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Abstract

In the present work, the interaction of lipid-based zwitterionic surfactant CDP-W with the vesicle membrane of phospholipids
was investigated. For this purpose, interfacial properties such as critical micelle concentration (CMC) and surface tension were
measured for the zwitterionic surfactant CDP-W and lecithin S100-3. The zeta potential of 1 wt% aqueous surfactant solutions
was also measured as a function of pH to determine the iso-electric point of CDP-W surfactant, where the characteristic of
CDP-W surfactant changes from a cationic surfactant to an anionic surfactant. Based on the iso-electric point measurement
of CDP-W surfactant, the effects of pH change and CDP-W addition on the stability of S100-3 liposome systems were stud-
ied, such as average particle size, polydispersity index (PDI), and zeta potential. The effect of CDP-W on the fluidity charac-
teristics of liposome membranes such as fluorescence anisotropy ratio, deformability, and melting point was investigated at
pH 6 where the most stable liposomes were prepared to understand the effect of the fluidity of the liposome membrane on
the encapsulation efficiency of active materials and the stability of liposome systems.
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Q1A% (phospholipid)> YA Al3EEFE] oF 60%E 248k A1 4 Steh1-4]. oledt Ao Qlato] BEEF2 s ARgleld &4

FO 7 okxlujAd g2l 9l 943k AA| ATAdS 7EX AL Q) o] gt “d3(active component)®] 3ZF(encapsulation), 2]5& Al &4 U
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AAAA A AWEIA CDP-W H7P7E 225 546l WA

(fluidity)©] FHaxste] 2] 252] QP9 S7FskAIRt Aj sk 2
=249 ZA F-H(encapsulation efficiency)’} FAshH= T
SItHs-7]. $HH B EFS] AT 2 5ES ST
A& Atk A9, HEES Yol 279 24o] Wdse=
AaL ATHB9L. olflelE HESS Axd F 4 Ax,
B 54 1z 59 A4 E Fofe] xR M EE
o] ARG-H L Lo} o]y Ft S WA A9, Az
AT P elA 2l 2FY o]FF Hol Ty s A
oH8.

A/ Al(surfactant)= S+ A} ol] 7|8} 27715 A
7 okl E-® 718313 (solubilization  capacity), -3}
(emulsification power), 32 (penetration ability) 52 5= 714
QoA Al AsAk, FIRIE, S5, 2ok s, L8 T Thd
FokellA] AREE I Stk AEAGAE He712] gl el Qs
of o] AHE/JA|(ionic surfactant)2} H]O]& AW ZHJ Al (nonionic
surfactant) 2 {5 W, o] AHEA| = S Ha = 50
< A& d Al(anionic surfactant), Y-S =1 = ol AW
ZdA(cationic surfactant) 12|31 pH Z=7def wel Sdsf e oFdst
£ "= B AlHEAd Al(zwitterionic 2+ amphoteric surfactant) %
THET1,9-11]. 53] A ARSIAE =, I, Jdel tjsto]
A=Ado] v, /3o Aom AR ETF s RS 2k Qi
TS FEA AMIAE AL 718 S8 AR Hi- <k
Aate] s, ARE o ASEEY 22 AlFeA 9y A8H1
glow, olefst AREE Qlste] mhd AHg-Eo| F43] F7kskal Q)
tH{11-15].

2 AN ZAR 29 ARE IS XA g AW
XA CDP-W H7PL BlEFe] 2y a9 QPdAel A= 9
of #ate] ARt o]F fJate] & AME/dA CDP-W H7}
o wE CDP-We} B]32EF2] AT J E(degree of binding), 2|3EF 2
2] v]-5Hd H]-E(anisotropy ratio), ¥133/J(deformability) 5 S-S
Boto] 2lEF w54 wislel uXE IS Awugit) 53
2 Aol A ARESE A AHEAA] CDP-W AT 9 958}
of &t A=Ado] glom, Akl do] $-3 3 73HA AW A
24 B A S gAl ZEal QlE Blo] o]de] ATE B

