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Abstract : A lipid containing a 1, 2-dithiolane group was synthesized, and polymerized vesicle was prepared
from the vesicle of this lipid by ring-opening polymerization. Reaction rate of the polymerization was monitored
by UV absorption, and the results showed that it followed the first order kinetics and the rate constant 3.84 X 102
min~'. Permeation rate of sucrose through the polymerized vesicle was 4.7X10 %cm hr™!, which is 1.5 times

lower than that of monomeric analog.

1. A £ released drug delivery system ol Qo)A FExjig=
£58 283 AL WS 28 Bxojg).,

L2238 vesicle Sl B A= biological me- Disulfide 715 Zte TESLE vesicle & Regen
mbrane | model system ©.24] ®uko] ojjz} oot SL3lel 98 A3 A= Hon Fadge surface-
o ERHA 5 WL Eokoll A 177} o) ol X ;. QT[] activated polymerized vesicle 59 -&8¥ 31 ltH4].
—111. Biological membrane ¢] 7} 0% EAo 2 ATNME disulfide 7S lipid ®] ammonium ion
BEAN B2 B e Egase AAojmz 2ol 25 lipid (1) & FAse o)gomug T
FHIE 2AE 5 Y DR vesicle 9 A o FAH5HE vesicle & FHA7) 1w o] Ey =
ol Z Mol glolA vi¢ Fasith, =& controlled & AR gg,
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Br CH;N*[(CH,),,CH;J:L CH,CH.0— C(CH,), CHCH,CH.]

1

2, A =

2.1, AN 717

B2 Ago] A8¥ dodecyl bromide, 2-(methyla-
mino) ethanol, 6, 8-dithiooctanoic acid ¥ Aldrich A
£& AHgstgen, [“Clsucrose & ICN Laborato-
ries AEFE AFE3I]t). Infrared spectrophotome-
ter = Perkin-Elmer X 98 &, nuclear magnetic reso-
nance spectrometer = Varian EM 360 L &, X8
0] 4& Zeiss EM 109 Z, liquid scintillation coun-
ter & Beckman LS 5000 TA &, sonicator © Braun

Sonic probe-type sonicator & AH&3F ).

2. 2. N, N-Di-dodecyl-N-methyl-N-(2-hydroxy-
ethyl) ammonium Bromide (2) 2| &H&[12]
12.5g (50.2 mmol) ] dodecyl bromide ¢ 31.0g
(413 mmol) 2] 2— (methylamino) ethanol - 60 ml ]
acetone o ¥ 3 AT FST reflux A1 HTh o] BHE
&8 separatory funnel o &4 olelES wEla ¢
%% #3tH ether o %<1 §F 30 °C 9 sodium bicar-
bonate T8N 2 FH wash #t}. ©] ether &4
F MgS0, 2 Mg ¥ AF AZAH. N-me-
thyl-N-(2-hydroxyethyl)-dodecylamine ©] viscous ¥t
oil FelE oA}, 953 g(78 % yield)
NMR(CDCls) : 0.95 (t, 3H, CH), 1.27(s, 20 H, —(CH
D), 2.25(s, 3H, N—CHs), 2.40(m, 4 H, —CH,—
N—CH.—), 342(s, 1H, OH), 3.60(t, 2H, —CH;—
OH)
oAl do™ tertiary amine 8.03 g(33.0 mmol) #
12.5 g(50.2 mmol) 9] dodecyl bromide & 100ml ¢}
ethanol ol ¥ 31 24 A3} 52t reflux Al ZH ek, o] &8
F AxAFE ek LA E A E =T o] AL ethyl
acetate oAl FH ANZAAT & ¥ Az 10.2
g(24.7 mmol, 75 % yield), mp 66—67 °C
NMR(CDCly) : 0.92(t, 6H, (CHs).), 1.27(s, 40H,
((CH2)10)2), 3.3—3.9(m, 9 H, CH;—N(CH>)3), 4.13(,

2H, CH;0H), 4.90(s, 1H, OH)

2.3. 6, 8-Dithiooctanoic anhydride 2| €H43[13]

