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HNccaenoBaHue CTaOMIbHOCTH TBEPABIX AUCIIEPCUI
aI0eH/1a30J1a, MOJTyUYeHHbIX MEXaHOXUMUYEeCKUM
TBEepAO(PaA3HBIM CHHTE30M

10.1. Tuxomuposal, H.O. Kapabunnesa!, E.C. MereneBa2, B.11. EBceenko?, A.B. Jlymkun?,
M.B. 3estmkman?
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AHHOTAITHA

BBegewnue. IIpobaemadbapMakoTepany OMUCTOPX03a OCTAETCS AKTYAIBHOHN BCJIE/ICTBIE OTPAHUYEHHOTO BHIGOPA
IIPOTUBOOIHCTOPXO3HBIX JIEKAPCTBEHHBIX ITPENIAPATOB ¥ UX HU3KHUX OnodapManeBTHUYeCKUX XapaKTepUCTHK. M crmomp30-
BaHHE MEXaHOXMMHUYECKOTO METO/A /ISl MoJydeHus TBepAbix aucnepcuii (TIT) anbenmaszosa (AJIB) co BermomMoraTesb-
HBIMU BeIleCTBAMU IIO3BOJISIET YBEJINIUTH €0 PACTBOPUMOCTD B BOJIE M CHU3UTDh TOKCUYHOCTb. VI3ydeHre cTaOMIbHOCTH
T/T AJIB B mpoiiecce XpaHEHUs SIBJIsIETCsI aKTyaIbHOU 3ajjauell B jajibHeHIIel pa3paboTke JeKapcTBeHHOH hopmbl (JID)
Ha UX OCHOBe.

IT e 1 b . HccnenoBanue cTabUIbHOCTH TBEP/BIX AUCIEPCUN AI0EH 1230712, TIOJIYIEHHBIX MEXaHOXUMUYECKUM TBEP/IO-
¢a3HBIM CHHTE30M.

Matepuanb u MerTo bl .O06bekramu uccienoBanusa 6etr T/ AJIB ¢ apabunoranakrtanoMm (AT') u sKc-
TpakToM cosionku (DC) B KauecTBe KOMILIEKCOOOpa3oBarTesieil, B pa3IUYHbIX MAaCCOBBIX COOTHOIIEHUSIX U C PA3TUYHON
MIPOJIOJIKUTEIFHOCTHI0O MeXaHooOpabotku. CrabmwibHOCTh TJ] AJIB mM3yueHa METOZIOM «YCKOPEHHOTO CTapeHHUs» MpPH
temrepatype 40 °C B TeueHue 6 mecsieB. KOHTPOJIb cTaOMIIBHOCTH OCYIIECTBIISUIN B 3 BpDEMEHHBIX TOUKaxX (0, 3 1 6 Mec
COOTBETCTBEHHO) 110 IapaMeTpy «OIHCAHHUEe» U cofiepkaHuio AJIB MeTooM BBICOK03(DHEKTUBHOM KUTKOCTHOH XpoMa-
Torpadun.

Pe3ynbTart bl . V3ydyeHbl KaueCTBEHHbBIE U KOJTMUECTBEHHBIE TapaMeTpsl crabmibHocTu T/ AJIB B mportiecce xpa-
HeHusdA. CozepkaHre OCHOBHOT'O JIEUCTBYIOIIETO BEIIeCTBA B KOHEYHOH TOUKE KOHTPOJIS BO BCEX HCCIIEAYyEeMBIX 00pa3max
COCTaBJISIET HE MeHee 97 % OTHOCHUTEJHHO HAYaJIbHOTO cocTaBa. Ha ocHoBaHuu mpaBuia Baut-T'odda 6puT paccunTan
K03 UINEHT COOTBETCTBUSA, IIPE/III0IaraeMblid cpok roguoctu 1A T/ AJIB u Temueparypa XpaHeHUs, T03BOJIAIONAs
00eCIeYuTh YCTAHOBJIEHHBIA CPOK TOTHOCTH.

3aknwueHnue. TTAJBcAT u T/ AJIB c 3C, nosiyueHHbIe MEXAHOXUMHUYECKUM METO/IOM, CTAOUJIHHBI B TEUEHHE
182 CyT 9KCIepUMEHTAILHOTO XpaHEeHUs, YTO COOTBETCTBYET 728 CyT (2 rolaM) B €CTeCTBEHHBIX YCJIOBUAX. [1oyTyueHHbIE
JIAaHHBIE CBUJIETEILCTBYET O BBICOKOH CTaOMIBbHOCTH uccenyeMbiX T/ AJIB v MOTYT OBITh HCIIOJIb30BAHbI B Ta/IbHEHIIIEH
paspaboTke JieKapCTBEHHBIX (JOPM Ha UX OCHOBE.
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A study of the stability of solid dispersions of albendazole
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

2Institute of Solid State Chemistry and Mechanochemistry, Siberian Branch of the Russian Academy of Sciences,
Novosibirsk, Russia

ABSTRACT

Introduction. Pharmacological treatment of opisthorchiasis remains the relevant challenge due to the limited
choice of drugs against opisthorchiasis and their unsatisfactory biopharmaceutical properties. The use of the mechano-
chemical method for obtaining solid dispersions (SDs) of albendazole (ALB) with excipients allows to increase its water-
solubility and decrease toxicity. Investigation of the stability of SDs of ALB during long-term storage is a relevant objective
of the further development of SDs of ALB-based dosage forms.

A im . Astudy of the stability of SDs of ALB obtained by mechanochemical solid-phase synthesis.

