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The Characterization and Cytotoxicity of Mixed PEG-DSG Modified Liposomes
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It is known that polyethyleneglycol (PEG) modification of the liposome surface leads to the formation of a fixed
aqueous layer around the liposomes due to interaction between the PEG polymer and water molecules, which prevents
the attraction of opsonins. When a combination of PEG-distearolyglycerol (PEG-DSG) whose characteristics are
remarkably different is used, interaction between molecules occurs, leading to increased fixed aqueous layer thickness
(FALT) . From this speculation, we studied the effect of both modification of PEG900-DSG and PEG2000-DSG modi-
fied liposome on FALT, cell uptake and biodistribution. The FALT of mixed PEG modified liposome increased, com-
pared to that of each single PEG modified liposome. In this mixed modification, maximum FALT was shown at lipo-
some modified by added PEG-2000 : PEG-900=2 : 1. This most suitable additional ratio was equal to actual incorpo-
rated ratio. On the other hand, cell uptake of mixed modified liposome containing doxorubicin (DOX) was similar with
that of PEG2000 modified liposome. Furthermore, mixed PEG modification of liposome was tendency to increase cyto-
toxicity, compared to that of other modifications. After DOX contained liposome treatment, DOX distribution in the
tumor and antitumor activity of DOX increase by mixed PEG modification. In conclusion, it was suggested that mixed
PEG liposome (PEG-2000 : PEG-900=2 : 1) was useful for cancer chemotherapy.
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Fig. 1. Chemical Structure of PEG-DSG
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PEG-DSG 500 {&£fi liposome (PEG-DSG (500))
PEG-DSG 900 {&£fi liposome (PEG-DSG (900))
PEG-DSG 2000 {&£fi liposome (PEG-DSG (2000))
PEG-DSG 2000 : 500=2 : 1 {&£fi liposome
(PEG-DSG (2000 : 500=2:1))
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PEG-DSG 2000 : 900=3 : 1 {&£ffi liposome
(PEG-DSG (2000 : 900=3 : 1))
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Table 1. Particle Size and FLAT of PEG-DSG Mixed 900=2:1) DEAEEAZE, PEG-DSG00 D& A
Modified-Liposomes 7% 91.5% (0.54mM) , PEG-DSG2000 0 i A #% 2
Parzincrlg)size F(EQ)T 102.0+0.2% (1.03+0.00mM) Th-o7~. T/db
PEG-DSG2000 | ES BEIZ
Plain liposome 128.34+2.70  0.3440.05 5. DAL i$5${’ﬁ$® A
NEMML, REOBMES2:17/-o7%.
PEG-DSG (500) 121.30+2.00  1.00+0.01
PEG-DSG (900) 135.60+7.35 2.10+0.02 3. 'E& PEG-DSG ﬂgﬁ(’ﬁ ) R/ — £1{k DOX D@
PEG-DSG (2000) 134.07+3.75  2.52+0.03 AN Y AR NV FHMATHER “E PEG
PEG-DSG (2000 : 500=2: 1) 142.70+5.10  3.30+0.26 {Igﬁﬂi ) iRy — LAk DOX D fEEHIAE A~ DHLD A
PEG-DSG (2000 : 900=1:2) 133.65+0.02 1.7840.02 15X 5% B %Kit d 5 /~%, Ehrlich ascites carci-
PEG-DSG (2000 : 900=1:1) 128.92+10.93 2.55+0.07 noma cell Z PLDOX, PEG-DSG (900)-LDOX,
PEG-DSG (2000 : 900=3 : 2) 132.154+0.04 2.6940.04 PEG-DSG (2000)-LDOX, PEG-DSG (2000 : 900—
PEG-DSG (2000 : 900=2: 1) 145.58+9.75 4.2240.09 ) . .
PEG-DSG (2000 : 900=3 : 1) 135.80+0.04  2.86+0.04 2:1)-LDOX & > FaxX— 3>, Hilan
PEG-DSG (2000 : 900=4 : 1) 134.074+0.11 2.8540.11 DOX jp Z#Hl%E LU /=. Figure 312 xL7=&DIT,
FALTs are expressed as mean+S.D. (n=3). Ehrlich ascites carcinoma cell L:Bﬁ'é%mﬂ@m DOX
15[ 1100 L5t 1 100
o) 80V © 30 »
2 T A A A
& 10 o S &0 &
i 110 R @ 60 @
A A A
S 7 s B S
8 % L | 40 & § 40 §
= T 505} S
o, Q, o, o,
: / % 120§ 5 2§
g £ 2 g
W22, |
PEG-DSG PEG-DSG
PEG-D -
G-DSG(500) (2000:500=2:1) PEG-DSG(900) (2000:900=2:1)
PEG-DSG(2000) PEG-DSG(2000)
PEG-DSG 500 PEG-DSG 900 PEG-DSG2000
Fig. 2. Incorporation of PEG-lipid into the Liposomal Membrane