o] gslFTi16].
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YEF Azl ARG sl AEE/dA] CDP-WE &ol A
uzkoll FHdsto] AlFstst omie], ST FA 2 glo] auR
ARgERL). Bl LipoidAle] S100-38 AME-EIR2H, $100-3-2
phosphatidylcholine (PC) 95%} phosphatidylinositol (PI) %! phospha-
tidic acid (PA)7} 5% &0 Qs AFOEA & Aela] AHES
A S100-33 A AEE/dA] CDP-We] 4 73 E #412
52 Table 1°] d2Jste] eI 2lX52 57 3 o] w4
A5 AR 2T FRTE ARSI Axsion, 2l 2S5y A
AAEAGA 5% F7oll A3k cibacron brilliant red 3B-A¥} X3 &
& =4S el AFE3E Sephadex G-50 XA Al IrkAd=g) X2
FH Flete] EThE A 3 glol adiE ARt 784 &
d F F5 iR FE UrelA 259 A iR 2 A
FERstellA Aol S8k AAl 3 glo]l ItiE AREERloH,
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Table 1. Summary of Physical Properties of Surfactants Used During
This Study

Molecular
Surfactant Molecular structure Type weight pH
(g/mol)
X
0.0 R
S100-3 A~ ,\P( o o Lecithin 790 6.29
NTom o
(o) R
OHCH:CH,
\/ R
N~~~ Ny
o, (o]
CDP-W 0,,!(0 Surfactant  826.1 636
N+\/\/ N YR

i\
OHCH,CH:  ©

274 B4 EAE ARSE AF Y (curcumin) > Al PR EE X 28
B F5lste] AuE A 3 glol 2ulE AREsIeich Bl vk
549 545 §stod A3 diphenylhydantoin (DPH), tetrahydrofolic
acid (THF)= Al k- =dlA 258 FJste] HuE gAl 74§
o] = ARE-3HITH

2.2, AU

ulo] Al 5% (critical micelle concentration, CMC)+= AW/ A 2
AR 5 wigle] mE RuAdY SHorRY xHAdEo] o o)
HASHA] S A HiE v AWEAdA 2 Eae 2z
CMCE 1#ste] A3t

AH 2 A 9] 381 (emulsifying power) S =4 317] 2138to] 1 wt%
AR GA 8 7.5 mLe} AFEZE 7.5 mLE f8 AlE e ¥
T 9l YAME o83 5 min B wHFEte] oHAE AZsISITh Al
Z3 odAE 30 °C T304 24 h B FAG 5, WA Folg)
HA FEE Folg FHAHst] vk A (D& ARt f3AF

(emulsification index, EI)E -8}3ItH15,16].

Ely = [(24 h & f3kd oY =o]) / (A= A =0])] x 100
Q)

AREZA FEq2] 7132 AY/d = (foaming ability) @} 7|E A
(foam stability) 371= FoamScan (IFAC, 5¥)2 AFE35ISIT) o]&
8t 1 wt% A4 89 8 mLE FoamScan¥} 1A= o] Q)
el s 3 Ak 7RAE 0] 881 160 em’ A AES A
AR ALEE AREC RN E V| AES SAsEloH, A
73¥ 71371 1500 s FRE AT 7|E 3] FAERYH V)X A
A< B7Yrstelvi1s,16].

G5 AZdA CDP-we] Alet ZRIE2 AE OTSUKAARS
ELS-8000& AR&sto] SA4sigion, 54 Aad/d4l Cpp-we
5 (isoselectric point)i= 1 wt% AAZIA F=8-1C] pHel w
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Aer LelA 3hs S4to] Al Teldo] 00] H& ghoz e 4%
SFRATH17]. 25 °CollX ] AMAEIAl U BAE Fg-9lo] Qg 5
wt% T84S Age] gar z 19} 100 h §ofl A5 SR} o=
] A7) AERE A7 F7gstel B8t 15-17].

222, B|ZE A=

50 mg® ZIAE $100-39] CDP-WE tlefdt & nlgof wje} 7}
S % 90 °Ce] ST 10 mLell A TE o] % oFF WA (voltex
mixer)E 5 min <t Wt ¥ Z2S3 F27]|(VIBRACELL, USA)S

o]g3to] 15 min &Rt EFES HAA FEFS AZSISIT Az
3 2 EFL 25 °CV] -2Z(BOD Incubator DF-95B, Korea)®l| 2oj
Basiglon, Az g xF] ARt mE YA} A7) W tHEAR A
“F(polydispersity index, PDI)i= %) %222 7](Scatteroscope 1, Korea)E
AREste] SAeRdnh JAe] tHEAE A =S UEhd= PDI #62 0.25
Hop 22 A9, st e Y] whtikmonodisperse)ll 77k §1AF
WIS 7= Zlo® dejA Qlui1s).