Materials and methods. Theobjects of the study were SDs of ALB with arabinogalactan (AG) and lico-
rice extract (LE) as complexing agents in various mass ratios and at different machining duration. The stability of SDs of
ALB was studied by the method of accelerated ageing at 40°C for 6 months. Stability control was carried out at 3 time
points (0, 3 and 6 months, respectively) based on the description parameter and the ALB content that was measured using
high-performance liquid chromatography.

R e s ults . Thequalitative and quantitative parameters of the stability of SDs of ALB during storage were studied. The
content of the main active substance at the end point for all studied samples is not less than 97% relative to the parent
composition. Based on the van’t Hoff’s rule, the concordance coefficient, the expected shelf life for SDs of ALB and the stor-
age temperature allowing to ensure the estimated shelf life were calculated.

Conclusion. SDsof ALB with AG and SDs of ALB with LE obtained by mechanochemical solid-phase synthesis
are stable for 182 days of experimental storage, which corresponds to 728 days under natural conditions. The data obtained
indicate high stability of the studied SDs of ALB and can be used in further development of dosage forms based on them.
Keywords: albendazole, solid dispersions, mechanochemical method, stability.

Citation example: Tikhomirova Yu.l., Karabintseva N.O., Meteleva E.S., Evseenko V.I., Dushkin A.V., Zelik-
man M.V. A study of the stability of solid dispersions of albendazole obtained by mechanochemical solid-phase synthe-

sis. Journal of Siberian Medical Sciences. 2025;9(2):44-53. DOI: 10.31549/2542-1174-2025-9-2-44-53

BBEJIAEHUE

OmnucTopxo3 OCTaeTcss OJHOW W3 BayKHEHUIINX
COBPEMEHHBIX COIIMATBbHO-MEIUITMHCKUX ITP00IEM B
Mupe. 3ab0JIeBaHNe XapaKTepU3yeTcs JITTUTETbHBIM
TeueHHeM, YacThIMU OCJIOKHEHHUAMU U Pa3BUTHEM
peuuauBHBIX ¢opM [1]. B Hacrosimee BpeMs: BHIOOD
JIeKapcTBEHHBIX mpenapatoB (JIII) mia seueHus
OIHMCTOPX03a OTPAHUYEH, YTO B 3HAUUTEJILHOU cTe-
IEeHU CHUXKaeT KOMQOPTHOCTh (apMaKoTepanuu,
MIOBBIIIAET PUCK (OPMHUPOBAHUS PE3UCTEHTHOCTH Y
[apasuToOB, a TAaKXKe BO3HUKHOBEHUS ITOOOYHBIX
3¢ dekToB BeeACTBUE HU3KUX OnodapMareBTuye-
CKUX XapaKTEePUCTUK IIPOTUBOOINCTOPXO3HBIX IIpe-
maparoB [2]. Bce BollenepevunciieHHOe 00yCIOBIN-
BaeT AaKTYaJbHOCTh IIOWCKA HOBBIX YJIYUIIEHHBIX
MeTO/IOB JieueHUA U 3(PEeKTUBHBIX IpPernaparos,
00J1a1aI0IITUX TPOTUBOOIMCTOPXO3HBIM JIEHCTBUEM.

INTRODUCTION

Currently, opisthorchiasis remains one of the sig-
nificant social and medical challenges around the
world. The disease is characterized by long-term
course, frequent complications, and the develop-
ment of relapsing variants [1]. To date, the choice of
medicines for opisthorchiasis treatment is limited,
which decreased seriously the tolerability of drug
therapy, increased the risk of resistance of pathogens
as well as an emergence of side effects because of
unsatisfactory biopharmaceutical properties of med-
icines for opisthorchiasis therapy [2]. All the above
mentioned demand the urgency of search for novel
improved methods of therapy and effective drugs
against opisthorchiasis.

Hence, the studies that were carried out at the
Institute of Solid State Chemistry and Mechano-
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B 5TOM IUTaHe MPEACTAB/IAIOT UHTEPEC HAyUHbBIE
HCCE0OBAaHUA, TPOBOAUMbIE B MHCTUTYTE XUMUH
TBepaoro Tesa u Mmexanoxumuu (MXTTM) (HoBocu-
OUpCK), HampaBJIeHHbIE Ha COBEPIIEHCTBOBAHHE
(MoampUKaLNIO) y3Ke CYIIECTBYIOIINUX CPEACTB JJIsA
JIedeHUsI OMUCTOpPX03a. B WacTHOCTH, MCIIOJIb30Ba-
HUE MEeXaHOXHMHYECKOTO MeTOofa JJIS IMOJIyYeHUs
tBepabix auctepcuit (T/) anbenmazona (AJIB) co
BCIIOMOTATEJIbHBIMU BEIIECTBAMH, TAKUMH KaK pac-
TUTEJIbHbIE CATIOHWHBI U TOJIMCAXapUIbI, KOTOPbhIE
CrI0CcOOHBI 00PA30BHIBATH MEKMOJIEKYJISIPHBIE KOM-
IUIEKCHI ¥ MUTIEJUIBI. J[aHHBINA ITPOIECC COBMECTHOM
MeXaHOOOpabOTKH KOMIIOHEHTOB IPHUBOJUT K yBe-
JIMYEHHIO PACTBOPUMOCTH aKTUBHOH (apMarieBTh-
yeckod cybcrannuu (A®C) B BOJie U CHUIKEHHIO ee
TOKCHYECKHUX CBOHCTB [3—7]. Bbhuio ycraHOBIIEHO,
uro T[T AJIB ¢ apabunoranaktarnom (AT') u TJ] AJIB ¢
AKCTpakToM cosiofku (DC), moydeHHbIE MEXaHOXH-
MHUYECKUM TBEPAO(MAZHBIM METOJOM, IPOSBIISIOT
MTOBBIIIIEHHYIO PACTBOPUMOCTD B BOJIE IT0 CPABHEHUTO
C UCXOJHBIM JIEKAPCTBEHHBIM BEIECTBOM U SIBJIs-
IOTCSI TIEPCIEKTUBHBIMU KOMOWHAIMAMU C TOYKH
3peHuss pa3paboTku jexkapcTBeHHOU Gopmbl (JID)
OTEYEeCTBEHHOTO ITPOTHBOOIHCTOPXO3HOTO IIpemna-
para c¢ yiaydiieHHbIMU OnodapMaIeBTUIYeCKUMU
coricrBamu [8—11].

