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Al (cationic surfactant)ol| 4] 5012 A H & J A (anionic surfactant)= ﬂ'%ol A3y = S5 (isoelectric pomt) S 4
G o 3T VIO FARE FHOL o pH WS 1) okl SAlo| = AMEHAL T A o]}
o Bt A A7) W3E 8l AR A9 e A Al vA =GPl AvH g EE pH B A LA T
T AR 7201 w5}l Eq'e 4 g2E ﬁ]“qi“hﬂ 9] A3 A Z(binding degree) 3 BEF =] 7}
(deformability) 9] %74% ¥ U] 5 (uidin) M3te] PIAE FTL ol ekt Ak
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Abstract
In this study, zwitterionic surfactants were added to liposome systems at different pH conditions to understand the effect of

surfactants on liposome characteristics. For this purpose, amine oxide surfactants having different hydrocarbon chain lengths
were synthesized and the structure of the resulting product was elucidated by using 'H NMR, “C NMR, and FT-IR. In addi-
tion, the physical properties of newly synthesized surfactants such as critical micelle concentration (CMC), surface tension
and isoelectric point were measured. The stability characteristics of liposome systems including average particle sizes and zeta
potentials were measured by varying pH and hydrocarbon chain lengths of an amine oxide surfactant. Effects of the pH and
hydrocarbon chain length of an amine oxide surfactant on fluidity of a liposome membrane were also examined by measuring
the deformability and the binding degree between the surfactant and liposome.
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1. M = livery vehicle)ell o] o]-§¥ )4 gttt 53] 2|25 o]559 &%
A FEE o] wE S, B9 JHEE] golA, 848 D &
O17(]7,§_(phosphohp1d)fi A AEZE2] oF 60%E AAsH= X8 A A oFEE W AR S Qe ARE 2 Q7] i) oJekEot
O, g AR, 58 AR A 9 8ol A Ak} sPgE AdelA tfabAl S8l QITH1-4]. T2t BlaEge
A ©]FZ(double layer) T-3=2] 3] §A|(aggregates) S A= A ohekst Ao e Etetal QIAAE] e gl =e} 73k wiitel oF
A& AYarl ok ojeldt A wide] o [YE YExF wAIE = AGAe] oist A S8l B2 sHAES AU §lon, 539
(loposomal vesicle), °lI™&H(lipid emulsion), EF&2Hlamellar) 2 H]Z} pH, A(salts) 53 72 9% 34 27 4A = g
A 2Knonlamellar) 3]3A| 2} 22 ThFst P9 k= @A (drug de- EAIE ZEL QITH14). weka] FHZ olF sk SleE thekst AT
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T Corresponding Author: Dongguk University-Seoul, 98 Fg3A 7= v So] o] o]gy gt ey LA TR
D e e s 49 £92 £ 58 254 42 54 4 A 90
S e, F9719 =YL gEF ue] o Al f54

PISSN: 12250112 eISSN: 2288-4505 @ 2016 The Korean Society of Industrial and

Engincering Chemistry. All rights reserved. (fluidity) W35 Fshs @88 Ayl Q)

291



292 wrhs] - o)l - o] - Y - YEF

A& d Al(surface active agent, surfactant)= 3F 2} jof] X4=7]
gh 27715 FAlell 7H 31 d (amphiphilic) SHHERA] -9
R A, f3h 188, B2, V1A 9 54 sha ol
@ AR olgalel A AL, 9 A, W8 A1), A, SRE,
ook “gok A}, FekaE A A, AbsA) HRIES B8, 55
AL, ESNAF A, AEEE, AA 5 B2 opollA ARgE L
SITH5-20]. B3t 7] (nanotechnology)d] FQ7do] UlF% A
AR GA ] ZFAFE] v M| F-Z(molecular assembly)E 17154 1}
L Rk A} A7) uhdl Azl §-88hs Y1l #ate] ATt
lshA K81 Stk IFTPIRE Foldh A v Ak}
A A |2 wEks §83 Ve HolA 2YHE EY, 1%
271 715 wiAE A GAL, FA7] 715 v A, ZUE ] ARE-E=
H2F FAIA 5 AFE 2 ARINF AAE vkl Aoy
FAPAASY okl ] AlE Ak A= AEEH I QlHH21).

