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Permeability Characteristics of Cholesterol-Containing Polymerized Vesicles
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Polymerized vesicles were prepared from the monomeric cholesterol-containing surfactant. Spacer
groups were introduced into [(cholesteryloxy)carbonylmethyl]l [2-(methacryloyloxy)ethylldimethyla-
mmonium chloride (CHODAMA). In case of introducing the spacer groups to the cholesterol moiety,
both permeability of vesicles and that of polymerized vesicles were decreased. In case of introducing
the spacer groups to monomeric moiety, permeability of vesicles was increased, while that of poly-

merized vesicles was decreased.

Keywords — Vesicle, Polymerized vesicle, Cholesterol, Permeability

Vesicle2 molecular bilayer® o] Fo]3 F£3 <]
2 Yo Bo] Bof gl TZE sk uth o)
vesicleo] @3 A= AHSdde B 122 7}
A3 gJ+ biological membranedi th3} model sys-
tem2.ZA AJZFE QLY I o]F-2 197739 dioc-
tadecyldimethylammonium chloride& sonication2-

o)-&3le] Eo] EAMAZI O 2 A synthetic vesicle%
oo 2

A& 5 Ugol AT THRHAJYCE? oRA ¢
9 dEYE SFAEZRE vesicle: QT —’F—
QA HAZ] FEo] o oo]F @S dialkyl AHE
AAEe] NLEALD

o2 3k A1 Lol ¥4=3] biological memb-
rane?] model systemo.Z ZE8}FP oY vesicle
o] 7Ix ' 5} FF F Ui Loz
A E B2 A9 F0E 2w P wEd F
HASE Fobo) §-&57] A& g £ drug

carrier system,” photochemical solar energy con-
T2 = @3 e o] AAR

[+]e]

=

version system,*® reactivity control system® ®
o9 e Fofz o] §8o] A=Yt et ve-
sicle®] 7HAiL Qe BAA, &, LAV FobF
A Mzrt §EEHe Aol FAHE B "ol
ol&{3t B F&ole oHE Hol AUk Lelst
SA2A% Aol vig nEXFEH vesicleo]t)?

T E2}EE vesicled 1980139 A3 AMEUE
g vesicle® FAT 4 v ARBHAN 5
8-S & 4 e #FVE B9 vesided FA
= %‘3‘3&%% sto] stk o]FA A
Z aE vesicle2 @EAZ H vesicleol
o] 3] A EH, F718NM T o A=
glo] g HT) 11 HE B2 u¥EASHE vesi-
i7HQ91q_9,11 24)

Cho 52 FYzHES ?JWS}-‘E ARGAAE
FAsted wEA3HE vesicles FAZAATH? o]
3 FE &S TR vesicleSs YA =

2



90 2% - WEE - AAN

7l Ade] AATso] FYLHES Bo] T
33 Qlvke AMdEREeth o]EA PAHH 1
Z3HE vesicleE& vl QHFFro] YE ALY

g o] FH2HES 2= AUZHAE F9
Eo E25%-& v giant helical superstructure®
e AR Ygo] HEAGY olyg TR AR
o] ohd Ayt AnFozw FFo| 713

fqr W He o

)i\‘

Raiy:

Biological membranes] 71¢ 83 EAL A
EAlY] a3 FFES FHAIE AW, B
g 248 + dve LEAZE vesicled] e
o]y g Aol oA wj¢ F23c}h. =F controlled
released drug delivery systemdl] $lojx F3&n
e AL W$ 348 FAU. U3k=
Zolvp k= At ofE9 WE S 2AY
AthA g8 Hol|vt g Fojsjof 3= H, o2
0] &7 22 e N5} e ojyg A7}
2 model systemo] 2 ¢ ¢1& Aot}

2 ATdME EY2HES e AUEAE
$dste] ojRe 2R TEASH vesicleE S
BAAA olAEY FH EAL A¥usith 15
ole{gt vesicled] £ EAo ARBYA ] £
W3} ARBYA spacer”|7} ojHF dFS F
©Ag Ag3ck