Pazpabotka JI® BriIOUaeT B cebs1 yCTaHOBJIEHUE
CTabUJIPHOCTH B MPOIECCE XPAHEHUs, TaK KaK JaH-
HBIE 10 HUCCIEI0BAHUI0 CTAOMIPHOCTH JIEKAPCTBEH-
HbIX cpenictB (JIC) MO3BOJISIOT TMPOU3BOJIUTEIIO
mozo0paTh YCJI0BHUs, O0ecreduBaIoide ero Cra-
OUIBHOCTD, BKJTIOUAS OIITUMAJIbHBIH COCTAB BCIIOMO-
raTeJbHBIX BEIECTB, CUCTEMY YIIAaKOBKH, PEKOMEH-
JIalliH 110 XpaHEHHUIo U CPOKy roguoctu JIC.

Takum 00pasoM, BBISBJIEHHE KAUECTBEHHBIX U
KOJINUECTBEHHBIX W3MEHEHUW, ITPOU3OIIENINX B
nporecce xpanenus B T/] AJIB, mosyyeHHBIX MeXaHO-
XUMUAYECKUM TBEPAODAZHBIM CHHTE30M, SIBJISIETCS
HEOOXOZMMBIM ACIIEKTOM JIJIS1 YCIIEIITHOTO CO3/TaHUs
JI® Ha UX OCHOBE, II0/I0OPA ONTHUMAJIBHOTO PEXUMa
XpaHEeHUsI ¥ IPOTHO3UPOBAHHS CPOKOB TOTHOCTH.

ITEJIb UCCJIEJIOBAHUSA

VccnenoBaHue cTaOMIBHOCTH TBEPABIX JHICIIED-
cuil anbeHsa301a, TOJIYYEHHBIX MeEXaHOXHMHYe-
CKUM TBepZ0da3HBIM CUHTE30M.

MATEPUAJIBI 1 METO/bI

B pa6ote ucnonnzoBanu A®C AJIb (Wuhan Dasen
Biotechnology Co., Ltd., Kuraii), 6esblii niu 6GeoBa-

! TocynmapcrBenHass ®apmakones PO, wuza. XV,
O®C.1.1.0026 AcIekTsl CTAaOUIBPHOCTH JIEKAPCTBEHHBIX
CPEeZICTB.

chemistry (ISSCM) (Novosibirsk) and were focused
on modification of already-existing medicines for
anti-opisthorchiasis therapy are promising. In par-
ticular, the use of the mechanochemical method for
obtaining solid dispersions (SDs) of albendazole
(ALB) with excipients such as saponins and polysac-
charides having the ability to form intermolecular
complexes and micelles. This process of joint
mechanical processing of components leads to an
increase in water-solubility of the active pharmaceu-
tical substance (APS) and a decrease in its toxic
properties [3—7]. It was found that SDs of ALB with
arabinogalactan (AG) and SDs of ALB with licorice
extract (LE) obtained by the mechanochemical solid-
phase method exhibit increased water-solubility
compared to the parent pharmaceutical substance
and are promising in terms of the development of a
dosage form of the domestic preparation against
opisthorchiasis with advanced biopharmaceutical
properties [8—11].

Development of a dosage form includes determi-
nation of storage stability as the medicine testing
data allow to select conditions ensuring the esti-
mated stability, and, specifically, the appropriate
composition of excipients, package, storage recom-
mendations, and shelf life'.

Thus, identification the qualitative and quantita-
tive changes, that occurred during storage in SDs of
ALB, obtained by mechanochemical solid-phase syn-
thesis, is a necessary aspect of successful develop-
ment of SDs of ALB-based medicines, selection of
appropriate storage conditions, and shelf life pre-
diction.

AIM OF THE RESEARCH

A study of the stability of SDs of ALB obtained by
mechanochemical solid-phase synthesis.

MATERIALS AND METHODS

We used the APS of ALB (Wuhan Dasen Biotech-
nology Co., Ltd., China), white or whitish crystal
powder. AG, amorphous beige-colored powder with
a 96,2% content of AG (Ametis, JSC, Russia, Specifi-
cation 9325-008-70692 152-08) and dry LE (brown
amorphous powder, content of glycyrrhizinic acid —
26,3%, Visterra, LLC, Russia, Specification 10.89.3-
016-20997969-2020) were used as excipients and
carriers.

