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17. Pe3romMeTa Ha pelleH3UPAHUTE MYOJIUKAIIAA
HA AHIJIMHCKHU M OBJTrapCKH e3UK

*aBTOP 34 KOPECIOHICHIIUSA

1. Supersaturation and Solubilization upon In Vitro Digestion of Fenofibrate Type | Lipid
Formulations: Effect of Droplet Size, Surfactant Concentration and Lipid Type, V. Katev, S.
Tsibranska-Gyoreva, Z. Vinarov*, S. Tcholakova, Pharmaceutics 13 (2021) 1287,
doi: 10.3390/pharmaceutics13081287; IF = 6.3 (Q1)

Lipid-based formulations (LBF) enhance oral drug absorption by promoting drug solubilization and
supersaturation. The aim of the study was to determine the effect of the lipid carrier type, drop size and
surfactant concentration on the rate of fenofibrate release in a bicarbonate-based in vitro digestion model.
The effect of the lipid carrier was studied by preparing type I LBF with drop size = 2 um, based on medium-
chain triglycerides (MCT), sunflower oil (SFO), coconut oil (CNO) and cocoa butter (CB). The drop size
and surfactant concentration effects were assessed by studying MCT and SFO-based formulations with a
drop size between 400 nm and 14 um and surfactant concentrations of 1 or 10%. A filtration through a 200
nm filter followed by HPLC analysis was used to determine the aqueous fenofibrate, whereas lipid digestion
was followed by gas chromatography. Shorter-chain triglycerides were key in promoting a faster drug
release. The fenofibrate release from long-chain triglyceride formulations (SFO, CNO and CB) was
governed by solubilization and was enhanced at a smaller droplet size and higher surfactant concentration.
In contrast, supersaturation was observed after the digestion of MCT emulsions. In this case, a smaller drop
size and higher surfactant had negative effects: lower peak fenofibrate concentrations and a faster onset of
precipitation were observed. The study provides new mechanistic insights on drug solubilization and
supersaturation after LBF digestion, and may support the development of new in silico prediction models.

JlumuaauTE ekapcTBeHN (POpMH TTOJ00PSBAT YCBOSBAHETO HA MEPOPATHUTE JIEKAPCTBA, KaTo OA00psIBaT
coFOOMIM3aIUsITa HA aKTHBHOTO BEIIECTBO M MO3BOJISIBAT 00pa3yBaHETO Ha MPecUTeHHU pazTBopH. Llenrta
Ha M3CIE/IBAHETO € Jla ce ompenesu eeKkTa OT THMA Ha JUNMOHHUA HOCUTEN, pasMepa Ha KalKuTe U
KOHIIEHTpALMsITa Ha TOBbPXHOCTHO-aKTHBHO BEIIECTBO BBPXY CKOPOCTTa Ha OCBOOOXAaBaHE Ha
benodudpar B in Vitro Mozies Ha XxpaHOCMUIIAHE, ChABpPXKaIll OukapOoHateH oydep. EGekTbT Ha umuIHus
HOCHUTEJ € U3CJICABAH Ype3 MPUrOTBSIHE Ha JUNUAHKA GopMH OT TUIl | ¢ pasMep Ha Kamkure =~ 2 um, Ha
6a3ata Ha cpeaHoBeprkan Tpuriunepuan (MCT), casruorienoso macio (SFO), kokocoBo maciio (CNO)
u kakaoBo maciio (CB). Edekra or pa3mepa Ha KalkuTe ¥ KOHIIEHTPAIMATA HA IOBbPXHOCTHO-aKTHBHOTO
BellecTBO Osixa macieaanu upe3 npuroresae Ha MCT u SFO-6asupanu Gopmu ¢ pazmep Ha KamnkuTe
mexay 400 nm u 14 pm U KOHUEHTpaluu Ha NOBBPXHOCTHO-aKTUBHO BemecTBO oT 1 mmm 10%. 3a
ompejensiHe Ha pa3tBopumust (eHopubOpar Oemre m3monzBaHo ¢uirpyBane mpe3d 200 nm ¢uarsp,
nocieaBaHo or HPLC ananu3, 1okaTo eH3MMHATa XUAPOJIM3a Ha JIMIUIUTE Oellle M3Cie/BaHa C ra3oBa
xpomatorpadus. Tpurianuepuaute ¢ mo-Kbca Bepura 0sxa KIIOUYOBH 3a MO-0BP30TO 0CBOOOXKAaBaHE Ha
JIeKapcTBeHOTO BenlecTBO. OcBoOoxknaBaHeTo Ha (eHoduOpar or jumuaHu QopMu Ha Oas3ara Ha
nenroeprkar Tpurimiepunau (SFO, CNO u CB) ce ompenens OT CTeleHTa Ha COJFOOMIU3AINS U Ce
no100psABa ¢ HAMAJIIBaHE Ha pa3Mepa Ha KallKUTE U C TOBHUIIABaHE HA KOHIIEHTPALMATA HA TOBBPXHOCTHO-
aKTHBHO BEIIECTBO. 3a pa3jKa OT TOBa, JIHIoNN3aTa Ha peHodudpar-crabpkamm emyncun Ha MCT Boan
10 00pa3yBaHETO Ha MPECHUTEHU Pa3TBOPH Ha aKTHBHOTO BEUIECTBO. B TO3W ciywaid, HamMalsiBaHETO Ha
pasMmepa Ha KalKuTe U MOBUIIABAHETO HA KOHIICGHTPAIMATA HA MOBLPXHOCTHO-aKTUBHO BEUIECTBO MMaxa
oTpuuaTeNeH e(eKT: HM3MEepeHH Osxa IO-HHCKM NHUKOBHM KOHIEHTpauuu Ha (eHoduOpar u Oermie
Ha0rofaBaHo Mo-0bp30 yTasBaHe. M3cienBaHeTo AOMPUHACS 3a MO-I00POTO pa3dmpaHe HA MPOIECHUTE
CBITBTCTBAIIN JIEKAPCTBEHOTO OCBOOOXKIaBaHE CJie]l CH3UMHA XHUJIPOJIN3a Ha JIMIUIHN (GOPMHU M MOXKE Jia
ce U3I0JI3Ba 3a pa3paboTBaHeTO HAa HOBH IN SiliCO Mozeny 3a npecka3Bane Ha OpaiHaTa OMOHAIUYHOCT.
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2. Impact of Gastrointestinal Tract Variability on Oral Drug Absorption and Pharmacokinetics:
An UNGAP Review, Z. Vinarov, M. Abdallah, J. Agundez, K. Allegaert, A. Basit, M.
Braeckmans, J. Ceulemans, M. Corsetti, B. Griffin, M. Grimm, D. Keszthelyi, M. Koziolek,
C. Madla, C. Matthys, L. McCoubrey, A. Mitra, C. Reppas, J. Stappaerts, N. Steenackers, N.
Trevaskis, T. Vanuytsel, M. Vertzoni, W. Weitschies, C. Wilson, P. Augustijns, Eur. J.
Pharm. Sci. 162 (2021) 105812; doi: 10.1016/j.ejps.2021.105812
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The absorption of oral drugs is frequently plagued by significant variability with potentially serious
therapeutic consequences. The source of variability can be traced back to interindividual variability in
physiology, differences in special populations (age- and disease-dependent), drug and formulation
properties, or food-drug interactions. Clinical evidence for the impact of some of these factors on drug
pharmacokinetic variability is mounting: e.g. gastric pH and emptying time, small intestinal fluid properties,
differences in pediatrics and the elderly, and surgical changes in gastrointestinal anatomy. However, the
link of colonic factors variability (transit time, fluid composition, microbiome), sex differences (male vs.
female) and gut-related diseases (chronic constipation, anorexia and cachexia) to drug absorption variability
has not been firmly established yet. At the same time, a way to decrease oral drug pharmacokinetic
variability is provided by the pharmaceutical industry: clinical evidence suggests that formulation
approaches employed during drug development can decrease the variability in oral exposure. This review
outlines the main drivers of oral drug exposure variability and potential approaches to overcome them,
while highlighting existing knowledge gaps and guiding future studies in this area.

VYCBOsIBaHETO Ha IEPOpPaAJIHU JIEKApPCTBA 4YECTO € JKEpTBAa HA 3HAYMTENIHA Bapualys ¢ IIOTCHLUAIHO
CEpUO3HU TEPaNeBTHYHH TOCHEANIH. V3TOYHHKBT Ha BapHalus MOXE Ja ObJie MpOCieleH OO0 UHTEp-
WHAMBUAYyallHaTa Bapyualys BbB (U3UOJIOTHATA, PA3JIMKUTE B CHICLMAIHUTE MOMYJIAUH (B 3aBUCHMOCT OT
BB3pacTTa U 3a00JSIBAHETO), CBOHCTBATA Ha JISKAPCTBOTO U JIEKapCTBEHAaTa JOpMa HITH B3aUMO/ICHCTBUATA
XpaHa-nekapcTBo. KIMHMYHMTE JOKa3aTencTBa 3a BIMSHHETO HAa HSIKOW OT Te3U (akTOpU BBPXY
BapHpaHeTO Ha (hapMaKOKMHETHKAaTa Ha JIEKapCTBOTO CE yBeJM4aBaT: Hamp. cromaiiHo pH u Bpeme 3a
W3pa3BaHe Ha CTOMaxa, CBOWCTBA Ha YPEBHUTE TEYHOCTH, pa3jinuMsi 0pH NEAUATPUIHHUTE U
TrepUaTpUYHHATE TAIMCHTH, KaKTO M TPOMEHU B CTOMAIIHO-YpPEBHATA AHATOMHUS CleJ]] XUPYpPrUIHU
uHTEepBeHUMH. Bce ome obOaue He € ycTaHOBeHa Bpb3KaTa MEXIy BapuanusaTa B abcopOuusta Ha
JICKapCTBEHHU BELIECTBA U BapHALMATA HAa PEANLA [TapaMETPH B 1e0€I0TO YepBO (TPaH3UTHO BpEME, ChCTaB
Ha TEYHOCTH, MHKpOOMOMA), TOJIOBUTE Pa3Nuuusi (MBXKE CHPSMO JXEHHM) W UYpEeBHUTE 3a00JsBaHHS
(XpoHHMUEH 3alleK, aHOpEKCHs U Kaxekcus). B chIoTo BpeMe, gapmaieBTHUHATA UHIIYCTPHSI OCUTYPsIBa
HAYMH 32 HaMaJsiBaHE Ha (papMaKOKHHETHYHATa BapuaOMIIHOCT Ha TIEPOPATHUTE JIEKAPCTBA: KIIMHUYHUTE
JAHHW TI0Ka3BaT, Y€ TOAXOJMTE 3a IMPHUIOTBSHE Ha JIEKapcTBeHU (POpMH, M3MOJI3BaHHM 1O BpeMe Ha
pa3pabOTBaHETO Ha JIEKAPCTBOTO, MOTAT J1a HAMaJIAT BapUPAHETO HA OpajHaTa OnoHamMuHOCT. To3u 0030p
oyepTaBa OCHOBHHUTE IPUYHMHH 32 BapUpaHETO Ha abcopOLusTa Ha IepOopaIHU JIEKApCTBa M IIOTCHIIUATHUTE
MOJXO/AU 32 TSAXHOTO MPEOJOJIsIBaHE, KaTO ChLIEBPEMEHHO MOJYepTaBa CHIIECTBYBAILUTE MPOIYCKH B
HayKara U Ipejasara uieu 3a ObJeIiy IpoyuBaHus B Ta3u 001acT.
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3. Current challenges and future perspectives in oral absorption research: An opinion of the
UNGAP network. Z. Vinarov, B. Abrahamsson, P. Artursson, H. Batchelor, P. Berben, A.
Bernkop-Schniirch, J. Butler, J. Ceulemans, N. Davies, D. Dupont, G. Flaten, N. Fotaki, B.
Griffinn, V. Jannin, J. Keeminki, F. Kesisoglou, M. Koziolek, M. Kuentz, A. Mackie, A.
Meléndez-Martinez, M. McAllister, A. Millertz, C. O'Driscoll, N. Parrott, J. Paszkowska, P.
Pavek, C. Porter, C. Reppas, C. Stillhart, K. Sugano, E. Toader, K. Valentova, M. Vertzoni,
S. De Wildt, C. Wilson, P. Augustijns. Adv. Drug. Deliv. Rev. 171 (2021) 289-331.
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Although oral drug delivery is the preferred administration route and has been used for centuries, modern
drug discovery and development pipelines challenge conventional formulation approaches and highlight
the insufficient mechanistic understanding of processes critical to oral drug absorption. This review presents
the opinion of UNGAP scientists on four key themes across the oral absorption landscape: (1) specific
patient populations, (2) regional differences in the gastrointestinal tract, (3) advanced formulations and (4)
food-drug interactions. The differences of oral absorption in pediatric and geriatric populations, the specific
issues in colonic absorption, the formulation approaches for poorly water-soluble (small molecules) and
poorly permeable (peptides, RNA etc.) drugs, as well as the vast realm of food effects, are some of the
topics discussed in detail. The identified controversies and gaps in the current understanding of
gastrointestinal absorption-related processes are used to create a roadmap for the future of oral drug
absorption research.