B A7 9% A-ERAES] B 2
Scheme 13} 7t}

Scheme 1
CHz= C(CH3)'CO-O-CH2-CH2 + CH3
N

]

Fl ot o

N cr
Cholesteryl-0-CO-CH, ~  "CHs

[ Cholesteryloxycarbonylmethyl][ 2-(methacryloyloxy)
ethyl] dimethylammonium chloride (CHODAMA)

CH,=C(CHy)-CO-O-CH;-CH, -+ CHs
\N/ Br,
Cholesteryl-0-CO-(CHp: ©~~ "CHs

[5-[(Cholesteryloxy)carbonyl]pentyl]1( 2-(methacryloy-
loxy)ethyl] dimethylammonium bromide (CHODAMA-5)

CH,= C(CH5)-CO-0-CH»-CH, +CH,
\N \/ Br~
Cholesteryl-O-CO-(CHp)y, ~  CHs

[10-[(Cholesteryloxy)carbonyl]decyl ][ 2-(methacryloy-

J. Kor. Pharm. Sci., Vol. 23, No. 2(1993)

loxy)ethyl] dimethylammonium bromide (CHODAMA-
10)

CH2: CH-CO-(O'CHz-CHz)g + CH3
N _
N Br
Cholesteryl-0-CO-CH, ©~ “CHs

[Cholesteryloxycarbonylmethyl][ 8-(acryloyloxy)-3,6-
oxaoctyl] dimethylammonium bromide (CHODAMA-
0XY-3)

CHz = CH-CO-(O'CHz-CHz)z + CH3
p ;
/-\ Br-

Cholesteryl-0-CO-CH, “CHj

[ Cholesteryloxycarbonylmethyl][ 5-(acryloyloxy)-3-oxa-
pentyl] dimethylammonium bromide (CHODAMA-OXY-
2) ‘

Cholesteryl= =\ X
Alf 44y

Aot o 7171

B 4§ AF2H cholesterol, cholesteryl chlo-
roacetate, 11-bromoundecanoic acid, 6-bromohexa-
noic acid, bromoacetic acid, N,N-dimethylethano-
lamine, diethylene glycol, acryloyl chloride, 2-(di-
methylamino)ethyl methacrylatex> Aldrich A&&
ARgsIg en, [*Hlglucose= ICN Laboratories A
£2, [“Clcholesterol& AmershamA| &g AR&3}
9}k Infrared spectrophotometer:= Perkin-Elmer
X98%, nuclear magnetic resonance spectrometer
& Varian EM 360L&, AXErF & Zeiss EM
109&, liquid scintillation counter= Beckman LS
5000 TAZE, sonicator= Cole-Parmer 4710 250 W
sonicatorS ARE-3}ITH

[Cholesteryloxycarbonylmethyl][ 2-(methacryloy-

"loxy)ethyl] dimethylammonium chloride (CHO-

DAMA)S| #HAd®

Cholesteryl chloroacetate 25 g(54.0 mmole)¥}
Z5*17] 2-(dimethylamino)ethyl methacrylate 25g
(159 mmole)S 250 m/9} tetrahydrofuran(THF)<l|
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A7kt o] EFES 39 B AF2olA stir-
ringdtgh Wkl 9 EHS Sdg A=y,
THFZ Ao & u2 7AzA# . CHODAMAY}
12.7g Q1A Hyield, 38%).

NMR(CDCls) & 0.8-2.4(m, 44H), 2.0(s, 3H, C-CHy),
3.8(s, 6H, N-CHj), 44(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().

[10-[(Cholesteryloxy)carbonyl]decyl][ 2-(metha-
cryloyloxy)ethyl]dimethylammonium bromide(CH-
ODAMA-10)2| &4

olu] R Wyg o] &3t FA43AE? yield
67%, mp 136-138T.

