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Cubosomes are dispersed bicontinuous cubic phase nanoparticles that have demonstrated their potential as drug
delivery carriers owing to their high drug payloads and fusogenic properties. The design process of cubosomes as
drug delivery carriers requires consideration of factors such as their structure, drug release, and interactions with
cell membranes which are heavily influenced by the properties of the cubic membrane. In this work, systematic
characterizations of the nanoparticles’ structure and membrane were performed to elucidate how changes in the
membrane environment can impact the carrier’s structure and dispersibility. Also, a methodology to examine the
interactions of cubosomes with model cell membrane through the examination of cubic membrane and structure was
established. The results of this work provide new insights that can be helpful in clarifying the cubosome uptake
mechanism by cells as well as the optimal design of cubosomes as drug delivery carriers.

In chapter 2, the effects of the incorporation of the hydrophobic drug hydrocortisone (HC) on the physicochemical
properties of monoolein (MO) and MO/oleic acid (OA) self-assemblies are investigated The HC incorporation
influenced the surface property of MO and MO/OA dispersions, causing aggregation of the self-assemblies at high
hydrocortisone loading. In addition, the change in surface properties of the self-assemblies due to drug incorporation
results in changes in structural changes and formation of aggregations. The characterization method in this chapter
is essential to clarify the influence of the drug on the properties such as polarity, zeta-potential, and particle size
etc., and how these properties correlate to colloidal stability.

In chapter 3, the methodology to elucidate the changes to the physicochemical properties of cubosomes when
interacting with cell membrane lipids was established. The interactions of MO cubosomes after mixing with DOPC
liposomes using time-resolved small-angle X-ray scattering (TR-SAXS) and the changes to the generalized
polarization (GPss0) values of Laurdan probed cubosomes over time were shown. The cubic-to-lamellar phase
transition was confirmed in the time-resolved SAXS spectra. Using the GPsa0, the Kinetics of apparent lipid exchange
(kqpp) Were obtained and the apparent amount of DOPC in the cubosomes over the course of interaction could be
estimated.

In chapter 4, the approach developed in chapter 3 was expanded upon to examine the changes in the structural
and cubic membrane of MO cubosomes when mixed with model cell membranes at different phase states. In
addition, the changes induced by the cubosomal carrier on the model cell membrane were investigated. The time of
the structural change of the cubic phase to lamellar phase was influenced by the fluidity of the liposome bilayers.
Mixing the cubosomes with fluid membrane liposomes required less time to transition to the lamellar phase and vice
versa. Examining the GPsso values of the cubosomes and liposomes after mixing revealed that the membrane
hydration states of the cubosomes and liposomes transitioned to resemble the hydration state of their counterpart,
and the time needed to reach the final intermediate state was influenced by the membrane hydration of the liposomes.

In chapter 5, based on the results of the characterization of the drug incorporated carrier in chapter 2 and the
methodology developed in chapters 3 and 4, the effects of loading of the drug, HC, on the interactions of MO
cubosomes with liposomes were showcased. Although the incorporation of the drug did not alter the duration and
kinetics of the cubic to lamellar phase transition, the membrane state analysis using Laurdan fluorescence probe
showed slower kinetics in the drug loaded cubosomes. This implies that the rate of lipid exchange between carriers
and cell membranes was suppressed in the presence of drug molecules.

In chapter 6, the conclusions of this work are presented, and suggestions for future work by enhancing the current
methodology and broadening the scope of this approach for other types of lipid nanoparticles are addressed.




A7
MLEEOKROEE RO Y H

%K £ ( Ward Daoud Salim Wakileh )

(%) K 4
T & H = Bl K
2 e A Bl A B AbK =2
IEERSE | o % % @ oI
BB EOHROER
Cubosome |5 & M D BGEFECUbicH 23 L miE AN K 0 oSN TR T AT 2R+ Th b, @

SR RECHI A~ DB EPED E S 5 | l:%i;uﬁ':fot EDIYEEHAR L L TCOSHANEESNT
W5, EYxr VT L L TORGICIE, BEESCHIRE OMABER O 72 &, Bix e BN % EE
\ZBET D HENH D05, Cubosome DFlE RO~ G- 2 55288, FEWEZHFFT 52 LIz X
HEMEEEDZEA R Y, FAICHLMNCEN TRV &b EW, KEMGH LTI, T/ D%
TEMESCEATEIZ DWW T, i & IRE ORI DV CSREEICHENT LI G 2MZ LTS, F7H
Nl & OFEAEF % fBAT9 2 72 O OF AL FIE IO W TR E 21TV, MO BT 2 R+ D
EICE 2 DB, T 2R A ~OEY OWMEFRFAEIZE 2 5 ESNTIERTN D, HLET
I, Cubosome% & iekkx REE T/ KT OFE & EDICHICHET 2R fHEI N TV D, F2E
TIX, FElZCubosomeZ kT 5E ) A LA VEHWIIRE T 2 R+ 255 L, BUKMEEIEAICTH 5
Hydrocortisone z 559 2 822 DWW Tk R 5 41TV 5, Hydrocortisone DHEFIZ & 0 F /7 Ki - D
B3 BOKIE U, HEFEDNENT 2 & NEEEO B BEZEEDIR TR D Z L ZH LT L
72 H3ETIX, CubosomeSHlifiafE 7 /v & FHAAEM T 2B OB L 2L ZFHli T2 72D O T
ENRBE ST D, BRI/ N XHRREGELINE & 82064y -LaurdanlZ X % 7 KL o B 5T
ERAGDOED I LT, BAITHE S MEE L EDEDOE N EJFE CRMET 2 2 E B FRETH DH Z
&%% LTW5, HARETIL, FHIFE CTHESL L 73 Il FIE & fk 4 e M 2~ 7 v I3

\ HERRE M DT K D A E DEWNICOWN TR BTV D, MO & #a %f

‘i*ﬁ%@iﬂ&;@ Cubosome (% i Vit Bl O H € 7 Ll _xﬂfcib‘rﬂ/\%rﬁ“ LRGN
Lto 552 TlX. Cubosome~o i /K M5 My D HE 8k 78 BB 1k ETRELFTFIEICTRFL
7oo BRZKMEZRAICT & 5 Hydrocortisone % 15 L 72 Cubosome iﬂ%{l&ﬁfﬁ@Cubosome & AT 1 DR
MMEECDN BV R Slz, HEE T, AIE £ TOMAL b NIFEET &IOSV T,
AN S CTHERE ST AT TR X A T ORRE F 7 ki O%Er - FHMBICEH T2 2 & 3%
ENTEY, KRFEORRMEIZONWTHRRENTND, 5%, EMF v VT ELTOF ROk
R b N EOMERERHBIC I W T, EEREH ERDIHMATHIEEZEZ NS, U EOBIZX
V. KimXatlt (L% OFfimXe LTHEOH LD LD 5,