2.56 g(12.4 mmol) 9] 6, 8-dithiooctanoic acid ¢} 1.
52 g(7.37 mmol) ¢ dicyclohexylcarbodiimide & 40
ml ¢ dry methylene chloride o141 24 AJ7F &<t ¥t
LA AT BAE urea & 28 W) A5k filter &
¥ I filtrate & 12 o3 I AP ol 83T
o] filtrate ] IR < 1735cm ™ * <} 1805 cm ™ © A acid
anhydride o 2]% band & B 29 1700 cm™
oA LU= free carboxylic acid o 2]8F band &
AtehbA o

2. 4. [2-((B, 8-Dithiooctanoyl) oxy) ethylldi-
dodecylmethylammonium bromide (1) 9| &4
Yol Pl 62mmol & 6, 8— dithiooctanoic
anhydride 7} &3] % ] )& 40 ml 9] methylene chlo-
ride &9l 1.02 g(242 mmoD &} 2 & W3 Y. 18
al71el 0.324 g(2.65 mmol) 2] 4-(dimethylamina) py-
ridine & ¥ 24 AIZE FOF WA ALY, e & F
A8 salt & filter 3F1L filtrate S T3l M & E
A Asted 53 A17] ©hF chromatographic $F WH O =
BA 35t} Re 0.3 Lsilica, CHCl/CH;0H(9/1, V/V) ]
1.24 g(2.06 mmol, 85 % vyield) & 17} =212} oil
He) 2 ol F4rh,
NMR(CDCls) 0.93(t, 6 H, (CH3)2), 1.28(s, 40 H, ((CH
2) 1<))2), 15— 1.8(m, 6 H, (CHz)x), 1.8*2.5(1‘[1, 2 H,
S—CH-CH;—CH,—S), 25(, 2H, —CH,—CO—),
31—-33(t, 2H, CH:S), 3.4—3.9(m, 10 H, CH;N(CH,)
s» —CH—S), 4.1(t, 2H, CH,—0)

2. 5. Vesicle 2| &4 (Sonication £4t)

50ml &] ¥le]7je] 100mg 9 1& o} 4] &
22Egol B goow wE o, AFHelA
Sl & SEAA ghe uho] Ho] A o] upete] ¥ g A)
st (25°C, 4hr, 1 mmHg) 1 & 10ml & 10
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mM borate ¢% -84 (pH 85, 0.14 M NaCl, 20 mM
NaN;)-2 o] B]o]A o] ¥l sonication < ©]23}+4] ve-
sicle & @AA1Z ). (10 min, 50 °C)

2. 6. Vesicle 2| &4 (Ethanol Injection 2+

10ml & Hlo]Ae] 50mg ] 1-& olF &% &
2EXE ¥ gdoz vrE O, T A
|l & FEAA gF& who] nlo) 7 o] uietol] X5 A
st (25°C, 4hr, 1mmHg) 9719 2.40ml 2
ethanol & 713ty &g TEQT. 2 ¥ 0.18
ml ¢} ©o] &AL 7l KB FAF uiE dL
A FA71Z 150 ml 2] 10mM borate $2-8-9H
(pH 8.5, 0.14 M NaCl, 2.0 mM NaN3) °ll injection 3¢
vesicle & FAAIZ T

2. 7. Polymerized Vesicle 2| &M

TH S 1€ VIFELEFY 100mg Z 0.83ml
©] 001 M dithiothreitol &2 H7}8§A ring ope-
ning & AFIoZH AAgT, WL E 25°CE
3921 thin-layer chromatography 2 <13 23},
S W& 4 Azl AUE A9 @ By:
7

2. 8. Transmission Electron Microscopy

2% uranyl acetate 8H-Z vesicle 897 1118

& &, copper grid 9ol o] &4 3 WS A

ot oJAE 2A1ZF AX hood M RAAHA

ZA]1Z1 ¥, transmission electron microscopy(Zeiss
& AH&EA vesicle 9 Z719 m¥S B3

2. 9. Gel Permeation Chromatography /&

Sephadex G—50 £ column(1X40cm) € & ¥
30ml 2] 10mM broate $+% 44 (pH 85) & g3t
HA6AL Ax Fol £ F ALEsA . 7] vesi-
cle &4 05ml & 13 ¥ borate #38(pH 85) &
elute SFATH. 116ml % W& wf, 11 WA} 129
A FE vesicle Yo vhgirh,

2.10. Riz &3

el A9k 2ol vesicle & FAA 712 E @, = soni-
cation = 7] Ao A [“C] sucrose & substrate £