Each column represents the mean=+S.D. of 4 samples.
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Fig. 3. Effects of PEG-modification on DOX Uptake into
Ehrlich Ascites Carcinoma Cells
Ehrlich ascites carcinoma cells were incubated with 5.0 ug/ml of DOX
in the PLDOX (—3—), PEG-DSG (900) -LDOX (=), PEG-DSG (2000) -
LDOX () or PEG-DSG (2000 : 900=2 : 1)-LDOX (—@—). Each point
represents the mean+S.D. of 4 samples. Significant differences from the lev-
el of PLDOX are indicated by a) p<{0.05, b) p<{0.01, ¢) p<<0.001.
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Vo— A DO B % Table 2 1273, ICs 1E
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LDOX DJE & 720, #HiflaN DOX B D A A& % X
e U TR R R 5 2 EAVR S Nz,

4. Ehrlich E# n\ A (C %t 3 % PEG-DSG (& &f
DOX &£/ KR —LDEHR
cinoma HJ%E < 7 Z 12 B\ T DOX O i 45 14 5l H ]
BHERITKT 2 U Ry — A PEG &Rk D 1EH 2 it
L7z&Z A, Fig. 41T RTEIRHMREE.
PLDOX # 5.8, PEG-DSG (900)-LDOX ¢ 5D
i 5 B 213 Z N2 control B (4.26+0.66g) D
#188%, 710%THV, AEMLIEEHEEDMK IR
wonmmo =, —74, PEG-DSG (2000)-LDOX
$ 5.8 PEG-DSG (2000 : 900=2 : 1)-LDOX # 5.
BOEEERIZZENEN2.36+0.64¢g, 1.85+0.40 g
L7320, PLDOX O#RDOZNZFN 3.6 fF (p<
0.05), 4.7 f5 (p<0.01) WS HELRIEZEEEZD
KF%E2b7~-50L7% (Fig. 4(A)). 512 PEG-DSG
(2000 : 900=2 : 1)-LDOX & 5. D FEE Iz BT
%5 DOX B E (12.16 +2.44 ug/ g protein) %,

Ehrlich ascites car-

Table 2. Cytotoxicity of Liposomal DOX on Ehrlich Ascites
Carcinoma Cells

ICy (um DOX)

6.30£1.50
3.13+0.83
2.85+0.159
2.43+40.179

PLDOX

PEG-DSG (900) -LDOX

PEG-DSG (2000) -LDOX

PEG-DSG (2000 : 900=2 : 1)-LDOX

Ehrlich ascites carcinoma cells (1X106) were incubated with PLDOX,
PEG-DSG (900) -LDOX, PEG-DSG (2000)-LDOX or PEG-DSG (2000 :
900=2 : 1)-LDOX. Cytotoxicities were determined by the WST-8 assay
and expressed as mean ICs,+S.D. (n=3—38). Significant difference from
the level of PLDOX are indicated by @) p<{0.001.

(A) Tumor weight

6
2 4
& a)
B
= b)
g
P20
0
Control PLDOX  PEG-DSG PEG-DSG  PEG-DSG
(900)-LDOX  (2000}-LDOX  (2000-900=
2:1)-LDOX
(B) DOX concentration in tumor
2 19 e)T
Q
B
e
o
-]
\;f 10 d)
= c) T
[=
S
= T
: [
g 5
3
*
o]
=]
0!
PLDOX PEG-DSG PEG-DSG PEG-DSG
(900)-LDOX (2000FLDOX  (2000:900

2:1)-LDOX

Fig. 4. Effects of PEG-modification on Change of Tumor
Weight Induced by DOX (A) and DOX Concentration in
the Tumor (B) of Ehrlich Ascites Carcinoma-bearing Mice

a) p<0.05, b) p<0.01 vs control group, ¢) p<<0.05, d) p<0.01, e) p<

0.001 vs PLDOX group.