NMR(CDCly) 8 0.8-2.4(m, 59H), 2.0(s, 3H, C-CH
3), 2.3(m, 3H, CH,-CO), 3.6(s, 6H, N-CHj), 4.2-4.3
(m, 4H, N-CHy), 4.5-4.8(m, 3H, CH-O-CO), 5.4(m,
1H, CH=C), 5.7(s, 1H, CH=C), 6.1(s, 1H, CH=0).

[5-[(Cholesteryloxy)carbonyl]pentyl ][ 2-(metha-
cryloyloxy)ethyl]dimethylammonium bromide(CH-
ODAMA-5)2| &4

olu] BiE WY g o|&3te] FAsAT? yield
40%, mp 96-98TC.

NMR(CDCls) 8 0.8-2.4(m, 49H), 2.0(s, 3H, C-CHa),
2.3(m, 3H, CH.-CO), 3.6(s, 6H, N-CH3), 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().

[Cholesteryloxycarbonylmethyl][ 8-(acryloyloxy)-
3,6-oxaoctyl]dimethyl ammonium bromide (CHO-
DAMA-OXY-3)2| §Hd

300 m{2] round-bottomed flaske] 130 m/(1.15
mole)e] hydrobromic acid(48%)E ¥& ¥+ 422
o] &3 gdo LuE 4.5C & ¥Fc} 30 m/(0.30
mole)¢] N,N-dimethylethanolamine& €&& ©]&
3t 4-5C 2 255 BE T, 99 &9 HH3
ke HrpstEo. AW Bd ¥ BE SR
AXE A2 40 m/o E& SFSt] AATAS
T g F FR7F doluA g &E/A
718 258 2A2YA 2EF F, o] 2xoA 147
¢ 7HEsAY. O v oA 228 28] 40mi9
S SRt AANAY. TR G 5 OA 1
AIZE Bt ek Eolde AYES 70T A
82 2EE UE 5 o] flaskol] 200 m/9] acetone-S

L % g

N L

my A

0

748k & o] flaskE ice bath <ol 24417 B4t
AeAth BAE JFAES A2 acetonel
QA Eo] FAo] HEE Mol ¥ AF Pz
N-(2-bromoethyl)-N,N-dimethylamine
mide”} 58g Ao} HtHyield 83%).

100 ml(1.054 mole)®] diethylene glycol® 10.0g
(0.435 mole)¥] sodiume E& A 3] A A3 tetra-
hydrofuran(THF)ll ¥ 3 sodiume] $33] %<& uj
A refluxdlH T S8 2528 M08 YR F
50.0g(0.215 mole)2] N-(2-bromoethy!)-N,N-dimeth-
ylamine hydrobromideZ 50 m/®] diethylene gly-
colo] =91 &8 9ol &N dropping funnels
ol g8l X HIHg F, 5AL Fet AN
WA AL 1 o fulES JIF SFI AAS
B golgle 718 22 AAE B9 59 ¥
A EL dichloromethanes o838t F&3}9u).
o)Z2A A3  N-(8-hyroxy-3,6-oxaoctyl)-N,N-di-
methylamine-& £ A2 o] olitel AA] glo]
o2 Hhgo ALg3trh

5.0g(28.2 m mole)2] N-(8-hyroxy-3,6-oxaoctyl)-N,
N-dimethylamine©] 100 m/2] dichloromethane<]]
ZolglE £90) 2.5 m/(30.8 mmole)2} acryloyl ch-
loride?} 20 m/¢} dichloromethanedl] *9lE &
Ae Ve F, F2olA 24T Bt SAIFTH
o] ¥kg 80G sodium bicarbonate &Y E F
2 Aol 3, & AT FF 3k N-(8-(acrylo-
yloxy)-3,6-oxaoctyl)-N,N-dimethylamine 2 2%t}
o] HAES Y oldd AHAglel e Wl A
B33k

4.01g(17.3 mmole)] N-[8-(acryloyloxy)-3,6-oxa-
octyl]-N,N-dimethylamine®}  8.80g(17.3 mmole)£]
cholesteryl bromoacetate® 200 m/2] diethyl
etherol] %91 &, oA 1A F2t ¥H-gAIH .

