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ABSTRACT. To increase the stability of liposomes in blood circulation, surface modification of liposomes by
incorporating a lipid-polymer derivative in the lipid bilayer or conjugating a hydrophilic polymer to the liposomal
surface has been developed. In this study, the comblike copolymer, poly(HEMA-co-HPOEM), having multiple
polyethyleneoxide side chains was prepared by free radical polymerization of hydroxyethylmethacrylate (HEMA)
and hydroxypolyoxyethylenemethacrylate (HPOEM) as vinyl monomers. Poly(HEMA-co-HPOEM) was con-
jugated to the liposomal surface and the characteristics of the modified liposomes in serum were investigated. Con-
jugation of poly(HEMA-co-HPOEM) to liposomes increased the particle size of the liposomes by 30 nm and
decreased the absolute value of zeta potential of the liposomes by shielding the negative charge of liposomal sur-
face. Loading efficiency of model drug, doxorubicin, in liposomes was about 90% and the efficiency was not
affected by conjugation of poly(HEMA-co-HPOEM) to liposomes. The particle size of poly(HEMA-co-HPOEM)-
conjugated liposomes in serum did not changed and the protein adsorption was lower than that of control liposomes
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or liposomes containing polyethyleneoxide-lipid derivative (PEG-liposomes). These results suggest that poly(HEMA-co-

HPOEM) is efficient for the stabilization of liposomes in blood circulation.

Keywords: Liposome, poly(HEMA-co-HPOEM), Stability, Protein Adsorption
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A2k, Bl meof ariate] Ao AHE-El whEkAIQl
2-hydroxyethyl methacrylate(HEMA)®} hydroxy poly
(oxyethylene) methacrylate(HPOEM), A}<& o] Al
3-mercaptopropionic acid(MPA) % 7RAAQl aa'-
azoisobutyronitrile(AIBN)<- Sigma Aldrich Inc.(Milwaukee,
USApIIA T4 3ke] A3l HEMAS} HPOEMe] &
% %34l 2] monomethyl ether of hydroquinone
(MEHQ)y F&aAA A7 ZA"E F3led A3t
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of ARg-aloict & AlZe] AHEE A|A<l Lea-
phosphatidylcholine(soy-hydrogenated)(HSPC), cholesterol
(CHOL), 1,2-distearoyl-sn-glycero-3-phosphoethanol-
amine(DSPE) ¥ 1,2-distearoyl-sn-glycero-3-[phospho-
rac-(1-glycerol)|(DSPG)+= Avanti Polar Lipids Inc.
(Alabaster, AL, USA) A F43le] A}&-3l}. 2
¥4} poly(HEMA-co-HPOEM)®] E#7&el| A&
¥ N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide
hydrochloride(EDC)2} N-hydroxysuccinimide(NHS)=
Sigma Aldrich Inc.(Milwaukee, USA)el| A T }o]
Abgstgdet. e o5 2= E4-F1] 4l (doxorubicin,
DOX)& HeAFF)ol A F3ked A3l 1,
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7171, Eekel] 7}25A17]15 ZH= poly(HEMA-co-
HPOEM)®| X+ 'H-NMR(300MHz, Bruker DRX-
300 FI-NMR spectrometer)Z} FT-IR(Bomen 102 FT-IR
spectroscopy S ©] 83l HA 319t Poly(HEMA-
co-HPOEM)®| #2274 73 a2 w12 3)(GPC,
KF 804 column, intelligent refractive index detector
(R1930), intelligent HPLC pump (PU980), Jasco)E- ©]
&3te] A Bl E2F AxA AAA HE ¥
A& 938l 3% 5%7](Buchi Rotavapor R-200,
Switzerland)E AH8-3191 3L, ] E&9] YA =27] =4
I = olFH AEE $138ke] 7hE7](Lipex
extruders, Northern Lipid Ins, Canada)S AF2-5}91t}. 2]
x40 =27] 9 :iAses EEA7] F Al 9
Z# 7] (ELS-8000, Otuska, Japan)& AF8-3}e] &#3}
At BEE WO k= BUES 2 ER7I(UV
mini 1240, Shimadzu, Japan)S A}&-3}ed Z33}90}.
Fol digh ghiale] FA3F 42 ELISA reader
(EL808, Bio-Tek Ins, USAYS Al&-3le] &4 3}9ic).
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9] veh-gel =3l F /MAIAZE 6 mmole] AIBNZ} A}
Zo] A Z 6 mmol MPAE AF8-3}ed 80 °Cel| A 34|
7k 30882t BHEAI A v T8 F, ik S
el|E o e| 2o 7}ate] g ¥l mef IEAE A

1
o 2
]

H 2EAE EASFE R FE35] H3te] 24
e AMEsled 53] B slglom] Zhzte] AA
B2 AT L ALg3le] 9 3E| AxA7] F A F
3 ARwlEaI]E AMSSte] EAERE Elshol L,
'H-NMRE 53l 725 Elsloid.