Bbrpeku 4e nepopaiHOTO MpueMaHe Ha JIEKapCTBa € MPEAIOYUTAHUAT HAYHH 32 TAXHOTO NMPHUIOKEHHE U
Ce M3I0JI3Ba OT BEKOBE, ChBPEMEHHUTE ITOJIXO/IH 32 OTKPHUBAHE M pa3paboTBaHe Ha JIEKapCTBa 3aTPyAHSIBAT
KOHBEHIIMOHAIIHUTE METOJHM 32 TPUTOTBSHE Ha JIGKAPCTBEHH (OPMHU W TMOJUEpTaBAT HEJOCTATHUYHOTO
pa3OupaHe Ha MEXaHU3MHTE Ha MPOLIECUTE, KOMUTO Ca KPUTHYHH 32 YCBOSIBAHETO HA TIEPOPAITHH JICKAPCTBA.
To3u mpersien npenctaBs MHeHHeTo Ha yueHHTe oT UNGAP 1o ueTwpu KIIOYOBH TEMH B paMKHUTE Ha
opanHara abcopouwst: (1) cnenuduyHY MOMyIaUy OT NMAIMEHTH, (2) peTHOHATHH Pa3IMYUs B CTOMAIITHO-
YpEeBHUS TPAKT, (3) yCHBBPIICHCTBAHM JIEKApCTBEHH (OpPMHU M (4) B3aMMOJEWCTBUS XpaHa-JIEKapCTBO.
Paznukure B mepopanHata aOCcopOIMs MpU NEIUATPUYHH W TEPUATPUYHH MOMYJalluH, CHenuPUIHUTE
npoOyieMu Tipu abcopOusTa B 1e0EI0TO 4epBO, MOAXOANTE 32 IPUTOTBSIHE HA JIEKapCTBEHH (GopMH Ha
c1abo pa3TBOPHMH BBB BOjIa (MaJIKH MOJIEKYJIH) U ciaabo npomyckiusu (nentuau, PHK u ap.) nekapctsa,
KakTO M OTPOMHOTO pa3HOOOpa3ue Ha B3aHMMOJCHCTBUATA XpaHA-JIEKApCTBO, Ca HSAKOU OT TEMHUTE,
00CHXK/IaHU MOJAPOOHO. YCTaHOBEHWTE MPOTHBOPEUHMS M MPOMYCKH B HACTOSIIOTO pazOupaHe 3a
MPOLIECHUTE, CBBP3AaHHU ¢ a0COpOLUATAa B CTOMAIIHO-YPEBHUS TPAKT, Ca M3IMOJI3BAHU 32 CH3/IABAHETO HA
II'bTHA KapTa 3a ObACUIETO Ha U3CIIEeIBAaHUATA B 00JIaCTTa HA YCBOSBAHETO HA MIEPOPATHH JIEKApCTBa.
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4. Mechanisms of Drug Solubilization by Polar Lipids in Biorelevant Media, V. Katev,
Z.Vinarov*, S. Tcholakova, Eur. J. Pharm. Sci. 159 (2021) 105733; doi:
10.1016/j.ejps.2021.105733
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Despite the widespread use of lipid excipients in both academic research and oral formulation development,
rational selection guidelines are still missing. In the current study, we aimed to establish a link between the
molecular structure of commonly used polar lipids and drug solubilization in biorelevant media. The
solubilization of fenofibrate by 13 phospholipids, 11 fatty acids and 2 monoglycerides was studied by an
in vitro model of the upper Gl tract. The main trends were verified with progesterone and danazol. It was
revealed that to alter drug solubilization in biorelevant media, the polar lipids must form mixed colloidal
aggregates with the bile. Such aggregates are formed when: (1) the polar lipid is used at a sufficiently high
concentration (relative to its mixed critical micellar concentration) and (2) its hydrophobic chain has a
melting temperature (Tm) <37 °C. When these two conditions are met, the increased polar lipid chain length
increases the drug solubilization capacity. Hence, long chain (C18) unsaturated polar lipids show best drug
solubilization, due to the combination of long chain length and low Tn. Polar lipids with Ty, significantly
higher than 37 °C (e.g. C16 and C18 saturated compounds) do not impact drug solubilization in biorelevant
media, due to limited association in mixed colloidal aggregates. The hydrophilic head group also has a
dramatic impact on the drug solubilization enhancement, with polar lipids performance decreasing in the
order [choline phospholipids] > [monoglycerides] > [fatty acids]. As both the acyl chain and head group
types are structural features of the polar lipids, and not of the solubilized drugs, the described trends in drug
solubilization should hold true for a variety of hydrophobic molecules.

Bpopekn muMpoKOTO H3MON3BaHE HA JIMIMAM 3a MOMOIIHHM BEHIECTBA KAakKTO BBB (yHAaMEHTAIHU
W3CIIEBaHMsA, Taka M TpH pa3pabOTBAHETO Ha IMEPOPATHU JIEKapcTBEHH (OPMH, BCE OILIE JIMICBAT
palMOHAIHNUTE HACOKH 3a TEXHUS NoA00p. B HacTosMIOTO n3cneqBaHe HUE UMaxMe 3a el J]a YCTaHOBUM
Bpb3KaTa MEXIy MOJIEKYyJHaTa CTPYKTypa Ha 4eCTO M3IMOJ3BAaHU IMOJSIPHU JHUIHMIUA U pa3TBapsSHETO Ha
JIEKapcTBa B CTOMAamIHO-YpeBHUs TpakT. EdextsT Ha 13 dochomunumu, 11 mactHM kucenwHu U 2
MOHOTIIMIEPUIN BBPXY pa3TBapsHeTo Ha (heHopuOpar Oemre nciaenBaH upes in vitro MoJies Ha CTOMAIITHO-
ypeBHUS TpakT. OCHOBHUTE TEHJICHITNHU 0sXa MOTBBPJICHU C MPOTECTEPOH U JaHa3oil. beme paskpuro, de
3a Jla ce MPOMEHHU COJIFOOMIM3AINATA Ha JIGKAPCTBOTO MPU TE3W YCIOBHS, MOJSPHUTE JIUIHIN TPsOBa /1a
o0pa3yBaT CMECEHH KOJIOMJHHM arperaTtd C >KJIbYHHUTE COJIM. TakuBa arperatu ce odpasyBar, KOraTo:
(1) xoHIEHTpanKsTa HA MTOJSIPHUS JIUTIH]I € TOCTATHYHO BUCOKA (CIIPSIMO CMECeHATa My KPUTHYHA MHUIIETHA
KoHIeHTpanwst) ¥ (2) xuapodoOHaTa My Bepura uMa Temiepatypa Ha Toniene (Tm) <37 © C. Koraro te3n
IIBE YCJIOBHS ca M3IbJIHEHH, YBEIMYCHATa ABIDKMHA Ha XUIpoQoOHAaTa Olallka Ha JUIHUIAM YBEIUdaBa
coroOnnu3anuoHHus KananureT. Clie10BaTeIHO, HEHACUTEHUTE HOJSPHU MUK ¢ 1bira Bepura (C18)
MOKa3BaT Hal-BHCOKAa COJIOOWIIM3AIUS Ha JIGKapCTBEHH MOJIEKYNH, Mopaad KoOMOWHamusTa OT JIbITra
IbJDKMHA Ha Bepurara u Hucka Tm. Ilonspante munuau ¢ Tm 3HaunTenHo no-sucoku ot 37 © C (Hamp.
C16 u C18 HacuTeHH ChEIMHEHHs) HE BIMSAAT BHPXY CONIOOMIIM3ALMSTA HA JIKApCTBa B MIPUCHCTBUE HA
ITBYHH COJIH, TOPAI OTPaHUYEHATAa aCOIMAaIMs B CMECEHH KOJOWIHM arperaT. XuapoduiaHara rpymna
HAa TJIaBaTa ChIO UMa CHITHO BB3CHCTBHE BHPXY CONOOHMIM3ANMOHHUS KalaluTeT, KaTo e(heKTHBHOCTTA
Ha TOJSIPHUTE JMIUAM HaMalsiBa B pena [XOMMHOBH (ochomunuau]> [MOHOIIIMUEPUAU|> [MacTHH
kucenuHu]. Twit kato xuapodoOHaTa onamka 1 XuAPo(UITHATA TIaBa ca CTPYKTYPHH XapaKTEPUCTUKH Ha
MIOJIIPHUTE JIMMHIM, a HE Ha COJIOOMIM3UPAHUTE JIEKAPCTBEHHM BEIUIECTBA, ONMHCAHUTE TEHACHIIUU B
coTroOMIM3aIUsATa CE OUaKBa Jla BaXkaT 3a XUAPO(OOHH JIeKapCTBEHU MOJIEKYJIU C PAa3IUUeH CTPOEK.
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5. Solubilization of Itraconazole by Surfactants and Phospholipid-Surfactant Mixtures: Interplay
of Amphiphile Structure, pH and Electrostatic Interactions. Z. Vinarov*, G. Gancheva, N.
Burdzhiev, S. Tcholakova, J. Drug Deliv. Sci. Technol. 57 (2020) 101688; doi:
10.1016/j.jddst.2020.101688
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Although surfactants are frequently used in enabling formulations of poorly water-soluble drugs, the link
between their structure and drug solubilization capacity is still unclear. We studied the solubilization of the
“brick-dust” molecule itraconazole by 16 surfactants and 3 phospholipid:surfactant mixtures. NMR
spectroscopy was used to study in more details the drug-surfactant interactions. Very high solubility of
itraconazole (up to 3.6 g/L) was measured in anionic surfactant micelles at pH = 3, due to electrostatic
attraction between the oppositely charged (at this pH) drug and surfactant molecules. *H NMR spectroscopy
showed that itraconazole is ionized at two sites (2+ charge) at these conditions: in the phenoxy-linked
piperazine nitrogen and in the dioxolane-linked triazole ring. The increase of amphiphile hydrophobic chain
length had a markedly different effect, depending on the amphiphile type: the solubilization capacity of
single-chain surfactants increased, whereas a decrease was observed for double-chained surfactants
(phosphatidylglycerols). The excellent correlation between the chain melting temperatures of
phosphatidylglycerols and itraconazole solubilization illustrated the importance of hydrophobic chain
mobility. This study provides rules for selection of itraconazole solubilizers among classical single-chain
surfactants and phospholipids. The basic physics underpinning the described effects suggests that these
rules should be transferrable to other “brick-dust” molecules.