Tdssh, A2A 4135, 1991

A7 gtk & surfactant 19 5mg 9, 20 uCi & [“C]
sucrose 7k F°}31E borate FEL AL HrME
229 sonication ¥ vesicle ©] FAHUE = [“C]
sucrose 7} vesicle o 259} W Fo] T E)3}A
g9 28z A S S A7 o)A sl
dolzl mE =3} H vesicle 4L 7HA| I sephadex
G—50 & ©]&3t gel filtration & 31H vesicle ¥+
#9379 free [“C]sucrose & 28T 5 Ut o]
A E2]8 vesicle 2 F [“C] sucrose S W3l
3L AE vesicle £9 L A1 BHRe S
AAIE, Vesicle 9 1ml & dialysis bag o ¥
200 ml ¢] borate %% &4 (pH 8.5) o it 20 °C
ANA dialysis & AAIECE dEln G A 7huick
40 pl A dialysis bag M4 sampling & 34 liquid
scintillation counter & ©]-&3t] Folle [“CJ suc-
rose 8 ¥ A3

3. 1. 1D2XE El Vesicle 2| &N
2 ATNAE vesicle & AN E WRHOE so-
nication & ©]-&3l= W I} ethanol &9 < injection
3w WY 52 AMEskg

Sonication £ AH&-3te] ABol3 vesicle & HAAHE ]
74 Ao 2 HE Age] 500-900A FEo] us
F 1L ethanol injection WS o] &3t} AolA vesi-
cle & A E°] 600—1300A" =2 ethanol injection
WHegRE 2T o 2 veside o] FAHAUG.
Ethanol injection o2 &
%] sonication WHOEZ AL vesicle Lt} Hom

-

ok A 2 Ao ME sonication WH S F 231
4338kt Ethanol injection B 0 2R E AL ve-
sicle & 7% A @A do] oA = o] -f+ unilamellar &
vesicle # multilamellar 8} vesicle ©] 41J¢17] ol &
o2 ALHEg1].

FHLL AolA PR vesicle A dithioth-
reitol & 713l ring opening & Ao 2A ety
U 1, 2-dithiolane %22 UV &%7} 333 nm | 4]
WEb7] wEel(14] 333 nm ol UV 42 A%
S5 TN 58 28 5 Q). UV 4

54L& 2& %9 dihexadecyldimethylammonium
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vesicle 49 UV 45
blank 2 3] =743t t}. Sonication & A A&
vesicle &9 S 7FA) AL dithiothreitol & 713 % 333
nm A UV F4~ ¥8E 7158 A7) Fig. 19
veht Sl

bromide ol <& FAJH
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Fig. 1. Percent of 1, 2-dithiolane remaining.

Fig. 1914 R¥& upetzo] 60 #o] A 90 %
%9l 1, 2-dithiolane ring ©] @#HAI 120 ¥ AL

AU 79l BE 1, 2-dithiolane ring ©] €84 T%
HEg-of % 040}95‘\\:} Fig.19°] B2 data & 1 2 ¥H2
& o thate] EA3 Aol Fig. 2o Veht ¢l

o 12 v FE) log(fAl/[AL) =kt/2.303 <A
[(Al,=100% 2 3t¥9er [Al < t¥ F9 1, 2-di-
thiolane ¢ % & 3F3it},

1.8 |
1.5 | .
1.2 + .
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Fig. 2. Semilogarithmic plot of percent of 1, 2-dithio-

lane remaining.
Fig. 2 o4 B wvhelzte] 60 #7AAE 12} ¥
&L A o} F ueo ] Wk &% AM k = 384

107?min ! o]t

X o]o

w3k £3hh-g o] 5o TLC & detect 3 ¥ ZH3} 4
A7t Foll+= monomeric & 1 o] A 2] &3] AlgkA] =
Aol el At} oA Ao &2 H vesi-

cle © Az #w)A AL Hol E A7} Fig. 3

Fig. 3. Electron micrograph of the polymerized vesi-
cle from 1.

