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TEXHOJIOI'TI OTPUMAHHSA BUCOKOPO3YAHHUX
INOJIIMEPHUX KOMIIO3ULUINHUX MATEPIAJIIB
3 AKTUBHUMU PAPMAINEBTUYHUMMU IHI'PEJJIEHTAMMU

Mema. Ananiz nimepamypHux Odxcepen wo00 OCHOBHUX ACNEKMi6 NEPCHeKMUBHUX MEXHON02il
OMPUMAHHS BUCOKOPOZUUHHUX MBEPOUX OUCNEPCHUX CUCMEM, KI MONCHA e(heKMUBHO BUKOPUCTNOBYBAMU 015
BHAYH020 NIOBUWEHHS POZYUHHOCIE PIZHUX AKMUBHUX (apmayeemuunux inepedichmis (ADI).

Memoouka. Ananimuunuii 020 HAyKOGOI, XIMIKO-MEXHON02IUHOI, MeOuyHOi ma gapmayesmuiHoi
aimepamypu 3a ocmanui 20 pokis.

Pezynomamu. Ilpoananizoano OCHOBHI acnekmu NEePCReKMUBHUX MeXHONO02IU OMPUMAHHA
BUCOKOPO3YUHHUX NONIMEPHUX KOMROZUYIIHUX MAmMepianie i3 6MICMOM aKMUeHUX dapmMayesmuiHux
inepedicumis. Bcmanoeneno, wo excmpy3sisa eapsiuo2o po3niagy YCRIWHO Modice Oymu 8UKOPUCAHA O
nioguwerus posuunnocmi ADI 3 HU3bKOIO MeMnepamypoio NAA6NeHH, Memoo SUNAPOBYBAHHI POSUUHHUKA
KopucHuil 0 niosuwjents posuunnocmi AD@I 3 6ucoxkoio memnepamyporo NiaeieHHs, 6i0YeHmpose
opmysanHs 8010KOH 0038015€ nidsuwumu pozuuruicmes AD@I 3 HU3LKOIW MeMnepamypor niasienHs Oe3
BUKOPUCMANHS PO3HUHHUKIG | 3 MEHWUM PUSUKOM Oe2padayii mamepiany y NOPIGHAHHI 3 MEMOOOM eKCmpy3ii.
Taxuii cnexkmp MeXHONO2IU OMPUMAHHS BUCOKOPO3UUHHUX hopm ADI 0o3zeonsic obupamu memoouxky 6
3aNeHCHOCI 8I0 DI3UKO-XIMIUHUX Xapakmepucmuk noiimepuux Hociie ma A@I i npu ypbomy domoemucs He
MINbKU 3HAYHO20 NIOBUWEHHS PO3UUHHOCTI, alle SHUBUMU 8HCUBAHHS HAOMIDHUX 003 MA 3MEHWUMU PUSUKU
noOIUHUX eeKmis, a MAKOIC 2apaHmys8amu WEUOKUL NOMEHYTUHULL egheKm.

Haykoea nosusna. Iloxazano, wo iHHOBAYiHA MEXHONO2IS BIOYEHMPOBO2O HOPMYBANHS 80OKOH
MOdice Cmamu 0CHOBOH PO3POOKU NONIMEPHUX MEEPOUX OUCNEPCHUX cucmeM O/ NIOBUUeHHS PO3UUHHOCI
PIBHUX aKMUBHUX apmayesmuyHux iHepeoieHmis.

Ilpakmuuna 3nauumicme. [Iposedeni docniodcents 008005mb, WO 00 HEPCHEKMUBHUX MemO00i8
VMBOPEHHSI MBEPOUX OUCNEPCHUX CUCTEM, WO 00360II0Mb 3abe3nedumu 3HauYHe NOKPAWEeHH POZYUHHOCI
manopozuunuux A@I unanexcamsv 000pe npocHO308aHi Ma OOCMYNHI Memoou, maki K GUNAPOBYBAHHS
PO3YUHHUKA | eKCMPY3is 2apsiu020 PO3NA8Y, d MAK0JIC IHHOBAYIIHA MEXHO02Is 8I0YEeHMPO8020 hopmyeanHs
8010K0H. Taxi mexnHon02ii Moscyms Oymu nepcneKmueHuUMuY 05k CIM8OPEHHSA GIIMUUSHAHUX JIKAPCOKUX 3AC00i8
3 pez2ynboganHum uginvHenHam ADI.

Knrouoei cnosa: posuunnicmv, axmuenutl Gapmayesmuynull iHepedieHm, meepoi OUCHEePCHi
cucmemu, NOAIMepPHI HOCIL, 6ONOKHA.

Beryn. Anani3 miTepaTypHUX JDKEpes 32 OCTaHHI POKH CBIIYUTh, 1[0 TEXHOJIOTIS YTBOPEHHS
tBepaux mucrnepcHux cucteM (TJC) nmpeacrasisie qyke TUTIHAN MIIX1A Yy TOKPAIIEHH] IIBUIKOCTI
BUBIJIbHEHHS Ta 6100CTYIHOCTI IOTaHO PO3YMHHUX Y BOJIi aKTUBHUX (DapMalileBTUUHUX IHTPEIEHTIB
(ADI) [1-3].

TBepi JUCTepCHI CUCTEMH 3a3BHUal SBISIOTH CO00I0 OAaraTOKOMITOHEHTHI CHCTEMHU, Y SIKUX
aKTUBHHI (papMaleBTUYHUI 1HIPEIIEHT MOJIEKYJIAPHO AUCIIEPrOBaHUH y mOTiMepHOMY HOCIT [4, 5].
B ocHOBI mokparieHHs mBUAKOCTI po3unHeHHS ADI 32 1OMIOMOro0 METony TBEpAUX AUCIEPCHUX
CHUCTEM JIeKaTh HACTyIHI (aKTOpHW: 3MEHIICHWA pPO3MIp, BHCOKA IMOPHUCTICTh, IOKpaIleHa
3MOYYBaHICTh Ta aMmopdHHUit cTan [4—6].

Jns yrBopenns T/IC BaximBuM € BUOIp MOJIIMEPHOTO HOCIA, (PYHKI[IOHAIBHUI TMOTEHITIAT
SIKOTO BH3HAYAETHCS TAKUMU XapPaKTEPUCTUKAMHI: PO3YHHHICTIO Y MOJSIPHUX 1 HETIOJSIPHUX PiAMHAX,
PO3MOAIIIOM MOJICKYISIPHOI MacH, CTPYKTYPOIO OIYHUX JIAHITIOTIB, OI0CYMICHICTIO 1 3IaTHICTIO JI0
Oiomerpazaiii [7]. B3aemomis akTuBHOTO (papManeBTUUYHOTO IHTPEIIEHTY 3 MOJIMEPHUM HOCIEM €
byHIaMEHTATBHOIO JIJIS1 PO3YMIHHS HAaWBaKJIUBIIINX MMUTaHb, IKI BAHUKAIOTh IIPH CTBOPEHHI TBEP01
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mucnepcii, a came: HaBaHTakeHHS A®I, CyMiCHICTh KOMIIOHEHTIB, CTaOlLIBHICTH CHCTEMHU Ta
IIBUJIKICTH 11 po3unHEeHHs [§].

V skocTi HociiB st BurotosieHHsa T/IC HaifuacTimie 3acTOCOBYIOTbCS HACTYITHI MOJIIMEpPHI
cnostyku: nosiBiHiamiponigod (I1BIT), momierunenraikons (ITEIN) Ta momiBininosuit cniupt (ITBC)
[9, 10]. 3acrocyBanHs came nux moniMepiB aias yrBopeHHs T/IC mosicHIO€ThCS iXHIMHU (Di3HKO-
XIMIYHUMH Ta TEPMOXIMIYHUMH XapaKTEPUCTUKAMH: HHU3bKIH TeMmIeparypl TUIaBJICHHS, HHU3bKii
TOKCUYHOCTI Ta MIMPOKiK JikapchKiid cymicHocTi [10]. KomMmno3wuiii TBEpIuX AUCIEPCHUX CHUCTEM,
OKpIM TIOJIMEPHUX HOCIiB TaKOX MOXXYTh MICTUTH JOJATKOBI JOMOMDKHI PEUYOBUHH, TaKi SIK
MMOBEPXHEBO-aKTHBHI PEYOBHHH, ISl TOJATKOBOTO MOCHJICHHS BUBUILHEHHS Ta CTaOlLIBHOCTI JIKiB
[11].