Brmpeku ue moBbpxHOCTHO-akTHBHUTE BemecTBa (IIAB) gecto ce n3mon3Bar 3a ch31aBane Ha JIEKapCTBO-
JOCTABSIIM CUCTEMH 3a Cl1abo pa3TBOPHMHU BBB BOJA JIEKAPCTBEHH BEILECTBA, BPbh3KaTa MEXIy TSAXHATa
CTpYKTypa U CIIOCOOHOCTTa 3a pa3TBapsHE Ha JIEKapcTBOTO Bce omle € HescHa. M3cimeaBaxme
comoOmm3anusaTa Ha aMmprudoObHOTO BemecTBo urpakonazon ot 16 IIAB u 3 cmecu docomunum: [1AB.
SAMP cnektpockomnus Oemie U3MOA3BaHAa 32 MO-NOJPOOHO U3CIIEABAHE HA B3aMMOJEHCTBHUATA JIEKAPCTBO-
I[TAB. U3mepena Oeriie MHOTO BUCOKA pa3TBOPUMOCT Ha UTpakoHa30d (10 3.6 g/L) B aHMOHHM MHIIEIH HA
ITAB npu pH = 3, mopaau enekTpocTaTHYHO IPUBIHYAaHE MEX Y MPOTHUBOMOIOKHO 3apeieHuTe (IIpH TOBA
pH) nexapctBo u monekymu Ha [TAB. 1H SIMP cniekrpockomnusita okas3Ba, 4e UTPaKOHa30Jl € HOHU3HUpaH
Ha JIBE MO3UINH (2+ 3apsi1) Py TE3H YCIOBHSL: BbB PEHOKCH-CBBP3aHUS MUTIEPA3UHOB 30T H B IMOKCOJIAH-
CBBbp3aHMs TPUA30JIOB MPHCTEH. YBEINYaBaHETO Ha Jb/DKMHATA Ha ampudmiHaTa xuapohoOHa Bepura
uMmame pasinueH egexT, B 3aBUcMMOCT OT Tumna Ha IIAB: comroOunn3anuoHHMA KamauuTeT Ha
ennoBepmwkHuTe [IAB ce yBenmuaBa, Jokaro ce HaONmojaBa HamalieHWe Tpu nByBepmwkHuTe [IAB
(bocharuaunriuiieponn). OTaUYHATA KOpEIalMs MEXKIy TeMIIepaTypHTe Ha TOICHE Ha Bepurara Ha
dhochaTuIUITIIUIIEPOIUTE U COTFOOMIU3AIUATA HAa UTPAKOHA30JI TIOKa3Ba KOJIKO € BaXXHO XUApoQoOHaTa
Bepura Ja Ob/e rpBkaBa. ToBa MpoydYBaHe NPEAOCTaBs MpaBuia 3a U300p Ha KIIACHYECKUTE €THOBEPIIKHU
[TAB u dochonunuan 3a conroOunm3anus Ha uTpakoHazoll. OyHaaMeHTaATHUTE IPUHIINIIH, Ha KOUTO Ce
IBIDKAT ONMcaHuTe e(ekTH, TpearonaraT, e Te3W NpaBHia MOraT Ja BakaT W 3a JPYrd MOJEKYIH
ampupoOHU MOJIEKYJIH.
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6. Role of lysophospholipids on the interfacial and liquid film properties of enzymatically
modified egg yolk solutions. D. Gazolu-Rusanova, F. Mustan, Z. Vinarov, S. Tcholakova, N.
Denkov, S. Stoyanov, JW.J). de Folter. Food Hydrocolloids, 99 (2020), doi:
10.1016/j.foodhyd.2019.105319
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This study aims to clarify and explain the similarities and differences in the behavior of adsorption layers
of native egg yolk (EY) and enzymatically modified egg yolk (MEY) at a soybean oil-water interface. For
this purpose, the interfacial tension and the surface dilatational modulus of EY and MEY solutions are
measured and compared. The interactions between two adsorption layers, formed from these solutions on
an oil-water or air-water interface, are also studied by optical observations of thin foam and emulsion films,
formed in a capillary cell. The chemical composition, the electrophoretic mobility of the molecular
aggregates, and the rheological properties of the egg yolk solutions are also characterized. Adsorption layers
formed from MEY solutions display a faster rate of adsorption, lower dilatational surface moduli and higher
equilibrium surface tension. The enzymatic modification of egg yolk also leads to formation of much
thinner foam and emulsion films and to faster film thinning. The observed differences between EY and
MEY are explained by assuming that the interfacial properties of MEY are governed mostly by the
lysophospholipids and oleic acid, which appear as reaction products of the enzymatic modification of EY.
The latter assumption is unambiguously proven by chemical analysis of the MEY solutions and by
deliberate addition of lysophospholipids and oleic acid to the non-modified EY solutions. Even at relatively
low concentrations, the lysophospholipids and oleic acid change the interfacial and film properties of the
EY solutions, making them very similar to those of the enzymatically modified egg yolk.

ToBa mpoyuBaHe KMMa 3a LNl Ja M3SICHU M OOSICHU NPWIMKUTE U PA3IUKUTE B IIOBEACHUETO Ha
ajcopOouMoHHuTe cioeBe OT siiueH KbATHK (EY) u ensumuo moauduimpan situen xbuatbk (MEY) Ha
rpaHyliaTa MEXAYy COEBO Macjo M BOAA. 3a Ta3W Led Oelle M3MEPeHO M CPaBHEHO MeXIy(]ha3oBOTO
HalpeXeHUe U MOBbPXHOCTHUS MOIYJI Ha pa3iupenue Ha paztsopure Ha EY u MEY. B3zaumopeiicTBusita
MEX]y aZcOpOLMOHHM CIIOeBEe 00pa3yBaHM OT TE3W Pa3TBOPH Ha IPaHHIIMTE Macio-BOJa W BB3IYyX-Boja
0sixa M3cleIBaHK Ype3 ONTHYHH HAOJFOIEHNsI HA TIEHHH U eMYJICHOHHH (DriiMH, 00pa3yBaHH B KallWJIsIpHA
kierka. Oxapakrepu3upaH Oelleé W XUMHYHHUST CBhCTaB, €JIEKTPO(GOpEeTHYHATa IOABMKHOCT HA
MOJIEKYJIHUTE arperaTd M peoJIOTHYHUTE CBOWCTBA HAa Pa3TBOPUTE OT SHYEH KBIATHK. AJCOPOLIMOHHHUTE
cioeBe, oOpasyBaHu OT pa3tBopu Ha MEY moka3BaT 1O-BHCOKA CKOPOCT Ha aJCOpPOIMs, MO-HUCKU
JWIaTallMOHHU TOBBPXHOCTHU MOJYJIH H ITO-BUCOKO PABHOBECHO MNOBBPXHOCTHO HAIlpeKeHue. EH3MMHOTO
MoIudHUIMpaHe Ha KbIAThKA BOJH 10 00pa3yBaHe HAa MHOTO ITO-THHKH MIEHHU U €MYJICHOHHH QUIMHU U 10
nmo-0bp30 M3THHsBaHe Ha ¢unMa. HabGmromaBanure pasznukm Mmexnay EY m MEY ce oOsicasBar c
JOMUHHPAHETO Ha MexydazoBute cBoiicTBa Ha MEY 0T nn3zodochonunuante 1 oleHHOBaTa KUCENHA,
KOHUTO c€ IOJydaBaT B Cie[CTBUE Ha eH3uMHaTa moxudukauus Ha EY. [locneanoro npenmnosnoxenue e
HEJIBYCMHCIICHO JIOKa3aHO Ype3 XUMHYEH aHalnu3 Ha pa3rBopute Ha MEY u upe3 ymunuieHo mobaBsHe Ha
mu3odoconunuIM | OJEMHOBAa KHCEIMHA KbM HeMojudumnupanute pa3tBopu Ha EY. Jlopu mpu
OTHOCUTENTHO HMCKHM KOHUEHTpauuH, JIu30(ocHOTUNUINTE M OJIEMHOBaTa KHUCEIUHA MPOMEHST
MexX1y(ha3oBUTE CBOWCTBA U ThHKHUTE TeUHH (HUiIMHU Ha pa3tBopute Ha EY, nmpaBeiiku T MHOTO og00HU
Ha Te3U Ha EH3UMHO MOJIU(PHUIUPAHUS SIHUCH KBITHK.
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7. Successful Oral Delivery of Poorly Water-soluble Drugs Both Depends on The Intraluminal
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Poorly water-soluble drugs continue to be a problematic, yet important class of pharmaceutical compounds
for treatment of a wide range of diseases. Their prevalence in discovery is still high, and their development
is usually limited by our lack of a complete understanding of how the complex chemical, physiological and
biochemical processes that occur between administration and absorption individually and together impact
on bioavailability. This review defines the challenge presented by these drugs, outlines contemporary
strategies to solve this challenge, and consequent in silico and in vitro evaluation of the delivery
technologies for poorly water-soluble drugs. The next steps and unmet needs are proposed to present a
roadmap for future studies for the field to consider enabling progress in delivery of poorly water-soluble
compounds.