ped

A
s

hydrobro-

hgo] B & JAHE FAFES AE H o HA
2% A% chloroformd] 3¢ Fo| diethyl
ether® H7lsl] AFA AFch Y JAHES
o7&t ZFEtl A AZAFA HE AHEL si
lica gel& ©}&3} column chromatography W&
ALgsle] AA3t9 Y. EluentZ+ CHClL/CH;0H=
3/1& AH&38tg.o™ CHODAMA-OXY-39] RZHS 0.
320|th HE2H o2 23¢(3.17 m mmole)e] CHO-
DAMA-OXY-37} #7351t} yield 18%, mp 193C.
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NMR(CDCls) 6 0.8-2.4(m, 44H), 3.8(s, 6H, N-CHa),
4.1(m, 2H, N-CH,), 4.2-4.5(m, 10H, CH:-0), 4.9(s,
2H, N-CH;-CO), 54(m, 1H, CH=C), 5.7-6.3(m, 3H,
CH=0.

[Cheolesteryloxycarbonylmethyl][ 5-(acryloyloxy)-
3-oxapentyl]dimethyl ammonium bromide (CHO-
DAMA-OXY-2)9| g

¢re] CHODAMA-OXY-3 §Aollxet 22 why
2.2 N-(2-bromoethyl)-N,N-dimethylamine hydro-
bromideE 4% ¥, 9+ CHODAMA-OXY-3 &
Ao A} 2o Wi o s diethylene glycol tAlol
ethylene glycol& A}&3le N-(5-(acryloyloxy)-3-
oxapentyl)-N,N-dimethylamine-S 34319t}

3.95g(21.1 mmole)2] N-(5-(acryloyloxy)-3-oxape-
ntyl)-N,N-dimethylamine3}  5.24g(10.3 mmole)$]
cholesteryl bromoacetateE 200 m/¢]  diethyl
ethero]] =<1 §, F2oA 243 F<t WAz

gel& ©]23%F column chromatography WH& AME-
&t AAsAth Eluent2E CHCl/CH;0H=3/1
& AHgstg o CHODAMA-OXY-2¢] Rat2 0.19
o]ttt HFHeow 237341 m mmole)e CHO-
DAMA-OXY-27} 31359t} yield 33.1%, mp 189
T.

NMR(CDCls) 6 0.8-2.4(m, 44H), 3.8(s, 6H, N-CH3),
4.1(m, 2H, N-CH,), 4.2-4.5(m, 6H, CH>-0), 4.9(s,
2H, N-CH,-CO), 5.4(m, 1H, CH=C), 5.7-6.3(m, 3H,
CH=0). ‘

IEABME Vesicle2] EH

50 mi¢] ¥lo]Ae] 100 mge] lipidE olF Aol
22X E0 Ko Aoz WE th, 25C ¢ 1
mmHge} ZF3}eA 4413 < Sl E FEAIA
gF2 o} njo]A L] uietel] FA= A 3Tk A7l
10 mle) EFFT9 2mge) potassium persulfateS
ZA7Fsta 55C A4 108 5<t sonicationdte] vesi-
cdeg FAAZC a3 70CTAA 12X ¢
B A nEASE vesicled FABIATH

Transmission Electron Microscopy

2% uranyl acetate %S vesicle &3 1. 12

J. Kor. Pharm. Sci, Vol. 23, No. 2(1993)

33 &, copper grid $19) o] & 3 &5 AF
28 =9t} o] A& 2417 AE hoodol A R42H
A AzAZl ¥, transmission electron microscopy
(Zeiss EM 109)E AH-314 vesicle?] 3719} 24&
#As ot
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Wi 2% A "ok o] & FF v Al
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ntillation counterE ©]§3t] o} v [*Hlglu-
cose?] FE FBRATh
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Table 1 Estimated Diameter of Polymerized Vesicles by
Electron Microscopy

oEAELE Vesicle5¢ %3 4

93

Table II—Estimated Permeability of Polymerized Vesr-
cles to [*H)Glucose at 20°C

Polymerized Vesicle Diameter (A)

CHODAMA 400+ 100
CHODAMA-5 1000+ 200
CHODAMA-10 800+ 200
CHODAMA-0OXY-3 1000+ 200
CHODAMA-OXY-2 800+ 200
B3] B A7 vesicle?] Eoo|} Vo & A}

olZ W & & YJoH oA FHWZ0] vesi-
cle®) Zofolu} A7lel AR FA B
t}.