PLDOX # 58 (5.27+1.67 ug/g protein) M 2.3

ML TH O, REBMIZE S DOX DJEE%E

DM (p<0.001) 7338D 537z (Fig. 4(B)).
X7, ZoRomiEd DOX EE (Fig. 5(A))
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(A) Plasma PLDOX

PEG-DSG(2000)-LDOX “ a)

(-
PEG-DSG{900)-LDON ] .
I
PEG-DSG(2000.900-2:1)-LDOX [IIS——— b)

0 0l 02 03 0.4
DOX Concentration (¢ g/ ml plasma)

(B) Liver

PLDOX | I
PEG-DSG{900)-LDOX :l—
PEG-DSG(2000)-LDOX :I—w:

PEG- DSG(2000-900=2:1)- LDOX | — @)

] 2 4 G 8 10 12 14
DOX Concentration ( o g/ g protein )

(C) Spleen PLDOX } B

PEG-DSG(900)-L.DOX — a
PEG-DSG2000)-LDON F— o
PEG-DSG(2000:900-2:1)- LDOX )

0 5 10 15 0 23
DOX Concentration { ¢ g/ g protein )

(D) Heart PLDOX —

PEG-DSG{S00)-LDCX }

PEG-DSG(2000}-LDOX [
PEG-DSG(2000:900=2:1)-LDOX —

0 035 10 1.5 20 25 30

DOX Concentration ( g g/ g protein )

Fig. 5. Effects of PEG-modification on DOX Concentration
in Plasma and Tissues
Each column represents the mean = S.D. of 8—9 mice. Significant differ-
ences from the level of PLDOX group are indicated by a) p<{0.05, b) p<<
0.01, ¢) p<0.001.
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~U7z (p<0.01). g DOX ¥/ (Fig. 5(B))
1% PEG-DSG (2000 : 900=2 : 1)-LDOX # 5.8 T
4.03+0.70 ug/g protein, PEG-DSG (2000)-LDOX
P58 3.63+0.8lug/gprotein Z,x L, &HiC
PLDOX £ GBI NG EITIA Uiz, Rk
H DOX J2 % (Fig. 5(C)) % PEG-DSG (2000 :
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LDOX # 5. T PLDOX % G H DK 39% (p<
0.001), 48% (p<<0.001) iz L, WHEZVURY —
L@ PEG BN R 0GE0 5.
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PEG EEE AR, IHhicB1r 2 PEG &% E I
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W52 /T, HTEOHELS PEG /1 & HlAH
AOBTEEBMLZYRY —AIZDNT, EH
PEG & 586 PEG & D& EFIHIZ D W T OME AT
ONTHD, 2D BEBEMOAFHMENRREINT
W3, 0Ok, PEGIEEOYMTHEF VY / —
/KRR DOR L THARDES Z
EMFALT KICHETHD ZENHL M ETRS
TH D, 1112 PEG-DSG2000 & PEG-DSG500 & (i
GEMICE D FALT S8R L= 2 &S &
STWBE WEZT, ZOERITXID, PEG-
DSG2000 & 41 A3 # 72 ©, PEG-DSGS500 X O
PEG # ® E \» PEG-DSG900 % f \», PEG-
DSG2000 &iE&EEL, YURY —LDiEE PEG &
fiifb 2y FALT U 7R — AAND PEG 8 AR, KN
JE R 5 9 2 B R I B A B I DN T
METL 7=,

B 78D PEG &ffi) R — LD FALT 13,
SFENKENPEG EETEMLZDDIFEHK
L7. —7, PEG-DSG2000 & PEG-DSG900 0%
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% (PEG-DSG2000 : 900=2 : 1) OTELEM
BOLNTZ. ZORREID, INETHRFTINTE
7= PEG-DSG2000 & PEG-DSG500 0 & & &8 D 15



No. 1

155

& EFEEIC, E# PEG & PEGICX2IRE
PEG ZfiIC & > THIM» & D PEG EHHIT X
FALT KT 2 ENWRBINSZ. DFED, K
PEG ORFICEE PEG A DA Z LiIckD, E
$% PEG @ ‘mushroom’ #3& A% ‘brush’ #3& 12D
WRIREBIZa B e EEZA BN, D &EE, K
PEG QItENKETED L, URY —LAKELIZ
I PEG TRERfic NNk, =0
FALT |35 84 PEG §UMUZAR Y 7R — LD FALT &
£48 PEG BMEAG ) R — 4D FALT OOl %
M5 EEZENS, HITHEE PEG OHEREN/NET
X3 &, i PEG 2N E$H PEG @O mushroom’ f#
W KT TRERNBINT, 2D FALT 13584 PEG
D FALT S3IFRIUCMEERBD EEZA NS, IR
50 Z &5 PEG QRS HICIIRELNFET 5
HbOEEZLND.