IloctanoBka 3aBaaHHsl. CkiazoBa pPi3HOMAHITHICTh TBEPAUX IHUCIEPCId IpenCTaBIIsie
3pOCTAIOUM 1HTEpEC MPOTITOM OCTAaHHBOTO IECATHIITTSA SK B aKaJAEMIYHMX KoJiaX, TaK 1 B
npomMucioBocTi. OHAK, OKPIM 3aliKaBICHOCTI Y KOMIO3ULIHHOMY CKJIajli, 1ie OUIbIINNA iHTEepec Yy
JIOCITITHUKIB BUKJIUKAE YAOCKOHAJICHHS ICHYIOUMX Ta TOIIYK HOBHX METOJIB YTBOPCHHS TBEPIUX
mucnepcid. HuHi BimoMa BenMKa KiTbKICTh CHOCOOIB YTBOPEHHS TBEPAUX JUCIEPCHHUX CHCTEM
[12, 13], cepen sKuX HAWOLIBII MMOIIUPEHUMH € METOIM BHIIAPOBYBAHHS PO3YMHHHKA, EKCTPY3is
rapsyoro po3IUiaBy, CYIIIHHS PO3MUICHHSIM Ta CIIBOCAKEHHS. 3 KOKHUM POKOM 3’SBIISIETHCS BCE
OlTbIIE HOBUX TEXHOJOTIH NPUTOTYBaHHS TBEPAUX ITUCHEPCid, SKi MPEACTABISIOTH BEIUKHMA
MOTEHITIA IS OLIBII 3HAYHOTO IOJIIMIICHHS PO3YMHHOCTI moraHopo3unHHuX A®dI 3 Kkpaiioro
¢i3uuHOorO cTabinpHIicTIO yrBopeHuX TJIC. Jlo omHi€el i3 TakuX cTpaTeriii HajJeKUTh TEXHOJOTis
BUTOTOBJICHHSI TIOJNIMEPHHUX BOJOKHHCTUX TBEPAUX JAHCIEPCIA METOJOM  BIIAIICHTPOBOTO
dbopmyBaHHS, sKa TMpEACTaBIse COOO0I aIbTEPHATHMBHUN MIAXiJ JUIsI OTPUMAHHS TBEPIUX
JTUCTIEPCHUX CHUCTEM.

MeToro OCHIDKEHHsST € aHali3 JITepaTypHUX JDKEpeNl II0JA0 OCHOBHUX acCIeKTIiB
MEPCIIEKTUBHUX TEXHOJOTI OTPUMAaHHS BHCOKOPO3YMHHHUX TBEPAUX NUCIEPCHUX CHCTEM, SKi
MOXHa €(pEKTHBHO BHUKOPHCTOBYBATH [JIi 3HAYHOTO MiIBUIIEHHS PO3YMHHOCTI PI3HUX aKTHBHUX
(bapManeBTUYHUX iHTPEIIEHTIB.

Marepiasm Ta MeTOAM AOCHIAAKEHHsl. AHATITUYHUN OIJISA  HAYKOBOI, XIMIKO-
TEXHOJIOTIYHO1, MEIMYHOI Ta (papManeBTUUHO] JliTepaTypu 3a octaHHi 20 poKiB.

Pe3yabTaTH 10CHiTKEHHS Ta 00roBOPeHHsl. AHAJI3 JITEPATypPHUX JKEPET CBIIYUTH, IO
710 OJTHUX 13 HAO1IBII TEPCIEKTUBHUX METO/IIB, SIKI BAKOPUCTOBYIOTHCS /17151 yTBOPEHHS MOJIMEPHUX
TBEPJUX JUCIIEPCIH Ta 3a0€3MeUEHHS BUCOKOTO PiBHSI PO3YMHHOCTI Masiopo3unHHNX ADI, HanexaTh
n00pe MPOTHO30BaH1 Ta TOCTYITHI METO/I!, TaKi SIK BUTIAPOBYBAHHS POZUYMHHUKA 1 EKCTPY3isi TapsIoro
pO3IIaBy, a TAKOK 1HHOBAIIIiTHA TEXHOJIOTIS BIALIEHTPOBOTO (hOPMYBaHHS BOJIOKOH.

Memoo eunapogyeanns po3uunHuka. lIpuroTyBaHHS TBEPANX JTUCIEPCHUX CHCTEM
METOJIOM BUIIAPOBYBAHHS PO3YMHHUKA € HAOUIbII nommpeHuM meToioM yrBopenns TJIC. Trepaa
JUCTIEPCHA CHCTEMa YTBOPIOETHCS MUISXOM IIBHIKOTO BUIIAPOBYBAHHS PO3YMHHHKA 3 JIKAPCHKO-
moJiiMmepHoro po3uuny [12, 13].

[MepmMu, XTO PO3YMHUB aKTUBHUN (hapMalleBTHUHUN 1HTPEIIEHT 1 HOCIH Yy 3arallbHOMY
PO3YMHHUKY, a TIOTIM BHUIAPOBYBAaB PO3UYMHHUK y BaKyyMi, 100 OTPUMATH TBEPAUM PO3YWH OyiIu
Tauibana Ta Hakamypa [14]. Lle m103B0odMIIO iM OTpUMATH TBEPAUN PO3UHH BHCOKOMIMOMIIEHOTO f-
KapOTHHY B I00pE PO3YMHHOMY Y BO1 HOCIT — TTOBIIOHI.

3a3BuYaid, UIsl MPUTOTYBaHHS TBEPIUX IUCIEPCI METOJAOM BHUIIAPOBYBAHHS PO3UMHHHUKA
3aCTOCOBYETHCSI IMUPOKUN CIEKTP PI3HUX HOCIIB: TMOJIETUJICHTIIIKONI, MOMIBIHUIIPOJIIIOH,
noJricaxapuay Tomo. THIIOBUMU pPO3YMHHHUKAMH, 10 BUKOPUCTOBYIOTHCS Y TAHOMY METOJII € BOJA,
cupTH (METaHOJI, €TaHOJ 200 130IPOMaHoJ1) a00 1HIIT OpPraHivuHI PO3YUMHHHUKH, TaKl K TUXJIOPMETaH,
aretoH, ermiarerat [15].
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OcHoBHa TmiepeBara METOJy BHUIAPOBYBAaHHS PO3YMHHHUKA IOJSTa€ B TOMY, IO MOXHA
3amo0IrTd TEPMIYHOMY PO3KJIAJaHHIO aKTUBHHX (apMalleBTUYHUX IHTPEeIieHTIB ab0 HOCIiB depe3
HU3BKY TEMIIEPATYpPy, HEOOXiTHY I BUTIAPOBYBAHHS PO3YMHHUKIB [16].

barato BueHUX MPUCBATUIN CBOI POOOTH JOCITIIKEHHSM YTBOPEHHS TBEPAMUX IUCIEPCHUX
CHCTEM METOJIOM BHITAPOBYBAHHS PO3UMHHUKA. Tak, JOCIITHUKAM BIANOCS 3a JIOMOMOTOI0 JaHOTO
METOY MOKPAIIUTH PO3UMHHICTh HECTEPOITHUX MpoTu3anaibHux A®I, 30kpema menokcukamy [17]
Ta keronpodeny [18]; cepueBo-CyquHHOTO mpenapary — kapeawiony [19], mpoTueniaenTuaHoro
A®I - xionazenamy [20], a Tak0 HOBO1 MPOTUITYXJIMHHOT CITOJTYKU CBUHITIO [21].

[To3uTuBHI pe3ynbTaT MOCIIHKEHb 3aCTOCYBaHHS MeTOoAy yTBopeHHs momimepHux TJIC
[UIIXOM BHUITAPOBYBAHHSM PO3YMHHHUKA CBIAYAThH MPO TE, IO JaHY TEXHIKY MOXHA JJOCUTH JIETKO 1
YCHIIIHO BUKOPUCTOBYBATH TSI IMiIBUILIIEHHS PO3YMHHOCTI Maopo3uynHHNX ADI.