2lZ&o| M=, dl=7 8 E$4-2 HSPC, CHOL,
DSPG DSPEZ 8 :10: 1 : 1 & v&= A|F3)5]
] #HE A FE= 115 mymlt 5 gl
2" A 2| 242 HSPC, CHOL, DSPE-mPEG20002-
126 : 82 : 1.1 & v $=2 Axslgon HE A
FEE 159 mgml} HESF 9ot gExEe] Alx
= 4 AAE FE2EEF gk 2 I(viv)E
E3hsk gullol A7 F, A FEINE AHEEhe
50°CollA Zht FF3led T2 Eehaz Hol gk
AARE FAAFH. P AALE 250 mME
UHEFAHE fdog zArto] ohAF] FEAtd
7R e3ee 22 Az SEE A
o] Z7)E 2A37] Y3k 7sbE7]2 100 nm®]

i v o

F5¢ 2 Fel7hu] o E 2elw(Whatman, USA)
S o g3t] 7HaIatE shleh 22 v tel $41

A & PR FAH o B 2 EE £-E 4°CelA] 48
A 7F Ft GFEAMWCO 13,000, Viskase Co. Illinois,
USAYE Al 3te] A 73k

2|Z&2 polyHEMA-co-HPOEM)?| Zi8t 2l ot
2. Poly(HEMA-co-HPOEM)S- 2| Z 4ol ZA A 7]7]
213} 30 mg9] poly(HEMA-co-HPOEM), 15 mg2] EDC
23 15 mge] NHSE 3 ml®] Phosphate Buffered
Saline(PBS) &< el Y Ao A 247k BF-g-3}e
apAke] wwhE FASAIZ F 3 mlo] HESE o
< A7lsle] 12A17F Aol A Hkg-31d o w0l &
A% ¥ v ¢ poly(HEMA-co-HPOEM), EDC %
NHSE A7 317] $1ste] AF3 e 2 AA sl
2| 243} poly(HEMA-co-HPOEM)2] Z&-2 FT-IR
E3le] #elslgdth. Poly(HEMA-co-HPOEM)7}
AgE g x2Fel SaFuale] $0L BHES WY
o} 9|9 gtrFAv | ES FEHAE o] &3 =
RE 29 ubHE AR AR ERAAE o
43} 490 nmelM FaFH|AY] FYES
At

2lZ&e| otdY "It Axd 2lExHe] S
HrVal7] 9sted & A Wl Aol Yxt=7]2] w3t

=
=

= -
v_TX

oL

-

Journal of the Korean Chemical Society



u)

3] BOF 3R

i

£ Aot Alx2E xS S99 & HH S|
1(viv)E E338le] 37°CellA] 484 7F Bt wuls}
A dxte] Z=7) W3S Akt AXE o] 83l 5
At el’ w3t x4 whid FAATE s}
7] $15ke] 1 mgml & FA A (BSA) £4 2 A
Z¥ 2 EL NS 1 1(vv)E EF3le] 37°CoA
48717k FoF wukshE A dAA e A1 ES 1 ml
A A FskAek AFF AE2 13,000 rpmel| A 5E
<t Al gt ATAE A7 sk JAE
X559 AFE $13ke] PBS 1 miE F71st F ¥
A Re]sle] AF5AE A A5 AA S 23] HHE3e

e (BT

(A)
:ézo . :ézo .
C\ﬂOH <W
HEMA
(B)
SRR a S e
oeHo H( O\jo H
d

o-8:3k elEe] i 219

A o] F2% B EZETHS Pt 96 well plateol]
chzlo] F2el 214 PBS 0.1 ml 28] A
22 &4 0.1 mlZ 7}8F ¥ ELISA readerE A}-£-3}
o 590 nmellAH FFEE FA 3] 2]EFol| F3%
chi o] ofS AAsI vk Al Fe] A FA
1 mg/ml BSA §94-& ARg-3sle] 2pAdsld).”

al =}

#3303
Poly(HEMA-co-HPOEM)2| M. Hhof 712 5-A]

717} =% poly(HEMA-co-HPOEM) %4+

AIBN, MeOH

H\S/\/lkOH

1 Integral

T T T
7 6 5

o
°
3

T T T T T
a4 3 2 1 o

Fig. 1. Synthetic scheme (A) and 'H-NMR spectra (B) of carboxy terminated poly(HEMA-co-HPOEM). The poly(HEMA-co-
HPOEM) is random copolymer and repeating units(n) of ethylene oxide in HPOEM are ~6.
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Table 1. GPC analysis results of poly(HEMA-co-HPOEM)

Number of
fractionatioin

Mw Polydispersity

1 7566 11936 1.58
2 6138 9023 1.47
3 6060 7968 1.31
4 5126 6339 1.24
5 3390 4118 1.21

