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The Effect of Cholesterol on the Property of Vesicle

Iwhan Cho, Kwon Gi Moon*, and Jae Sup Shin*!
Department of Advanced Materials Engineering. Korea Advanced Institute of Science
and Technology, P.O. Box 201 Cheongryangri, Seoul 130-650, Korea
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Polymerized vesicles were prepared from monomeric cholesterol-containing surfactant. These ve-
sicles were used to extract the free cholesterol. To introduce spacer group into [cholesteryloxycar-
bonylmethyl] [2-(methacryloyloxy)ethylldimethylammonium chloride (CHODAMA), [5-[ (cholesteryl-
oxy)carbonyl]pentyl] [2-(methacryloyloxy)ethylldimethylammonium bromide (CHODAMA-5) and
[10-L(cholesteryloxy)carbonyl]ldecyl] [2-(methacryloyloxy)ethyl]dimethylammonium bromide (CHO-
DAMA-10) were synthesized. In both case of polymerized vesicle with CHODAMA-5 and CHO-
DAMA-10, the permeability was decreased and the amount of extracted cholesterol was also decrea-
sed, compared with the polymerized vesicle of CHODAMA.

Keywords — Vesicle, Polymerized vesicle, Cholesterol
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[10-[ (Cholesteryloxy)carbonyl ldecyl] [2-(methac-
ryloyloxy)ethyl Jdimethylammonium bromide (CH-
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My wy

Alef 9 717

E AYd AMg¥ @ 2ElE, cholesteryl chlo-
roacetate, 11-bromoundecanoic acid, 6-bromohexa-
noic acid, 2-(dimethylamino)ethyl methacrylate=
Aldrich AZ& AHEstge, [PHlglucose= ICN
Laboratories &g, [“C]cholesterol2 Amersham
AES AH8-3A T d 92 3B =A< Perkin-Elmer
X 98<, NMR &#E8 ZAAX]+= Varian EM 360

L&, AAEn AL Zeiss EM 1095,
tion counterr= Beckman LS 5000 TAE, sonica-
tort= Cole-Parmer 4710 250 W sonicatorg AR
3t

[Cholesteryl-oxycarbonylmethyl] [2-(methacry-

liquid scintilla-

loyloxy)ethyl Jdimethylammonium chloride (CHO-
DAMA)S| &Hy'®

Cholesteryl chloroacetate 25g(54.0 mmole)3 3
F& 3 2-(dimethylamino)ethyl methacrylate 25g
(159 mmole)& 250 m/¢] tetrahydrofuran(THF)l|
A7FA o] EFES 3¢ < A2 stir-
ringg gt ¥hEo] Fd EES §98 A=
THFZ Ao} & v d=A1Zth. CHODAMAZ} 12.
7g doizirhyield 38%).
NMR(CDCL;) 8 0.8-2.4(m, 44H), 2.0(s, 3H, C-CHa),
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3.8(s, 6H, N-CHj), 4.4(m, 2H, N-CH,), 4.5-4.8(m,
2H, CH-0-CO), 5.0(s, 2H, N-CH,-CO), 5.4(m, 1H,
CH=C), 5.7(s, 1H, CH=C), 6.1(s, 1H, CH=C).
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gl A 18417 Bt W AIA T Urea fr=diQl
P49 HAHEE 2EHA AAT Foll BES 50
ml¢] 0.1N HCIZ A2 oAl 50 m/¢] NaOH= A
Ak EuE AAZT Fol AT Axdo A9
AE de T opMECAM FH AEAIITH
Cholesteryl 11-bromoundecanoate(CHOBU)7} 1.40
g AolFthyield 28%, mp 96-98T).

1.20¢(1.89 mmol)2] CHOBU<} 0.30g(1.91 mmol)
9] 2-(dimethylamino)ethyl methacrylateE 50 m/ ¢l
FES &3] AAT oMEUEZD 10m/
28 9AH3] AAF tetrahydrofuran(THF)o| =91

%Q’%ﬂ*ﬂi 4 %9 hydroquinoneg 3 7}3h

Qt 5&%*171‘3*1 WHS-Al 7T o) R A

= 1'117%3}1 He HeE
R

& ether® A& Fof & HEAIZh o] A% silica
gel& o]&3t ZyaznEag s sk &l
25 CHCL: CH;0H=3:1& AMEs¥ed RE
0.480191t). 1.0g(1.26 mmol)e] CHODAMA-100} ¢
o] HtHyield 67%, mp 136-138T ).
NMR(CDCl3) & 0.8-2.4(m, 59H), 2.0(s, 3H, C-CHj),
2.3(m, 3H, CH,-CO), 3.6(s, 6H, N-CHj), 4.2-4.3(m,
4H, N-CH,), 4.5-4.8(m, 3H, CH-0-CO), 54(m, 1H,
CH=C), 5.7(s, 1H, CH=0C), 6.1(s, 1H, CH=C().