JlexapcTBeHHUTE BENIECTBA C MHOT'O HUCKA Pa3TBOPUMOCT BbB BO/IA ITPOIBIDKABAT Ja OBAT MPoOJIeMeH, HO
ChbIICBPEMCHHO BaXXCH KJjIaC q)apMaHeBTI/I‘IHI/I CBhCAMHCHUA 3a JICUCHUEC HAa IINPOK CIICKTHP OT 336OH$1B3HI/I$1.
PasnpocTtpanenueTo uM BbB (hazaTa Ha OTKpHBAaHE Ha HOBH JICKApPCTBAa BCE OIIE € BHCOKO M TAXHOTO
pa3paboTBaHe 710 KpacH JIEKapCTBEH MPOAYKT OOMKHOBEHO € OIPaHHYEHO OT JIMIICATa Ha ITBJIHO pa30upaHe
3a TOBAa KaK CIIOXHUTE XHUMHYHHU, (U3HOJIOTMYHH W OMOXMMHYHH TMPOLECH, KOMTO MPOTHYAT MEKIY
npuiaraHeto u abcopOLusATa MOOTIACTHO M 3aCJHO, BIHMSAT BBPXY OHOHaNIMYHOCTTA. To3HM mperien
OXapaKkTepU3UpaHe TPYAHOCTUTE MOCTABEHH OT TE3H JIEKapCTBa, OYePTaBa ChBPEMEHHHUTE CTPATETHH 3a
pelaBaHe Ha Te3u MpobJIeMu U omucBa in silico W in vitro MeToauTe 3a U3ceIBaHe HA TEXHOJIOTHHUTE 3a
JoctaBsHe Ha cilabo pa3TBOPUMH BBB BOja JiekapcTBa. OTKPOSBAaHETO Ha NMOTCHIMATHHUTE CIIEBAIIN
CTBIIKM W JIMIICBAIIOTO 3HAHHE B 00JACTTa MO3BOJISBAT OYEPTABAHETO HAa MBbTHA KapTa 3a ObICIIN
Npoy4YBaHHUsi B 00JacTTa, KOUTO MOTaT Ja JOHEcaT HANpeIbK IPH OPAITHOTO JIOCTaBsIHE Ha CIabo
Pa3TBOPUMH BbB BOJIA ChCIMHCHHSI.
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8. Effect of Surfactant-—Bile Interactions on the Solubility of Hydrophobic Drugs in Biorelevant
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Biorelevant dissolution media (BDM) methods are commonly employed to investigate the oral absorption
of poorly water-soluble drugs. Despite the significant progress in this area, the effect of commonly
employed pharmaceutical excipients, such as surfactants, on the solubility of drugs in BDM has not been
characterized in detail. The aim of this study is to clarify the impact of surfactant-bile interactions on drug
solubility by using a set of 12 surfactants, 3 model hydrophobic drugs (fenofibrate, danazol, and
progesterone) and two types of BDM (porcine bile extract and sodium taurodeoxycholate). Drug
precipitation and sharp nonlinear decrease in the solubility of all studied drugs is observed when drug-
loaded ionic surfactant micelles are introduced in solutions of both BDM, whereas the drugs remain
solubilized in the mixtures of nonionic polysorbate surfactants + BDM. One-dimensional and diffusion-
ordered *H NMR spectroscopy show that mixed bile salt + surfactant micelles with low drug solubilization
capacity are formed for the ionic surfactants. On the other hand, separate surfactant-rich and bile salt-rich
micelles coexist in the nonionic polysorbate surfactant + bile salt mixtures, explaining the better drug
solubility in these systems. The nonionic alcohol ethoxylate surfactants show intermediate behavior. The
large dependence of the drug solubility on surfactant-bile interactions (in which the drug molecules do not
play a major role per se) highlights how the complex interplay between excipients and bile salts can
significantly change one of the key parameters which governs the oral absorption of poorly water-soluble
drugs, viz. the drug solubility in the intestinal fluids.

WH BuTpO M3cnenBanuaTa Ha opanHaTa abcopOLus Ha c1ab0 pa3TBOPUMH BBB BOJA JIEKAPCTBA HAH-YECTO
ce MpoBeXJa B cpela ChC CBOWCTBA OJHM3KM TO Te3d B cTOMamHO-dpeBHUs TpakT (BDM). Bbmpeku
3HAUUTENIHUSL HAlpeObK B Ta3u 00jacT, eeKThT Ha YeCTO HM3MOJI3BaHM IOMOIIHM BEILECTBa, KAaTo
MOBBbPXHOCTHO-akTUBHUTE BemecTBa (IIAB), BbpXy pazTBopumocTTa Ha iekapcTBara B BDM He e onmcan
noapoOHo. llenTa Ha ToBa M3CIEABAHE € Jla CE M3ACHHU BH3IECHCTBUETO Ha B3anMojielcTBUATa Ha [1AB ¢
XII'BUHUTE COJIM BHPXY CONMIOOMIIM3ALMTA Ha JIEKapCTBa, KaTo 3a LeTa ce u3noyszsa Habop ot 12 [IAB, 3
MoJieJTHU xupodoOHH ekapcTBa (penodudpar, qanazon u nmporectepoH) u Ba Bujga BDM (ekctpakt ot
CBHHCKA IJbUKAa M HATPUEB TaypOJCOKCHXOJAT). YTasBaHE Ha JIEKapCTBOTO M PSI3KO HEJIMHEHHO
HaMaJIsiBaHe Ha COTIOOMIN3AIMITA HA BCHUKY N3CIIEABAHN JIEKapCTBa ce HaOoJaBa, KOraTo HATOBAPEHUTE
¢ nexapcTBo HoHHK Munenu Ha [TAB ce cmecsaT ¢ BDM, jokato nekapcTBata OCTaBaT CONIOOMITN3UPAHH B
ciy4ante koraro HerioHaH [IAB ot rpymara Ha nonucopOatute ce cmecsat ¢ BDM. Pesynrarute ot SIMP
CHEKTPOCKOMHS TI0Ka3zaxa, ue WoHHuTe [IAB 00pa3yBar ¢ »IIbUYHUTE COJIM CMECEHH MHUIEIU C HHCBHK
coiroOmnu3anuoHed kanauuter. OT npyra crpaHa, OTAEIHM Muuenu, 6oratd Ha [IAB wunm Goratu Ha
IJIBYHH COJIM, ChLIECTBYBAT €IHOBPEMEHHO B cMecH OT HeloHHU 1IAB u >x1b4HM coH, KOeTo 00sICHSABa
no-jobpara coiroOwiIn3alysi Ha JieKapcTBOTO B Te3u cucreMu. Heiionnure [TAB ot rpymara nHa
ETOKCHJINPAHUTE aJIKOXOJIH MOKa3BaT MEKANHHO MoBeeHue. [ onsimara 3aBUCUMOCT Ha COMOOMITU3AHMATa
Ha JIEKapCTBOTO OT B3anMonencTBusTa [IAB-xirsuan conu (pu KOSITO MOJIEKYJIUTE Ha JIEKaPCTBOTO CAMH
mo cebe cu He WrpasT OCHOBHA pOJIsi) NOJYEPTaBa, 4e CIOXKHOTO B3aWMOJICHCTBHE MEXIY ITOMOIIHUTE
BELIECTBA M KIIBYHUTE COJM MOXKE 3HAUMTEIHO Aa MPOMEHHU E€IAMH OT KIIIOUOBHUTE NMapaMeTpH, KOUTO
OTIPENIENIAT TepopaiHaTa OWOHAIMYHOCT Ha cnabo pa3TBOPUMH BHB BOJIa JIEKApCTBa, a HMEHHO:
COIOOMNM3aUsATa Ha JIEKaPCTBOTO B YPEBHUTE TEUHOCTH.
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9. Albendazole Solution Formulation via Vesicle-To-Micelle Transition of Phospholipid-
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Objective: To reveal the physicochemical mechanisms governing the solubilization of albendazole in
surfactant and phospholipid-surfactant solutions and, on this basis, to formulate clinically relevant dose of
albendazole in solution suitable for parenteral delivery.

Significance: (1) A new drug delivery system for parenteral delivery of albendazole is proposed, offering
high drug solubility and low toxicity of the materials used; (2) New insights on the role of surface curvature
on albendazole solubilization in surfactant and surfactant-phospholipid aggregates are provided.
Methods: The effect of 17 surfactants and 6 surfactant-phospholipid mixtures on albendazole solubility
was studied. The size of the colloidal aggregates was determined by light-scattering. The dilution stability
of the proposed formulation was assessed by experiments with model human serum.

Results: Anionic surfactants increased very strongly drug solubility at pH = 3 (up to 4 mg/mL) due to
strong electrostatic attraction between the oppositely charged (at this pH) drug and surfactant molecules.
This effect was observed with all anionic surfactants studied, including sodium dodecyl sulfate, double
chain sodium dioctylsulfosuccinate (AOT), and the bile salt sodium taurodeoxycholate. The phospholipid-
surfactant mixture of 40% sodium dipalmitoyl-phosphatidylglycerol +60% AOT provided highest
albendazole solubilization (4.4 mg/mL), smallest colloidal aggregate size (11 nm) and was stable to dilution
with model human serum at (and above) 1:12 ratio.

Conclusions: A new albendazole delivery system with high drug load and low toxicity of the materials
used was developed. The high solubility of albendazole was explained with vesicle-to-micelle transition
due to the larger interfacial curvature preferred for albendazole solubilization locus.

Heua: [a ce paskpuar GU3NKO-XUMUYHUTE MEXaHU3MH, PETYJIHPAIU COMIOOMIN3AIHATA Ha alOeH1a30I1 B
pa3TBopu Ha moBBpXHOCTHO-akTHBHH BemecTBa ([IAB) u docdomumua-IIAB n Ha Tasm ocHoBa jma ce
MPUTOTBAT JIEKAPCTBEHU POPMHU ChIABPIKAIIN KIMHUYHO 3HAYMMH JIO3H ANOCH/1a30]1 B Pa3TBOP, HOAX OIS
3a MapeHTepaIHo JOCTaBsIHE.

3nayenmue: (1) IIpemmara ce HOBa cucTeMa 3a MapeHTEPAIHO JOCTaBsHE Ha al0eHa30], Ipeasaraiia
BHCOKAa Pa3TBOPUMOCT Ha JIEKAPCTBOTO M HUCKA TOKCMYHOCT Ha M3IOJI3BaHUTE MaTtepuaiy; (2) Paskpura e
poJisfiTa Ha MOBBPXHOCTHATA KPUBHHA 33 COTF0OMIn3alusaTa Ha anoennazon B [IAB u [TAB-dochomumnugau
arperary.

Metonu: M3crnensan e epextsT Ha 17 IIAB 1 6 cmecu [TAB-dochomunua BEpXy pa3TBOPUMOCTTa HA
anbenaa3oi1. PasMepbT Ha KOJIOMJHHATE arperaty Oelie omnpeeNneH upe3 ceropasceiiBaHe. CTaOHIHOCTTa
Ha pa3pexaHe Ha MpeuioskeHara popma Oerle oLeHeHa Ype3 eKCIEPUMEHTH C MOJIETICH YOBEIIKU CEPYM.
PesyaraTtu: Aunonnute [IAB yBenmn4aBat MHOTO CHITHO COJTFOOMIM3AIUATA HA JIeKapcTBOTO pu pH = 3
(1o 4 mg/mL) mopanu CHIIHO €NEKTPOCTATUYHO MPUBIMYAHE MEXK/Y MPOTUBOIOJIOKHO 3ape/IeHOTO (TIpU
toBa pH) nekapcTBo u Mosiekysiute Ha [TAB. To3u edekT ce HaO01aBa MPU BCUYKHU U3CJICABAHN aHHOHHU
[TAB, BKJIIOUMTETTHO HATPUEB IOJELMI CyI]aT, ABYBEpHKEeH HaTpueB nuoktwicyapocykuunat (AOT) u
XIJI'bUHATA COJl HaTpueB Tayponeokcuxonat. Cmecra dpochomununa-ITAB ot 40% HaTpreB TUNIaTMHUTOMII-
docharummrmuiepon + 60% AOT ocurypsiBa Hali-BHCOKa COMFOOMIN3ANMs Ha andenaas3on (4.4 mg/mL),
Haili-MaJrbK pasmep Ha kosongaute arperatd (11 nm) u e crabuiHa 3a pa3pexaaHe ¢ MOJENEH YOBEIIKH
cepyM 1pu (M Hajx) ChOTHOIIEHuUs ot 1:12.