pH el wpet S48t e Feke He 93 AWEdA
(zwitterionic - amphoteric surfactant)= %, = 2 Fulo] tjjs}od
2glaie], AEal7)F =31 FHAdo] Fow, FAt Bl A7) e E <t
AetE R 3, AR, SEAA, AARE oA, S AL
A 5 T Zoelld A8 = lth21-28]. HEd A AEEA
A= 8] pH e whef ool 23 Hlo]R 52 Fo]2 AHE
Az ZAE ¢ Jorz & ZAE 7L A, 4, thdw=], A=k
= Y 7Tes sAlel ke Aol 7hsdith olelgt B3 Ve
T A FEA ARGAA Y E21F FAE olallsks Aol
3 oahd, 53] o d AMAEIAlE I, = 9 el tiste] 2318}
o, u) A=l A3l GA Tl AEE SIS AR, 5844 5 o
Ft Folellx] 28 = Qlo], 3 Aol sk Aol A].om,
AR S Tl 2 Al skl #ilo] HFEar Jlvh21-28].

B AFolME ofl Salol= &A AWGPAS st 'H
NMR, °C NMR ¥ FT-IR #4& §3lo] 725 sgsialon, A
A A mholA T 9 ¥EAE 5o Al BdS S8
o} '3 AlE A9 S-S Soko] A AEGAT) ol A
A NN ol AASIAE
Aok ol IS e w, SAHE T
Ato| & AL A Q] 'hglra Ak o7t 2252 Hat YA A7)
W3 9 Ael A9 T3 2 A mA=
St pH 2 AAZAdA 2] sl AkE do] Jste] mE 9 2 xE
AAEEA] A A% W EE o] 7R 5o &
of ZxF 2o {54 Wstel nx= FES olslstuzt ik
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2.1. A=

TCIZ5-E N,N-dimethyldodecylamine (> 95.0%), N,N-dimethylte-
tradecylamine (> 95.0%), N,N-dimethylhexadecylamine (> 98.0%) &
9] o7& 918}0] dodecyl dimethyl amine oxide (C12A0), tetra-
decyl dimethyl amine oxide (C14A0), hexadecyl dimethyl amine oxide
(C16A0) 59 oFtl &Alo|= AHBGA Fdell zhzh ARgstslon,
TabalE 2> 35.0%) 2 oANE-E(> 99.0%)2 Junsei®} Sigma-Aldrich
e 247 lete] AREEIITE AR ARE fI8te] AREEE E o]
& W AR FRE 7R 34 SRTE ARSI, 8]
pH 228 Y38lo] ARE3E 0.05 M 74N (citric acid, C¢HzO7)3F 0.1
M ARG E Htrisodium phosphate, Na;POs)< Sigma-Aldrich =

35kt Wl 27 E M 3 & 2016

FE skl HuE A 3 glel auE ARSIt

EFE Az AH-E PAIE2 Lipoid S75-3¢1™, o= hydride®
PC (phosphatidylcholine) 75%} PI (phosphatidylinositol), PA (phosphatidic
acid) 5°] 25% 3 HARS Bt 2 xSy Agst AdEAdA
T 5795 9l8ke] A3 Sephadex G-50 %7141 2} cibacron brilliant
red 3B-A A9k Sigma-Aldrich25-E] T-¢J3to] HErhE A4 ¢l
o] b AMgakih

2.2, AE W

2.2.1. of2l SAfo|=E AHEYH &Y

WZ17)17F A9 1 kg batch FEIS] 37+ WE&7]el 35 oF 30 wi%
£ gl (C12A0%} Cl4A0E SHF AHE, Cl6A0T E/olehe=
3/1 EFEl AR 7FeE & k2ol 1 h E<t wiksllek wRkgt
Flof] 35 wt% g FHEFATE ofYl 7|0 R 1.1 1] THE 30
min 5} 2 SK(dropping) FU3 F 70 CollM 6 h Fet HEe-S 118
stglom, oju gu| ARERRS &9} HE Fete] I VFEoR
AA gA2] 70%S AH-SITH

40 C 2% Z71°A] rotary evaporators ARE-3lo] A1
E3teo] Sl 4ulE RElshs e AXMA Axd e =
S Aot Axd ] FAES oklEe] €71 2 L Fepiadel ¥