A study of stability was performed for two series
SDs of ALB obtained by mechanochemical solid-

' The State Pharmacopoeia of the Russian Federation,
ed. XV, General Monograph.1.1.0026 Aspects of stability of
medicines.
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THIA KpUCTALINYECKUI NOPOIIOK. B kauecTBe Bemo-
MOTATEeJIbHBIX BEIECTB-HOCUTEJIEH  HCIIOIH30BAIHI
AT — amopHBI# TOPOIIOK GEKEBOTO I[BETA, C COZIEP-
sxkanneM AT 96,2 % (AO «Ametuc», Pocenst, TY 9325-
008-706092 152-08) m IC cyxod — KOPUYHEBHIU
aMOpGHBIA MOPOIIOK (comepKaHne TIUITUPPU3UHO-
BOM KuCJIOTHI 26,3 %, OO0 «Bucreppa», Poccus, TY
10.89.3-016-20997969-2020).

UccnenoBanus CTabWIBHOCTH MIPOBOJAWIN Ha
ZByx cepusax T/l AJIB, nosydyeHHBIX MeXaHOXUMUYe-
CKUM TBepAOda3HBIM CHHTE30M. TBepzple ucIep-
cuu AJIB ¢ AT ObLTH TTOJTyYeHbl B MACCOBBIX COOTHO-
IIeHUAX 1:5, 1:10, 1:20 IPU BpEMeHH MeXaHooOpa-
06oTKHU 2, 8, 24 u; T/ AJIB ¢ 9C — B MacCOBBIX COOTHO-
IIEHUsX 1:5, 1:10, 1:20 TIPU BpeMeHEeH! MeXaHooOpa-
6o0TKH 2, 8, 16 u.

Mopd010THI0 YacTUIl UCXOAHBIX CyOCTaHIIUNA U
T/ m3yyasu METOZOM CKaHUPYIOIIEH 3JIEKTPOHHON
MHUKPOCKONIINH C IIOMOIIBI0 MHUKpockona TM-1000
(Hitachi, Aoonmus).

KoHTposp konmuyecTBeHHOTO cojfiep:kaHus AJIb
MIPOBOAWJICA B KaXKJOU TOUKe KOHTDOJIS JKCIIEPH-
MEHTJILHOTO XPaHEHUsI MEeTOZ[0OM BBICOKOA(]dek-
TUBHOH KUJIKOCTHOU XpoMarorpaduu Ha XpoMaTo-
rpade Agilent Technologies 1200 Series (I'epmanus),
kostorka Zorbax Eclipse XDB-C18, 4,6 x150 MM (TeM-
meparypa KOJOHKH +30 °C, JIMOJHO-MaTPUYHBIN
JIETEKTOP), C HCIIOJIH30BAHHUEM METOJIUK, pas3pabo-
TaHHBIX aBTopamu paHee B UXTTM [5, 6]. Omnpene-
JleHHe KoJIm4decTBeHHoro cojepxkanuda AJIb B TJI
AJIDB ¢ AT': B Ka4uecTBe 3JII0eHTa IPUMEHSIN CUCTEMY
areToHUTpWII/anetatHbeii O6ydep pH 3,4, 40/60,
CKOPOCTh TIOTOKA 1 MJI/MHH, 00BEM MIPOOBI 5 MK,
JleTeKTUpoBaHue mpu 300 HM. HaBecky T/ (u3 pac-
yeTa 0,01 T 110 OCHOBHOMY BeII[ECTBY) PACTBOPSIN B
5 v qumetwicyiabdokenga (JIMCO), nanee uib-
TPOBJIN. AHAJIOTUYHO OIPEAESAIN KOJIUYECTBEH-
Hoe copepkanne AJIB B obpasmax T/l AJIb c¢ 3C.
Kounrenrpanuu AJIB omnpeesisiiu mo KaTuOopoBKaMm,
MOJIy4YeHHBIM /I CHEelHaJbHO IIPUTOTOBJIEHHBIX
pactBopoB AJIb B JIMCO. IIpu ycTraHOBJIEHUU CpOKa
TOZTHOCTH PYKOBOJCTBOBAINCH TpeboBaHusmu [P
XV O®C.1.1.0009.15 CpoKu TOHOCTU JIEKAPCTBEH-
HBIX CPEJICTB U BpeMeHHOU nHCTpYKIHeH M-42-2-82
[11—13]. CorslacHO MaHHBIM HOPMATHBHBIM JOKY-
MEHTaM OIpeJieJieHe CTaOMIBHOCTH BO3MOXKHO C
HCIIOJIb30BAHUEM METO/Ia «yCKOPEHHOTO CTapeHUs»,
OCHOBAHHOTO Ha 3akoHe BauT-I'oda, yeranasiusa-
OIIIETO 3aBUCHUMOCTD MKy CPOKOM I'OZJTHOCTH Bellle-
CTBa U TEMIEPATYPON XpaHEHHA HKCIEPHUMEHTATb-
HO¥ cepuu cyb6eranmuu. Bee o6pasiist T/ AJIB mome-
IaJIx B TepMocTaT cyxoBo3aymnsiid TC-1/80 CITY B
IUTACTUKOBBIX ITPOOUPKAX ¢ TPOOKOU MPH TeMIlepa-
Type 3KCIIepUMeHTaJIbHOro XpaHeHus 40 °C.

phase synthesis. SDs of ALB were obtained in a mass
ratio of 1:5, 1:10, 1:20 and machining duration of 2,
8,16 h.

Particle morphology of parent substances and
SDs was studied using scanning electron microscopy
on a TM-1000 microscope (Hitachi, Japan).

