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Abstract of Thesis

Lipid membrane can work as new target for functional molecules, which make it possible to modulate cellular
functions by regulating its self-assembled bilayer structure. Regulation of self-assembly properties is also
important to optimize its performance as drug delivery system (DDS). In this study, several guest molecules were
utilized to modify lipid membrane at different region from hydrocarbon chain region to surface. The effects of
these guest molecules on lipid membrane properties were investigated. Especially the hydration state of modified
lipid membranes was mainly characterized to clarify how the extraneous molecules modify the hydration state of
lipid membrane. The findings obtained are expect to be applied in optimizing the prodrug based self-assembly
DDS (SADDS) by reasonable molecular structure design.

In chapter II, Quercetin (QCT) was utilized to modify the lipid membrane hydrocarbon chain region. Based on
Raman spectra results, it was found that QCT could show great effect on the hydrocarbon tail region of lipid
membrane, and hydrocarbon chain length and the level of unsaturation played an important role in determining the
effect of QCT. For QCT, the regulation of hydration state of membrane lipid was achieved by changing the carbon
chain packing density. This packing density variation of lipid membrane also affected on free radical diffusion
within membrane.

In chapter III, the hydration state of lipid membrane interfacial region was modified by 2-hydroxyoleic acid
(20HOA). The effect of 20HOA on (dipalmitoylphosphatidylcholine) DPPC and (sphingomyelin) SM lipid
membrane structure and hydration property were studied. Although there was no significant difference in overall
structure between 20HOA modified DPPC and SM lipid membrane, only 20HOA-incorporated SM membrane
polarity showed high sensitivity to pH condition and salt concentration. The reason for this difference can be
attributed to the hydrogen bonding interaction of 20HOA with SM molecules. Therefore, it is concluded the
hydration state of interfacial region can be modified by regulating the hydrogen bonding network formed by lipid
molecules.

In chapter IV, Resveratrol (RES) was utilized to modify the surface polarity of heterogeneous lipid membranes,
the effects of RES on lipid membrane properties were evaluated by multi-focal fluorescent probes. In each model
membrane system, the incorporation of RES dramatically dehydrated the membrane surface, and this phenomenon
was attributed to water species transfer induced by hydrogen bonding formed with hydroxyl group of RES.

In chapter V, polyamidoamine amphiphilic dendrons (ADs) with multiple amide and amine groups were utilized
to achieve control of superficial hydration shell modification of membrane. In this chapter, the structure and their
properties of lipid/AD coassembly were characterized, and confirmed the formation of hydration shell on lipid
membrane surface after G1-AD modification.

Above studies has indicated that the headgroup regulation and hydrocarbon chain density regulation are main
factors to regulate the membrane hydration state. In chapter VI, the method to prepare SADDS with different
hydration degree was proposed. The aryl carboxylic acid Oxaprozin was selected as a model molecule to design
fatty acid-like Oxa-lipid, which is available for the control of the headgroup by pH condition and the packing
density by different hydrophobic chain length.
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ERBEREZIEHATAZ 2 FHMNE LT, AREZOLORE T IVAERKED VIRE2D TIE)NE T 5558 % E
B - RRIICEHE T 2 FEMEZCBE SN TWS. — R boIxEes 7+ 7 e —7kThY, EHFETHE, [
LR 7 ~/UNMRIE, REHIRT ~ 2 mllE, 7oL, RS T OREEZ SIREICRE L, o FEGKRE L ToRM%
ERRNTT 5 FIEE LTORENRINTND., — T, BT VAEREE RY —5, X7 v, KR &) idEmsy
TEEEKNLODDSNZ ¥ —L LUERENTEY, KRBTV A VKA T 52 ERNEL I TWS. DDSIG
HoB, UV UBBERBICRET 2 BRECIEEEBKISORMER LY, 7 VEREEZHR T2 Y VIEEEO G
OOREZMEL, FNOOFE - BEZGIET 2 FEN RN THDHP, EFETE, EHETHLED TEERMD
FF(F NI EROEE) N ERICHE L, TOMEERELHIE L O 2IREKREOKFNIRIBIZE B L2 EML Tn
D RENGHSCTIE, BBEEERE D L NEICE 5 &8 (layer)ICA AL D T2 8 AL, D TEAKRE L TRt %
HIES 5 2 & & B E Lz#ar 72 Fik(layer-modifiediB) BMER SN TW 5. 5 1 BT, 7 VAERBEODDSHHE
BIOIREEOK MG 2 M3 2 FIEICET 2 R E2lE Lz, TRERO K M E (multi-focal layer-modification) DAE
iz AR LT, 8 2 B CILBZK M (hydrocarbon) BEI I Z Bl A 9~ 5 4> F-(quercetin), 55 3 B TILBIB/KMES Hi(glyceroE #%)
FEIRIC B 179 B 43 1+ (2-hydroxyoleic acid), % 4 F CTIXBl/KM: B g & (phosphate) fEI (2l [7]1 3~ 5 47 1 (resveratorol), 2H
5 B Tl & (choline) fEIK IZ B [ §~ 5 47 -(polyamidoamine amphiphilic dendrons) & R E 2 E A L, BEFMEMTIE(H
T m =Tk, LBIEENTIE, T~ v il E)ERWT, IRBEBRAREGRES, KFREE) D22 BRI MR L 7.
HOFETIE, AMEETOMRAICESNT, IREROEMEE IS F2EATHZ LT, BEFRNICESZY
T CREE R E Z il 9~ 2 — ki) Fik(layer-modifiedi) # /R L7z, E 512, 0 THEAGMEERLT VA v ~DIEH %
M LT, 7 LPro-Drug(#i/Kk{toxaprozin) 23 A3 2 B CLEE A KO MM O BEHHE FICESNT, ZhRAyeESE
IR T V(A MRBER R, v Ky — A, AR FMEREL, TNTLY, layer-modifiediE D 4%
AL, Ko7, il (%) ot LTUIMEOH LB D Li8D 5.