223, B|EZE 2o F54(fluidity) 5F
A7¥sk A3 A7t ai*‘i} AN (binding) 3t FS A 9
sto] A oj3)} 2 wlE 7183](gel permeation chromatography) 2} H] 2
J = (colorimetric determination)S AFE-SFATE A o3} FZwlE T
3] A= Algbd A A(Sephadex gel G-50)= A3 2]32F
= X3hs Sy} x3elA] ok Ao w Rt & A ojyf g=n}
EIY9E Za 223t 9 0.3 mLe) cibacron brilliant red 3B-A
0.0075 wt% &4 3 mLE 33 § 35 8942 30 °C P22l
5 min <t B33 & UV Visible 33 =A(CARY 100 Conc,
Korea)& 01%‘0}01 37 575 nmollA 9] 4% gk Sste] ¥EE
A73FrH16
AL olF LH"“HJ 257] &4 A& v Y(ordering) 2 5
e 7k HOI-Oil 334 o]/d(fluorescence anisotropy) =74 A3
I3 O]-oﬂ‘:]- DPHE 2454(hydrophobic) L= H(prove)Z AHE-3k
o] 24& 538150, DPHE THFO| 2o] 137 gL9] $Es A%
Ely 204 o] &M 50 uLe} B]EEF A (suspension) 3 mLE
g A 01 2 h 3t wHket vtk ¥ & =Al(luminescence spec-
trometer) LS 50B (PerkinElmer, USA)E ©|&3lo] 430 nme] W&
(emission) FolA FF AEE S HEFS] FedS
ElUl= 85 ¥]E(anisotropy ratio) r - The 2] (2)F ©] 83
T8 TH19-21].

mlo

on 4

I,,—1
r= Vv HV (2)
I,y +20,
A7V I, 7F(excitation) WEFlA] FeBet ko R WPl

(polarizer)= E¥slo] AEH O] 83 75 (fluorescence intensities)
o, I, A WEor Fiste] HEd Yo P33 AEE
BRI 19-21]. 2 EFE] fade Uedle vled vlE r a2 =

=5 22F 1Y 4ol avke AS Uehdth

CDP-W 7ol w2 2|25 v f-54 #H3lE 3risly] $lshd
Amicon stirred cell (Millipore model 8050, USA)S AM3t] &
(extrusion)H .= & /J(deformability)= YEE= D (mL/min) #k=
=8t Addel AR Bt JHEx Al HES A7]|RY V)

23kt Ml 35 & M 3 F, 2024

F 2717F 2 50 nm2] E2]7HRH|0] E(polycarbonate) = LE] o]
9)(Whatman Neclepore track-etched membranes, UK)S AFE-3}ITE
Amicon stirred celle] ZE] Ho|HE 7]$7 FEZ FEtAS W T
o7]el 4.5 bar] A7E kS el AFE W3Wsto] 10 min &<t
o FEE T fEE g9 FuE 54% ¥ 59 A )=
0]8-5}4] deformability DE -5+ tH21,22].

D=jx (2 3)

TIF
AZIA, j= AA AZF B9 R uwe Eask g¥Ee o
(ML/min), r, = AES 33 2| L5 a7l(nm), IR
g uko] 713 A7|mm)olH, D glo] 242 BT E ko] GEA o]
i 28 vhehditi{16,21,22].

[}

¥z AHEAA CDP-W H7te] wh )22 uhe] G54 W3}
E F7ks7] $18ke] 2l 2F AR == H(melting point, Tm) 57
A8E sk AZS 2 EFS 85 °C 28004 70 min F<¢+ A
ZAZ1 5 A2} A D-A(Q10 V9.4 Build 287DSC, USA)E o]4-3
A8 APseh. B4 2712 10 °C/minE A48k 40 °CollA
200 °C Afole] 25 oM == H TmE FA8k3lem, Tmo] 3%
S5 YEF 9] fuAo] HAsES vERItH23,24].