[5-[(Cholesteryloxy)carbonyl ] pentyl] [2-(meth-
acryloyloxy)ethyl]dimethylammonium bromide(CHO-
DAMA-5)2| g

5.0g(12.9 mmol)o] F#28 &3 25g(12.8 mmol)
¢} 6-bromohexanoic acidE Zvi&¢] p-toluenesul-
fonic acide} 7 200 mie) EF<lo] &A1 Zch

KNG Dean Stark FE 3t 48A17F E<t
BF3haA deAIZTh A AeEo)oA &
g ZF AAG Fo 48 ANE EREEE
=k o] €92 0.1N NaOH £do2 AW A
A1 v F, BulE BT AAst o] nAE
S B A AAA3ET) 3.9¢(6.92 mmol)] chole-
steryl 6-bromohexanoate(CHOBHE)7} Aoj% ¢t}
(vield 54%, mp 115-117C).

2.0g(3.55 mmol)¢] CHOBHE®$} 0.56g(3.56 mmol)
9] 2-(dimethylamino)ethyl methacrylates 50 m/2]
THF : CH,CN=5: 4%) Eg-&ol i"d ¥ p-me-
thoxyphenol2 A% H7}3 &

Zo) HEFAg o433 AHAZEIYHE o]
£3+o] AAs A &2 CHCL ! CHOH=3
131 Eg8m S AHg3k9.o RS 0440]30ch 1
02g(1.41 mmo)¢] CHODAMA-57} %o}z thyield
40%, mp 96-98C).
NMR(CDCL) § 0.8-2.4(m, 49H), 2.0(s, 3H, C-CHy),
2.3(m, 3H, CH,-CO), 3.6(s, 6H, N-CHs), 4.2-4.3(m,
4H, N-CH,), 4.5-4.8(m, 3H, CH-0-CO), 5.4(m, 1H,
CH=C), 5.7(s, 1H, CH=C), 6.1(s, 1H, CH=C).
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Figure 1—Electron micrograph of the polymerized vesi-
cle from CHODAMA-5.
(2% uranyl acetate stain, bar represents 10001&)

Figure 2—Electron micrograph of the polymerized vesi-
cle from CHODAMA-10.
(2% uranyl acetate stain, bar represents 10004)
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Table 1—Estimated Permeability of Polymerized Vesicles
1o [PHlglucose at 20°C

k (hr™h P (107 %cm hrty
CHODAMA 0.063% 0.005 42+03
CHODAMA-5 0.012+ 0.001 2.0+ 0.2
CHODAMA-10 0.018+£ 0.002 24102

¢Calculated by using a mean vesicle diameter of 4004
(CHODAMA), 10008 (CHODAMA-5), 8008 (CHODAMA-
10).

Table 11— Percent of Extracted ['*ClCholesterol by Pol-
ymerized Vesicles
CHODAMA
9.0+ 0.7

CHODAMA-5
43+04

CHODAMA-10
85108
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zyzbel A$-9 kg 73 F (22 o3 Pae
akch 78 k@ Pgko] Table Ioff veht gl

CHODAMAZ ©]&oj3 12318 vesicle?] P
zrol 714 #om o] gkoll BlslA] spacerg 7HAaL
9l CHODAMA-59 CHODAMA-10% P3to] zhzt
5299} 43% Zkgktt, o] A2 spacer’t AW
A Yol ZY2HES0] T HET F URE
¢} Fof packingo] & dojvbA FHE7} obx
71 wRolt}, =g CHODAMA-109] H|8] CHO-
DAMA-59] 79$7 E#xr7t @& & CHO-
DAMA-59] #$7F Sd2ElEE0] o 7 wjdEo
DS oushe, o] Ak FELEHEo] Z ujdT
% A ws} FEd 3lolA spacers] Zol7t CH,
a9 AL UF doe A& g8 Foh

BYAHE =F AE

Az o] g3led vesicled] o8 FEFHoZ

BEA

Zy~HEL 223 I liquid scintillation coun-
ter® 1 %S FHsAY 4T AFARFEH 4
7re] A glojA Lo ¥l & F Fd2H|

220 2&5o]x £8&% Table ol YeRfAch
Table 11¢] Z2#E H¥ CHODAMAZ o] #013
23 vesicle?] 37} 7 B &9 24

J. Kor. Pharm. Sci, Vol. 23, No. 1(1993)



38 Z& - A7) - 4144

2|

IR

i

o] F&Hom, o gholl H|s|A spacerE
CHODAMA-59} CHODAMA-10¢] 7
EH=HE o] A7 52%%} 5.6%
t}h o]R& 9Al spacer’t AHEAIA
HESo & wldE & A =9} F0
packinge] Z dojur FHaH|Eo] 7o) B0z
F A ALUE o GA AFse Aes Mzt

Z

w2y
O
30 e o

 ox o
>

lo Horr

2 £

ZH2vES 2w ANSGAAE $95t B
A5 vesicleES BT L, o3 vesicleE&
ol &3t Fe|AHEE &3 ded AMRSAh
CHODAMA®I| spacer7]E =A3l9E& %29, spa-
cer’t AHEAA Yo FP2HESo] F wigH
F A £} Fo] packingo] Z dojubr] ul o
Fhee g4 58 Fu2HE g%
FAE S =

=

o] = 1992d® WY SedTzgdu(dia

AEopel ojste] ATEHATE AA=HUh

8

Fo

1) J.H. Fendler, Surfactant vesicles as membrane
mimetic agents, Acc. Chem. Res, 13, 7-13
(1980).