Memoo excmpysii zapauozo poznnagy. TakoX BaXIJIMBOIO TEXHOJIOTIE Y GpapMarieBTUIHIN
MIPOMHCIIOBOCTI Ui MiABHIIEHHS po3urMHHOCTI ADI € MeTos ekcTpysii rapsuoro posmiasy (EI'P).
[Tepmie 3actocyBanus EI'P sik BUpoOHHUYOTrO 1HCTpYMEHTY y (hapMaleBTHYHIN TPOMUCIOBOCTI OYJ10
nocnimkeno El-Egakey Ta rpymoro fioro mocmigaukis [22]. BigToai TexXHOIOTIS rapsdoi eKcTpys3ii
CTayia yHiBepcajabHOIO TaThopMoro y dhapmariii.

ExcTpy3ist rapsdoro posmiiaBy — I MpoleC 3aKadyyBaHHS CHUPOBHHU B EKCTPyIep 3
IBUHTOBHMH €JIEMEHTAMH, 1110 00EPTaIOTHhCS B OAHOMY a00 MPOTUJICKHUX HANPsSMKax, MPU BUCOKUX
TeMIepaTrypax s pO3IUIaBICHHS Ta 3MIIIyBaHHA KOMIIOHEHTIB YCEpeOuHi I1HCTPYMEHTY 3
OTPUMAaHHSIM B KIHIIEBOMY IIJICYMKY €KCTpyJaTy 4epe3 ToJIOBKy ekctpyaepa [23]. Ilicisa
OXOJIO/KEHHST OTPUMAHHIA MPOIYKT 30MPAIOTh Y EMHICTH 1 MOAPiIOHIOIOTH Y MOPOIIOK a00 TPaHyIIH.

J111s epeKTUBHOTO BUKOPUCTAHHSI TEXHIKH Iapsv0i eKCTPy31i 3 METOI0 BUTOTOBJICHHS TBEPAUX
JUCTIEPCHUX CUCTEM BAXKJIIMBO MaTH TIMOOKI 3HAHHS CTOCOBHO BHUOOpPY aKTUBHUX IHTPEIIEHTIB,
MOJTIMEPIB Ta IHIIUX JOMOMDKHUX PEYOBHH, SIKI MIANAIOTHCA IboMy mporecy [24]. Hocii, mo
BUKOpUcTOBYIOThCSL B EI'P, sik mpaBuio, € mojimMepamu ab0 BOCKaMH 3 HU3BKOIO TEMIIEPaTypOIO
MJIABJICHHS Ta CKIYBaHHs, SIKI BHUKOPHCTOBYIOTBCS SIK COJIFOOUTI3aTOPH JIKAPCHKOI pPEYOBUHHU.
3a3Buuail BUKOpUCTOBYBaHI Hocii BkitoyaroTh [IBII pi3HOI MONEKynsipHOI MacH, IOBiJIOH-
BiHManerar, kornosinoH, pi3Hi [IEI, cknamni edipu memronosu [25].

MeTton ekcTpy3ii rapsuoro po3IUIaBy MPOINOHYE 3HAYHI TMEPEeBard YTBOPEHHS TBEPIUX
JTUCTIEPCHUX cUCTeM. BiH 3a0e3medye Kpairy OZHOPITHICTH BMICTY B €KCTpyJaTax; pPiBHOMIpHY
JMCTIEPCiIo APIOHNUX YaCTUHOK 32 BiJICYTHOCTI pO3YMHHUKIB. O/IHAK, BAPTO 3BayKaTH HAa HEOOXIHICTh
BUKOPHUCTAHHS Y TIPOIIECT BUCOKUX Temmeparyp [26].

EI'P Bxe mokasana cebe sk HaflifHa TEXHIKa i BUTOTOBIICHHS TBEPIUX AMCIEPCiH, sKa
MOKpallye pPO3YMHHICTP Ta OIOJAOCTYIHICTh, Ta HaBITh MaCKye€ CMaK TIpKHX aKTHBHUX
¢dapmarieBTHUHUX 1HTpenieHTiB. 3a TexHojoriero EI'P Oy ycmimHO BHTOTOBIIEHI MOJEKYJISpPHI
TBEP/Il AUCTIEPCHI CUCTEMH iTpakoHazoiy [27] Ta anpOenngazony [28], edasipenity [29], ekcTpakTy
rinkro 6io6a [30] Toro.

Memoo eiouenmpoeozo ¢hopmysanns eonokon. BianeHtpoBe (HopMyBaHHS BOJOKOH €
AbTePHATHBHUM METOJIOM BUPOOHUIITBA TBEPAUX TUCTIEPCHUX CHCTEM 13 BUCOKOO ITPOTyKTHBHICTIO
Ta HU3bKUMH BUTpPaTaMHU.

Bimomo, mo mana texHomoris Oyna po3pobnena JIxerimcom Xymepom y 1924 poui mmis
BUPOOHMIITBA INTYYHOTO IIIOBKOBOTO BOJIOKHA 3 BICKO3W [31] 1 OinbIle MIBCTONITTS MIUPOKO
BUKOPHUCTOBYBAIACS JUIsl BAPOOHMIITBA CKIISTHUX BOJIOKOH.

BinuentpoBe popmMyBaHHS BOJOKOH — II€ OJIHOETANHA TEXHOJIOTIS «3BEPXY BHHU3», 3a SIKOI
MaTepial MOMIIIATh y TOMEePEIHbO HArpiTUi a00 KIMHATHOI TeMIepaTypy 00epTOBUI METaIeBHA
KOHTEWHep (TOJOBKY JuIsi 00epTaHHs) 3 OTBOpaMHU Il OIYHUX coresl a0 MPOMIDKKOM MiX JBOMa
IJJACTUHAMU, SIKHMH 00€pTa€ThCS 3 BUCOKOIO IMIBUIKICTIO. BiaIieHTpoBa cuja, Mo CTBOPIOETHCS IIPH
BHCOKIN IIBHAKOCTI 0OOEpTaHHS, MPOIITOBXYE MPSAUIBHY PIAUHY 4Yepe3 OTBOPH MPAIUILHOT
TOJIOBKU. Y TOW 4Yac K MPSAWIbHA PIAMHA BUKUIAETHCS, BOHA MPOXOAUTH MPOIEC PO3TATYBAHHS
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4yepe3 CHITy TOBITPSHOTO TEPTS 3 HACTYIMHHUM IIBHIKHM 3aCTUTAHHSM IUISIXOM OXOJIOJKEHHS a0o
BUIIAPOBYBAaHHS PO3UYMHHHMKA Ta YTBOPEHHSM EKCTPYIOBaHMX BOJOKOH Yy Jiana3oHi HaHO- a0o
MikpomacmTady [32, 33].

Jlanuii MeToN O03BOJIIE OTPUMYBATH BOJIOKHA PIZHOTO PO3MIPY 13 IMIMPOKOTO Jiama3oHy
MaTepiaiB 3 BHCOKOI IIBHJKICTIO Ta HU3BKOK BApTICTIO 3aBASKU MPOCTOMY OOJAJHAHHIO Ta
BIJICYTHOCTI MOTpeOM y BHKOPHUCTAaHI BHCOKOi Hampyrd. TakoX BapTO BIA3HAYUTH, IO Mia Yac
MIPOIIECY BiAIICHTPOBOIO (POPMYBAaHHS BOJIOKOH MaTepialid nepeOyBaloTh MAaKCHMAIbHO KOPOTKHM
gac TiJ JII€I0 BUCOKUX TEMIIEpATyp, IO y CBOIO UEPry 3HWXKYE pU3UWK iX pyhHyBaHHsS [33]. Taka
0COOIMBICTH MPOLIECY TO3BOJISIE BAKOPUCTOBYBATH 1€ METOJ 7S T1ABUINIEHHS PO3UYMHHOCTI Y BOJII
aKTUBHUX (papMarleBTUYHUX 1HTPEIIEHTIB 3 HU3bKOIO TEMIIEPATYPOIO TUIABJICHHS. YCi Il TIepeBaru
CTBOPWJIM TIOTEHIIal 1O BUKOPHCTAHHS METOAYy BIiAIEHTPOBOro (OPMYBaHHS BOJOKOH Y
(dhapMareBTHUHIM TPOMHUCIOBOCTI SIK HOBOTO IEPCIIEKTUBHOTO 3aco0y I YTBOPEHHS TBEPIAUX
JTUCTIEPCHUX CHUCTEM.