Control of quantitative content of ALB was car-
ried out at each time point during experimental stor-
age by high-performance liquid chromatography
(HPLC) system using an Agilent Technologies 1200
Series HPLC system, a Zorbax Eclipse XDB-C18 col-
umn, 4,6x150 MM (temperature +30°C, diode array
detector) and methods that were previously devel-
oped by the authors at the ISSCM [5, 6]. Quantitative
content of ALB in SDs of ALB with AG was detected
as follows: an eluent was a system of acetonitrile/
acetate buffer pH 3,4, 40/60, flow rate 1 ml/min, vol-
ume of the sample 5 pl, detection at 300 nm. Weighed
quantity of SDs (at the rate of 0,01 g by the main sub-
stance) was dissolved in 5 ml of dimethylsulfoxide
(DMSO) and then filtered. Quantitative content of
ALB in samples of SDs of ALB with LE was deter-
mined in the same manner. Concentration of ALB
was measured according to calibrations obtained for
special solutions of ALB in DMSO. When determin-
ing the shelf life, we were guided by requirements of
the State Pharmacopoeia of the Russian Federation,
ed. XV, General Monograph.1.1.0009.15 Shelf life of
medicines and Interim Instruction I-42-2-82 [11—
13]. According to these regulatory documents, stabil-
ity testing is possible using an accelerated stability
study based on the van’t Hoff’s rule, which estab-
lishes a relationship between shelf life of a substance
and storage temperature of an experimental sub-
stance batch. All samples of SDs of ALB were placed
into a TC-1/80 SPU temperature-controlled drying
oven in plastic test tubes with stoppers at a tempera-
ture of experimental storage of 40°C.

Shelf life at a storage temperature C is calculated
according to the formula (1):

Sl=Sl xK, (1

where Sl — shelf life; Sl — experimental Sl; K — the
concordance coefficient that is calculated according
to the formula (2):

K - A(Te—Ts)/lo, (2)

where A — the temperature coefficient of chemical
reaction velocity, set to 2; T, — temperature of exper-
imental storage; T, — storage temperature.

The storage temperature allowing to ensure the
specified shelf life C is calculated according to the
formula (3):

T, =T, +10/1gA x1g SI_/SL (3)
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Cpok rogHOCTH IIpu TeMmIleparype xpaHeHus C
paccuuTbiBaeTcs 1o popmyie (1):

C=C, xK, 6

rae C — cpok rognocty; C — 9KCIIEPUMEHTATbHBIN
cpok rogHoct; K — xoadduiiuesT cooTBeTCTBUS,
KOTOPBIN pacCUUThIBaETCA 1Mo hopmyJie (2):

K - A(Ta—Txp)/lo s (2)

rae A — temieparypHbiii K03d@UIIMEHT CKOPOCTH
XUMHMYECKOH PeaKIMu, IPUHAT paBHbIM 2; T — Tem-
neparypa SKCIepUMeHTalbHOro xpanenus; T = —
TeMIlepaTypa XpaHeHUsl.

TemmepaTypy,  HO3BOJIAIOIIYI0  00eCHEeYNTh
3aIaHHBIN CPOK TrofHOCTH C, pacCUUTHIBAIOT 110 HOP-
mye (3):

TXp =T +10/1gA x 1gC /C. (3)

PE3YJ/IBTATDBI 1 OBCY KAEHWUE

XapakTep NOBEPXHOCTH YaCTHUI], a TaKKe pas-
JMYHOTO poja AedopMaIuy, ITPOUCXOJAIINE C
YacTUIlaMi BO BpeMs MexaHo0OpaboTKH, 00yCII0B-
JINBAIOT U3MeHeHNe (PUBUKO-XUMUUIECKUX U TEXHO-
Joruueckux cBorctB T/ u, ciieqoBaTeIbHO, OKa3bI-
BAIOT BJIMSHUE HA UX CTAOMIBHOCTD B IIPOIECCEe Xpa-
HeHUA. [I11 KauecTBEHHON OIEHKH M IIOJIyYeHUs
00IIero TpeJICTaBJIEHUs] O BHEIIHHUX IIPU3HAKaX
HCCIIe/lyeMbIX HMCXOJIHBIX BelmecTB u ux TJ[ Obuia
n3ydyeHa MoOpPQOJIOTUS OTAEJbHBIX YaCTUIl 70 U
IIOCJIE COBMECTHOM MeXaHOOOpabOTKHU.

Cybcraunus AI' mmeeT yacTuipl chepudeckou
¢opwmsbl, pasmepamu 70 100 MKM, ¢ BHYTPEHHHUMH
IOpaMy PA3JIMYHOTO JAMaMeTpa, Takke HabJoza-
eTcsA YaCTUYHOE IIOBpEe’KJleHue IOBEPXHOCTH HEKO-
Topbix yactull. Yactunsl IC numerorT GopmMmy MHOTO-
TPAHHUKOB, C OCTPBIMU yIJIaMHd U H3JI0OMaMU Ha
IIOBEPXHOCTH, pa3Mepsl 10 300 MkM. Hacruipsl AJIb
3HAYNUTEJIbHO MeHblIle 110 Pa3Mepy 10 CPaBHEHUIO C
CyOCTaHITUAMHU-HOCUTENAMU (10 30 HM) M HUMEIOT
yemyiiuatoe crpoenmue (puc. 1). PopmumpoBaHue
[IepevyrcIeHHbIX MOPQOJIOTHYECKUX O0COOeHHOCTeH
HUCXOIHBIX CyOCTaHIIMH 00YCIOBJIEHO TEXHOJIOTHYE-
CKUMU OIIePAINsAMU, KOTOPBIE MaTEPUAJI IIpeTepIe-
BaeT II0 Mepe ero U3rOTOBJIEHUA.

