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Effect of polyethylene glycol-lipid derivatives on the stability
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Abstract: It is reported that polyethylene glycol-lipid (PEG-lipid) derivatives increase liposomes stability,
prolong the blood circulation of liposomes, enhance their tumor-targeting efficiency, and improve drug efficacy.
Therefore, it is of great importance to investigate the influence of modified PEG-lipid derivatives on the physical,
chemical, and biological characteristics of liposomes for the promotion of dealing with the existed problems,
such as the accelerated blood clearance (ABC) phenomenon when repeated intravous injection at a certain
time-interval, and developing novel targeted pharmaceutical preparations. In this review, the effects of  mod-
ified PEG-lipid derivatives were summarized in many aspects. It indicats that the chemical bonds (amide, ether,
ester, and disulfide) between PEG and lipid, as well as the species of lipids, such as the commonly used phospha-
tidylethanolamine, cholesterol, and diacylglycerol have substantial effects on the grafted liposomes  stability in
vitro and in vivo. Besides, the properties of lipids (the fatty acid chain length and saturation) and the groups
(methoxy, carboxylic and amino) at the distal ends of the PEG chains were also considered to be  important
factors. In the end, the influence of the average molecular weight of PEG and the molar ratio of PEG-lipid de-
rivatives in the total lipid were further focused.
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Figure 1 Structures of mPEG-S-DSPE (a) and mPEG-A-DSPE (b)
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Figure 2  Structure of mPEG0o-S-S-DSPE
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Figure 3 Structures of mPEGzooo—CHEMS (a), mPEGz()()o—CHMC (b) and mPEGzoo()—O—CHOL (C)
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Figure 4 Structures of NH;-PEG3400-C-CHOL (a) and NH,-
PEG3400-L-C-CHOL (b)
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Figure 5 Structures of PEGso-FA with different chemical
bonds: ether (a), ester (b), and amide (c)
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Figure 6 Structure of mPEG990-C-DSPE
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Figure 7  Structure of mPEG2000-DSG
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Figure 8 Structures of mPEGzooo-S-DSG (a), mPEGzooo-S-DPG
(b) and mPEGz()()()—S—DMG (C)
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Figure 9 Structure of mPEGs(09-S-DOPE
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Figure 10  Structure of mPEGy0-S-POPE
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Y14 6%), EPC/CHOL (/R LRy 2 0 1) JIgJTAA 1) ifiL 3
PRI ) S T R SR AR R B PE 22 5 . Yuda 2P0
WL RN, BEREL N 6% ) HOOC-PEG,000-S-DSPE
A ] 2% @ K DSPC/CHOL (E/RLE A 1: 1) IR
ST TR LT B B 0] B BRI T R AR i . (RN
SRR T v B T R 3 5 [ 5 O A A 1
WMARYE . Zalipsky ZP2VR /N B i K 5 R R
ELhy 5% MR FE R £ 2000- 15 fIg Bk A5 ik 2 17
JlZ (NH,-PEG,000-DSPE) 5% mPEG,000-DSPE {&fi ff]
EPC/CHOL (FE/REh 20 1) JGifk 24 h s, JEFfh
PR IR R B 20 M 20 v E S B (28.0 + 1.8) % Al
(32.3 £ 0.4) %o X nJ BB AN S LA AR 2 ) C4 A
C3 HMARE AP, BimAMA R G, Af IR 5T A i 0 Bk
TR P A 1 g TR AE /N B A 1R 4 24y
AT G 0 3k 22 e, T AT 1 4 5 R AP A T o A4 B
— L FE PEG A Ay A 27 15 1 1) AU B 1 IR iy 2
WHEAT B
4 PEG HX 9 FREX PEG-lipid 1853 R 8920
Yuda 243, PEG AR 4> T 543 51 800
1 700, 2 600 14 800 ff) mPEG-O-CHOL (/K Lt A
6%) &) DSPC/CHOL (FE/RLL A 11 1) RFiikY
ANREWEAN M (J774 4100) 37 CHEH 4 h J5, 1774 41
JL) i A (AR B BE PEG A 201 i (36 KT
BEA% . /N BURFR Ik S R A 6 h s, HAE ik
H IR IERE A PEG ARG 207 5 f 388 i 386 K
Bedu-Addo Z5PUSZIG A o, 24 mPEGsggo-S-
DPPE ¥ /R LN T 7% B, mPEGsg-S-DPPE 1] LA
NG T 2 A s DPPC IR o458 1) £
SETE . B0 mPEGso0o-S-DPPE [ EE/R L, #51EHE
DPPC gk K ZAEAH 73 85 4R EL I K3 11%0,
mMPEGs00-S-DPPE 5 DPPC JIg 44 2 A= AH 43 125 1) [ Bsf
3 6 oA B A RS TR o T 93 e LA AT U £
mMPEG 2000-S-DPPE %) 0] 5 IF ik AEAH 70 25 . FLJR
R o] RE 2 KAE PEG 401 I 2800 L B XU )2
IR Gy, AR AR 23 - 2 A0 HE 51 45 5 0 55 25 B 2 b
JIg 105 8% () % (R AR /N o iy FLAESE n—A CH, B, w14y
TREYEHERN R T &1 6~7.5 kI-mol ™,
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IXFE R AR A AR L T IR PEG #5840 BLAE H
JIHER, T EURE N FIRE I SRR R, S PEG
M H 5%, Al PEG-lipid #74E4) S5 BEAEX T 2
R ARGy B AR R B85 T R4y 1 J2 (R AR P A IR o 44
] JS R AR