OmauM 13 TepmuMx TOMITHHX 3aCTOCYBaHb Ha TMPAKTHI[l TPHUHIMIY BiAIIEHTPOBOTO
(dbopMyBaHHS BOJIOKOH CTajla po3poOKa aMepuKaHChbKOIO KommaHiero Fuisz Pharma texnomorii
Flashdose, sixa BUKOpHUCTOBYE yHIKaIbHUNA MEXaHI3M BIJDKUMY JJISI CTBOPEHHSI CTPYKTYPH, MO10HOT
710 BOJIOKOH HUTKH. [Ipouec mosnsrae y opMyBaHHI MaTpui i3 caxapuaiB abo moiicaxapumis, sKa
nepepoOiseTbcsi B aMOpdHY HUTKY 3a JOMOMOrOK OJHOYACHOI Jii IIBHAKOTO IUIABJIEHHS Ta
BiJIIIEHTPOBOT crin. MammuHa A popMyBaHHS HHUTKH, IO CKIAAA€THCSA 3 MPSIAIBHOI TOJOBKH i
HarpiBaJbHOTO €JIEMEHTA, CX0Xka Ha MAIIMHY BUTOTOBJIEHHS COJOKOI BaTu. [Ipouec 3aiiicHIOETbCS
IIPU MiABUIICHIN TeMIepaTypi, 1100 3a0e3MeynuTH OBHE NEPETBOPEHHS aMOP(HUX BOJIOKOH IYKpPY B
Kpuctaniyaui matepiasn. OTprMaHi BOJIOKHA HATKH MOTIM MOAPIOHIOIOTE, 3MIITYIOTh 3 aKTUBHUMH
(dapMalleBTUYHUMHU 1HTPEAIEHTaAMU Ta JOTIOMDKHUMH pPEYOBHHAMU 1 TPECYIOTh y TaOJETKH.
CtBopeHHid 3a JTaHOI0 TEXHOJIOTIEI0 KIHIICBUH TPOIYKT MAa€ BEIMKY IUIONTY TOBEPXHI JIs
PO3YMHEHHS Ta IIBHJIKO AUCIIEPTYETHCSI B POTOBIN MOPOKHUHI [34].

[Ti3HiIe, KEPyOUYUCH 17C€I0 TOBECTH JOIMUIBHICTh 3aCTOCYBAHHS TEXHOJIOTII BIAIICHTPOBOTO
(dhopMyBaHHSI BOJIOKOH JUISI BUPOOHHIITBA TBEPAUX IUCIEPCiid Yy (GopMi BOJIOKOH i3 MOKPAIICHUMU
MMOKa3HUKaMH PO3UYMHEHHs, S. Marano Ta ii rpyma po3poOuiu npucTpiid 1JabopaToOpHOTo MaciTady,
o0 nepeadavyae KOHTPOIIb TEMIIEPATypH Ta KaniOpyBaHHS KOMEPIIMHOT MAIIMHK AJI1 BUPOOHUIITBA
«cononkoi Batu». OmHak iX mporiec OyB JEIIO0 BIAMIHHHMKM BiJl ONMHUCAHOTO BHWIIE, AK€ BOHH
noMinany y Gipepy He JHIe caxaposy, a ii cCymilll 3 aKTUBHUMU (hapMalleBTHYHUMH 1HTPEIEHTaMH.
Takum uynMHOM, Ha BIacHIA MoAMGIKOBaHIA MamMHI JUIsi BUPOOHHUIITBA IYKPOBOI BaTH BOHHU
BUTOTOBWJIM TIONIMEPHI BOJIOKHA 3 BMICTOM OJaH3alliHy Ta MIPOKCHKaMy Yy CITiBBIJIHOIICHHI
caxapoza:A®I — 90:10. Otpumani MIKPOBOJOKHHCTI aMopdHI TBEpAl IUCIEpCii aKTUBHUX
(dapMaleBTHUHUX THTPEIIEHTIB Oy OHOPIIHI 32 MOP(OIIOTI€r0, IO MiATBEPIKYE Te, 0 00UIBA
A®I Oynu ycmimHO BKIIOYEHI B HOCIH. [Ipym BHKOpUCTaHHI JAHOTO METOMY IOCIHIJIHUKHA 3HAYHO
HiABUIIMIIA PO3YMHHICT 000X A®I 0e3 BHUKOpPHCTAaHHS PO3UYMHHMKIB 1 3 MEHIIMM PHU3HKOM
nerpajaiii KOMIIOHEHTIB CUCTEMH B MOPIBHSIHHI 3 rapsidoro ekctpysiero ADI B momimepHOMy HOCIT
[35].

S.Nasir Ta #oro rpyma IOCTIAHHKIB PO3IMIMPHIN KOJO JOCTIIHHIIBKHX IHTEPECIB,
BUKOPHUCTABIIHN JUISI YTBOPEHHS BOJIOKOH M€ i TmosiMepH. [[jisi BUTOTOBIIEHHSI MiKPOBOJIOKOH OYIH
CTBOpEH1 pi3HI KoMOiHaIlii OKCkapOasemiHy 3 caxapo3or, 0e3 Ta 3 moaiMmepamu. Haiikpamri
pe3ynbratd Oynm OTpHMaHHI mpu 3acrtocyBaHHs cywmimi A®I caxaposm Ta IIBII K-30 y
cniBBigHomeHH1 20:60:20 BianmoBiaHO. Po3unHHICTE OKCKapOa3eniny y CKIIaji TBEPANX TUCTIEPCHUX
cucteM y Gpopmi BoiokoH ctanoBuia 88% [36].

[Iportec BiaeHTpOBOro (OPMYBaHHS BOJIOKOH BHUSIBUBCSI TAKOXK €(DEKTUBHUM CIIOCOOOM JIJIst
IIBUJIKOTO BUPOOHUIITBA TBEpAUX nuctepciit i0ynpodeny. Cepenniit uac pozunnenHs mporo Al y
CKJIaJIl TOJIIMEPHUX BOJIOKOH 3MEHIIMBCSA y 7 pa3iB. MikpoBoiokHa 3 10ynmpodeHoM OyJu TaKoX
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OumpII papmMakooriuHO e(heKTUBHUMHU IPU 3MEHIIEHHI 3amanbHol peakuii, Hik uuctuid A®I, mo
MiATBEPIKEHO MPOTHU3AMAIbHUMU JTOCIIKEHHIMH IN VIVO Ha Kposnkax [37].

3aranoM, KUIBKICTh JOCHIDKEHb TBEPAUX TUCTIEPCHUX CHCTEM, YTBOPEHUX METOIOM
BIIIIEHTPOBOTO (hOpMYyBaHHS BOJIOKOH, Ha CHOTOJIHINIHIA JIEHb BCE I JOCHTh HEBEIUKA, a/KE IIe
BIIHOCHO HOBITHS TexHoJoris y (apmaneBTuuniii cdepi. OmHAK pe3ynbTaTd 3aCTOCYBAHHS
BIIIIEHTPOBOTO ()OPMYBaHHS BOJIOKOH Ha MPAKTHIl JOBOAATH, IO 1€l 1HHOBAIIMHUMA TIIX1 Mae
BEJIMKHUM MOTEHI[IAJI IIPU PO3BIALI B rajay3i TBEpPANX IUCIICPCIi.