[MTocie mexanoxuMuueckoi o6paborku T/ AJIB ¢
AT mpencTaBisioT cob60i cBeTI0-6exxeBble aMOpdh-
HbIEe TIOPOIITKH, Oe3 3amaxa, T/] AJIb ¢ 9C — TemHO-
OexkeBble aMOpGHBIE IMOPOIIKH, C XapaKTEPHBIM
3amaxom conoaku. Bee ucenenyemsie T/ — 3T0 mosiu-
ZICIIEPCHBIE IOPOIIKY ¢ HECUMMEeTPHUYHBIMU YaCTH-
[IaMu ocKoJbuaTou ¢popmbl. HabmomaeTcs siByieHne
arperanuu yactur;, AJIB Bokpyr 6osiee KpyIHBIX
vacturl AT’ u 3C (puc. 2). C yBesiMueHHEM IIPOZ0JI-

RESULTS AND DISCUSSION

The nature of the particle surface, as well as dif-
ferent types of deformations that particles undergo
during machining, determine the change of physico-
chemical and technological properties of SDs, and,
hence, affect their stability during storage. For quali-
tative assessment and to get a basic idea about exter-
nal characteristics of the parent substances studied
and their SDs, the morphology of individual particles
before and after machining was examined.

The substance of AG has particles of a spherical
shape, measuring up to 100 pum, with internal pours
of different diameter. Also, partial damage to the
surface of some particles is observed. Particles of LE
have the shape of polyhedrons with acute angles and
fractures on the surface, up to 300 um in size. Parti-
cles of ALB are significantly smaller compared to
those of substances-carriers (up to 30 nm) and have
a flake-scale structure (Fig. 1). The occurrence of the
above mentioned morphological features of the par-
ent substances is determined by technological opera-
tions which the material undergoes during its manu-
facturing.

Following the machining, SDs of ALB with AG
have the form of light-beige amorphous odorless
powders, SDs of ALB with LE — dark-beige amor-
phous powders, with characteristic licorice odor. All
SDs studied are polydisperse powders with asym-
metric splint-shaped particles. Aggregation of parti-
cles of ALB around larger particles of AG and LE is
noted (Fig. 1). With an increase in machining dura-
tion, the volume of the fine fraction of SDs grows, but
visible differences in particle sizes of the active sub-
stance and the carrier remain.

The mechanochemical method of SDs production
is characterized by plastic deformation, which leads
to the formation of a new free surface, an increase in
internal stress, and contributes to the appearance of
microcracks. As the time is extended, the developing
crazing process and a potential growth of micro-
cracks causes the risk of physical destruction of solid
particles during storage. However, the results of
microscopic examination of SDs of ALB following
the accelerated ageing study do not show significant
changes in the particle morphology.

The results of the assessment by the description
parameter showed that the organoleptic properties
such us color, odor and amorphicity remain the
same before the termination of experimental stor-
age time.

While studying the quantity parameter of the ALB
SD stability as a part of the accelerated ageing
6-month experiment, the content of ALB in SDs was
controlled at 3 time points (T, T, T,) — at the start
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TM-1000_5132 L D36 x150 500 um

600 100 um

TM-1000_5126

Puc. 1. Dy1eKTpOHHO-MUKpOCcKonnueckre ¢poTorpaduu HCXOAHBIX CyOCTaHINE apabrHorasakTaHa (A)
(yBesuueHme x150), CyXOro aKcTpakTa cosoaku (B) (yBenuuenue x600) u ambennasona (C) (yBesnueHue x600)
Fig. 1. Electron microscopy images of parent substances of arabinogalactan (A) (magnification x150),
dry licorice extract (b) (magnification x600) and albendazole (C) (magnification x600)

TM-1000_4719

TM-1000_4699

A° - e
TM-1000_4703

D40 x600 100 um

Puc. 2. Dy1eKTpOHHO-MHUKpOCKonnyeckue potorpaduu TBepabix aucnepenii (T/T) anbenaazona (AJIB) 10 «yCKOPEHHOTO
crapenusi» (yBesnmuenue x600): A — T/ AJIB + apabunoranakras (AT) 1:5, 2 u; B — T/T AJIb + AT 1:5, 8 u; C — T/T AJIb +
AT 1:5, 24 u; D — TIT AJIB + akcrpakt conogku (9C) 1:5, 2 u; E — T/J AJIB + 3C 1:5, 8 u; F — T/T AJIb + 3C 1:5, 16 u
Fig. 2. Electron microscopy images of solid dispersions (SDs) of albendazole (ALB) before the accelerated ageing study
(magnification x600): A — SDs of ALB + arabinogalactan (AG) 1:5, 2 h; B — SDs of ALB + AG 1:5, 8 h;

C — SDs of ALB + AG 1:5, 24 h; D — SDs of ALB + licorice extract (LE) 1:5, 2 h; E — SDs of ALB + LE 1:5, 8 h;
F—-SDsof ALB + LE 1:5,16 h

JKUTEJIBHOCTH BPEMEHH MeXaHOOOpabOTKH cojiep-
’)KaHUe MeJKoaucnepcHoi ¢ppakuuu B T/I yBennyu-
BaeTcs, HO BUJIUMblE Pa3/INdus B pa3Mepax YacTHUI|
JIEHCTBYIOIIETO BENIECTBA ¥ HOCHUTEJIS COXPAHAIOTCA.