3axmouenus: PazpaboreHa e HOBa cucTeMa 3a JIOCTaBsSHE Ha allOEH/Ia30JI C BUCOKA KOHIICHTpAIHs Ha
JIEKapCTBO M HUCKA TOKCUYHOCT Ha M3IOJI3BaHUTE MaTepHain. Bucokara comoOunu3anys Ha anOeHaa30l
ce 00sCHSBA C mpexoja OT BE3UKYJIM KbM MHUIIETH IMOpaad MO-ToJsMara KpHBHHA Ha MOBBPXHOCTTA,
[IPEAIoYHTaHa OT JIOKYCa Ha COJIIOOMIN3alys Ha aln0eH1a30i1.
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Progesterone is a hydrophobic drug (LogP = 3.9) with solubility-limited oral bioavailability. One approach
to improve its aqueous solubility is by solubilization in micellar surfactant solutions. We investigate
systematically the effect of surfactant molecular structure on Progesterone solubility by using a set of 17
surfactants with different hydrophilic head group charge and variable hydrophobic chain length. Charged
surfactants showed highest solubilization capacity, increasing Progesterone solubility from 0.01 mg/mL to
above 3 mg/mL, whereas all nonionic surfactants had much smaller effect (0.5-1 mg/mL Progesterone
solubility). The high solubilization of Progesterone in charged surfactant micelles was explained by ion-
dipole interactions in the micelle palisade layer. The increase of hydrophobic chain length improved drug
solubilization for all studied surfactants, regardless of the type and charge of the hydrophilic head. In respect
to the effect of hydrophilic head group, the solubilization capacity of C-12 surfactants decreased in the
order SO4 > E1SO4~ > *N(CHas)s > E3SO4~ > SorbEO2 = E10 = E2s.  Therefore, the best candidates to
improve oral Progesterone absorption through solubility enhancement are surfactants with long
hydrophobic chain and charged hydrophilic head group (e.g. alkylsulfates).

IIporecteponsT € xuapododno nexkapctso (LogP = 3.9), unsaro mepopaiHa GHOHATUYHOCT € OTpaHHYCHA
OT HUCKAaTa My pa3TBOPHUMOCT BbBB BOJA. E,HI/IH noaxon 3a HO,HO6p5[BaHC Ha pa3TBOPUMOCTTAa MYy BbB BOJa €
gpe3 COMOOMIN3aldsd B MHIICTAPHH pPa3TBOPH Ha IMOBBPXHOCTHO akTHBHO BemecTBo (ITAB). Hue
M3ClieIBaMe CUCTEMAaTHYHO e()eKTa Ha MOJICKyJIsipHaTa CTpyKTypa Ha [IAB BbpXy comoOuIM3anusTa Ha
MporecTepoH, KaTo u3noi3same Habop ot 17 [TAB ¢ pasnuyeH 3apsa Ha XuapoduiIHaTa T1aBa U pa3invHa
IbIDKMHA Ha xuapodoOHata Bepura. 3apeaenute [IAB moka3BaT Haii-BHCOKA COJMIOOWITH3AINS,
yBeIndaBaiku pa3TBOpUMOCTTa Ha iporecTepoH ot 0.01 mg/mL mo Hax 3 mg/mL, nokaTo BCHYKH HEHOHHH
[TAB umar mHoro mo-mamnbk edekt (0.5-1 mg/mL pa3TBOpuMOCT Ha MpOrecTepoH). 3HAYHMTEIIHATA
COJIOOMNIM3AIUST HAa TPOreCTEpOH B 3apefeHn wmunenun Ha I[IAB ce oOscHsiBa ¢ HOH-TUMONHU
B3aMMO/JICHCTBUS B MAJKMCAJHUS CJIOW HA MHUIEITUTE. YBEIMYaBAHETO HA JBJDKMHATA Ha XuapodoOHaTa
Bepura 1moao0psBa CoMO0MIM3aIMATa HA JISKAPCTBOTO 3a BCHUKHU H3cieaBanu [IAB, He3aBucuMo ot Bu/Ia
W 3apsja Ha xwapodwiHara riiaBa. [lo oTHomieHne Ha edekTa OT BHJA Ha XHIAPOQUIHATA TJaBa,
comoOmmM3annonans kananureT Ha [TAB ¢ npimxiHa Ha omamikaTta ot C-12 HamansBa B pena SO, > E1SO4
> N(CHz3)3 > E3SO4 > SorbEO2g = E1g = Ezs. CneoBarenno, Haif-qo0puTe KaHAMIATH 33 IOJ00psABaHE HA
nepopajHaTa OMOHAJTMYHOCT Ha MPOreCTepPOH 4Ype3 MOBHIIaBaHEe Ha pa3TBopumoctTa ca [IAB ¢ mabira
xuapodoOHa Bepura u 3apejicHa XuapouiiHa IpyIia Ha riiaBara (HarpuMep aakuwicyndaru).
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11. Micellar Solubilization of Poorly Water-soluble Drugs: Effect of Surfactant and Solubilizate
Molecular Structure. Z. Vinarov*, V. Katev, D. Radeva, S. Tcholakova, N. Denkov. Drug.
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Objective: This study aims to clarify the role of surfactant and drug molecular structures on drug solubility
in micellar surfactant solutions.

Significance: (1) Rationale for surfactant selection is provided; (2) the large data set can be used for
validation of the drug solubility parameters used in oral absorption models.

Methods: Equilibrium solubility of two hydrophobic drugs and one model hydrophobic steroid in micellar
solutions of 19 surfactants was measured by HPLC. The drug solubilization locus in the micelles was
assessed by UV spectrometry.

Results: Danazol is solubilized much more efficiently than fenofibrate by ionic surfactants due to ion-
dipole interactions between the charged surfactant head groups and the polar steroid backbone. Drug
solubilization increases linearly with the increase of hydrophobic chain length for all studied surfactant
types. Addition of 1-3 ethylene oxide (EO) units in the head group of dodecyl sulfate surfactants reduces
significantly the solubilization of both studied drugs and decreases linearly the solubilization locus polarity
of fenofibrate. The locus of fenofibrate solubilization is in the hydrophobic core of nonionic surfactant
micelles and in the palisade layer of ionic surfactant micelles.

Conclusions: Highest drug solubility can be obtained by using surfactants molecules with long chain length
coupled with hydrophilic head group that provides additional drug-surfactant interactions (i.e. ion-dipole)
in the micelles.

Hes: ToBa u3cnenBaHe UMa 3a LN Ja U3SICHU POJISATAa HA MOJIEKYJIHUTE CTPYKTYPHU Ha MOBBPXHOCTHO-
aktuBHOTO BemecTBO ([TAB) W JiekapcTBEHOTO BEWIECTBO BHPXY COJMIOOMIM3AIMITA B MHUIICIAPHU
pastBopu Ha [TAB.

3nauenne: (1) IlpencraBena e obocHoBka 3a mogoopa Ha [TIAB; (2) ronemusT Habop OT JaHHU MOXeE Ja ce
M3M0JI3Ba 33 BAIMIUPAHE HA IMapaMETPUTE Ha Pa3TBOPHMOCTTA Ha JICKAPCTBOTO, U3IOJ3BAHU B OPATTHHUTE
MOJIEITH 32 Pe30POIHs.

Metonu: PaBHOBecHaTa pa3TBOPUMOCT Ha ABE XUAPO(HOOHU JIeKapcTBa U €JHO MOJEIHO XUAPO(HOOHO
CTEPOUIHO BELIECTBO B MUIIENAapHHU pa3TBopH Ha 19 Buna [IAB 6Geme n3mepena upe3 HPLC. JlokycsT Ha
coTroOMIM3aIys Ha JISKapCTBOTO B MULeNIUTe Oelle nicnensan upe3 UV cieKTpoMeTpHsL.

Pe3yaraTu: JlaHazo: ce comoOuIm3npa MHOTO 1o-e(eKTHBHO 0T peHoduOpaT B pazrBopu Ha iioHHU [IAB
nopaay HOH-AUNOIHNUTE B3aUMOJCHCTBUS MEXAY 3apeleHuTe xuapodpuanu riaasu Ha [TAB u nonspHara
CTepOWIHA CTpPyKTypa Ha paHazon. ComoOwinsanusra Ha JieKapcTBaTa Ce yBeluaBa JIMHEWHO ¢
YBEIIMYaBaHETO Ha Jb/DKMHATa Ha xujapodoOHara Bepura 3a BCHYKM u3cienBanu TuroBe [1AB.
HobassaeTo Ha 1-3 etunenokcunnu (EO) 3Bena kbM xuapoduinnata riasa Ha [IAB ot rpynata Ha goaenun
cyiadartuTe HaMalliBa 3HAYMTEIHO CONMIOOMIM3aLMATa Ha JBETE€ H3CJIEABAHM JIEKApCTBA M HaMmalsiBa
JUHEWHO MOJIIPHOCTTA Ha JIOKyca Ha comoOmnm3anus Ha GenoduoOpar. JIOKychT Ha CONMOOMIN3AIMS HA
(dhenoduodpar e B xuapodoOHOTO A1po Ha HerloHHUTE Mullenu Ha [IAB u B manucagHus ciioil Ha HOHHHUTE
munenu Ha [TAB.

3axaiouenusi: Haii-Brcoka pa3TBOPUMOCT Ha JIEKapcTBaTa MOXKE Ja C€ MOCTUTHE 4pe3 M3MOJI3BaHEe Ha
mosiekynu Ha TTAB ¢ gbiara xuapogoOHa Bepura, ChueTaHa ¢ XHUAPOQHIIHA TJIaBa, KOSATO OCUTYpsBa
TOTTBJTHATEITH B3aUMOACHCTBUS JiekapcTBO-11AB (T.e. HOH-IHUITON) B MUIICIIHTE.
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12. Solubilisation of Hydrophobic Drugs by Saponins. Z. Vinarov*, D. Radeva, V. Katev, S.
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Poor agueous solubility limits the bioavailability of hydrophobic drugs. Thus, there is an increasing interest
in new micelle-forming, drug-solubilizing molecules that can offer improved effectiveness and safety. The
effect of 13 saponin extracts on the solubility of fenofibrate and danazol was studied and the relationship
between saponin molecular structure and drug solubilisation capacity was assessed. Drug solubility was
measured by high-performance liquid chromatography and saponin solubilisation capacity was compared
to the conventional surfactant Brij-35. Saponins from Quillaja saponaria and Camellia oleifera improved
the aqueous solubility of danazol and fenofibrate by more than two orders of magnitude. For danazol, the
solubilisation capacity of the best saponins was 2-3 times higher than Brij-35, whereas for fenofibrate it
was slightly lower than the reference surfactant. Both drugs were solubilized very effectively by
bidesmosidic oleanane saponins, whereas dammarane, mono- and tri-desmosidic oleanane saponins and
steroid (furostanol and spirostanol) saponins had no effect on drug solubility. Exceptions were fenusterol,
a furostanol saponin and escin, a monodesmosidic oleanane saponin, which solubilized danazol only.