BucnoBku. Y poOOTi mpoaHadi30BaHO OCHOBHI AaCHEKTH TMEPCIEKTUBHUX TEXHOJOTIN
OTPUMAaHHS BHCOKOPO3UYMHHHX IOJIMEPHHUX KOMIIO3MLIHHUX MarepialiB i3 BMICTOM aKTUBHHUX
(dapMaleBTUUHUX IHTPENIEHTIB. BCTAaHOBIEHO, IO EKCTPY3isd Taps4yoro po3IUiaBy YCHIITHO
BUKOPUCTOBYETHCS ISl IMiJIBUIIICHHS PO3UYMHHOCTI JIETKOIUIABKUX TepMocTabinmbHux ADI, Meron
BUIIAPOBYBaHHS PO3YMHHMKA IMPOCTHI y BHUKOHAHHI Ta HE MOTpedye BUCOKOI TeMIepaTypu IJis
MPOBEJICHHS TPOIECY, a 3a JOMOMOIOK METOAY BIAIEHTPOBOrO (OPMYBAHHS BOJOKOH MOKHA
MIIBUINATA PO3UYMHHICTE ADI 0e3 BUKOpHUCTaHHS PO3YMHHUKIB 1 3 MEHIIUM PU3UKOM Jerpaaaii
MaTepiany y MOpIBHSHHI 3 METOJIOM Tapsdoi eKcTpysii. PI3HOMaHITHUI CHEKTp TEXHOJOTIN IS
OTPUMAaHHS BUCOKOPO3UMHHUX (opM ADI mo3BossI€ 00MpaTH METOAMKY B 3aJIEKHOCTI BiJ (i3HKO-
XIMIYHHX XapaKTePUCTHUK MOTiMepHUX HOciiB Ta ADI i mpu bOMy JOMOTTHUCS HE TUIBKH 3HAYHOTO
IT1IBUIIICHHS] PO3YMHHOCTI, ajle 3HU3UTH BXKUBAHHS HAJMIPHUX /103 Ta 3MCHIIUTH PU3UKH TOOIUHUX

e(eKTiB, a TAKOX rapaHTyBaTH IIBUAKHUI MOTEHIIIHHIIA e(eKT.

References

1. Alshehri, S., Imam, S. S., Hussain, A., Altamimi,
M. A., Alruwaili, N. K., Alotaibi, F., Alanazi, A,
Shakeel, F. (2020). Potential of solid dispersions to
enhance solubility, bioavailability, and therapeutic
efficacy of poorly water-soluble drugs: newer
formulation techniques, current marketed scenario
and patents. Drug Deliv., 27 (1), 1625-1643. DOI:
10.1080/10717544.2020.1846638.

2. Bhalani, D. V., Nutan, B., Kumar, A., Singh
Chandel, A. K. (2022). Bioavailability Enhancement
Techniques for Poorly Aqueous Soluble Drugs and
Therapeutics. Biomedicines, 10 (9), 2055. DOI:
10.3390/biomedicines10092055.

3. Slamova, M., Skolakova, T., Skolakova, A., Patera,
J., Zamostny, P. (2020). Preparation of solid
dispersions with respect to the dissolution rate of
active substance. Journal of Drug Delivery Science
and Technology, 56. DOI: 10.1016/j.jddst.2020.
101518.

4. Leuner, C., Dressman, J. (2000). Improving drug
solubility for oral delivery using solid dispersions.
Eur J Pharm Biopharm., 50 (1), 47-60. DOI:
10.1016/s0939-6411(00)00076-X.

5. Craig, D. Q. (2002). The mechanisms of drug
release from solid dispersions in water-soluble
polymers. Int J Pharm., 231 (2), 131-144. DOI:
10.1016/s0378-5173(01)00891-2.

6. Bhujbal, S. V., Mitra, B., Jain, U., Gong, Y.,
Agrawal, A., Karki, S., Taylor, L. S., Kumar, S., Tony
Zhou, Q. (2021). Pharmaceutical amorphous solid
dispersion: A review of manufacturing strategies.

Jlirepatypa

1. Alshehri S., Imam S. S., Hussain A., Altamimi M.
A., Alruwaili N. K., Alotaibi F., Alanazi A., Shakeel
F. Potential of solid dispersions to enhance solubility,
bioavailability, and therapeutic efficacy of poorly
water-soluble drugs: newer formulation techniques,
current marketed scenario and patents. Drug Deliv.
2020. Vol. 27(1). P.1625-1643. DOI: 10.1080/
10717544.2020.1846638.

2. Bhalani D. V., Nutan B., Kumar A., Singh Chandel
A. K. Bioavailability Enhancement Techniques for
Poorly Aqueous Soluble Drugs and Therapeutics.
Biomedicines. 2022. Vol. 10 (9), 2055p. DOI:
10.3390/biomedicines10092055.

3. Slamova M., Skolakova T., Skolakova A., Patera J.,
Zamostny P. Preparation of solid dispersions with
respect to the dissolution rate of active substance.
Journal of Drug Delivery Science and Technology.
2020. Vol. 56. DOI: 10.1016/j.jddst.2020.101518.

4. Leuner C., Dressman J. Improving drug solubility
for oral delivery using solid dispersions. Eur J Pharm
Biopharm. 2000. Vol.50(1). P.47-60. DOI:
10.1016/s0939-6411(00)00076-X.

5. Craig D. Q. The mechanisms of drug release from
solid dispersions in water-soluble polymers. Int J
Pharm. 2002. Vol.231(2). P.131-144. DOI:
10.1016/s0378-5173(01)00891-2.

6. Bhujbal S. V., Mitra B., Jain U., Gong Y., Agrawal
A., Karki S., Taylor L. S., Kumar S., Tony Zhou Q.
Pharmaceutical amorphous solid dispersion: A review
of manufacturing strategies. Acta Pharm Sin B. 2021.

30



ISSN 2786-5371 print
ISSN 2786-538X online
Texnonozii ma insrcunipunz, Ne 3(14), 2023

Ximiuni ma oioghapmayesmuuni mexnonozii
Chemical and Biopharmaceutical Technologies

Acta Pharm Sin B., 11(8),
10.1016/j.apsh.2021.05.014.

7. Ohara, T., Kitamura, S., Kitagawa, T., Terada, K.
(2005). Dissolution mechanism of poorly water-
soluble drug from extended release solid dispersion
system with ethylcellulose and
hydroxypropylmethylcellulose. Int J Pharm, 302 (1-
2), 95-102. DOI: 10.1016/j.ijpharm.2005.06.019.

8. Srinarong, P., Waard, H., Frijlink, H. W., Hinrichs,
W. L. (2011). Improved dissolution behavior of
lipophilic drugs by solid dispersions: the production
process as starting point for formulation
considerations. Expert Opin Drug Deliv., 8 (9), 1121-
1140. DOI: 10.1517/17425247.2011.598147.

9. Choi, M. J., Woo, M. R., Choi, H. G, Jin, S. G.
(2020). Effects of Polymers on the Drug Solubility
and Dissolution Enhancement of Poorly Water-
Soluble Rivaroxaban. Int J Mol Sci, 23 (16), 9491.
DOI: 10.3390/ijms23169491.

10. Frank, D. S., Matzger, A. J. (2018). Probing the
interplay between amorphous solid dispersion
stability and polymer functionality. Mol. Pharm., 15,
2714-2720. DOI:  10.1021/acs.molpharmaceut.
8b00219.

11. Huang, Y., Dai, W. G. (2014). Fundamental
aspects of solid dispersion technology for poorly
soluble drugs. Acta Pharm Sin B., 4 (1), 18-25. DOI:
10.1016/j.apsb.2013.11.001.

12. Tran, P., Pyo, Y. C., Kim, D. H,, Lee, S. E., Kim,
J. K., Park, J. S. (2019). Overview of the
Manufacturing Methods of Solid Dispersion
Technology for Improving the Solubility of Poorly
Water-Soluble Drugs and Application to Anticancer
Drugs. Pharmaceutics, 11 (3), 132. DOI: 10.3390/
pharmaceutics11030132.

13. Kaushik, R., Budhwar, V., Kaushik, D. (2020).
An Overview on Recent Patents and Technologies on
Solid Dispersion. Recent Pat Drug Deliv Formul.,
14 (1), 63-74. DOI: 10.2174/1872211314666200117
094406.

14. Tachibana, T., Nakamura, A. (1965). A methode
for preparing an aqueous colloidal dispersion of
organic materials by using water-soluble polymers:
dispersion of [B-carotene by polyvinylpyrrolidone.
Colloid and Polymer Science., 203 (2), 130-133.

15. Paudel, A., Worku, Z. A., Meeus, J., Guns, S.
(2013). Manufacturing of solid dispersions of poorly
water soluble drugs by spray drying: formulation and
process considerations. Int J Pharm, 453 (1), 253—
284. DOI: 10.1016/j.ijpharm.2012.07.015.

