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Intracellular delivery and anti-tumor activity of
polyethyleneglycol liposomes containing cationic lipid

Soon Hwa Jung"?, Sung Kyu Kim', Suk Hyun Jung', Hasoo Seong', Sun Hang Cho' and Byung Cheol Shin"?"

"Center for drug discovery technologies, Korea Research Institute of Chemical Technology, 100, Jang-dong,
Yuseong, Daejeon 305-343, Korea.
2Medical and Pharmaceutical Chemistry, Korea University of Science and Technology, 52, Eoeun-dong,
Yuseong, Daejeon, 305-333, Korea
(Received April 22, 2008 - Accepted May 29, 2008)

ABSTRACT - Liposomes are spherical vesicles composed of lipid bilayer membranes. However, the conventional lipo-
somes have been found to be plagued by rapid opsonization and taken up by the reticuloendothelial system (RES), resulting
in shortened circulation time and limited intracellular uptake to target cell. In this study, polyethyleneglycol-cationic lipo-
somes (PCL) containing cationic lipid and DSPE-mPEG were prepared by thin film cast-hydration method. The PEG lipo-
somes had approximately 97.0+1.3 nm of mean particle diameter and —21.7+£1.2 mV of zeta potential value. PCL had
96.4+ 1.8 nm of mean particle diameter and —8.7+1.1 mV of zeta potential value with a decrease of about 10 mV compared
to the PEG liposomes. Loading of model drug, doxorubicin (DOX), in liposomes were carried out by using remote loading
method and the loading efficiency of DOX in liposomes was about 95.0+1.9%. Intracellular uptake and cytotoxicity of PCL
were higher than that of PEG liposomes to murine B16F10 melanoma cells. In addition, anti-tumor activity of PCL was
similar to that of PEG liposomes on growth of A549 human lung carcinoma in BALB/c mice. Consequently, PCL modified
with cationic lipid may be applicable as anticancer drug carriers that can increase intracellular uptake and therapeutic effi-

cacy.

Key words — Liposome, Polyethyleneglycol, Cationic, lipid, Intracellular, Anti-tumor

ZEI

o

A2 3

Ok O
==

ikt
B AESA] =
A U S

Seln 20 B8 44 24 4+ Ak T A
2 TR AEEE A Fob] AT Hulel 32
]_;I_ Q;{] =02 93 FXZFQl B 1,].15].1,]]
zolut w)ge] MmhsiAlel els) A 2aslo] Wi
BAAGY0] 2o 5 Aok ozl wHg B

o= T
ste] BEE PP AR EBANTS T

ogh

A= olxut /\J.Lxﬂi}v] ai—i_’é\‘ﬂ
skAL A o]Futel] &4 oF
ol g A AMlERHE £
A5 A Wl Eait 7}

i Ul’)‘
rlo

2
i

—h' oL
f

(
~ 0O

O

n £
m?o%ﬂiﬁ

>
P
o
g =

-
BN o
o

7‘<_1]

—|—‘

-L/

H X~ NN OHT °1F

]

Egl
3171

[e)
=

e

B o] A3 Rl o] AxAR
Tel : 042)860-7223, E-mail : beshin@krict.re kr

163

7171 f1ste] BAAPEA f58E& 2= A LEAE
ol g-sh= Wil &S] A7HL . A& S0 Al A
7 AEAR] EPlddSTEE ol 8sle] ZlEd xHe
THIGeEN EF whdo] Pxd HW FAE= e
Asle] gl S I A Sl HaH
Aot ZejedAZ e E ofl7E ke AAE S A%
E W) E]/\Ello}im-sn— A 2-3-E A o FRI-N-[7]

PEG
2Z2H

E.’Eﬂ-jﬂ_‘?_ ;q]zz‘s} o3 o]:?—_ ;/]Eﬁ:g] o]

aﬂz]— T:}-BUZL/] 13_;3_[ o HL;(]O}O:" 1744_-_,]
e NI ol AbgEle] gkl e} DSPE-
mPEGE ©|-&3%t 2]2Z&2 PEGE] ether bond’l 7HA|+= H]
FH ARl oF Soleow Qlste], Ak ow ol
&Mg 7].;]& g—]]ﬁtﬂ—/] ] _‘,]_,4 ;(47447]744 H}HLE:]_% o];7]

T o] TAM TR R i3 AEY oY s

l

00"

)
=



164

A7b ATk b, ol XEe
A BlEEe 1H
o Megjxog 3
71 ERgAE de o
A= PEGZ7F 3HA%E A=<l
2] Z o] ofolerd RAS