2) T. Kunitake and Y. Okahata, A totally synthe-
tic bilayer membrane, J. Am. Chem. Soc, 99,
3860-3861 (1977).

3) JH. Fendler, Membrane Mimetic Chemistry,
John Wiley & Sons, New York, pp.160-168
(1982).

4) M.S. Tunuli and J.H. Fendler, Aspects of arti-
ficial photosynthesis, J. Am. Chem. Soc, 103,
2507-2513 (1981).

5) Y.M. Tricot and J.H. Fendler, Colloidal catal-
yst-coated semiconductors in surfactant vesic-
les, J. Am. Chem. Soc., 106, 7359-7366 (1934).

6) R.A. Moss and J.S. Shin, Direct observation
of exovesicular and endovesicular diazo coup-

J. Kor. Pharm. Sci, Vol. 23, No. 1(1993)

ling reactions, J. Chem. Soc., Chem. Commun.,
1027-1028 (1983).

7) RA. Moss, S. Bhattacharya, P. Scrimin and
S. Swarup, Surface-specific cleavage of a ca-
tionic carbonate-functionalized vesiclar surfac-
tant, J. Am. Chem. Soc., 109, 5740-5744 (1987).

8) R.A. Moss and Y. Okumura, Surface-differen-
tiated model phospholipid bilyers, J Am.
Chem. Soc, 114, 1750-1756 (1992).

9) J.H. Fendler, Polymerized surfactant aggrega-
tes, Acc. Chem. Res., 17, 3-8 (1984).

10) S.L. Regen, B. Czech and A. Singh, Polymeri-
zed vesicles, /. Am. Chem. Soc., 102, 6638-6640
(1980).

11) S.L. Regen, J.S. Shin and K. Yamaguchi, Poly-
mer-encased vesicles, J. Am. Chem. Soc., 106,
2446-2447 (1984).

12) S.L. Regen, ]J.S. Shin, J.F. Hainfeld and ].S.
Wall, Ghost vesicles, J. Am. Chem. Soc., 106,
5756-5757 (1984).

13) N. Jayasuriya, S. Bosak and S. L. Regen, Sup-
ramolecular surfactants, /. Am. Chem. Soc., 112,
5851-5854 (1990).

14) S. Asakuma, H. Okada and T. Kunitake, Tem-
plate synthesis of two-dimensional network of
cross-linked acrylate polymer in a cast multi-
bilayer film, /. Am. Chem. Soc., 113, 1749-1755
(1991).

15) K. Fukuda, Y. Itami, R. Shimizu and T. Kuni-
take, Preparation of multi-layered films of
poly(stearyl acrylate) using cast films of a no-
vel fluorocarbon amphiphile as two-dimensio-
nal templates, Thin Solid Films, 210/211, 828-
830 (1992).

16) T. Kunitake, Supermolecular engineering ba-
sed on self-assembling monolayers and bilay-
ers, Thin Solid Films, 210/211, 48-50 (1992).

17) 1. Cho and K.C. Chung, Highly stable unibila-
yer vesicle formed by cationic cholesterol-co-
ntaining polymers, Macromolecules, 17, 2935-
2937 (1984).

18) L Cho and K.C. Chung, Cholesterol-containing
polymeric vesicles, Macromolecules, 21, 565-
571 (1988).

19) L Cho and ].G. Park, Giant helical superstruc-
tures formed by cationic cholesterol-contai-



Vesicled] Ao g ZdxuvlEe] 53} 39

ning polymers, Chem. Lett, 977-978 (1987).
20) I. Cho and Y.W. Kim, Extraction of cholesterol
by non-ionic cholesterol-based polymeric vesi-
cles, Polymer Bulletin, 24, 545-549 (1990).
21) L Cho and ].S. Shin, Permeability characteris-
tics of polymerized vesicle, Polymer (Kovea),
15, 170-174 (1991).
22) J.S. Shin, Synthesis of permeability-controlla-

ble polymerized vesicles, J. Kor. Ind. Eng.
Chem., 2, 64-69 (1991).

23) L Cho, SH. Kim and J.S. Shin, Synthesis of
polymerized vesicles for cholesterol extrac-
tion, J. Kor. Ind. Eng. Chem., 3, 273-279 (1992).

24) D.H. Bae, K.S. Kim and J.S. Shin, Permeability
characteristics of polymerized vesicles (II), J.
Kor. Ind. Eng. Chem., 3, 335-340 (1992).

J. Kor. Pharm. Sci, Vol. 23, No. 1(1993)