2505-2536. DOI:

16. Janssens, S., Mooter, G.V. (2009). Review:
physical chemistry of solid dispersions. J Pharm
Pract, 61 (12), 1571-1586.

Vol. 11 (8).
2021.05.014.
7.Ohara T., Kitamura S., Kitagawa T., Terada K.
Dissolution mechanism of poorly water-soluble drug
from extended release solid dispersion system with
ethylcellulose and hydroxypropylmethylcellulose. Int
J Pharm. 2005. Vol. 302 (1-2). P.95-102. DOI:
10.1016/j.ijpharm.2005.06.019.

8. Srinarong P., Waard H., Frijlink H. W., Hinrichs
W. L. Improved dissolution behavior of lipophilic
drugs by solid dispersions: the production process as
starting point for formulation considerations. Expert
Opin Drug Deliv. 2011. Vol. 8 (9). P.1121-1140.
DOI: 10.1517/17425247.2011.598147.

9. Choi M. J,, Woo M. R., Choi H. G, Jin S. G.
Effects of Polymers on the Drug Solubility and
Dissolution Enhancement of Poorly Water-Soluble
Rivaroxaban. Int J Mol Sci. 2020. Vol. 23 (16).
9491 p. DOI: 10.3390/ijms2316 9491.

10. Frank D. S., Matzger A. J. Probing the interplay
between amorphous solid dispersion stability and
polymer functionality. Mol. Pharm. 2018. Vol. 15.
P.2714-2720. DOI: 10.1021/acs.molpharmaceut.
8b00219.

11. Huang Y., Dai W. G. Fundamental aspects of solid
dispersion technology for poorly soluble drugs. Acta
Pharm Sin B. 2014. Vol. 4 (1). P.18-25. DOI:
10.1016/j.apsb.2013.11.001.

12. Tran P., Pyo Y. C., Kim D. H., Lee S. E., Kim J.
K., Park J. S.. Overview of the Manufacturing
Methods of Solid Dispersion Technology for
Improving the Solubility of Poorly Water-Soluble
Drugs and Application to Anticancer Drugs.
Pharmaceutics. 2019. Vol. 11 (3). P.132. DOI:
10.3390/pharmaceutics11030132.

13. Kaushik R., Budhwar V., Kaushik D. An
Overview on Recent Patents and Technologies on
Solid Dispersion. Recent Pat Drug Deliv Formul.
2020. Vol. 14 (1). P. 63-74. DOI: 10.2174/18722113
14666200117094406.

14. Tachibana T., Nakamura A. A methode for
preparing an aqueous colloidal dispersion of organic
materials by using water-soluble polymers: dispersion
of B-carotene by polyvinylpyrrolidone. Colloid and
Polymer Science. 1965. Vol. 203 (2). P. 130-133.

15. Paudel A., Worku Z. A., Meeus J., Guns S.
Manufacturing of solid dispersions of poorly water
soluble drugs by spray drying: formulation and
process considerations. Int J Pharm. 2013.
Vol. 453 (1). P.253-284. DOI: 10.1016/j.ijpharm.
2012.07.015.

16. Janssens S., Mooter G. V. Review: physical
chemistry of solid dispersions. J Pharm Pract. 2009.
Vol. 61 (12). P. 1571-1586.

P. 2505-2536. DOI: 10.1016/j.apsb.

31



ISSN 2786-5371 print
ISSN 2786-538X online
Texnonozii ma insrcunipunz, Ne 3(14), 2023

Ximiuni ma oioghapmayesmuuni mexnonozii
Chemical and Biopharmaceutical Technologies

17. Chaturvedi, M., Kumar, M., Pathak, K., Bhatt, S.,
Saini, V. (2017). Surface Solid Dispersion and Solid
Dispersion of Meloxicam: Comparison and Product
Development. Adv Pharm Bull., 7 (4), 569-577. DOI:
10.15171/aph.2017.068.

18. Mura, P., Moyano, J. R., Gonzélez-Rodriguez, M.
L., Rabasco-Alvaréz, A. M., Cirri, M., Maestrelli, F.
(2005). Characterization and dissolution properties of
ketoprofen in binary and ternary solid dispersions
with polyethylene glycol and surfactants. Drug Dev
Ind Pharm., 31 (4-5), 425-434. DOI: 10.1080/0363
9040500214621.

19. Sharma, A., Jain, C. P. (2010). Preparation and
characterization of solid dispersions of carvedilol
with PVP K30. Res Pharm Sci, 5 (1), 49-56.

20. Minhaz, M., Rahman, M., Ahsan, M., Ripon, A,
Khalipha, R., Chowdhury, M. (2012). Dissolution
enhancement of poorly soluble drug by solvent
evaporation method using hydrophilic polymer: a
solid dispersion technique. International Journal of
Pharmaceutical and Life Sciences, 2, 1-18. DOI:
10.3329/ijpls.v1i2.12952.

21. Hou, P., Ni, J., Cao, S., Lei, H., Cai, Z., Zhang, T.,
Yu, F., Tan, Q. (2013). Preparation and evaluation of
solid dispersions of a new antitumor compound based
on early-stage preparation discovery concept. AAPS
Pharm Sci Tech, 14 (2), 629-638. DOI: 10.1208/
$12249-013-9948-y.

22. El-Egakey, M. A., Soliva, M., Speiser, P. (1971).
Hot extruded dosage forms. Technology and
dissolution kinetics of polymeric matrices. Pharm
Acta Helv, 46 (1), 31-52.

23. Censi, R., Gigliobianco, M., Casadidio, C. (2018).
Hot Melt Extrusion: Highlighting Physicochemical
Factors to Be Investigated While Designing and
Optimizing a Hot Melt Extrusion Process.
Pharmaceutics, 10 (3), 89.

24. Crowley, M. M., Zhang, F., Repka, M. A,
Thumma, S., Upadhye, S. B., Battu, S. K., McGinity,
J. W., Martin, C. (2007). Pharmaceutical applications
of hot-melt extrusion: part 1. Drug Dev Ind Pharm,
33 (9), 909-926. DOI: 10.1080/03639040701498759.

25. Li, X., Jiang, C., Pan, L., Zhang, H., Hu, L., Li, T.,
Yang, X. (2015). Effects of preparing techniques and
aging on dissolution behavior of the solid dispersions
of NF/soluplus/kollidon SR: identification and
classification by a combined analysis by FTIR
spectroscopy and computational approaches. Drug
Dev. Ind. Pharm, 41, 2-14.

26. Repka, M. A., Majumdar, S., Kumar Battu, S.,
Srirangam, R., Upadhye, S. B. (2008). Applications of
hot-melt extrusion for drug delivery. Expert Opin

17. Chaturvedi M., Kumar M., Pathak K., Bhatt S.,
Saini V. Surface Solid Dispersion and Solid
Dispersion of Meloxicam: Comparison and Product
Development. Adv Pharm Bull. 2017. Vol. 7 (4).
P. 569-577. DOI: 10.15171/aph.2017.068.

18. Mura P., Moyano J. R., Gonzélez-Rodriguez M.
L., Rabasco-Alvaréz A. M., Cirri M., Maestrelli F.
Characterization and dissolution properties of
ketoprofen in binary and ternary solid dispersions
with polyethylene glycol and surfactants. Drug Dev
Ind Pharm. 2005. Vol. 31 (4-5). P. 425-434. DOI:
10.1080/03639040500214621.

19. Sharma A., Jain C. P. Preparation and
characterization of solid dispersions of carvedilol
with PVP K30. Res Pharm Sci. 2010. Vol. 5 ().
P. 49-56.

20. Minhaz M., Rahman M., Ahsan M., Ripon A,
Khalipha R., Chowdhury M. Dissolution
enhancement of poorly soluble drug by solvent
evaporation method using hydrophilic polymer: a
solid dispersion technique. International Journal of
Pharmaceutical and Life Sciences. 2012. VVol. 2. P. 1-
18. DOI: 10.3329/ijpls.v1i2.12952.