Fig. 19] (A)ell A3 v ez F3sld i 3
o] &+ 'H-NMR F324 S 53] Felalglo.
Fig. 18] (B)oll AJA & 'H-NMR A% E3 o 2 BE]
3.6 ppmell Al F&f Zeje A EAlo] =2] ozl
ZA 5= 49 I = (d), 0.5~2 ppmell A F2 2] o]
Qa7 EAlsHs 40 92 (a)F B 2.5
ppm3} 2.6 ppmol| Al MPAS] &5l ol 7] 2] 4=
2 93 (0)F ATz Ut ?}iﬁ—*l 71% 7k
A FFEA L F2E s 9, A48
£ Eale] MPAd 94 =4€ F a7t o'b‘ihﬂ
el 0.4+£0.03%°] ¥]&=2 A4S st A
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7} aRE gV E A3 AAE Table 190 A|A]
stodct. BlEEe] Fd $A1E QA S Z2el
gl S alo] =0 Bxlgko] 20004 Eo] 3 FAEY}
74 b T B AR 411890 poly(HEMA-co-
HPOEM)& AH8-3131tt.
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Fig. 3. FI-IR spectra of poly(HEMA-co-HPOEM) (a), control
liposome (b) and poly(HEMA -co-HPOEM)-conjugated lipo-
some (c).

Poly(HEMA-co-HPOEM) 4| 2|Z & Fig 29}
Z+o] poly(HEMA-co-HPOEM)®} 2] 42 A3
poly(HEMA-co-HPOEM) &5te] 712 821 7] 5 EDC/
NHSZ &4 3K 713 o] & 2| £ oful7] e} ukg
AlA olm= AFFS X34 Poly(HEMA-co-
HPOEM)E A8 2] 2420 A2 FT-IR 3314
< B3] sl 1 ARE Fig 3ol vERiSl
o}, Fig 39] (a)= poly(HEMA-co-HPOEM)S] 2~
EFOo 2 A 1700 cm oA 7MEHY 2Fe] EAlY
=, 1150 cm! oA oE|2 Age] EXw =S WD
st Fig 39 (bye HE2T 2l EE Rfe] A= E

NH; Liposomes

Liposomes containing
amine group

EDC, NHS

OHO H< 0\/}0 H

Liposomes

Fig. 2. Scheme for conjugation of poly(HEMA-co-HPOEM) to control liposome.
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Table 2. Compositions and physical properties of various types of liposomes

Name Composition Diameter Zeta Dox. loading

(nm) potential(mV) efficiency(%)
Control liposome DSPG:DSPE:HSPC:CHOL 110.7+£3.7 -594 89.8
Stealth liposome DSPE-mPEG2000:HSPC:CHOL 109.6+2.1 -16.2 93.1
Comb polymer conjugated DSPG:DSPE:HSPC:CHOL + comb polymer  138.9+1.8 -35.0 90.9

liposome

Ho2A] 1700 cm™ A 2R 1F2] EA 3=,
1000 ecm™ 2 1250 cm™ oA o A8 HEe] EAT]
aE Folstgel Fig 39 (c)x poly(HEMA-co-
HPOEMY’| A%H 2|22 28 EH 0 2 A of| 2F
9l oe) 2 Age] EAT =2} 1640 cmol|A] o}m]| =
Ao A aE FEAse I 2"
LA oflEl2 A EAT|Ze} oln| = A7
EAT =27} et Aoz iE glE2EY] U &4
o] poly(HEMA-co-HPOEM)7} 4 &8 & &l a9l o).

Bl Z&o B2IY SM. B 7oA Alxd ekt
g x2£e x=7], BHAs 28 kg FUE
< Table 20 YFePieh HEF 2 E2ET ~Hl s
ZE£9 Z7]1E 110 nm H-ZolA T B35
ot 2l E4e A% PEGE polymer 3eje] whe}
15~50 AR =S| Z7|E vele] =7 4E F
=] 93k} poly(HEMA-co-HPOEM)7} 2 &5 2%
9] xRtz = T Bl EF) vlE] oF 30 nm A
X Z713 o]f+= glEEe EHe poly(HEMA-co-
HPOEM)?| Z® ZFo] Exsleta 745 e 24
FAAsE FAs A, 2T HE2FY A £
g2 DSPG A A2 Jgke = 59 mV A X Fh&
el 932 poly(HEMA-co-HPOEM)7} 23l 2] %
£ -35 mV AEL g velde. ol 2
= FTFHAL P25 o Agsle HlEE ®
el SAEE AR 7] Wl Aoz Az
Poly(HEMA-co-HPOEM)e| & X429 E4Fn]4l¢]
Bl vX = guke AR ET] 93l HAFa]Al
o] BYES AT A BUES 90% HeIE F
A E A}, poly(HEMA-co-HPOEM)7} 23t 2|24
< HaFa)ale] B4io] dgke] gl o= Pty
%13 200 nme]ste] =TS depo] kA
AzA 2 7HeAE FAF 4 e

2lZ&ol ot Y. 2xFe S Hs] 9
sle] & HA LYol A B EE] YAZ7] Y Wi}
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Fig. 4. Particle size of control(/\. ), stealth(lll) and poly(HEMA-
co-HPOEM)-conjugated liposomes(@) after incubation in
fetal bovine serum at 37°C.
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Fig. 5. Protein adsorption of control(/.), stealth(l) and poly
(HEMA-co-HPOEM)-conjugated liposomes after incubation
in bovine serum albumin solution at 37°C.
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