Allen %5 /N R B ik 40 03 5 JBE 2K EE Ay
2% 5% PEG AHX 731 Bk ¥k 350,550 A1 750
i) mPEG-DSPE 1&1fiift] DSPC g FifA, 24 h =& [ 1l
WAL LT —30, 3 ML FIE T 10%F 17%;
1 mPEGo000-DSPE &1 [RIIR ST A4, 24 h 1) ifil 5% )
DINLIA 25%F1 31%. Rt mPEGssosserso-DSPE
AH L, mPEG00-DSPE & i I {35 4 < g Jo A 1) 1l 34
TEIRI ] . %S00 45 A& Owens PN HER, 24
PEG IRIAHXS 43 1 i B AR I, PEG B (1 20 M 4 PRI
B (PEG 43111 v 2 0P it K HLAG A g o
I YBAE R B IR (1 BT, JEi PEG 200 18 3 1 4% 1]
R BELONE, AN RE A 2% BEL 1 38 31 28 55 18 5 4% (1) 41 H. A
FH, WRCCAG i i JO A P i 950 7 o5 3k 3 e

Allen 255 & 31, mPEGsg-C-DSPE #fi A
DSPC/CHOL (FE/RELA 12 1) Mg BRI A i Ee Aol 4
NHE G B, X ATRE A PEG [AHXS 7 7 i
FOK, Hop KGR, HLB #K . 547 SCkPRiE, 4
FHPEE IR LE R 5% mPEGsgg-S-DSPE 14 1fi DSPC Jlig 5t
PRI, P25 R AEAR I B SR, 4REEH9 K mPEGsooo-S-
DSPE (13 FE44 5 2 JIg 5042 1) JI2 R 1) % 4% - Maaruyama
SRR, A3 1)/ BB FR KRS PEG HIXS 4>
TIREMIK 1 0000 2 000, 5 000 Al 12 000 [
mPEG-S-DSPE (/K Ll 6%) f&1fiff) DSPC/CHOL
(BERLEN 10 1) itk 3 h s, AR Lk 1% 5
MPS FEHCE F LU A IR 210 4.5+ 5.0 2.0 F1 1.8, T
H Allen %5586 &5 B o, /N B i 5 B
IR EE A 6% (1) mPEGsg-C-DSPE & 4[] SM/PC/CHOL
(BEJRLGA 1012 1) JIE 044 1) I 80 77 o 24 32 g K T
mPEG  99o-C-DSPE &1 [ g i 14

M2, ™ PEG A7 T BERAIL (M, < 750)
B (M, = 5 000) I, mPEG-DSPE & I 5 44 1)
PN AMAR T PRI 22, P DAE Gk BEARN 23 1 R
2 000 [¥] PEG-lipid fi1 4= 40k il & K ARG R Mg a4k
5 PEG-lipid A9 /R bb 3 HAE IR R 89 20