HuckaTta pa3TBOpMMOCT BBB BOJa OrpaHHuYaBa OMOHAIMYHOCTTA Ha XuApohoOHUTE JekapctBa. [Topaau
TOBa MMa HAapacTBAalll HHTEPEC KbM HOBH MUIIEI000pa3yBally MOJICKYIIH, KOUTO MOTAT Jia COJMFOOUIN3UPAT
JISKapCTBaTa M Taka MOJ00psBaT TAXHATa e(EeKTUBHOCT W Oe3omacHocT. M3cnensan ¢ edekTsT Ha 13
€KCTPAKTa OT CAIIOHUHH BBPXY COMOOMIM3aNuATa Ha heHoHOpaT 1 JaHa307 U € OLlEHEHa BPh3KaTa MEXIY
MOJICKyJIHaTa CTPYKTypa Ha CalOHMHAa M COJIIOOWIM3AI[MOHHHS KamanureT. Pa3TBopuMocTTa Ha
JieKapcTBaTa Oelle u3MepeHa 4pe3 BHUCOKOS()EKTHBHA TeYHA XpomaTorpadus, a CONIOOMIM3AIIMOHHUS
KarmanuTeT Oelre CpaBHEH C TO3M Ha KOHBEHIIMOHATHOTO MOBBPXHOCTHO-aKTHBHO BemlecTBO Brij-35.
Canonunnte ot Quillaja saponaria u Camellia oleifera mogo6psBaT pa3TBOPUMOCTTA BHB BO/IA Ha AaHA30JT
1 GpeHoGuOpaT ¢ ToBeUe OT JBa MOPSAbKA. 32 JaHA30J1 COMOOMIM3ANMOHHUAT KaNaluTeT Ha Hail-100puTe
CallOHWHHU € 2-3 IBbTH TO-BUCOK OT Brij-35, mokato 3a ¢eHO(UOpaT € MajKko MO-HUCHK OT TO3U Ha
pedepeHTHOTO MOBBPXHOCTHO-aKTHBHO BelecTBO. M /iBeTe JekapcTBa ce COMIOOMIU3MpPAT MHOTO
e(eKTHBHO OT OUIECMO3HUIHU OJICAHAHOBH CATIOHHHHU, JIOKATO JAMapaHOBUTE, MOHO- U TPH-ICCMO3UTHUTE
0JICAHAHOBU CAMOHMHH, KAKTO M CTEPOHIHHUTE ((PypOCTaHOI M CIIUPOCTAHOJ) CAIOHHUHU HAMAT e(eKT
BBPXY Pa3TBOPHUMOCTTA Ha JiekapcTBara. M3kimodenue npasst ¢perycrepon (hypocTaHOIOB CAllOHWH) H
€CIIMH — MOHO/IC3MO3HU/ICH OJICAHAHOB CAITIOHUH — KOUTO COJTFOOMITU3UPAT CaMO J1aHa301.
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In self-emulsification higher-energy micrometre and sub-micrometre oil droplets are spontaneously
produced from larger ones and only a few such methods are known. They usually involve a one-time
reduction in oil solubility in the continuous medium via changing temperature or solvents or a phase
inversion in which the preferred curvature of the interfacial surfactant layer changes its sign. Here we
harness narrow-range temperature cycling to cause repeated breakup of droplets to higher-energy states.
We describe three drop breakup mechanisms that lead the drops to burst spontaneously into thousands of
smaller droplets. One of these mechanisms includes the remarkable phenomenon of lipid crystal dewetting
from its own melt. The method works with various oil-surfactant combinations and has several important
advantages. It enables low surfactant emulsion formulations with temperature-sensitive compounds, is
scalable to industrial emulsification and applicable to fabricating particulate drug carriers with desired size
and shape.

[lpu camoemynrupane, MUKPOMETPOBH M CYOMHKPOMETPOBH MAacJCHH KalKH C TO-BUCOKA €HEpTHus ce
[IOJIy4aBaT CIIOHTAHHO OT IIO-TOJIEMHM KallK{, KaTO Ca M3BECTHH CaMO HSKOJIKO TAaKMBA METOJA 3a
nony4yaBane. OOMKHOBEHO T€ BKJIIOYBAT €JHOKPATHO HaMalsiBaHE Ha Pa3sTBOPUMOCTTa HAa MacioTO B
HEeTpeKbCcHATAaTa cpeja Ype3 MPOoMsiHA Ha TeMIlepaTypaTa Wi pa3TBOpUTEIH Wiu (a3oBa MHBEPCHS, MTPU
KOSITO NpeaNovyhTaHaTa KPUBMHA Ha aJCOPOMLIMOHHHUS CJIOH Ha MOBBPXHOCTHO-aKTMBHOTO BELIECTBO
(ITAB) mpomeHns cBos 3Hak. Hue Baprpame IUKJIMYHO TEMIIEpaTypaTa B TECEH JUara3oH, 3a 1a IPUIMHUM
MHOT'OKPAaTHO pa3laJaHe Ha KallYuIUTE 10 CbCTOSHUSA C I0-BUCOKA eHeprusl. [Ipepyiarame Tpu MexaHu3Ma
3a 00sicHEHHEe Ha HAOJI01aBaHMs MPOLEC Ha eMyJITHpaHe, MPYU KOWTO KallKUTe CIIOHTAHHO c€ MPBCBAT Ha
XWIAOU TO-MajJKH Kamyuiy. EnWH OT Te3n MeXaHW3MH BKIIOUBAa 3a0€NeXHUTENHOTO SBJICHHE Ha
OTMOKPSIHETO Ha JIMIMOHWTE KPHCTAIM OT COOCTBEHATa MM CTONWIKa. MeToabT paboTH ¢ pa3invHu
koMOuHanuu Macio-ITAB 1 nMa HAKOJIKO BaXKHU peTuMcTBa. Tol 1M03BOJIsIBa OIYYaBaHETO HA EMYJICHU
C HHCKa KoHIeHTpauus Ha [IAB u uyBcTBHTETHHM KBM TeMIlepaTypaTa ChbEIUHEHMS, MPUIOKHM € B
MIPOMUIIJIEHHU YCIIOBHUS U MOXE J]a C€ M3MOJ3Ba 3a MOJIy4aBaHE Ha YACTHUYKOBH JIEKapCTBEHO-AOCTaBAIIN
CHCTEMH C KOHTPOJIUpaH pa3mep u Gpopma.
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Studies in humans show that a calcium-enriched diet leads to lower cholesterol in blood serum. This
phenomenon is usually explained in the literature with a reduced cholesterol absorption in the small
intestine. Our study aims to clarify the effect of calcium on the solubilisation of cholesterol and fatty acid
in the dietary mixed micelles (DMM), viz. on the bioaccessibility of these lipophilic substances in the gut.
We use an in vitro digestion model which mimics very closely the intestinal pH-profile and the composition
of the intestinal fluids. We quantified the effects of Ca?" concentration on the lipid solubilization for fats
and oils with different saturated/unsaturated fatty acid (FA) contents. We found that the increase of calcium
significantly decreases the solubilization of cholesterol, FA and MG. Most importantly, we observe a clear
positive correlation between the amounts of solubilized cholesterol, on one side, and solubilized free fatty
acids and monoglycerides, on the other side. The main conclusion is that Ca?* ions strongly affect the
bioaccessibility of both cholesterol and saturated FA. Therefore, calcium may decrease the serum
cholesterol via two complementary mechanisms: (1) fatty acid precipitation by calcium ions reduces the
solubilisation capacity of the DMM, thus decreasing the levels of solubilised (bioaccessible) cholesterol;
(2) the observed strong decrease of the bioaccessible saturated FA, in its own turn, may suppress the
cholesterol synthesis in the liver.

[Ipoy4BaHusATa MpH X0pa MOKA3BaT, ye OoraTara Ha KM JUEeTa BOIU JIO TIOHKABAHE HA XOJECTEPOIIa
B KPBBHHUS cepyM. ToBa siBlieHHEe OOMKHOBEHO ce OOsICHSBA C HaMalieHa Pe30pOlHus Ha XOJIECTepol B
THHKHUTE YepBa. HameTo npoyusane uma 3a 111 1a u3sCHH e()eKTa Ha KaJIIUs BbPXY COTFOOMIN3AIMATA Ha
XO0JIeCTepoia ¥ MACTHUTE KUCETHHU B cMeceHnuTe munend (DMM), T.e. BbpXy OHOJOCTBITHOCTTA HA TE3H
nunoduITHN BemiecTBa B 4epBaTa. 3a IIeNTa M3IMOJI3BaME€ MH BHUTPO MOJE] Ha XpaHOCMUJIAHE, KOWTO
Hano 1005182 upeBHUs pH-1ipodui u cheraBa Ha UpeBHUTE TeUHOCTU. OTpenenxmMe KOJHUECTBEHO edekTa
Ha KoHUeHTpamusaTa Ha Ca®" BBEPXy COMOOMIM3aLMATA HA JIUIHIM, M3MOJI3BANKHM MA3sHUHM M Macja C
Pa3IMYHO ChIbpKaHWE HA HaCHUTeHW/HeHacuTeHU MacTHU kucennHu (FA). OTkpuxme, 4ye yBeITndaBaHETO
Ha KaJIIus 3HAYUTETHO HaMaJIsiBa COTI00MIM3ausITa Ha xoaectepoi, FA u moxormuuepuau (MG). Bakuo
€ J1a ce oTOeexkH, Ye ce HabII01aBa SCHA MOJ0KUTEITHA KOpENaIys MKy KOJTUUeCTBaTa COMFOOMITH3HPaH
XOJIECTEPOJI, OT €J[HA CTPaHA, U COMOOMIM3UPAHUTE CBOOOHH MACTHH KUCETHHA M MOHOTJUIICPHUIHU, OT
apyra crpana. OCHOBHUAT M3BOA €, 4ye Ca?* HOHMTE BIMAAT CHJIHO BHPXY OMOJOCTBIIHOCTTA KAKTO Ha
XOJIecTeposia, Taka U Ha HACUTEHWTE MAcTHU KucenuHHW. CJeIoBaTellHO, KANUAT MOXE Ja HaMaiH
CepYMHHS XOJIECTEpOJ upe3 JiBa JOMBJIBAINIM ce MexaHusma: (1) yTasBaHETO HA MACTHH KHUCEIUHH OT
KaJIIMeBH WOHM HaMallsiBa COJIOOMIM3ANMOHHUS KanmanuteT Ha DMM, kaTo Mo To3W HAYMH HaMalisiBa
HUBaTa Ha COJMOOWIM3UpaH (OMOAOCTBIIEH) XojecTepos; (2) HaOMI0JaBaHOTO CHJIHO HaMajsBaHE Ha
OHMOIOCTHITHOCTTA HA HACUTCHUTE MACTHHM KHCEJIMHH, OT CBOS CTpaHa, MOXeE Jia MOTHCHE CHHTE3a Ha
XOJIECTEPOI B UePHUS AP0O.
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Ibuprofen is a poorly water-soluble drug, characterized by dissolution-limited oral bioavailability. One
approach to improve its water solubility and bioavailability is by solubilizing it in micellar surfactant
solutions. Here we investigate the effect of the surfactant type and the mechanism of solubility enhancement
of Ibuprofen in surfactant solutions. The equilibrium Ibuprofen solubility in solutions of six surfactants was
determined by HPLC. The nonionic surfactant polysorbate 80 (Tween 80), and the anionic surfactants
sodium dodecyl sulfate (SDS) and sodium lauryl ethoxy (3) sulfate (SLES-3EQ) improve the Ibuprofen
solubility by a factor of 200, as compared to the solubility in water. The highest Ibuprofen solubility is
observed in SDS and SLES-3EO solutions, containing 0.6 M NaCl. The mole fraction of Ibuprofen in the
micelles and the transfer energy of lbuprofen molecules from the aqueous phase into the micelle
environment were determined by thermodynamic analysis of the solubility data. The maximum Ibuprofen
mole fraction in the micelles of all studied surfactants is exceptionally high (between 0.4 and 0.6). Thus we
can conclude that the main mechanism of Ibuprofen solubility enhancement is self-assembly within mixed
micelles with the main surfactant. The energy of co-micellization is estimated to be around 14 KT per
Ibuprofen molecule.

