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Effects of Lipid Composition on the Properties of
Phospholipid Liposomal Membranes

Min Kim*, Suk Kyu Han and Chong-Kook Kim*
College of Pharmacy, Pusan National University, Pusan 609-735, Korea
*College of Pharmacy, Seoul National University, Seoul 151-742, Korea

Abstract— Calcein-encapsulated small unilamellar vesicles of various lipid composition were pre-
pared using the sonication technique, and their stabilities at 20C were examined by measuring
calcein leakage from the liposomes. The fluidity of these liposomal bilayers was also investigated
by measuring the fluorescence polarization of DPH labelled into the liposomes. The results showed
that liposomes made of PC mixtures with different acyl chain length were very stable, which
may be due to the formation of interdigitated bilayer structure. The addition of cholesterol further
stabilized these PC liposomes. However, addition of cholesterol reduced the encapsulation efficien-
ces of liposomes. The fluidity of the liposomes was significantly decreased by cholesterol in the
liquid crystalline state, but not changed in the gel state. These results suggest that the enhanced
stability of PC mixture liposomes may be ascribed to the formation of stable interdigitated bilayer
structure. In membrane-mimetic and drug-delivery studies, vesicles made of mixtures of various
phospholipids are recommended instead of addition of cholesterol to the phospholipid.

Keywords [ Stability of liposome, calcein, fluorescence self-quenching method, fluidity, fluorescence
polarization method, interdigitated bilayer structure.
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Fig. 1—Stability of PC liposomes prepared in 50 mM
calcein at 20T (n=4) The concentration of
phospholipids was 30 pM.
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Fig. 2—Stability of PC mixture liposomes prepared in
50 mM calcein at 20C .(n=4) The concentra-
tion of total phospholipids was 30 uM.
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Scheme I—Interdigitated bilayer structure of PC lipo-
somes.
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Fig. 3—Stability of PC mixture liposomes prepared in
50 mM calcein at 20T .(n=4) The concentra-
tion of total phospholipids was 30 pM.
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Fig. 4—Effects of cholesterol on the stability of DMPC
liposomes at 20T .(n=4) The concentration of
phospholipid was 30 uM.
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Fig. 5—Effects of cholesterol on the stability of DPPC

liposomes at 20C .(n=4) The concentration of
phospholipid was 30 uM.
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Fig. 6—Effects of cholesterol on the stability of DSPC
liposomes at 20C .(n=4) The concentration of
phospholipid was 30 uM.
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Fig. 7—Effects of cholesterol on the stability of egg
PC liposomes at 20T .(n=4) The concentration
of phospholipid was 30 uM.

Table I—-Effect of cholesterol on the encapsulation efficiency of calcein in PC liposomes (relative fluorescence/uM

PC).
PC/mol% of cholesterol 0 5 10 20 30 50
DMPC 3+0.2 5+ 0.3 6+ 0.3 10£ 0.5 9+ 04 6+ 0.2
DPPC 13+ 0.6 16+ 0.5 16+ 0.6 14+ 0.6 16t 0.5 11+ 0.5
DSPC 19+ 0.8 34+ 09 21+ 09 10£ 0.2 10+ 0.2
Egg PC 21+ 05 19+ 0.5 19+ 05 18+ 0.6 17+ 05 15+ 03

Data are the average of four replications withe S.D.

Table II—Effect of lipid composition on the encapsulation efficiency of calcein in PC liposomes (relative fluoresce-

nce/uM PC).

PC

Encapsulation Efficiency

DMPC+DPPC (1:1)
DMPC+DPPC+DSPC (1:1:1)
DMPC+DPPC+DSPC+DPPG (1:1:1:0.2)
DMPC+DPPC+DSPC+DPPA (1:1:1:0.2)
DMPC+DPPC+DSPC+DPPE (1:1:1:0.2)

15£0.5
20+ 05
23+0.7
20+ 0.5
25+ 05

Data are the average of four replications with S.D.
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Fig. 8—Fluorescence polarization of DPH in bilayer
of DPPC in the absence(O), and presence of
cholesterol(®) as a function of temperature.
(n=3) The concentration of phospholipid was
0.4 mM. The concentration of cholesterol was
20 mol%.
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Fig. 9—Fluorescence polarization of DPH in bilayer
of DMPC:DPPC:DSPC (1:1:1) liposomes as a
function of temperature. (n=3) The concent-
ration of total phospholipids was 0.4 mM.
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Fig. 10—Effects of cholesterol on the leakage of
calcein entrapped in DPPC liposomes as
a function of temperature. (n=4) The co-
ncentration of phospholipid was 30 uM.

by
2

o] 10¥7 WX ¥ &=« calceind] ¥
el &5 W& calcein +5&5 &3R5
oo 7 ZA3}E Fig 10¢] Jehigich 1 A&
B9 DPPC #|Aute] Abdle] £%4] 42C F-2ol|A
g x g B3 calcein®] FFo] F743] dovix
YT & P AUdern oI {E2 FHULHES
A7kl oaiA tha JAE ek o] Ade B E2ES
HAshe AxRA] AdelollA] A4A AeEe A
o]7} doid of B3l EAle] fE&o] F43] AxH
ol ZAF HAA ol &3k interfacial lipid
oA F FFeo] Athe AL RAFET AVNE
FHLHEE o)#d 5 UAAA =HEE ¢
A4E 7M. A7 QeirbA] RS
E3sle] B 2E-E S golle XA £ 23l
FAg AAe|= odAxe] kA sle) 7T = g)
ond qixjzle] Fipef Aol oFfe] AbAoe] L&
ZARA LT &Y HEE ML el U S
o4 4 gk