224, 244 U B4Y BY 82 Y 58 57

A4 BAQ 5 vix] 2y APS sk & 6&2] CDP-WE

50 mg2] A% Lipoid $100-3°] %718+ $ 90 °C] 5H< 7 mL}
ﬂ’\]ﬁ T3 Ol'oﬂr% o]% 91—11— YA Z 5 min &

&=
mg2 dAE L1p01d S100-3& :E—%goﬂ ﬂﬁ“l 10 mg
< Arste] SRtk AfFrlo] 23 EFES tHA] olehES 10 g
Oll A7) &, 8- Fs%7] (BUCHI Rotavapor R-124, Switzerland)
o]g3l 30 min FF A3 F 90 °C FFS 10 mLoll F=3AIA

E}. o)F 9bF MR 5 min FF wREEE & 250} 7] E o] &3}
o] 15 min 9 THES FAMAA BEFS AFXT & 25 °C F2x
o] Yo w¥3Ieitt

e =4 T8 X 274 =4 A T4 23 AES
16}% chokst = n]g-2] CDP-WS 50 mg® @l A8l Lipoid S100-3
1 & AF 10 mg__ H7lslo] S3slginy AHFvle) L3y &
TA] oflehE 10 goll F3tAIX] +, STt s571E o] 83t
ATk ©]%- 90 °C T/ 7 mLe}t FEuA| 3 mLE Yol 3}
Al F obF AR 5 min FRF W v 259 2371 ol &
sto] 15 min -59F EPES FAAA HEFS ﬂlzﬁi $ 25 °C T2
Zoll Yol W3t

Azgt gixFe] 84 54 F5 wiHe A58 24 =4 A
o] 29 & AAs] flate] A o3} azntETHY] s
ARESIlEr A o3t gEnfETHYE FE 22d §95 UV
Visible I FFEAE o]8ato] T w9 A9 3 270 nmellA]
A A5 425 nmollA FE= whe %Zé
curve)E ol-gato] S FHE oA

r
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Table 2. Summary of Interfacial Properties of Surfactants Used During This Study
a Emulsification Foaming Foam . Solution stability®
Surfactant (gvl\t/‘f/c) (I?‘]Iill\/drcn) index® stability? IS(;:;lierftnc (nS/cm)
0

(%) (%) Top Bottom
CDP-W 139 x 107 31.83 54.54 0.00 4.92 2820 2810
$100-3 4.81 x 10 49.87 2.61 N. D N. D 28 27

 Surface tension measured at CMC

b Percentage of emulsion height with 1 wt% surfactant solution and n-hexadecane after 24 h
¢ Time for foam volume to increase up to 160 cm’® where initial foam was generated with 1 wt% surfactant solution
4 Percentage of foam volume decrease during 1500 s, initially generated with 1 wt% surfactant concentration

e

the sample
f Not determined

3. 44t 3 nE

31 AM 24 53

CDP-W¢} S100-3 849] 5 #3lo| w2 FHde =4 A3
S Qo519 Table 20 YERAQILL Table 2014 & 4= 9150] CDP-W
9} S100-39] CMCE 217} 4.81 x 107 g/mol, 1.39 x 107 g/molo]™,
CMCoIA ] 82 217} 31.83 mN/m3} 49.87 mN/mZA] S100-3
o] o] o 2 ZE FISIGITE 25 °C & FHofA
CDP-W 4 S100-3 =89 A|AHle] gt {38122 SAbd|zk) 212
599 1 wt% 78NS o 2AE ARESte] 5 min &<t 247 £
S 24 h F oEA wolE S WHOE Esglon, A (1)
5 o] gato] AAs 43} X5 EIE Table 29 Azlsto] YehiQlt
Table 22| AZe)A & = 31| CDP-W ¥ S100-39] 3} A=
247} 54.54% 2 2.61%% CDP-W2] f-3}0] $100-37} v ale] uj
£ 3RS o 5 vk w35 wit% FE9 CDP-W S100-3 &
Aol tfst A7|HAEE F4S ot 789 IS Frist A,
CDP-W¢9} S100-3 89 X7 Fgsitts 21s gR1g 4 itk
[25,26].