21. HouP.,NiJ., CaoS., LeiH.,Cai Z., Zhang T., Yu
F., Tan Q. Preparation and evaluation of solid
dispersions of a new antitumor compound based on
early-stage preparation discovery concept. AAPS
Pharm Sci Tech. 2013. Vol. 14 (2). P. 629-638. DOI:
10.1208/s12249-013-9948-y.

22. El-Egakey M. A., Soliva M., Speiser P. Hot
extruded dosage forms. Technology and dissolution
kinetics of polymeric matrices. Pharm Acta Helv.
1971. Vol. 46 (1). P. 31-52.

23. Censi R., Gigliobianco M., Casadidio C. Hot Melt
Extrusion: Highlighting Physicochemical Factors to
Be Investigated While Designing and Optimizing a
Hot Melt Extrusion Process. Pharmaceutics. 2018.
Vol. 10 (3). P. 89.

24. Crowley M. M., Zhang F., Repka M. A., Thumma
S., Upadhye S. B., Battu S. K., McGinity J. W,
Martin C. Pharmaceutical applications of hot-melt
extrusion: part I. Drug Dev Ind Pharm. 2007.
Vol. 33 (9). P. 909-926. DOI: 10.1080/03639040701
498759.

25. Li X,, Jiang C., Pan L., Zhang H., Hu L., Li T,
Yang X. Effects of preparing technigues and aging on
dissolution behavior of the solid dispersions of
NF/soluplus/kollidon ~ SR: identification and
classification by a combined analysis by FTIR
spectroscopy and computational approaches. Drug
Dev. Ind. Pharm. 2015. Vol. 41. P. 2-14.

26. Repka M. A., Majumdar S., Kumar Battu S.,
Srirangam R., Upadhye S. B. Applications of hot-melt
extrusion for drug delivery. Expert Opin Drug Deliv.

32



ISSN 2786-5371 print
ISSN 2786-538X online
Texnonozii ma insrcunipunz, Ne 3(14), 2023

Ximiuni ma oioghapmayesmuuni mexnonozii
Chemical and Biopharmaceutical Technologies

Drug Deliv., 5 (12), 1357-1376. DOI: 10.1517/17425
240802583421.

27. Six, K., Daems, T. (2005). Clinical study of solid
dispersions of itraconazole prepared by hot-stage
extrusion. European Journal of Pharmaceutical
Sciences, 24 (2-3), 179-186.

28. Martinez-Marcos, L., Lamprou, D. A., McBurney,
R. T., Halbert, G. W. (2016). A novel hot-melt
extrusion formulation of albendazole for increasing
dissolution properties. Int J Pharm., 499 (1-2), 175-
185. DOI: 10.1016/j.ijpharm.2016.01.006.

29. Pawar, J. N., Fule, R. A., Maniruzzaman, M.,
Amin, P. D. (2017). Solid crystal suspension of
Efavirenz using hot melt extrusion: Exploring the role
of crystalline polyols in improving solubility and
dissolution rate. Mater Sci Eng C Mater Biol Appl, 78,
1023-1034. DOI: 10.1016/j.msec.2017.04.055.

30. Wang, W., Kang, Q., Liu, N., Zhang, Q., Zhang,
Y., Li, H., Zhao, B., Chen, Y., Lan, Y., Ma, Q., Wu,
Q. (2015). Enhanced dissolution rate and oral
bioavailability of Ginkgo biloba extract by preparing
solid dispersion via hot-melt extrusion. Fitoterapia,
102, 189-197. https://doi.org/10.1016/j.fitote.2014.
10.004.

31. Hooper, J. P. (1924). Centrifugal Spinneret (US
Patent Noe 1500931A). United States Patent Office.
URL: https://patents.google.com/patent/US1500931
Alen.

32. Kase, S., Matsuo, T. (1965). Studies on melt
spinning. I. Fundamental equations on the dynamics
of melt spinning. J. Polym. Sci. Part A: Gen. Pap, 3,
2541-2554.

33. Zhang, X., Lu, Y. (2014). Centrifugal Spinning:
An Alternative Approach to Fabricate Nanofibers at
High Speed and Low Cost. Polymer Reviews, 54 (4),
677-701. DOI: 10.1080/15583724.2014.935858.

34. Badgujar, B. P., Mundada, A. S. (2011). The
technologies used for developing orally disintegrating
tablets: A review. Acta Pharmaceutica, 61 (2), 117-
139. DOI: 10.2478/v10007-011-0020-8.

35. Marano, S., Barker, S. A., Raimi-Abraham, B. T,
Missaghi, S., Rajabi-Siahboomi, A., Craig, D. Q. M.
(2016). Development of micro-fibrous solid
dispersions of poorly water-soluble drugs in sucrose
using temperature-controlled centrifugal spinning.
Eur J Pharm Biopharm, 103, 84-94. DOI: 10.1016/
j-€jpb.2016.03.021.

36. Nasir, S., Hussain, A., Abbas, N., Bukhari, N. 1.,
Hussain, F., Arshad, M. S. (2021). Improved
bioavailability of oxcarbazepine, a BCS class Il drug
by centrifugal melt spinning: In-vitro and in-vivo
implications. International Journal of Pharmaceutics,
604. DOI: 10.1016/j.ijpharm.2021.120775.

2008. Vol.5(12). P. 1357-1376. DOI: 10.1517/174
25240802583421.

27.Six K., Daems T. Clinical study of solid
dispersions of itraconazole prepared by hot-stage
extrusion. European Journal of Pharmaceutical
Sciences. 2005. Vol. 24 (2-3). P. 179-186.

28. Martinez-Marcos L., Lamprou D. A., McBurney
R. T., Halbert G. W. A novel hot-melt extrusion
formulation of albendazole for increasing dissolution
properties. Int J Pharm. 2016. VVol. 499 (1-2). P. 175—
185. DOI: 10.1016/j.ijpharm.2016.01.006.

29. Pawar J. N., Fule R. A., Maniruzzaman M., Amin
P. D. Solid crystal suspension of Efavirenz using hot
melt extrusion: Exploring the role of crystalline
polyols in improving solubility and dissolution rate.
Mater Sci Eng C Mater Biol Appl. 2017. Vol. 78.
P. 1023-1034. DOI: 10.1016/j.msec.2017.04.055.
30. Wang W., Kang Q., Liu N., Zhang Q., Zhang Y.,
Li H., Zhao B., Chen Y., Lan Y., Ma Q., Wu Q.
Enhanced dissolution rate and oral bioavailability of
Ginkgo biloba extract by preparing solid dispersion
via hot-melt extrusion. Fitoterapia. 2015. Vol. 102.
P. 189-197. https://doi.org/10.1016/j.fitote.2014.10.
004.

31. Hooper J. P. Centrifugal Spinneret (US Patent
Ne 1500931A). United States Patent Office. 1924.
URL: https://patents.google.com/patent/US1500931
Alen.

32. Kase S., Matsuo T. Studies on melt spinning. 1.
Fundamental equations on the dynamics of melt
spinning. J. Polym. Sci. Part A: Gen. Pap. 1965.
Vol. 3. P. 2541-2554.

33.Zhang X., Lu Y. Centrifugal Spinning: An
Alternative Approach to Fabricate Nanofibers at High
Speed and Low Cost. Polymer Reviews. 2014.
Vol. 54 (4). P.677-701. DOI: 10.1080/15583724.
2014.935858.

34. Badgujar B. P., Mundada A. S. The technologies
used for developing orally disintegrating tablets: A
review. Acta Pharmaceutica. 2011. Vol. 61 (2).
P. 117-139. DOI: 10.2478/v10007-011-0020-8.

35. Marano S., Barker S. A., Raimi-Abraham B. T.,
Missaghi S., Rajabi-Siahboomi A., Craig D. Q. M.
Development of micro-fibrous solid dispersions of
poorly water-soluble drugs in sucrose using
temperature-controlled centrifugal spinning. Eur J
Pharm Biopharm. 2016. Vol. 103. P. 84-94. DOI:
10.1016/j.ejpb.2016.03.021.

36. Nasir S., Hussain A., Abbas N., Bukhari N. 1.,
Hussain F., Arshad M. S. Improved bioavailability of
oxcarbazepine, a BCS class Il drug by centrifugal
melt spinning: In-vitro and in-vivo implications.
International Journal of Pharmaceutics. 2021.
Vol. 604. DOI: 10.1016/j.ijpharm.2021.120775.