P

[

;

=2

b4:
oj—r

z2 £

bl ghate] olgd FHY ANAE BHOR mE



2xE A 44 v He A A 4% 139

A 92" 2L A8l calcein® 29i%
HESFS WEH2Y, o]F A2elA wpx shEA
F & calcein® FrEEE A BEEY A

& 54 dqch =3 glZ 4] DPHE labelr]#
fluorescence polarizations A3t 2 FEA4L
ZARE Ao A -y g e AES 99

Y7 HE2EFE HE7) fl5led= ex)2 9] head 2}
tail Afo]9] balance’} F83-& & 5 9k 53
PCH A& =g kgl Yxes 9ts
UKL, olw acyl Ake] AHolzb YR g#rv} Zef
A o gt dolrt e7E ek 22y PCA
JAEE ¢ 7HAE E3 cholesterol S H71E
o= AT B ELo] AT ojuf obAisle]
Axe AAA2 acyl Az ZHol7) A4E, =3l
sk UAAY It BETE A o &
o] Fo] RS o 4 UL ol A3k At
532 ¥iste] 3 Zo)7] Bk Q1A E3o)
2] interdigitated hilayer T39] 3o 7lalgelaL
Aol mgh T AE ol 93 HAF= B EE
TYES BFEE d ukEie] oy siA] elxAle
ot 2 2EHE e A4 B PR A
gRenz HEES oOFF FEAEN 55T oo
EH2HE2] A7l 23 A} o) 7R =) A
el 27 2|24 k) o vibAge o
st

ot

o
)

4 A

=
et =il

1) Gregoriadis, G.: Liposome technology Vol. 1I, CRC
Press, (1984).

2) Keizo, 1.: Permeability properties of liposomes pre-
pared from dipalmitoyl lecithin, dimyristoyl leci-
thin, egg lecithin, rat liver lecithin and beef brain
sphingomyelin, Biochem. ] 186, 591 (1980).

3) Michael, J. S. and Thompson, T. E.: Effect of phos-
pholipid oxidation products on transbilayer move-
ment of phospholipids in single lamellar vesicles,
Biochemistry, 21, 920 (1982).

4) Fusao, H. and Julius, A.: Phospholipid methylation
and biological signal transmission, Science, Vol. 209,
1082 (1980).

5) Wilschut, J. and Papahadjopoulos, D.: Ca*" induced

Vol. 38 No. 2, 1994

fusion of phospholipid vesicles monitored by mi-
xing of aqueous contents, Nature, Vol 281, 690
(1979).

6) Christophen, K., Jacqui, C. and Gregory, G.: Effect
of the cholesterol content of small unilamellar lip-
somes on their stability in vivo and in vitro, Bio-
chem. J. 186, 591 (1980).

7) Roger, R. C. New.: Liposomes; A practical approach,
p. 33 IRL Press, Oxford, England, (1989).

8) Jain, M. K., Wy, N. M, and Vary, L. V.: Drug-indu-
ced phase change in bilayer as possible mode of
action of membrane expanding drugs, Nature, 255,
494-496 (1975).

9) Hagins, W. A. and Yoshikami, S.: Intracellular tran-

=

smission of visual excitation in photoreceptors;
Electrical effects of chelating agents introduced
into rods by vesicle fusion, in vertebrate photore-
ceptors, Fatt, P. and Barlow, H. B. Eds., Academic
Press, N.Y., 97 (1978).

10) Diehl, H,: Calcein, calmagite and o0,0-dihydroxya-
zobenzene: Titrimetric, Colorimetric, and Fluorome-
tric Reagents for Calcium and Magnesium, G. Fred-
rick Smith Chemical Co., Columbus, Ohio, (1964).

11) Lakowicz, J. R, Prendergast, F. G. and Hogen, D.:
Differential polarized phase fluorometric investiga-
tions of diphenylhexatriene in lipid bilayers. Quan-
titation of hindered depolarizing rotations. Bioche-
mistry, 18, 508 (1979).

12) Radda, G. K.,: Fluorescence probes in membrane
studies. in Korn E. D. (ed): Methods in Membrane
biology, Vol. 4. Biophysical Approaches. Plenum
Press, N.Y,, 97(1975).

13) Roger, R. C. New.: Liposomes; Practical approach,
p. 108, IRL Press at Oxford University, (1989).

14) Parthasarathy, N., Elizabeth, S. R. and Thomas, J.
M.: Studies of the ethanol-induced interdigitated
gel phase in phosphatidylcholine using the fluoro-
phore 1,6-Diphenyl-1,3,5-hexatriene, Biochemistry,
27, 9175 (1988).

15) Roger, R. C. New.: Liposomes; Practical approach,
p. 101, IRL Press at Oxford University, (1989).

16) Ladbroke, B. D. and Chapman, D.: Thermal analy-
sis of lipids, proteins and biological membranes
Chem. Phys. Lipids, 3, 304 (1969).