25 °C &% Z719)4] Foamscans ©]83}%] CDP-W 4 S100-3 =
Sdlof tist 73 e d eHgAde 7 Sl o, o dnE
Table 201 YERASIEE Table 201 uehd Azt & 4= glko]
CDP-W & AJAEOA 160 em’ H7]9] 7|22 AYAek=d] 137
s7F Q%o whdd S100-3 & A|AHEE 7|27} A
A S-S o 4 Tk W3 1 wid CDP-W -89 A|AROA 27

]

A 719 Hy) 7] 1,500 s F9F AT 7|20 ] HAER
Uehd 73 P2 0% 2 FAE 7127 AEE R ¢k qbge A

s AATE & 5 9ok

@23 ADAAIE A7 ol8ke] pH ZAdoA = Fole AdE
AR ZAgain] S1H o)Ak pH FAMAME S0l AHGAA R
2hg-3it), A 2 Ao g9 pH 2o wE CDP-W2
At AYE FHsto] d8e Agskglen, CcDP-we| SHHL
492905 & & ATk

3.2. YXt3Y| &8 2 oFE =R|

A tiv] thekst B v]l& 2 CDP-WE 3718ke] 8253 A
s & 2|xEe i A 2719 PDIE 433 CDP-We 5
A 54 Ao e}, 5373 o8] pH 3, T o 2714 3
k= pH 63 pH 102] 7oA AgS Hdsiglen], 1 A¥s
Table 3°] F2)dto] JERJITE Table 32| Aol B 4= 3l%0]

BN

0}
ool

Stability of 5 wt% surfactant solution determined by measuring the conductivity at upper fill height and at the bottom of the sample 100 h after preparation of

CDP-W2| SRR} W2 pH 32 Z7A= CDP-WO| 371 &
7hell whel g3 YA 27 Hat A7) AT} A S7te)
Atk o2 So, #AE E o8] CDP-W= 7}+7} 0.25, 0.50 2 0.75%
7Rl w2 4R 27 Hdt A7)E 2 118 + 3.92
nm, 97.3 + 1.63 nm % 932 + 1.28 nmZA] 743 #AE &=
thH] CDP-WE & tin] 0.75%H 7K 23300 7H8 22 2715
UERd 5 o] % CDP-WE] 7t Frtel whet 2|2 dAke] 27] 3
# A7) S7HskSlth ol pH 39 27 dtelMs FHsks v
CDP-W A&l 74kl whet Sd8ks wal gl g2Ed
¥ A3} F3Ksurface charge neutralization) =] %31 W= 2]
EE A7) B2 FAskE ws AEEAEA 1157] Atele] 7
2} Q13 (electrostatic attraction)®l] 2]$t A5 2F-go] F7ste] 2|2F2)
AR} A7)+ FHaEtA Einh SR oFdetE W& CDP-W Al EA]
Ag = o HrbstAl ¥4 2lxFe] 1A A3t A H(surface
charge reversal) §/Jel o|8te] 2L H547] Fai-d) AAZAGA A
7] Atole] 4714 1¥(electrostatic repulsion)©] 7rAdto] 2]EFH
9] =} A7) E7VebA Pk pH 39 %70 &lol|4] CDP-W %A
AL A kel e 2xFe] YA 7] W= Table 40 A
skl Yebd Al A9 &4 Aol L S el s &
T 1o, olejgt A= theksl ARE o)) oyl SAo|= ofAl
AAGGAE AR H7kste] 22Ee] g 2715 4% ©

14
Astel AA)6}TH22]. W3t Table 30 Ve 2% Alx 27]9)

oM & 4= 9ol BlEF Alx 28] BEt 49, CDP-WE 718t
A oo Az FEFe] Aol Salo] A T3 pH 39
FxleA= dAE din] CDP-WE =& Hl& 7155 0.25 9 0.50 Rb
72t Jrkete] Alxst Bl EES AF UmA AR B S
Aol Loyt