XL FHO FolAo] iy Fol AHo| ¥
PEG Z]¥EH(PCL)S AlZegith 2l R 47|
(doxorubicin, DOX)S #]¥E$ol B-Ysl BEFHe A =
7], Bz 2 BolasS IASITh BI6F10 AAF 5
AE AEFE o)gate] AxE BEEF] AP Al
F=AE 7] et FAIERAE T MTT assays Al
et gk AS49 HYG AEFE o83t BYE oFE
9] in vivo FIEHS HrFsIG

=]

Al&S] =

=2

0%

Alef & 1=

2l Az AHE-E A E<QD L-o-phosphatidylcholine
(soy hydrogenated) (HSPC), cholesterol (CHOL), 1,2-dis-
tearoyl-sn-glycero-3-phosphoethanolamine-N-[methoxy
(polyethyleneglycol)-2000] (DSPE-mPEG) %
3-trimethylammonium-propane  (DSTAP)> Avanti Polar
Lipids Inc. (Alabaster, AL, USA)IA F+3ke] ARE-3ISIT]
R oFER= E=4FH]A (doxorubicin hydrochloride, DOX)
S R#A|F(Seoul, South Korea)ollA 45t ARE-3IA L,
FAuke B3 Exlg(molecular weight cut off, MWCO)
o] 12,000~14,0003] 72 Viskase Co. (Darien, IL, USA)
o T9hslel ALEIITh 2wl Aol ALgE 8u) 2

Aok AFAIF B BN AT,

1,2-distearoyl-

2171

EEA

Azsl7] {8kl 3]71-8=57](Rotavapor R-
200, Buchi, Switzerland)®} %53} 2HA]7](Ultrasonicator,
500, Fisher Scientific, USAYE ARE-3IA 1, glE&2] Y=}
7] 284S 915ke] 7= (Lipex extruders, Northern
Lipid Inc., Canadays AFE-3IITH AZE 2]xde A=
) 9 ERAse AR 9 ABEISEIELSZ,
Particle analyzer, Otuska Electronics Co., Japan)E A}&-3}
of St B2 W] of=d] BdRE AT
FA EF7](UV mini 1240, Shimadzu Scientific Inc.,
Japan)E ARE-te] S4B, AxE 2EE &9 AT
e AHE; =4 7](Osmomat 030, GONOTEC GmbH.,
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Table I-Physical Properties of DOX Loaded Liposomes
. Composition Mean particle . DOX loading efficiency
Liposomes (mass rafio) diameter (nm) Zeta potential (mV) %)
Conventional liposome gS,PIC)::CHOL 95.6£1.9 -32+14 94.7£2.6
Cationic liposome ES,P lcf(f)HOL:DSTAP 93.7+2.1 41.9+0.5 953+1.7
PEG liposome ES,P 1C,°(13)HOL:DSPE'“1PEG 97.0+1.3 217412 94.6+2.0
HSPC:CHOL:DSTAP:
PCL 0.1 DSPE-mPEG 96.4+1.8 -8.7£1.1 953+1.8
29:1:0.1:1)
HSPC:CHOL:DSTAP:
PCL 0.3 DSPE-mPEG 97.5+1.2 6.43+0.9 93.5+1.6
27:1:03:1)
HSPC:CHOL:DSTAP:
PCL 0.5 DSPE-mPEG 95.2+1.7 12.9+2.1 94.8+2.1
25:1:05:1)
PCL 0.1, 0.3, 28] 0.59] FxHAs= 22F -8.7+1.1mV, 3o o]Yda&S Yeplen PCLET: &% J7Ish Al

6.43+09mV, 28] 129+2.1 mVE YEeERAATE Axd
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2} DSTAPe] ¢lal DSPE-mPEGel| &]3+ 2-o0]&Ao] Ak =]
A7) wEolt), e FAadsrt Foledd A9 dF
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Figure 1-Flow cytometric analysis; fluorescence intensity (A) and
mean fluorescence intensity (B) for intracellular uptake of DOX
loaded liposomes to murine B16F10 melanoma cells; (a) untreated
cells, (b) PEG liposome, (c) PCL, (d) cationic liposome, (e) Free
DOX. Mean and S.D. are shown (n=3).
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Figure 2—Cytotoxicity of DOX loaded liposomes (A) and DOX un-
loaded liposomes (B) to murine B16F10 melanoma cells assayed by
using MTT assay method after 4 hrs incubation at 37°C. Mean and

S.D. are shown (n=3). ; Free DOX (H), PEG liposome (@), cationic
liposome () and PCL (¥). *Concentration of empty liposome : on
the basis of concentration of DOX for DOX loaded liposomes.
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Figure 3—Anti-tumor activity of DOX loaded liposomes in vivo on
growth of A549 human lung carcinoma in BALB/c mice. A549 cells
were implanted subcutaneously at into the right flank of female nude
mice. DOX loaded liposomes (200 pl./mouse) were administered by
intravenously at 1 day. The data are expressed as the mean tumor
sizexS.D. (n=38).
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