HFENKENPEG I, PEG T OEIKMEH K
WHEWURY — A RICERETHEELICSLSRS
ZEMNRINTRD, 152229 PEG & A K3 B &
DA, PEG-DSG2000 13 #7 46%, PEG-DSGS500
13K 95% THo7=. —7F, PEG-DSG2000 : 500=
2 1 REEMOSE, URY —LTOPEG#E AR
%, ThEN O PEG lF 5 THMERAR & [FFEE D
WA BT A XN, PEG-DSG2000 : 500=2: 1 {&
fiiy) RV — L OFEEEOE A &L PEG-DSG2000 :
500=1:1THBHIENHLENERODTNS. P L
/N1, PEG-DSG2000 : 900=2 : 1 {E &I BT
% PEG 3% A % |3 PEG-DSG900 |3 B J (& fiff D 13 &
(90%) E[AFkICEAINS7A, PEG-DSG2000 i
HAEAI TR 46% Tdh > 7= H D H PEG-DSG00
LIREBMICEDIFIT 100% FTHEMNT 5 2 EAR
X4, 2000 : 500 & Hi7z O PEG-DSG2000 : 900 =
2:1EBEMURY —AXBVWTIREROEAED
PEG-DSG2000 : 900=2:1T&H 2 Z NS M &
725 7. Z @ PEG-DSG2000 034 A # D E i D A
HZZALZDNWTIEWELEHS M ER> Thian
M, Z®Z&H PEG-DSG2000 : 900=2 : 1 {&ffi1)
RV —AL D FALT ¥ RIC—EEERK L TWb &EF 2
55,

—7, URY—ALICNE SNz DOX I35 I
Ml7=05, MENICBEITT S I ENUNHATHS.
F7z, URY—AdMEERmICEE L0 R
A b= AT K> THIANIZERDIAEZN S &EE X

5NTN5. 2% 22T, EEHME~D DOX QD
IASB T DB ML T O DOX ORIz IOV T
invitro TOMFZ{T>7. T E T, FALT O
KAERISHIILIC BT 2 DOX BV ASIT B % KT
IRBNEVND T ENHSNERSTHD, IV RiER
TH, ML DOX B DA &1, PEG-
DSG2000 Hphf&Afi & PEG-DSG2000 : 900=2 : 1 j&
BEMIZBNWTEIZRD 51T FALT O KIC X
0 EEHIIC BT 5 DOX D AAMBE F T2 I &
3oz, URY — ANEEY OO A AL RE

LT, > RYA b= 2I12&D, URY—LA
MEDEEDOHERFFL - FE THIANICELDIAE
NTHNHEYZ TS, 20U R — LK &
DO, BIEIZED U RY — AN O Y AL AN
W E N5, BURY —Lh 5l U Z3EyhK
R OIRRE THIFINICELD A E NS, IBRENEZS
N 5. PLDOX |Z lt X PEG-DSG2000 i {& fifi &
PEG-DSG2000 : 900=2 : 1 & &5&8iV BV — LD
MR OIAAIZERICERL TWEZEZENS,

PEG f&ffi U R — A OMBENE D A AIZITY R
v —LESEOWE, BE, KO RYA
F—= A ENRELFELEL TR EEZENS.

PEG I3 Mifufif & 2 RHE T D2 LW  MEN H
0,230 PEG MW/KIEKF TKREHSGL, HHKZE
RS, BRI L K OK O/ 22
b=, IBE /0 PR OO KFKRE 22
EEELDITEMENEISZEFbON TN
%72 —FTPEG EOMAEHICEDURY —
LAMEEARIN, 1O VR — AR L OS2 HH <
NHENSH|ESHHH. 32 £, URY —LER
i PEG WEET S Z EICkD, fMilaEy Ry —
L EDOHEAERPNRIIZEE SN D EBRMEICDON
TRBINTNS 302 LaLAaNs, URY—
L@ PEG &ffiftic & % FALT O# KI5 L
HURY —LAOHINEE D AR Z T 5 H DTN
ENWD ZENWRBEINZ, B, KERIIURY—
LAKROE)E TI3R < NEEY) OB E 2R L T2,

Drug carrier L TOURY —LDEHEEEZD &
E, URY—LRKOBHZ TR R<ENEHT DN
HEMONHNEETHDHEERD. —H, UK
Y — LIS NEEY T H D DOX DA DOX O
B D AHICEEE 52 DN T0Icd 2
B, URY —LD PEG IR —Lh s NE
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EYOREEMETZZEMRINTBD, 2 PEG
ERHIC X DB T O B KICEYIR 02813
INENWEEZ NS,