Table 39] Aol & 5= §I5%0] CDP-WO| T3 nTh & 24
ol sidsh= pH 67+ pH 109] £Z1elX= CDP-W d7Hke] 7t
wet B 2E YR 27 Bt AV AKH R Fashs AFES
ehfglth ol S48HE wis CDP-W AAEYA] H7tel whet 9
A Atele] G714 Wik o] F7kste] BlEFe] Ak A717F RHaet
AR Zow Az, ol d Ay thekdh Als dole] ol £A}
ojt FEA AMBIAE TRl H7elo] BlEFe] A S
2748 o|d A7} UX8IITtH22]. Table 39 Yebd xE A%
Zlgk Alx 22 gl 6 A F9] 2l B 9A 2719 PDIE
574 AdtelM B 5 9o] 2lEF Az 2] B3 4, CDP-W
= A7k 9o Alxst 250 9ol pH 62 pH 109] 210

w e B
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Table 3. Effect of CDP-W on Particle Size and Polydispersity Index (PDI) of the Liposomes Prepared with Various Molar Ratios of CDP-W to
S100-3

CDP-W/S100-3 (Molar ratio) ' ‘ Initial : ' After 2 months . ' After 6 months
Particle size (nm) PDI Particle size (nm) PDI Particle size (nm) PDI
0 180 + 1.23 0.183 Flocculation Flocculation Flocculation Flocculation
0.10 1352 £ 1.29 0.215 142.3 + 6.38 0.492 159.2 + 3.19 0.621
0.25 118 + 3.92 0.193 137.1 = 5.72 0.392 1423 + 4.92 0.523
0.50 97.3 + 1.63 0.198 1248 + 4.28 0.329 131.8 + 4.86 0.520
0.75 932 + 1.28 0.208 112.6 + 592 0.472 Flocculation Flocculation
pH 3 1.00 95.0 + 1.18 0.185 126.1 + 7.64 0.456 Flocculation Flocculation
1.50 101.6 + 2.94 0.219 147.4 + 8.92 0.512 Flocculation Flocculation
2.00 106.7 + 2.56 0.197 151.5 + 945 0.414 Flocculation Flocculation
4.00 126.8 £ 1.86 0.193 159.2 + 7.82 0.492 Flocculation Flocculation
8.00 148.2 + 6.82 0.210 162.3 + 6.92 0.542 Flocculation Flocculation
0 178.3 = 1.26 0.192 Flocculation Flocculation Flocculation Flocculation
0.10 1373 £ 1.92 0.201 145.9 + 5.27 0.334 162.9 + 4.94 0.528
0.25 121.6 = 2.78 0.205 141.2 = 4.72 0.224 148.7 + 2.86 0.249
0.50 113.9 + 1.62 0.203 138.4 + 291 0.236 142.7 + 3.25 0.246
0.75 107.8 £ 0.79 0.192 126.3 + 3.21 0.323 1352 + 8.89 0.452
pH 6 1.00 92.6 + 1.73 0.192 113.5 + 4.03 0.483 129.3 + 9.21 0.582
1.50 89.3 + 147 0.189 107.0 + 5.23 0.582 118.0 £ 10.23 0.638
2.00 84.7 £ 0.71 0.211 98.3 = 4.31 0.518 Flocculation Flocculation
4.00 79.2 + 1.67 0.204 87.3 £ 293 0.492 Flocculation Flocculation
8.00 75.8 + 2.69 0.219 Flocculation Flocculation Flocculation Flocculation
0 182.1 £ 2.71 0.203 Flocculation Flocculation Flocculation Flocculation
0.10 2412 + 294 0.204 283.2 + 7.92 0.492 Flocculation Flocculation
0.25 214.6 = 1.79 0.193 263.1 + 8.68 0.391 Flocculation Flocculation
0.50 173.4 + 1.96 0.208 2483 + 8.12 0.418 Flocculation Flocculation
0.75 148.3 + 1.39 0.196 231.2 + 7.98 0.459 Flocculation Flocculation
pH 10 1.00 134.7 £ 2.41 0.219 227.1 £ 6.62 0.529 Flocculation Flocculation
1.50 1224 + 1.85 0.207 216.5 + 8.46 0.531 Flocculation Flocculation
2.00 113.2 £ 2.81 0.194 202.8 + 9.83 0.548 Flocculation Flocculation
4.00 1055 + 1.92 0.204 Flocculation Flocculation Flocculation Flocculation
8.00 101.6 = 2.12 0.205 Flocculation Flocculation Flocculation Flocculation