AFLo A 12 h B¢ waksk & 5 TR W3k Aol oz} 3
FEYsiGict. o9} 22 ofHE AAY WS 33 WHEste] d2
AY FAPELS 2F S804 24 h B 4L AxsIE g A
IES -70 TR 5438t 5, 54 AxE APt AT =
Ath HE FAEL FT-IR (Digilab, FTS-165), 'H NMR 4
NMR #37](JEOLAL-400, CDCl; 1] AMHHZE 25 #418H3Th
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222. AW &4 &4
ARSI A FgHo] ¥ HAE2 DuNuoy ring tensiometer (Kruss
K100, 5)E o]&-3te] B3 Aejelx 2 3ts SHssict AldeA]

A8 CMCE &

b

of w2 HgES S dIRRE Feiglon,
AR A 5= STl wet ¥ o) Y Fho] ek di= s
=E g AkEAgAe] cMcE 27 e3l

o

223. S¥Y &8

ELS-8000 (Otsuka, @) ARE-3o] 25 CollA] ARSI A 5789
o] Ale} A9E SHNR oM, AVBAIA =LA Ak A7)0l
pH & SHFoE Aot ol 5t 0.05 M T4t 0.1
M ARIMNIERS AR5t thafdt pH 2709 AMEGA 8-
& Axsk o, 89°] pHE Mettler ToledoAF2] MP230 pH me-
terS ALgEto] SABIATE FUF 270l AEr AYS 23 SH3)
o 1 Hghs AREHA 899 At A9 ghoz AYsisick

224, B|EE HX
50 mg®] A€l Lipoid 875-3° opWl SApo] = A YA E vhef
3 ZH18(1 : 0.00, 1 : 0.01, 1:0.02,1:004,1:0.06, 1:0.08)°l
wE} 74k & 10 mLe] 70 C o] Sl F3A AT olF =53
FA17)(VIBRACELL, SONICS Inc.)Z ©]-€3}9] 15 min < £35
S BAAA BESFES AxEITE A gEEe 25 T T

(BOD Incubator DF-95B, ‘F2]¥}shol] By}l

B

oot rfof

225 2lEZE B Xt 27| & MEt M 5F

A OTSUKAAFS] ELS-80003 ARE-ate] Ay 2] EF2] A
7] 9 29 AstE Fgsklon, 5U AR diste] 247 23] &
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Figure 1. Spectral data of C12A0; (a) "H NMR spectrum in CDCl;,
(b) BC NMR spectrum in CDCl3, (¢) FT-IR spectrum.

gatel 1 Hatgks st A7 sIvH29].
22.6. B|ZE Aot AHEY
H7vet AAL3A Y25 AT binding)$F S A 9
sto] Aoy}l FZwkE 73] (gel permeation chromatography)?} col-
orimetric determination Y-S ARE-SIITE Aoy} FZwlE 79
A& A= Mt Al(Sephadex gel G-50)= AME3l] Bl E2HFS
~

H =z =38

8]

sk AT 293

T

o] ¥
AgEHA] 92 ol ZAlo| = AAE/d A 9] F 5= colorimetric deter-
mination & ©]-§3te] SHBGATH30]. ol F flte] A5 &< 03
mL9} cibacron brilliant red 3B-A 0.0075 wt% &% 3 mLE &35t &
30 C F=2x0A 5 mingt WAk 3 UV Visible w3 FE=AE 0|4
sto] 3 575 nmoll A2 FHE e S5 wE AAS T

iy

22.7. B|Z2E 29| Deformability 5F

pH &3 4 37Kt AWEgA] 2773 Afolo| e #xF 1
5735 37181 S8t extrusion& ©]-8310] deformability D
(mL/min)E Z73FIck.  Extrusion A3 Amicon stirred cell
(Millipore model 8050, USA)< ©]-83191.0.H, J7]o] 4.5 bars] U3t
4EE ThEA A3E st B e Ee Az gEs A7)
H} 713 2717 A2 50 nme] E2]7HR| 0] E(polycarbonate) HHE.#|
Q1 ] #|o]3(Whatman Neclepore track-etched membranes, UK)E A}
S, A ARE B3 v FEE e BlaE &9 YuE &
Ak 3 29 2 (1) °]838l9] deformability DE T3FSItH31].

i}

D:jxé)? ()