MexaHOXUMHUUYECKUH crocob mosydeHuss TJJ
XapaKTepus3yeTcs IIaCTHYeCKol iedhopmariyeit, 9to
IIpUBOAUT K OOpa30BaHUIO HOBOH CBOOOZHOM
[IOBEPXHOCTH, YBEJINUEHUIO BHYTPEHHETO HAIIPsIKe-
HUSI YaCTHUI[ W CHOCOOCTBYeT BO3HHUKHOBEHHIO

of the study, after 3 months, and at the end of the
study (o, 3 and 6 months, respectively). The results
of stability of ALB testing expressed as a percentage
of the content of ALB, found using high-performance

2 The State Pharmacopoeia of the Russian Federation,
ed. XV, General Monograph. 1.1.0009.18 Stability and
shelf life of medicines.
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D53 x600 100 um

TM-1000_2416 D53 x600 100 um

D54 x600 100 um

D54 x600 100 um

TM-1000_2438

Puc. 3. DyIeKTpOHHO-MHUKpOCKonnyueckue dhoTtorpabuu TBepabix auctepcuii (T/I) anbenmazosna (AJIB)

TI0CJIe «YCKOPEHHOTO cTapenus» (yBesnuenue x600): A — T AJIB + apabunoranakras (AT) 1:5, 2 u; B — T/] AJIB + AT
1:5, 8 u; C— TJ] AJIB + AT 1:5, 24 u; D — T/ AJIB + skcrpaxkr cosonku (9C) 1:5, 2 u; E — T/ AJIBb + 3C 1:5, 8 u;
F-TJI AJIB + 9C 1:5,16 1
Fig. 3. Electron microscopy images of solid dispersions (SDs) of albendazole (ALB) following the accelerated ageing study
(magnification x600): A — SDs of ALB + arabinogalactan (AG) 1:5, 2 h; B — SDs of ALB + AG 1:5, 8 h;

C — SDs of ALB + AG 1:5, 24 h; D — SDs of ALB + licorice extract (LE) 1:5, 2 h; E — SDs of ALB + LE 1:5, 8 h;
F-SDsof ALB+ LE1:5,16 h

MUKpOTpeluH. Pa3BuTtue mporecca oOpasoBaHUs
TPEelINH U UX HOTEeHIIUAIBHBIA POCT IO UCTEYEHUIO
BpeMeHH 00YCJIOBJIUBAET PUCK (PUBUUECKOTO pPa3py-
IIeHNUs TBep/IbIX YacTHUI[ B IIpollecce XpaHEeHUs.
OpHaKo pe3yJbTaThl MUKPOCKOIIMYECKUX HCCIIENI0-
Banuil T/ AJIb mocyie «yCKOPEHHOTO CTapeHus» He
BBISIBIJIM 3HAUYUTEJIBHBIX W3MEHEHHH B MOP(dOII0-
ruu yactut (puc. 3).

Pe3ysbTaThl OIIEHKU II0 ITapaMeTpy «OIUCAHHUE»
MOKa3aJii, 4YTO OpraHoyientTuuyeckue cporictBa TJI
AJIB, Takue kKak IIBET, 3amax U aMOpP(HOCTh, OCTa-
I0TCA HEU3MEHHBIMH /0 OKOHYaHHUsA CPOKOB KOH-
TPOJIs BKCIIEPUMEHTAIBHOTO XpaHEeHU .

IIpy wu3ydyeHHMU KOJIWUYECTBEHHOTO IlapameTpa
crabwipHOCTH T/l AJIB B yCJIOBUAX YCKOPEHHBIX
HCIIBITAHUH IPOJIO/IKUTEIHHOCTHIO 6 MeC KOHTPOJIb
cozpepxxanusa AJIB B T/l mpoBoauiica B 3 BpEMEeHHBIX
toukax (T, T, T,) — B Hauase, yepe3 3 MeC U IpU
3aBepIllleHNH HUCHbITaHuil (0, 3 U 6 Mec COOTBET-
CTBEHHO)? B Tab1. 1 IpUBeEHBI PE3yIbTaThI HCCIIe-
JloBaHUA «coxpaHHocTu» AJID, BbIpaskeHHbIe B IIPO-

2 TocymapctBennas ®apmaxonesa PO, wuzg. XV,
O®C.1.1.0009.18 CTabWJIBHOCTE U CPOKH TOJHOCTH
JIEeKapCTBEHHBIX CPEJICTB.

liquid chromatography, to the estimated count of
ALB relative to the initial composition of SDs.

The results of the stability evaluation of SDs of
ALB samples demonstrate that degradation of the
APS at the lapse of 6 months was not observed.
Besides, it was revealed that such parameters as a
value of mass ratio of an active substance to a carrier
and machining duration do not influence on storage
stability of SDs.

As SDs of ALB exhibit stability during a 182-day
experimental storage, the concordance coefficient K
according to the van’t Hoff’s rule is:

K = glo-20/10= 4
Hence, shelf life is equal:
C =4 x 182 = 728 days (2 years).
The storage temperature allowing to provide the
specified shelf life is equal:
T =40 +10/1g2 x 1g182/728 = 20°C.