Ubynpoden e cmabo pa3TBopuMO BBB BOjAa JiekapcTBeHo BemiecTBO (JIB), xapakrepusupamio ce c
orpaHuueHa nepopanHa OuoHannYHOCT. EMWH momxox 3a mogoOpsiBaHe Ha HEroBaTa pa3TBOPHMOCT BBHB
BOZa ¥ OMOHAJIMYHOCTTA € Ype3 COM0OMIN3aLuATa My B MULIEIAPHHU Pa3TBOPU HA IOBBPXHOCTHO-aKTUBHU
BemectBa (IIAB). Tyk wuscnensame edekta ot Turna Ha [IAB u MexaHw3Ma Ha MOBHIIABaHE Ha
paszTBopuMocTTa Ha HOympoden B pa3rBopu Ha I[IAB. PaBHOBecHaTa pa3TtBopmMocT Ha HMOyHpodeH B
pastBopu Ha miecT Buza [1AB Gerre onpenenen upe3s HPLC. Helionorennoro I[TAB monucop6at 80 (Tween
80) u annonnute [TAB HatpueB noxerwn cyidar (SDS) u Hatpues naypun erokcu (3) cyndar (SLES-
3EO) nozobpsiBat pazrBopuMoctTa Ha nOoynpodeH 200 mbTH, B cpaBHEHHE C Pa3TBOPUMOCTTA BHB BOAA.
Haii-Bucoka pasrBopumMoct Ha nubyrnpodeH ce Hadmoaasa B pasrBopu Ha SDS u SLES-3EO, chabspxariu
0.6 M NaCl. Monnata yacT Ha MOynpo)eH B MHLEINTE W E€HEPrusl 3a NPEHOC Ha MOJICKYJIHWTEe Ha
nbynpodeH ot BogHaTa (paza B MuLeapHaTa rncesodasa 0s5xa onpeneneHl upe3 TepMOANHAMUYEH aHAIIN3
Ha JIaHHWTE 3a Pa3TBOPUMOCTTA. MaKcHUMajHaTa MOJIHA YacT Ha MOynpodeH B MHIENUTE HAa BCUYKH
nscnenBanu [TAB e wskimountentno Bucoka (Mexay 0.4 u 0.6). CremoBarelHO MOXKE Jla c€ HalpaBH
3aKITI0YEHUETO, Y€ OCHOBHHUST MEXaHU3bM 3a TIOBUIIIABAHE HA PAa3TBOPUMOCTTA HAa HOYNPOQEH € HEroBOTO
caMmoacoluupane B cMeceHn Munenn ¢ ocHoBHus [IAB. Exeprusita Ha ko-Munenu3sanusiTa Oeie olneHeHa
Ha okojo 14 kT Ha monekyna nbymnpodeH.
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Using an in vitro digestion model, we studied the effect of six saponin extracts on the bioaccessibility of
cholesterol and saturated fatty acids (SFAs). In the absence of saponins, around 78% of the available
cholesterol was solubilized in the simulated intestinal fluids. The addition of two extracts, Quillaja Dry
(QD) and Sapindin (SAP), was found to decrease cholesterol bioaccessibility to 19% and 44%, respectively.
For both extracts, the main mechanism of this effect is the displacement of cholesterol molecules from the
bile salt micelles, leading to formation of cholesterol precipitates that cannot pass through the mucus layer
of the intestine. QD decreased strongly the SFA bioaccessibility as well, from 69 to 9%, due to formation
of calcium-SFA precipitates, while SAP had no effect on SFA. We studied the in vivo activity of QD and
SAP extracts by measuring serum cholesterol in mice fed with experimental diets within a 7-day period.
Both extracts were found to prevent dietary hypercholesterolemia in mice fed on a cholesterol-rich diet.
The other saponin extracts did not show any significant effect in vitro and, therefore, were not studied in
vivo. The cholesterol lowering ability of Sapindin extract is reported for the first time in the current study.

Wznon3eaiiky in vitro Moies1 Ha XpaHOCMUIIaHEe, HUE U3clieiBaxMe eeKTa Ha [IeCT CAlIOHMHOBH €KCTPAKTa
BBPXy OHMOJOCTBHIIHOCTTa Ha XOJjecTepod W HacuTeHH MacTHH kucenwHu (SFAs). B orchecTBHe Ha
CAIlOHUHHU, OKOJIO 78% OT HaIWYHUS XOJECTEPOII CE COMOOMIN3UpA B CUMYJIUPAHUTE YPEBHU TEUHOCTH.
YcranoBeHo e, de noOaBsHeTo Ha nBa ekcrpakta, Quillaja Dry (QD) u Sapindin (SAP) namansBa
OMOIOCTBITHOCTTA HA XoJecTepoiia cboTBETHO 10 19% u 44%. OCHOBHUSAT MEXaHU3bM Ha TO3U e(eKT 3a
JIBaTa EKCTPaKTa € M3MECTBAaHETO Ha MOJIEKYJIMTE Ha XOJIECTepOJl OT MHUILICIUTE Ha )KIITBYHHUTE COJH, KOETO
BOJIH JI0 yTasiBAHETO HA XOJIECTEPOJI ¥ MPEYH Ha HETOBOTO MIPEMHHABAHE IPe3 MYKYCHUS CJIOH B 4epBara.
QD namaiisiBa cuiiHO M OuomocThiiHOocTTa HA SFA, 0T 69 Ha 9%, nopaau oOpa3yBaHeTO Ha MPELUUITUTATH
ot kanmuerH ionn u SFA, nokaro SAP nsima eext Bpxy SFA. Uscneasaxme in vivo aktTuBHOCTTa Ha QD
n SAP eKkcTpakTH upe3 M3MepBaHE Ha CEPYMHUS XOJIECTEPOJ IIPH MHIIKH, XPAHEHU C €KCIIEPUMEHTAIHN
JIMeTH B PaMKUTE Ha 7-THEBEH MEepUOJl. YCTAHOBEHO €, 4Ye M JBaTa EKCTpakTa NpeJoTBpaTsBaT
XHIEPXOJIECTEPOIIEMHATA TIPH MHIIKH, XpaHEHH C JMeTa, Oorara Ha XoyecTepoi. Jpyrure ekcTpakTu ot
CalloHMH He TI0Ka3BaT 3HauYMTelNeH eDeKT in Vitro u clieIoBaTeIHo He ca n3cie/Bany in vivo. CriocoOHOCTTa
3a TIOHIKaBaHEe Ha XOJIECTepOia Ha EKCTPAKT OT CAllMHAMH Oellle YyCTaHOBEeHA 32 MTbPBHU BT B HACTOSIIIIOTO
NpOyYBaHe.
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Quillaja saponin extracts are known to reduce plasma cholesterol levels in humans. Here we study the
mechanism of this effect with Quillaja Dry saponin extract (QD). In vitro model of triglyceride lipolysis is
used to quantify the effect of QD on the solubilization of cholesterol and of the lipolysis products (fatty
acids and monoglycerides) in the dietary mixed micelles (DMM). We found that QD extract decreases
significantly both the cholesterol (from 80% to 20%) and saturated fatty acids (SFA, from 70% to 10%)
solubilised in DMM. Series of dedicated experiments prove that QD may act by two mechanisms: (1) direct
precipitation of cholesterol and (2) displacement of cholesterol from the DMM. Both mechanisms lead to
increased cholesterol precipitation and, thus, render cholesterol bio-inaccessible. We prove also that the
saponin molecules are not the active component of QD, because highly purified Quillaja extract with very
similar saponin composition does not exhibit cholesterol-lowering or SFA-lowering effect. The effect of
QD extract on cholesterol solubilisation is most probably caused by the high-molecular weight polyphenol
molecules, present in this extract. The reduced SFA solubilisation is caused by Ca(2+) ions of relatively
high concentration (1.25 wt%), also present in QD extract, which precipitate the fatty acids into calcium
s0aps.

U3sBectHO e, ue ekcrpakTute oT Quillaja camoHrH HaMaNABaT IJIa3MEHUTE HUBA HA XOJIECTEPOJ IIPH XOparTa.
Tyk u3yuaBame Mexanu3ma Ha To3u edekT ¢ Quillaja Dry camonunos exctpakt (QD). In vitro mozxen Ha
TPUTTULEPUIHA JIMIOAN3a Oelle M3M0J3BaH 3a KOJNWYECTBEHO ompenensHe Ha edekra Ha QD Bbpxy
COIOOMIIM3AIUTA HA XOJIECTEPOIT M HA IPOILYKTHTE Ha JTUIMOJIN3aTa (MACTHU KUCEITMHNA W MOHOTJIALIEPU/IN)
B cmeceHuTe mutenu (DMM). Otkpuxme, ye ekcTpakThT oT QD HaMasiBa 3HAYNUTEITHO KAKTO XOJIECTEPOIIa
(ot 80% mo 20%), Taka u HacuteHuTe MacTHU kucenuHU (SFA, ot 70% mo 10%), comoOunm3upanu B
DMM. Upe3s koMOHHAIHS OT eKCIIepuMeHTH Oeltre Toka3ano, e QD Moxke ja eiicTBa 1Mo JjBa MeXaHh3Ma:
(1) nupexTHO yTasiBaHe Ha XoJjectepoia u (2) u3mectBane Ha xonecteposna or DMM. U nBara mexaHn3ma
BOJAT J0 TOBHUIIIEHO yTasiBaHE Ha XOJIECTEepOJia U 10 TO3M HAYMH MPaBAT XoJecTepoja OHMOo-HeA0CThIIEH.
Jloka3pamMe CBIIO, Y€ MOJIEKYJIMTE Ha CAallOHWHA HE ca aKTHBHHUAT KOMIOHEHT Ha QD, Thil kKaTo CHIHO
npeurcTeHuAT ekctpakt ot Quillaja He mposiBsiBa moHMKaBal xosectepona win SFA-nonmxkasai egexr.
EdexTpT Ha excrpakta QD BBpXy comoOMmM3anmsTa Ha XOJECTEpOJl HAH-BEpPOSTHO CE JBIDKH Ha
NOJMM(EHOTHUTE MOJIEKYJIM ¢ BUCOKO MOJIEKYJIHO TErJo, MPUCHCTBALIM B TO3U eKcTpakT. Hamanenara
coirobmnmmzarus Ha SFA ce apmku Ha Honn Ha Ca(2+) ¢bC CpaBHUTENTHO BHUCOKa KoHueHTparwms (1.25
Tern.%), NPUCHCTBAIM B eKCTpakTa Ha QD, KOUTO yTasBaT MacTHUTE KUCETMHU MoJ] hopMaTa Ha KaJII[UeBH
CaIlyHH.
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An in vitro study is performed with sunflower oil-in-water emulsions to clarify the effects of type
of used emulsifier, its concentration, and reaction time on the degree of oil lipolysis, a. Anionic,
nonionic, and cationic surfactants are studied as emulsifiers. For all systems, three regions are
observed when surfactant concentration is scaled with the critical micelle concentration, Cs/cmc:
(1) At Cs < cmc, a =~ 0.5 after 30 min and increases up to 0.9 after 4 h. (2) At Cs =3 X cmc, o =
0.15 after 30 min and increases steeply up to 0.9 after 2 h for the cationic and nonionic surfactants,
whereas it remains around 0.2 for the anionic surfactants. (3) At Cs above certain threshold value,
a = 0 for all studied surfactants, for reaction time up to 8 h. Additional experiments show that the
lipase hydrolyzes molecularly soluble substrate (tributirin) at Cs > cmc, which is a proof that these
surfactants do not denature or block the enzyme active center. Thus, we conclude that the
mechanism of enzyme inhibition by these surfactants is the formation of a dense adsorption layer
on an oil drop surface, which displaces the lipase from direct contact with the triglycerides.