7N, j= AA ARF ESF B uhe Baat

5 =
(mL/min), r, = BEE A3 2EF9] A7)(am), 12 7, = AHE
sk 9] 7] A7|(mm)o]Th
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3. Zdut 9 At

3.1, AHEMA &Y

343k C12A0, C14A0, CI6A0 °Fl SAlol= ARG AIE2] 'H
NMR, “C NMR % FT-IR #4] A3}Z Figures 1-3° 2+ Ui
t}. olefiell YERd AFAISE chemical shift (8 )04 & 5= Qo] €Al
3t CI2A0, C14A0, CI6A0 oFYl SApol= AAEIAES] Fx25
gRigk = SUSlek

CI2A0

'H-NMR (300 MHz, CDCls), &: 0.85~0.90, t, 3H(-CHs); 1.26~
1.35, m, 18H(-CHy-); 1.89, d, 2H(-CH2-CH,-N"(CH;3),0"); 3.18~3.42,
m, 8H(-CH,-N'(CH;),0) (Figure 1(a))

BC-NMR (400 MHz, CDCL), 6 : 77.32(-N"(CH;),0), 58.49(-CH,-
N'(CH3),0"), 31.76(-CH,-CH,-CH3), 29.46(-CHa-), 29.36(CH2-(CH,)s-
N'(CH;),0", -CH,-(CH,),-CH3), 26.53(CH2-(CH,),-N'(CH;),0), 23.80
(CH2-CH>-N'(CH;),0"), 22.56(-CH,-CH3), 14.00(-CHs) (Figure 1(b))

IR, 2853~2957 cm’' alkyl C-H stretching band, 1464~ 1465cm™
C-H bending band, 965~ 962 em’ N-O stretching band (Figure 1(c))

C14A0

'H-NMR (300 MHz, CDCls), &: 0.85~0.90, t, 3H(-CHs); 1.26~
1.35, m, 22H(-CH»-); 1.89, d, 2H(-CH2-CH,-N"(CH;),0); 3.19~3.42,
m, 8H(-CH,-N'(CH;),0) (Figure 2(a))

BC-NMR (400 MHz, CDCL), & : 77.32(-N"(CH;),0), 58.50(-CH,-
N'(CH;),0"), 31.76(-CH,-CH,-CH3), 29.51(-CHy-), 29.48(CH2-(CH.);-
N'(CH3),0’, -CH>~(CH,),-CH3), 26.51(CH2-(CH,),-N'(CH3),0"), 23.78
(CH2-CH,-N'(CH5),0), 22.53(-CH,-CH3), 13.98(-CH;) (Figure 2(b))
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Figure 2. Spectral data of C14A0; (a) 'H NMR spectrum in CDCls,
(b) BC NMR spectrum in CDCl3, (¢) FT-IR spectrum.

IR, 2848~2912 cm’' alkyl C-H stretching band, 1462~ 1464 cm’”!
C-H bending band, 950~951 cm™ N-O stretching band (Figure 2(c))

Cl16A0

'H-NMR (300 MHz, CDCl;), &: 0.86~0.90, t, 3H(-CHz); 1.26~
1.34, m, 26H(-CH,-); 1.87, d, 2H(-CH2-CH,-N"(CH;),0"); 3.19~3.43,
m, 8H(-CH,-N"(CH;),O) (Figure 3(a))

BC-NMR (400 MHz, CDCL), 6: 77.31(-N'(CH;),0"), 58.26(-CH,-
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Figure 3. Spectral data of C16A0; (a) '"H NMR spectrum in CDCls,
(b) BC NMR spectrum in CDCl;, (¢) FT-IR spectrum.

1600 1500 1200 1000

N'(CH:),0), 31.85(-CHy-CH-CH3), 29.61(-CHz-), 29.58(CH2-(CH,)s-
N'(CH3),0’, -CH,~(CH,),-CH3), 26.55(CH2-(CHa),-N'(CH;),0), 23.82
(CH2-CH,-N"(CH3),0), 22.62(-CH>-CHs), 14.06(-CHs) (Figure 2(b))
(Figure 3(b))

