
conflict of interest.

HOTO TpaHY/JIMPOBAHUA WX BBEAEHHUA BCIIOMOra-
TEJIbHBIX BEIIECTB.

3AK/IOYEHUE

ITposenennoe uccie0BaHue I03BOJIAET C/Ie/IaTh
cJIe/lyIoIHe BBIBOJIBL:

1. TBepaple aucnepcuu AB3 ¢ HCIOJIB30BAaHUEM
AT' B KaudecTBa HOCHUTeJIA, IIOJy4€HHbIE METOAOM
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TBepAo(a3HOU MeXaHOXUMHYECKOU 00paboTKH,
XapaKkTepusyloTcs  Hn3MeHeHHeM  (QU3UYeCKHUX
cBoiicts. [Iyis TBeppIx Aucnepcuii AB3 ¢ Al B cpas-
HeHUU ¢ cyOcTanuer AB3 ycTaHOBJIEHO U3MEHEHHE
¢opMbI 1 pa3zMepa YaCTHII.

2. Jlna TBepabix aucnepcuit AB3 u AT ycra-
HOBJIEHO H3MeHeHHe (GPAKIHUOHHOTO COCTaBa.
BriaBieHa 3aBUCHUMOCTh GPAKIIMOHHOIO COCTaBa
OT BpeMeHU MeXaHH4ecKkoro Boszeicteusa. Hau-
6oJjiee MOHOZHCIIEPCHBIA COCTaB TBEPABIX JHC-
nmepcuid HabJOmaeTcs MPU MexaHooOpaboTke B
TedyeHHe 2 4.
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