ITpoBeaeno Gere in Vitro uscienBaHe ¢ eMyJICHH OT CIBHYOIIICIOBO MAacjo BbB BOJA, 3a Ja CE M3SICHST
C(i)CKTI/ITC OT BHU/Ja HAa U3MOJ3BAHUA EMYJIIaTOp, HEroBaTa KOHICHTPALUA U BPEMETO 3a PCAKIUA BBPXY
CTETICHTA Ha JIMIOIN3a Ha MacJoTo, 0. Kato emynraropu 0sixa U3noI3BaHA aHUOHHH, HEHOHHH M KATHOHHU
MOBBPXHOCTHO-akTUBHU BemecTBa (IIAB). 3a Bcuukm cucremu ce HabmomaBaT TpU OONACTH, KOTATO
KoHIeHTparusTa Ha [TAB ce ckamupa ¢ kpuTHuHaTa MuIenHa kounentpamus, Cs/cme: (1) IIpu Cs/cmc,
o~ 0.5 creq 30 munyTH u ce yBenu4uasa 10 0.9 cnen 4 gaca. (2) IIpu Cs = 3 x cmc, o = 0.15 cnex 30
MUHYTH U HapacTBa psi3ko 10 0.9 cnen 2 yaca 3a kaTrnoHHuTe U HeilonHuTe [1AB, nokaTo octaBa okoino 0.2
3a annonnute ITAB. (3) Hax onpenenena nparosa croitHocT Ha Cs, o = 0 3a Bcruku nsciensanu [TAB, 3a
BpeMe Ha peakius 10 8 uaca. J[OMBIHUTETHM EKCIEPUMEHTH TOKa3BaT, 4e JIMIa3aTa XHIPOJIU3Upa
MOJIEKYJIHO pa3TBOpUMUs cyocTpaT (TpudyTupuH) npu Cs >> cmc, KOETO € JoKa3aTelcTBo, ue Te3u [1AB
HE JICHATypupaT WiId OJOKMpaT akTHBHHUS IEHTHhpP Ha eH3uMa. [lo TO3W HauMH MOXE Ja ce HalpaBu
3aKIIIOYEHUETO, Y€ MEXaHU3MbBT Ha HWHXHOMpaHe Ha eH3uMa oT I[IAB e oOpa3yBaHeTo Ha IUTBTCH
aJICOPOIIMOHEH CIION BhPXY MOBBPXHOCTTA HA MACJICHUTE KAIllKU, KOWTO HE MO3BOJISIBA JUPEKTHHS KOHTAKT
Ha JTUMa3aTa ¢ TPUTIHICPHIIUTE.
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As a direct continuation of the first part of our in vitro study (Vinarov et al., Langmuir 2012, 28, 8127),
here we investigate the effects of emulsifier type and concentration on the degree of triglyceride lipolysis,
in the presence of bile salts. Three types of surfactants are tested as emulsifiers: anionic, nonionic, and
cationic. For all systems, we observe three regions in the dependence degree of fat lipolysis, a, versus
emulsifier-to-bile ratio, f(s): a is around 0.5 in Region 1 (f(s) < 0.02); a passes through a maximum close
to 1 in Region 2 (0.02 < f(s) < f(TR)); a is around zero in Region 3 (f(s) > f(TR)). The threshold ratio for
complete inhibition of lipolysis, f(TR), is around 0.4 for the nonionic, 1.5 for the cationic, and 7.5 for the
anionic surfactants. Measurements of interfacial tensions and optical observations revealed the following:
In Region 1, the emulsifier molecules are solubilized in the bile micelles, and the adsorption layer is
dominated by bile molecules. In Region 2, mixed surfactant-bile micelles are formed, with high
solubilization capacity for the products of triglyceride lipolysis; rapid solubilization of these products leads
to complete lipolysis. In Region 3, the emulsifier molecules prevail in the adsorption layer and completely
block the lipolysis.

Karo mpsiko mpoabsmkeHre Ha ITbpBaTa 4acT OT HAIETO in vitro mpoy4usane (Vinarov et al., Langmuir 2012,
28, 8127), Tyk m3cienBamMe e(EeKTUTE HA BHJIA M KOHIICHTPALMATA HA €MyJIraTopa BbPXY CTEICHTa Ha
TPUTIIMIEPUIHA JIUTIONN3A, B IPUCHCTBUETO HA XIIHUHU COJIU. TpH BUa TOBBPXHOCTHO-aKTHBHU BEILIECTBA
(ITAB) ca TecTBaHM KaTO eMYITaTOPH: AHHOHHY, HEHOHHY ¥ KATHOHHU. 32 BCHYKH CUCTEMH HaOII01aBaMe
Tpu 00JIACTH B 3aBUCHMMOCTTA Ha TPUTJIMILICPUIHATA JIUMIOJIH3a, O, OT CbOTHOIICHHETO eMYJITraTOp//KIbYHU
couy, f(s): a e oxono 0.5 B Peruon 1 (f (s) <0.02); a npemMunaBa mnpe3 makcumyMm 61130 1 B peruos 2 (0.02
<f (s) <f (TR)); a e oxoxno Hyna B peruon 3 (f (s)> f (TR)). KputrnuHOTO CHOTHOUIEHHE 3a MBIHO
nHXuOupane Ha ymnoinusara, f(TR), e okono 0.4 3a HelionHute, 1.5 3a KaTHOHHHTE U 7.5 32 AHHOHHUTE
[TAB. U3mepenute Mex1yha30BH HANPEKEHNUS M ONITHYHUTE HAOIIOACHUS Pa3KpUBAT CJIEAHOTO: B PETHOH
1 MonekyiuTe Ha eMylraTtopa Ce CONIOOMIM3UpAT B MIIBYHUTE MHIENH, a aJCOPOLMOHHUST CIOH €
JOMHUHMPaH OT MOJIEKYJIUTE Ha ¥JIBUHUTE CONH. B peruon 2 ce ob6pasysar cmecenu muienu ot [1AB u
XIIBYHHU COJIM, KOUTO MMAaT BHCOK COJIOOMJIM3AIIMOHEH KalalUTeT 3a MPOAYKTHTE Ha TPUTIHUIEPHIHATA
JUIIONIN3a; Obp3aTa COMOOMIU3AIMS Ha Te3U MPOAYKTH BOJH 10 IIbJIHA JIUToNM3a. B pervion 3 Mmonekynute
Ha eMyJraTtopa npeoOiagaBar B aJICOPOLIMOHHMS CJION M HAITBJIHO OJIOKUpAT JIHUIIOIN3aTa.
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We describe a relatively simple in vitro model for triglyceride (TG) lipolysis which mimics closely the
conditions in the human stomach and small intestine. The main model advantages are: (1) as in vivo, sodium
bicarbonate is used for buffering; (2) the pH-profile in the small intestine is closely matched; (3) the
experimental procedure does not include complex equipment. To test its performance, the proposed in vitro
model is applied to quantify the effects of Ca(2+), pH, and bicarbonate on the degree of TG lipolysis and
on the solubilization of the lipolysis products and cholesterol in the aqueous phase. We found that TG
lipolysis passes through a shallow minimum at 3.5 mM Ca(2+) when varying the calcium concentration
between 1 and 11 mM, while the presence of bicarbonate and the increase of pH led to a higher degree of
lipolysis. Centrifugation and filtration were used to separate the aqueous phase and to study the
solubilisation of the lipophilic components in the aqueous phase. We found that the solubilized cholesterol
increases linearly with the concentration of free fatty acids (FFA) which is evidence for co-solubilization
of these two components in the bile micelles. At high Ca(2+) concentrations, aggregates larger than 300
nm were observed by cryo-microscopy and light scattering, which solubilize well cholesterol and saturated
FFA. In contrast, the monoglycerides were always predominantly solubilized in the small bile micelles with
diameters around 4 nm.

Hue onmcBame cpaBHHUTENHO TpocCT in vitro Mozen 3a Tpurnuuepuana (TG) numonnza, KOWTO UMHTHPA
YCIIOBHUSATA B YOBEIIKUS CTOMaX U ThHKHTE YepBa. OCHOBHHUTE ITpeJUMCTBA Ha Mozeda ca: (1) kakrto in vivo,
HaTpUEBHAT OMKapOOHAT ce n3Mnoi3Ba 3a Oydepupane; (2) pH-mpodunbT B THHKHUTE YepBa € J00pe OMUCaH;
(3) excnepuMeHTaTHATA MPOIIETypa HE BKIIIOUBA CIOXHO O0OpyaBaHE. 3a Ja POBEPUM KadecTBaTta Ha
NpeIOKEHHS in Vitro MOJIeN, TOit Oele U3MoJI3BaH 3a KOJIMYECTBEHO onpeernsHe Ha epextute Ha Ca(2+),
pH u 6uxapboHaTHuTE loHM BBbpXY cTeneHTa Ha TG unonusa u BbpXy COMOOMIN3ALUATA HA TPOTYKTUTE
Ha JIMIIOJIN3aTa M X0JIeCTeposia BbB BogHarta (aza. Otkpuxme, ye TG nunonnsara mpeMuHaBa Npe3 IIIUTHK
MuHUMYM T1pH 3.5 mM Ca (2+) npu nmpoMsiHa Ha KOHIIEHTpalusATa Ha Kanui Mmexay 1 1 11 mM, nokato
HUIMYMETO Ha OukapOoHAT W MoOBHMIIaBaHEeTO Ha pPH BoAM 10 HO-BHCOKA CTENEH Ha JIMIOJIH3A.
Hentpodyrupane u ¢unrpyBane 0gxa M3NOJI3BaHM 3a OTHAENIsIHE Ha BoxHA (haza ¢ I M3CIIeBaHE Ha
coroOMIM3anusiITa Ha TUMO(PHUIHUTE KOMIIOHEHTH B Hesl. OTKpUXMe, Ye CONMIOOMITN3UPAHUST XOJIECTEPOIT
ce yBeJIM4aBa JIMHEIHO ¢ KOHIEHTpaIusITa Ha cBoOoaHn MacTHH kuceinnHu (FFA), koeto e qokasarencTBo
32 KO-COJNIIOOMJIM3alMATAa Ha TE3W JABAa KOMIIOHEHTAa B MHILEIWTE Ha >KIb4YHM cojid. Ilpu Bucoku
koHIeHTpauu Ha Ca(2+) ce HaOmromaBaT arperatu mo-rojemMu oT 300 nm ype3 KPUOMHUKPOCKONHUS M
JIA3ePHO CBETOpa3celiBaHe, KOUTO COMOMIu3upar no0pe xonecrepon u HacuteHu FFA. OOpatho,
MOHOTIJIMLEPUANTE BUHATH CE COMIOOMIN3UPAT B MAIIKUTE MHULEIN HA )KIIBYHUTE COJIM C JUAMETHP OKOJIO
4 nm.