IR, 2853~2957 cm’' alkyl C-H stretching band, 1464~ 1465 cm’
C-H bending band, 965~962 cm™ N-O stretching band (Figure 3(c))
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Table 1. Physical Properties of Amine Oxide Surfactants Measured at 25 C
Surfactant Structure Amine Value  Purity = Molecular M.W. CMC Surface Tension at CMC Isoelgctic
(%) (%) Formula (g/mol) (mol/L) (mN/m) Point
P
C12A0 / 103 100 CiH;NO 22941 250 x 107 3491 7.54
/\,/\\/“\/“x/’“\/\r'{io;_'
NN
C14A0 JI . 104 98 CiH;sNO 25746  1.57 x 107 33.38 7.57
/‘\/\/\/’W\\/\FleH
/“\/\/\/\/\/\VM\NLO
C16A0 J ‘ 102 99 CigHuNO 28551 9.50 x 107 32.73 7.81
AN NN N\oa
Table 2. Effect of Amine Oxide Surfactant on Particle Size of Liposome Prepared with Lecithin at 25 C
Surfactant Mo.lar Ratio of Particle Size (nm)
Lecithin to Surfactant pH 4 pH 7.5 pH 10
1:0.00 87.9 + 035 87.5 £ 0.35 87.9 + 0.35
1:0.01 81.6 = 0.78 86.9 + 0.07 87.8 + 0.00
1:0.02 774 + 0.07 85.6 + 0.71 842 + 0.28
CI12A0 1:0.04 72.0 £ 0.57 79.4 + 0.07 823 + 0.64
1:0.06 67.8 £ 0.07 78.7 + 0.21 79.6 £ 0.49
1:0.08 654 + 0.21 78.7 + 0.00 79.1 £ 0.35
1:0.10 81.4 + 0.07 77.7 £ 0.78 77.3 + 0.28
1 :0.00 87.9 + 0.35 87.5 + 0.35 87.9 + 0.35
1:001 79.9 + 0.00 82.6 + 0.28 83.4 + 1.13
1:0.02 74.6 + 0.07 81.2 £ 0.71 82.8 + 0.35
C14A0 1:0.04 70.1 £ 0.35 79.4 + 0.92 822 + 0.99
1:0.06 624 + 1.56 78.1 £ 0.07 78.8 £ 0.78
1:0.08 91.3 + 0.28 77.8 £ 0.07 78.3 + 0.07
1:0.10 110.0 £ 1.13 73.6 + 0.07 77.5 £ 0.35
1:0.00 87.9 £ 035 87.5 + 0.35 87.9 + 035
1:0.01 73.0 £ 0.21 80.8 + 0.49 829 + 1.27
1:0.02 71.8 £ 0.21 79.9 + 0.57 80.5 + 0.14
C16A0 1:0.04 67.9 £ 0.35 77.0 £ 0.21 78.1 + 0.57
1 :0.06 75.5 £ 0.07 75.0 £ 0.21 76.1 + 0.14
1:0.08 914 + 035 722 + 0.14 74.9 £ 0.07
1:0.10 Phase Separation Phase Separation Phase Separation
3.2, AHEYN =4 3 A 2-gsh, A o1Fe] pH el ol S22 Hlo]&
opil SAtol = AGYA &N Fie Wste] wE wHgY 5 WA R Attt whebA 2 A W” %0 o] pH ZZe] W&

% A¥E QoK Table 19 YERISITE Table 10 YERH Axjo|
A ' T Re] §elga AR dolrt Skl wi cMCE ZHt
1.57 x 10*, 9.50 x 10° mol/LE A} 7kAalgich wsk
Z7)4e] EAAEE 742} 3491, 33.38, 32.73 mN/mEA] A
&710] Z7)o whef 7kAshs AES Ryh o] du= 243 A
AHGGA S &slra o7t S7FEE A e d A2

2.50 x 107,
CMC
718 2= A
2F7do] S7Vsl] wiEelt
I ARIAE

A5 o]ake] pH 7oA ol AHLA H]

A dA] G=8-<fe] Ale %

o1 glate] oful GAtol= G ]

491 5733

L

T

55t Ao|ti22-28].