Thus, SDs of ALB obtained by mechanochemical
solid-phase synthesis remain stable during the whole
shelf life.
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Ta6smmua 1. Pe3ynbraTs! onpe/ie/ieHUs CTabUIbHOCTH aJ10eH/1a30J1a B TBEPAbBIX JUCIEPCUSAX METO/L0M «YCKOPEHHOTO

CTapeHus»

Table 1. The results of evaluation of stability of solid dispersions of albendazole obtained during the accelerated ageing study

| (S ———— KoHneHTpanus CoxpaHHOCTBb aJIGeHAa30.1a, %
O6paser, PO an6eHpgasouna, r/ia  Stability of albendazole, %
S MeXaHO06pPa6OTKH, 4 .
ample Machining duration. h Concentration of T T
g ’ albendazole, g/1 0 1 2
At p (1:5) 2 0,174 99 98 98
JI6eH/1a30J1 + apabuHorasiakTas (1:
Albendazole + arabinogalactan (1:5) 8 0,186 100 100 100
24 0,134 99 100 98
At p (1:10) 2 0,095 100 99 97
JI6eH1a30J1 + apabuHoratakTaH (1:
Albendazole + arabinogalactan (1:10) 8 0123 99 99 99
24 0,071 100 98 98
A p (1:20) 2 0,032 99 98 98
JI6eH1a30J1 + apabuHoratakTtaH (1:
Albendazole + arabinogalactan (1:20) 8 0,062 98 99 98
24 0,048 100 99 99
At (1:5) 2 0,128 99 99 98
JI6EH/1a30J1 + 9KCTPAKT cosoaku (1:
Albendazole + licorice extract (1:5) E1;6 8,12471 ;(())0 ?ﬁo 32
At (1:10) 2 0,115 100 100 100
JIGEH/1a30J1 + 3KCTPAKT coyiofku (1:
Albendazole + licorice extract (1:10) £1;6 3'23(7) 32 32 32
AnG (1:20) 2 0,078 99 99 98
JIGEH/1A30J1 + SKCTPAKT cooAKH (1:
Albendazole + licorice extract (1:20) ?6 8’333 188 138 188

I[EHTHOM COOTHOIIIEHUHN OOHApY>KEHHOTO ¢ IpUMe-
HeHueM BIKX konmuecrBa AJIb k pacueTHOMY,
OTHOCUTEJbHO HavaJibHOTO cocTaBa T/I.

PesysibTaThl OIIEHKH COXpaHHOCTH 00pasios T/
AJIb 1eMOHCTPUPYIOT, YTO JAETpaJlalliid aKTUBHOTO
JIeACTBYIOIIETO BEIIECTBA TI0 UCTEUEHUN 6 MeCsIEeB
He HaOmoaercsa. Kpome TOro, BBISIBIIEHO, UTO TaKue
(akTOppl, KaK BeJIMYMHA MACCOBOTO COOTHOIIEHUSA
JIeACTBYIOIIETO BEIIECTBA K HOCUTEITIO U IIPOJOJIKHU-
TEJIPHOCTh MEXaHOOOpabOTKM, He BJIUSIOT Ha CTa-
6wtbHOCTD T/I B IpoIiecce XpaHeHUs.

ITockosbky T/ AJIB ocratorcsi cTaOUIBHBIMHU B
TeuyeHHe 182 CyT SKCIepHMEeHTaJIbHOTO XpaHeHUH,
ko2 duruenT coorsercTBuA K coriacHo mpaBuiy
BanT-T'odda cocrasmser:

K = o@o-20)/10 — 4.
CietoBaTeIbHO, CPOK TOTHOCTH PaBEH:
C =4 x 182 =728 ¢yt (2 roza).
TemmepaTypa XpaHeHUs1, TO3BOJIAIOMAsA obecrie-
qUTHb yCTaHOBHeHHbIﬁ CPOK I'OAHOCTH, COCTABJIACT:
T, =40 +10/lg2 x 1g182/728 = 20 °C.

Takum o6paszom, T/ AJIB, mosyueHHbIE MEXaHO-
XUMUYECKUM TBep/Ioha3HbBIM CHHTE30M, OCTAIOTCS
CTaOWIbHBIMU B TEUEHHE CPOKA XPAHEHUS.

CONCLUSION

The stability of SDs of ALB with AG and SDs of
ALB with LE in different mass ratios and at different
machining duration using an accelerated ageing
study was investigated.

Deformations of particle surfaces that develop
during obtaining SDs do not lead to disintegration of
solid disperse complexes over the experimental stor-
age time. It was revealed that a mass ratio of ALB to
a carrier and machining duration do not influence on
the stability of the APS.

The estimated shelf life of SDs of ALB studied is
2 years, storage temperature is 20°C. Stability stud-
ies of SDs of ALB are underway.

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

SAK/IIOYUEHWE

B xoz1e uccieqoBaHus ¢ KCII0JIb30BaHUEM METOIa
«YCKOPEHHOI'O CTapeHusi» OblIa U3ydeHa CTaOWIb-
HocTh T[T AJIB ¢ AT u T/T AJIB ¢ 9C B pa3HbIX Macco-
BBIX COOTHOIIIEHUSAX U C PA3JIUYHOHN MIPOJOJIKUTEITb-
HOCTBIO MEXaHOOOPaOOTKH.
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Hedopmanyy MOBEPXHOCTH YaCTHUII, BO3ZHUKAIO-

1ue B mpoiiecce nosydenud T/l, He IPUBOJAT K pas-
PYLIEHUIO TBEPABIX JIHCIEPCHBIX KOMILIEKCOB C
TeueHHeM BpeMeHU SKCIePHMEHTAJIBHOTO XpaHe-
HUA. YCTAaHOBJIEHO, YTO BeJIMYKMHA MacCOBOTO COOT-
HoteHusA AJIB K HOCUTEIIO U TIPOIOJKUTETBLHOCTD
MeXaHOOOpaOOTKM He OKa3bIBAIOT BJIMAHUS Ha
COXPaHHOCTh OCHOBHOT'O JIEHCTBYIOIIETO BEIECTBA.
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