CHODAMAZXE FAE 1EA3E vesicle
g ¢HAEle, GRAZE B vesicled] %= ve-
sicle® FAAI1Z] 3 30¥0] XU FAEo] A
HYR T 2E2EE vesicle 150Y Fox A
Eo] A=A stk

Tz MHE

Vesicle?] 358 Agst= whie o717t
QA 71 Fo A M 28 e [PHlglucose s}
2 radio actived} substrate® o]&3l= Zo|t}.
Ay e [PHlglucose?t 37 Eo1QUE vesicle
2948 gel filtrationdld, [FHlglucoseE vesicle
Womt Z2r33lE vesicle €48 2tk 94
AL vesicle 885 dialysis bags] 231 200 m/
ZF5o) il dialysissle] FAEE A%t A
vesicle2 F33) U2 [*Hlglucose® vesicle2 ¥
3 L £ R 5 o] WmE 52 dialysis
bag®] membranes T3 Uzttl 1DZ dialy-
sis bag W <] [*Hlglucose®] & =43t vl2 1

S vesicle W¢) PHlglucose®] %8 =33 7k
o2 B F Jok

{

=35 Zg0)q AL datar ol HuE oA
wrmg o) gake] A2tk
N()—Nt
In |———|=—
n [ o ] Kt Q)
k=(A/V) P @)

No=%7]9] vesicle 152 counts
N,=tA]7t %9] vesicle 32| counts

wp® k() he-1p P,/P,

CHODAMA u 0108+0.009 7.2+06
p 0063+0005 42+03 058

CHODAMA-5 u 00140001 23+02
p 00120001 20+02 087

CHODAMA-10 u 0.025+0.002 33+03
p 0018+0.002 24103 073

CHODAMA-OXY-3 u 0.050x0.005 83+038
p 00180002 30+03 036

CHODAMA-OXY-2 u 0.068+0007 9.1+09
p 0.019+0002 25+03 027

u: unpolymerized

p: polymerized

bCalculated by using a mean vesicle diameter of 4004
(CHODAMA), 10008 (CHODAMA-OXY-3), 800A (CHO-
DAMA-OXY-2), 10008 (CHODAMA-5), 8008 (CHO-
DAMA-10).

V,=vesicle W2 13
A=vesicle ¢ WA
P=vesicle®] permeability

27 BEd&w2RE A A3 ks 7 F,
@A o8 Pate TIATh 3 kIt PHe
Table 1o JEMASIT)

BRI Lo vesicleEY FHEE vl
B CHODAMAZ o]Fo]zl  wvesicle?] Pglo]
CHODAMA-51} CHODAMA-109] Z$-Hut}= =3,
CHODAMA-0OXY-39} CHODAMA-OXY-2¢] 74$H
e gkt ol AL ZY A E) spacer7|7t £
9l A9(CHODAMA-5, CHODAMA-10)9ll<* spa-
cer7|7} ZH2HS2 o] =5E& Fo vesicle
o] S xeEE0] B} ] & packing® AFo
o, monomer”]o} spacer’|E 9A3Z 79-(CHO-
DAMA-OXY-3, CHODAMA-OXY-2)ell:= ©|&§ &
#7} ¢l2lth. CHODAMA-59} CHODAMA-102} 73
° =3vz vas] 2d CHODAMA-57F o @&
=23 E BdFan et o)A spacer”|7} vesi-
cetie] g 2elE9) Wdol =g-& Fie AT
CHy7l 5707} 10 Eth= of adFolg= 2 2
).
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