HEVIA| 8- et A
z7e) wat SH819om, 1 A7E Table 10 L}E}LH%D}.
Table 1] Aol Yeh}o] C12A0 AHEAA]
7.54Q1 1A AEl M9 glo] 05 7RIt B
A A A2Ele] 08 72 7,57, 7812 SAE QL) o] A}
obl SAe]=e] Frxde] pH 8.0 olsketar

Fafe] 5

5298 éﬁé}aitk

PN o
TEAe

pH7}

stk C14A02} C16A0

e ®BarE viel
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Table 3. Effect of Amine Oxide Surfactant on Zeta Potential of Liposome Prepared with Lecithin at 25 T

ol

Fol - WY - YEF

o

Molar Ratio of

Zeta Potential (mV)

Surfactant Lecithin to Surfactant pH 4 pH 7.5 pH 10
1:0.00 -49.35 -51.72 -52.80
1:0.02 -35.36 -51.70 -52.15
C12A0 1:0.04 -24.73 -47.13 -52.61
1:0.06 -11.65 -41.23 -50.52
1:0.08 6.08 -40.11 -48.57
1:0.00 -49.35 -51.72 -52.80
1:0.02 -32.21 -51.34 -51.72
C14A0 1:0.04 -12.66 -46.63 -52.69
1:0.06 2.00 -40.07 -49.15
1:0.08 14.82 -32.17 -47.17
1 :0.00 -49.35 -51.72 -52.80
1:0.02 -28.96 -47.65 -51.85
C16A0 1:0.04 -9.95 -44.25 -51.43
1:0.06 10.90 -33.42 -48.47
1:0.08 24.94 -18.75 -43.95
33. YRt 37| &Y AR B sk wa sl 7] Aole] 7]

GAEL o] cleka BulE R okt SAl|E AugdAE Bk
of YEEL Axd ¥ elEEe) Bt U4 2718 SHAU ol
SApo| = AHEAA ] STAH =4 Aol ule), SAE ol3HpH 4),
SR FHpH 7.5) 182l 5 ol dpH 10)8] oA HAEs
A&stel o, 71 A3E Table 20 2.9Fste] YERYSITE Table 29
Aol A & = el pH 4 4ol = H7Heh ofwl SAtol& A
SR S5l SAIRe] A7V STl whet 2l A 2= 2
asttrt v Sk A E3E UERISIT & =91, C12A0 A&
Hlo] Agolli= AR Eoiu] AAEAE 0.08 T H7HsE 2710
A elsgo] 1 2 1715 Uehlglom, Cl4A0% C16AO A2
Sl elAe Bl AdegA A7ke) 27t 0.06, 004 AN

EE A 2717 4 20 etk e ok SAlol Aw
A9 B AR 2ok Zolel Wt dEE Al 2717
7V 21 e 20l o)) SolAis ARE el ol /)
HEAGA Y Aol TS BXE Al 238t Adgs
A ol Frste] EFS] Hat dAF A7)l o & G vFI
ujite] ek, kel pH 759k pH 10 Z31eAE ofel SAlo|= Add
Al 71 SN0 wek BEF A ) pashe 48E 19
om, o]z H7bA ol SAPe|E A A7 B3EF 9] packing
S o 2WsH 3 Aow AzZtHE)

Table 2] VERH AellA] & = SQl5%0] BE pH 7oA 4254
o] 7¢ & Cl6A0E 7t Alxgle] 4k 717k 7P A 57
QqT}. ol 254o] T ARBYA AP elEEY 25e Zt
A S eunatreyo] 2 2 1719 WNEE WG] wRolTk
t\:g} Eo]s} o]_u] _9_/\]_01 ﬁ]tﬂ%ﬂxﬂ 1:17}5_ }\])\Eﬂoﬂ}\-] pH tﬂ
sjoll w2 QA 2718 wlashe, QS pH 10 236
7P =z, Whde] pH 49 el b A2 A& o ¢ Qi) ol
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Table 4. Effect of Amine Oxide Surfactant on Binding Efficiency Between Liposome and Surfactant at 25 C

Binding Efficiency (%)

Surfactant

pH 4 pH 7.5 pH 10
C12A0 48.2 45.1 404
Cl14A0 54.9 46.9 423
C16A0 67.0 54.0 47.8

Table 5. Effect of Amine Oxide Surfactant on Deformability of Liposomal Membrane at 25 C

Deformability (mL/min)

Surfactant

pH 4 pH 7.5 pH 10
C12A0 4.62 8.36 8.91
C14A0 432 7.72 8.55
C16A0 3.93 6.42 6.96
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