(2 % uranyl acetate stain, bar represents

1000A)

Fig. 3°14 Xi= blelgo] xEo] 500—900 A *
Lol 2R3 vesicle ©] FAFHA LSS & F UL
e 7] Am & F9o AR #HeAG AR
vlns) 2 A3 e vesi-

W Fjolg wAY 4
=

3. 2. Erz Ad

Vesicle & ## =& A@ste W2 od7tArt

UARE OFo X 7 & WHE [“C sucrose 9
Q% radio active ¥ substrate & ©]-&3}= Zolt},
W& [“C] sucrose 7F 7 E090 % vesicle
> gel filtration 3t<d, [“C] sucrose & vesicle
ZAAE vesicle 9 Eelgrl. folA
vesicle 89S dialysis bag ol ¥ 3 200 ml &
Z5o) 8 dialysis 3t FHES g0, du
vesicle & F343] & [4C] sucrose & vesicle & ¥
Faf b &R R 5u) o] de) WE £E 2 dialysis

o e & op ux
oo 2 12 %
rﬂ, o
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bag 2] membrane & F#3) Uz}, 22122 dialysis
bag W] [“C] sucrose 2] %<& 2314 vlz 1 ghe
vesicle 9] [“C] sucrose & 4 =43 o= 3
A 4= 9t

Captured volume 2 vesicle ©] &% oA =%
dhe 9 E UElE 3k2 2 vesicle o entrap € su-
bstrate o] ¥& o] &3t Ry Bge 73, o)A
AH8-g lipid &) mole 2 Ui L 23} = vesi-
cle 845 gel filtration 3} vesicle o entrap ¥ [“C]
sucrose ¢} YT Ao FoldE free [MCJ suc-
rose & F& ML vesicle o] AR FHE Ry B
&2 T F o] 2& AHEE lipid 9 mole & 1ol
captured volume & T3t} B A¥PojA de R
23k vesicle 9 captured volume & 1.8+0.2 I/mol
o]tk

FAE FA A 2L data ¥ Johnson # Bangham

[1519) W8e ol&sted 2zahsich.

No VQ No Vo V1+Vo
| 222 N | = —k
" [V1+Vo ] Y, v, 1@
k=(A/V.)P (2
No=2719] vesicle H52] counts
Ni=t A3t F9 vesicle W9 counts
V,=dialysate ¢] % 3]
Vi=dialysis bag W¥2 F3]
V:=vesicle W52 3
A=vesicle W59 xFWA
P=vesicle ©] permeability

N _N( —

— | = —kt 3
In [ N ]
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Fig. 4. Percent release of [*C] sucrose vs. time at
20 °C, polymerized : A, unpolymerized : @ .

THEE, A2d A 13, 1991

Fig. 49 A7t o2 [“C] sucrose 9 % release 7}
et slck. 1823 vesicle I 523} 5 2|9k
< vesicle ®] FHAEE vlusEy 2223E vesi-
ce FAZI ASE & 5 ok o] data & (3)
Ho g A st thA] A% “1go] Fig. 5 o et
Atk 123 ©] Fig. 5 & FH AXH k 3t P gtol
Table 1) vteR} ),

Table 1. Estimated Permeability of Unpolymerized
and Polymerized Vesicles to ["*C] sucrose

at 20 °C
k(hr™)  P*(107%m hr )
Unpolymerized 0.059+ 0.005 6.9+ 0.6
Polymerized 0.040+ 0.005 4.7+ 06

* Calculated by using a mean vesicle diameter of
700A°

-0l
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~

T -0 F

=

Y -4 |
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T -est <
-0.8 |

- 0.7 |

Tise ( br )

Fig. 5. Semilogarithmic plot of the fraction In[(N,
—NJ/N.] vs. time for [“C] sucrose permea-
tion, polymerized : A, unpolymerized : ® .

Fig. 5 94 B0l 10 A1 7HA1E (3) Ao o}F 7
gotort 10 Ak o] FollE AN TAGA ot}
10 A1ZE 0] %-9] data 7} (3) 4] BlojL}= o] §-& o} &
BESHA] gor] AL AT Folth, Table 19 2
H2RE LEASE vesicle o] IEASH A ke
ASET ko] 151 LS 4 4 U

a.

rhu

 dYoeRE de Fdee gon po).
D 1, 2—Dithiolane 71S 2= lipid & 435+ vesi-
cle & 34412 o+ ] A2 ring opening polyme-
rization 8hod E2LHE vesicle & A Y ).
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2) ol ZEAHE vesicle 9 FHE AT FFEY
o
o

AR 2

of g 1000ME iR 19 BEUEA
wol AT &4 sEdTRguel ol A7
ee A=Y

g o=
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