33


https://doi.org/10.1016/j.fitote.2014.%2010.004
https://doi.org/10.1016/j.fitote.2014.%2010.004
https://patents.google.com/patent/US1500931%20A/en
https://patents.google.com/patent/US1500931%20A/en
https://doi.org/10.1016/j.fitote.2014.10.%20004
https://doi.org/10.1016/j.fitote.2014.10.%20004
https://patents.google.com/patent/US1500931%20A/en
https://patents.google.com/patent/US1500931%20A/en

ISSN 2786-5371 print
ISSN 2786-538X online
Texnonozii ma insrcunipunz, Ne 3(14), 2023

Ximiuni ma oioghapmayesmuuni mexnonozii
Chemical and Biopharmaceutical Technologies

37. Hussain, A., Hussain, F., Arshad, M. S., Abbas, |37. Hussain A., Hussain F., Arshad M. S., Abbas N.,
N., Nasir, S., Mudassir, J., Mahmood, F., Ali, E.|Nasir S., Mudassir J., Mahmood F., Ali E. Ibuprofen-
(2021).  lbuprofen-loaded  centrifugally  spun|loaded centrifugally spun microfibers for quick relief
microfibers for quick relief of inflammation in rats. | of inflammation in rats. Drug Dev Ind Pharm. 2021.
Drug Dev Ind Pharm., 47 (11), 1786-1793. DOI:|Vol. 47 (11). P. 1786-1793. DOI: 10.1080/03639045.

10.1080/03639045.2022.2059500. 2022.2059500.

LISOVYIVADYM

Postgraduate, Department of Chemical
Technologies and Resource Saving,

Assistant, Department of Industrial Pharmacy,
Kyiv National University of Technologies

and Design, Ukraine
https://orcid.org/0000-0002-8038-0650
Scopus Author ID: 57953524800

Researcher ID: 1ZE-0395-2023

E-mail: lisovyi.vm@knutd.edu.ua

KOSTIUK VIKTOR

Postgraduate, Department of Industrial Pharmacy,
Kyiv National University of Technologies

and Design, Ukraine
https://orcid.org/0000-0001-5454-4247

E-mail: kostiuk.vh@knutd.edu.ua

SMISHKO ROMAN

Postgraduate, Department of Industrial Pharmacy,
Kyiv National University of Technologies

and Design, Ukraine
https://orcid.org/0000-0001-8479-2612

E-mail: smishko.ro@knutd.edu.ua

POVSHEDNA IRYNA

Postgraduate, Department of Industrial Pharmacy,
Kyiv National University of Technologies

and Design, Ukraine
https://orcid.org/0000-0002-0063-8923

E-mail: povshedna.io@knutd.edu.ua

YAREMENKO VOLODYMYR
Postgraduate, Department of Chemical
Technologies and Resource Saving,

Kyiv National University of Technologies
and Design, Ukraine
https://orcid.org/0009-0001-1757-5500
E-mail: yaremenko.vw@knutd.edu.ua

34

LYZHNIUK VIKTORIIA

Researcher of Molecular Pharmacology,
Chemogenomics and Biogerontology Laboratory
Kyiv National University of Technologies

and Design, Ukraine
https://orcid.org/0009-0000-0976-0311
Researcher ID: 1ZE-1153-2023

E-mail: v.lyzhniuk@kyivpharma.eu

PASHCHENKO IRYNA

Postgraduate, Department of Industrial Pharmacy,
Kyiv National University of Technologies

and Design, Ukraine
https://orcid.org/0009-0004-9425-215X

E-mail: pashchenko.io@knutd.edu.ua

GOY ANDRIY

Candidate of Pharmaceutical Sciences,
Associate Professor,

Department of Industrial Pharmacy,
Kyiv National University of Technologies
and Design, Ukraine
https://orcid.org/0009-0004-7044-4050
E-mail: goy.am@knutd.edu.ua

ISHCHENKO OLENA

Doctor of Technical Sciences, Associate Professor,
Department of Chemical Technologies and Resource
Saving, Kyiv National University

of Technologies and Design, Ukraine
https://orcid.org/0000-0002-9510-6005

Scopus Author ID: 57200013816

Researcher ID: GYV-0809-2022

E-mail: ishhenko.ov@knutd.com.ua

BESSARABOV VOLODYMYR

Doctor of Technical Sciences, Professor,
Department of Industrial Pharmacy,
Kyiv National University of Technologies
and Design, Ukraine
http://orcid.org/0000-0003-0637-1729
Scopus Author ID: 36917184700
Researcher ID: D-3425-2017

E-mail: v.bessarabov@Kkyivpharma.eu



https://orcid.org/0000-0002-8038-0650
mailto:lisovyi.vm@knutd.edu.ua
https://orcid.org/0009-0000-0976-0311
mailto:v.lyzhniuk@kyivpharma.eu
https://orcid.org/0000-0001-5454-4247
mailto:kostiuk.vh@knutd.edu.ua
https://orcid.org/0009-0004-9425-215X
mailto:pashchenko.io@knutd.edu.ua
https://orcid.org/0000-0001-8479-2612
mailto:smishko.ro@knutd.edu.ua
https://orcid.org/0009-0004-7044-4050
mailto:goy.am@knutd.edu.ua
https://orcid.org/0000-0002-0063-8923
mailto:povshedna.io@knutd.edu.ua
https://orcid.org/0000-0002-9510-6005
http://www.scopus.com/inward/authorDetails.url?authorID=57200013816&partnerID=MN8TOARS
mailto:ishhenko.ov@knutd.com.ua
https://orcid.org/0009-0001-1757-5500
mailto:yaremenko.vv@knutd.edu.ua
http://orcid.org/0000%E2%80%930003%E2%80%930637%E2%80%931729
mailto:v.bessarabov@kyivpharma.eu

ISSN 2786-5371 print
ISSN 2786-538X online
Texnonozii ma insrcunipunz, Ne 3(14), 2023

Ximiuni ma oioghapmayesmuuni mexnonozii
Chemical and Biopharmaceutical Technologies
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SMISHKO R.O., GOY A. M., POVSHEDNAI. O., ISHCHENKO O. V.,
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Kyiv National University of Technologies and Design, Ukraine
TECHNOLOGIES FOR THE OBTAINING HIGHLY SOLUBLE POLYMER
COMPOSITE MATERIALS WITH ACTIVE PHARMACEUTICAL INGREDIENTS

Purpose. A review of literature sources on the main aspects of promising technologies for obtaining
highly soluble solid dispersion systems, which can be effectively used to significantly increase the solubility of
various active pharmaceutical ingredients (APISs).

Methodology. Analytical review of scientific, chemical-technological, medical and pharmaceutical
literature over the past 20 years.

Findings. The main aspects of promising technologies for obtaining highly soluble polymer composite
materials containing active pharmaceutical ingredients have been analyzed. It has been found that hot melt
extrusion can be successfully used to increase the solubility of low melting point APIs, the solvent evaporation
method is useful for increasing the solubility of high melting point APIs, and centrifugal fiber formation can
increase the solubility of low melting point APIs without the use of solvents and with less risk material
degradation compared to the melting method. Such a range of technologies for obtaining highly soluble forms
of APIs allows you to choose a technique depending on the physicochemical characteristics of polymer carriers
and APIs and at the same time achieve not only a significant increase in solubility, but also reduce the use of
excessive doses and reduce the risks of side effects, as well as guarantee a quick potential effect.

Originality. It is shown that the innovative technology of centrifugal fiber formation can become the
basis for the development of polymeric solid dispersion systems for increasing the solubility of various active
pharmaceutical ingredients.

Practical value. The conducted studies prove that promising methods of forming solid dispersed
systems and ensuring a high level of solubility of sparingly soluble APIs include well-predicted and accessible
methods, such as solvent evaporation and hot melt extrusion, as well as innovative technology of centrifugal
fiber formation. Such technologies may be promising for the creation of domestic medicinal products with
controlled API release.

Keywords: solubility; active pharmaceutical ingredient; solid dispersion systems; polymer carriers;
fibers.
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