I IR R OIERE & 725 ICs ITD W TIX
PLDOX, PEG-DSG (900)-LDOX, PEG-DSG
(2000) -LDOX, PEG-DSG (2000 : 900=2 : 1)-
LDOX O JIEIZ 7l N 20 S 3 ¥ 50 & 3 2 i [7] 2338 8
54, #1Z PEG-DSG2000 Hijf & ffi & PEG-DSG
2000 : 900=2 : 1 R &{&filZ PEG REAIDIHZEIC
X, BEBBMESRERLUZ. Tabb, G
M~ ® DOX HL VA & % KB L TR & PEG-
DSG2000 : 900=2 : 1 {&ffi Tk D EN /=R R) R
MENTWS ZENHENER S, URY —LD
PEG &M HIc BN TH T Y = > O 21T,
RES i# D [EIEIC K D i H i85 & passive targeting
WK D MEBEMEE 72T, EPRIFITK O IEEIC
HEFEL 7= PEG &ffi) R — Ald, —#8@ PEG i
R — LN S BE, EEAICITT 2 2 &
XD URY —ALEEORMMEZ RS, #il
HLO A A DG & RS RN R O I % © 7= 5 9 nlHE
PEAVRIE S N7z,

% Z T invitro TR ® 5 N7z & & PEG-DSG
2000 : 900=2 : 1 &R DH R in vivo 12BN T
HRMEINTWDENZEFEY % /=%, Ehrlich as-
cites carcinoma fH¥E < 7 X 2 Ay, DOX O¥ifEE
BEITH T 5 FALT O &8ICOWTHH L 7=,
PLDOX # 5. %12 }t. X T PEG-DSG (2000) -LDOX
5.8 PEG-DSG (2000 : 900=2 : 1)-LDOX & 5.
HCTHEREREEEDOHMDNRD 5N, FLWIEE
BEMEIRE R U2, Ez, SFIBRRKES 72
5 1% 0 9% W I B 1 5 DOX i 13 PEG-DSG
(2000 : 900=2 : 1) -LDOX>PEG-DSG (2000) -
LDOX>PEG-DSG (900)-LDOX>PLDOX T& >
2. ZTDZEMS, FALT OB KM KA =) PEG-
DSG2000 : 900=2 : 1 JE& &G T3+ DOX
EOHKIZXEEEEDORMD, T/4bb, HilEE
ROMEEN S Z5INDIENREBINZ.
PEG {&fii Z 1772 WiE 1T X PEG-DSG900 {& fiff
@ FALT O RIL in vivo ITBWTIEEALEEZE
IR ENS, REFREITLHDIZ, D
LA ED FALT " ETHHEEZALNS. £
7z, Mg T, FALT O#KICK 2 s iE oM
w5, Mk FhESICH 5 DOX RE

Yy

PLDOX [Z .~ PEG-DSG (2000 : 900=2 : 1) -
LDOX # 5.7, PEG-DSG (2000)-LDOX #: 5. T
ARIEWEZRL. §72b%5, FALT OKRIT
RES [EI#ERE D K, MMM I, passive
targeting |2 X 2 B EEEDE AR ZE S Z &3
SinElzof. WEXD, o TFEMNRIRS PEG 5
BaflAabtad U Ry —AKREEMIZED FALT
PSR E OB R I N, BE PEG &
fioH LIRS N,

—7, DOXIIJEWHUERE X X7 ML &b
BIERZRTVNZORIER & L TRREBRICKTT
R, RICLOBESE, OAetHmEIhTn
%, 33 20w, mHEEOBEARICKOREIEA
DO¥RNAEL Bl RetE N E I N, Ol
DOX REICIX A HM THEREITRO 5 Nsh->
el &5, FALT OHERITHED 0 #E K
WL BRWERAOHERIZAELCBRNWEEZEZ SN,

PLEX D, {E4 PEG-DSG2000 : 900=2 : 1 {&ff
Ry — AR OR A PEG-DSG2000 : 500=2 :
LMY RY —LAERBD, [EEBASN TV
PEGRE D> 7+ A—2 a3 > OZELITMAT,
PEG-DSG2000 D& ARNMHEMNT 5 Z LR L T
FALT 88K L, ZHICEDWTE 55 M
HomENbZLEINEEZEZ N, I SHITHM
fazhBEHENT EMS, in vivo ITH W TIEEERAL
IR IUL, RIFICHEEMBNICBITL, 2Rz
FETHZENTHRIN, KOFAEIEVES
PEG EfiTH 2 Z LRI Nz,

#iF PEGIEEHzZzEOQURY —LMIEE %
LGNS WKL 2 AR S ICR#B L £
ER
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