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

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

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

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

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

N3 n1ByX KOMIIOHEHTOB COCTOUT HAHOJIE-
KapCTBO:

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

— JIeHcTByIOMIEro (hapMaKoJIOTHUYECKU
AKTUBHOTO JIEKAPCTBEHHOT'O BEILIECTBA.

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

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

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

Nano-drugis consists of two components:

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

— active pharmacologically active drug
substance.

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

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

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

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

Biodegradable
polylactiglygolide (PLGA) are one of

polyesters of

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

content,

describing polymer’s  substance

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

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

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

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

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

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

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

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

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

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

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

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

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

One of the the
pharmaceutical industry is the development

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

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

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

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

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

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

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

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

— OMOCOBMECTUMBIM C TKAaHSIMH Opra-
HU3Ma;

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

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

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

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

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

interfere
the
pharmacological action of the drug taking

— should not
manifestation of

into account its pharmacokinetics;

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

— biocompatible with the tissues of the
body;

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

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

— to be physically and chemically
with the
packaging materials,

compatible closures and
with medicinal
with  the

technological equipment in the process

substances, as well as



Pharmacy & Pharmacology V. 5 N 2, 2017

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

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

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

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

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

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

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

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

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

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

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

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

homogenizer

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

The dispersion composition of samples
no.l and no.2 was investigated by photon-
correlation spectroscopy using the Photocor

185
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paboTKy MaccuBa JIaHHBIX CHEKTPOCKOITUU
MIPOBOJIWIN C TPUMEHEHUEM IPOTPAMMHOTO
obecneuenust DynalS. [TomyueHHble rucTO-
rpaMMbl paclpeneseHus] TUAPOJAUHAMUYC-
CKOTO pajiyca YacTHI] MEHTOKCU(UIUIUHA
Ha OoCHOBe mnoyn-DL-makTua-Kko-riuKoInaa
¢ ucmnojb3oBanueM B kauectBe IIAB TBuH —
80 unu II1BC npencrasiens! Ha puc.l.

Pucynok 1 — Pacnpedenenue 2uopoouna-

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

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

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

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

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

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

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

sample no 1 — homogenization time 40

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

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

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

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

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

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

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

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

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

As aresult, the micrographs obtained are
shown in the figure 3
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Pucynok 3 — Mukpogpomozpagpuu oopazua Ne3
Figure 3 — Micrographs of sample number 3

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

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

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

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

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

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

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

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

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

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