Table 4. Effect of CDP-W on Zeta Potential and Surface Tension of the Liposomes Prepared with Various Molar Ratios of CDP-W to S100-3

Zeta potential (mV) Surface tension (mN/m)
CDP-W/S100-3 (Molar ratio) pH pH
3 6 10 3 6 10

0 -50.55 + 0.07 -55.33 + 047 -55.58 + 0.07 58.00 + 0.02 57.26 + 0.12 57.21 £ 0.02
0.10 -48.72 + 1.18 -54.46 + 0.24 -53.92 + 2.18 51.92 + 0.09 4552 + 0.13 4529 + 0.09
0.25 -45.82 + 1.97 -53.57 + 0.38 -52.93 + 1.97 50.98 + 0.08 43.63 + 0.08 44.71 + 0.08
0.50 -41.28 + 1.12 -52.51 + 1.87 -52.19 + 1.12 49.29 + 0.08 43.61 + 0.08 44.38 + 0.08
0.75 -37.29 + 0.53 -52.01 + 1.27 -51.52 + 0.53 48.82 + 0.02 42.09 + 0.02 4291 + 0.02
1.00 -28.93 + 0.79 -51.58 £ 0.57 -49.26 £ 0.79 48.19 £ 0.05 41.85 £ 0.05 41.89 + 0.05
1.50 -16.82 + 1.95 -47.92 + 0.25 -4729 + 1.95 47.82 + 0.09 41.58 + 0.02 41.48 + 0.08
2.00 -10.82 + 0.14 -44.10 £ 1.23 -46.16 = 0.14 47.59 + 0.05 41.35 + 0.05 41.23 + 0.05
4.00 -4.92 + 045 -40.18 £+ 0.72 -43.29 + 045 46.68 + 0.01 41.16 + 0.01 39.57 £ 0.01
8.00 5.02 £ 1.17 -38.51 + 1.27 -41.82 + 1.17 45.60 = 0.01 38.38 + 0.01 38.18 + 0.01
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Figure 1. Effect of CDP-W on binding efficiency of surfactant onto

the liposomes prepared with various molar ratios of CDP-W to S100-3
at pH 6.
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Figure 2. Effect of CDP-W on fluorescence anisotropy ratio (r) of the

liposomes prepared with various molar ratios of CDP-W to S100-3 at
pH 6.
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Figure 3. Effect of CDP-W on deformability (D) of the liposomes
prepared with various molar ratios of CDP-W to S100-3 at pH 6.
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Figure 4. Effect of CDP-W on the melting point (T,)) of the liposomes
prepared with various molar ratios of CDP-W to S100-3 at pH 6.
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Table S. Effect of CDP-W on Encapsulation Efficiency of the Liposomes Prepared with Various Molar Ratios of CDP-W to S100-3 at pH 6

CDP-W/S100-3 Hydrophilic Hydrophobic Hydrophilic and hydrophobic substances (%)

(Molar Ratio) substance (%) substance (%) Hydrophilic substance Hydrophobic substance
0.00 26.80 + 0.28 74.02 + 1.62 24.16 + 0.38 72.34 £ 1.79
0.10 29.81 + 0.49 7791 £ 1.15 2691 + 0.79 73.85 + 0.59
0.25 31.85 £ 0.31 79.82 + 1.24 28.67 = 1.29 76.20 + 1.82
0.50 33.15 £ 0.24 80.67 £ 1.45 30.79 £+ 0.96 78.61 + 0.14
0.75 33.56 = 0.84 81.07 £ 0.74 31.18 = 0.69 78.92 + 1.27
1.00 35.05 £ 0.73 81.86 + 0.98 32.05 = 0.15 79.41 + 0.92
1.50 39.10 £ 0.76 82.45 + 1.46 33.79 £ 0.61 80.12 £ 0.41
2.00 40.03 + 0.53 83.87 £ 1.47 3491 + 1.02 80.89 + 0.56
4.00 41.53 + 0.92 84.19 £ 1.79 36.66 £ 0.86 81.59 + 0.61
8.00 4298 + 0.61 85.15 £ 1.24 38.01 + 0.83 82.93 + 1.27
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