Bradley Z£PHRIE mPEG 00-O-CHOL (¥ /K Lt
<15%IrF, HA#H A EPC. CHOL #LL#NE (CL) (B
JREEA 350451 20) LI SR LK T 90%,
B IR LU ik 30% HHE A LLBI U 42 (64.9 £ 5.2) %.
BPEIREE R 5% 10% BE 15% ] mPEG 00-O-CHOL

&1 () EPC/CHOL/CL Jlg Jiifk 5 50% () N ifi 3% 37 C
I 24 h J7, mPEGg0-O-CHOL 7F JIb 3¢ [f 7% B H 4k
WA (85.044.3) % (79.3+£6.3) % Fl (65.5+4.8) %.
LAk, 1EF RSN TR I, mPEG 600-O-CHOL [ /28
IR UG, g oA I I35 FMASE A Rtk . Xu 2500
EELTAE 37 CHI 75% FBS 1 HE 12 h )&, BEERE
1% 2%+ 4%+ 6% F1 8% ] mPEG,g0-CHEMS &Y
MPEG,000-CHMC M CHST 230 2 i (0 I 4 15 . S
545 W 27K PEG V% fEBE 4 mPEGa0-CHEMS Y
MPEG1000-CHMC ¥ 5 11 38 Jiri 7 128 8 ik />

Bedu-Addo %P L EE R LE O 0% ~ 7% (1)
mPEG 00-3000-S-DPPE & 11 Iif, DPPC JIig J5 {4 1) 22 #4454
iy (differential scanning calorimetry, DSC)
W B AN AR W 3K I AR A B T N R
B5 1) mPEG-S-DPPE FH# IG X 7 ¥ )2 H AT R UF (M HL2%
Pk, 1§55 %5 mPEG-S-DPPE ¥ B 8 ik i, ixnf
€42 KA mPEG 000.3000-S-DPPE AE 4 “ AR50 4741 T
WA XA )25, Bl /MRS B [ o 386 5 mPEG-S-
DPPE (¥ K L, DSC B3 A 76 AH 55 AR 0 f S I —
AU, R TR RORL ARt S2UR B, D0 e i 5 1A
O Z A AR R & IR A . BRI 17%
I, RS A AR R AR . L AU B A 4 Rl
L EEIREL N 10% 1) mPEG 000/3000-S-DPPE & 1fii i,
JE AR 5 I AR LA

Garbuzenko ZEP7HRIE AR LR 0%~ 8%IH]
MPEG000-DSPE X &0 K G OFBENE (HSPC) (1AHAL
WL TC W B, 2 EE R L K 3] 12%1, HSPC (1)
AHAR R FEMEAT G0 o > B R LU =i 25% M), KA1 IX
T A 7 858 J 285 R0 I 7 3 it 7 2 1R PR AR i AR i 75 LT
T 2R, IX AT RE AL DA R DG IR A O 48 50 A e A IR
W WEHFFTIE R, 24 mPEG,000-DSPE [ BE/K LLAE
0%~4%It, mPEGag0-DSPE W & # k., HSPC JIg Fi 44
BiAR . HR AT BE L PEG B H AT BRI 55 K 1,
A9 188 i Sk 35 S8 PRl = A s 2L K B AR, Wy PR
T PR 1) HE e 0 36K, BHL LB A 5 A 2 18] 1) 2R 4R 5
&, IR B RSN o 2 B R EEE N & 5%~ 7%
I, RIS A7 1K, i A (1 A8 e Mk 21 gt
HORA& . X REL N IEIN PEG 201 B B TR K
% (3.5 nm) HRWLERRNE (4.5 nm)P*, PEG JZ
JUF- R 58 4 i R I, A A (R ORGP AR I H i, 12
MR o 24 mPEGag00-DSPE (1) BE /R LE KT+ 8%,
Ji AR AR 2Rk S, T AT 4 i g SR AR

Bradley “5CUASMITSY W, BEREEN 5%~7%
ff) mPEG,000-DSPE W 2 FH 1: EPC/CHOL/CL Jig )it
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7 (BEIRLLR 351451 20) MIAMAGE/EH . Allen
A8 TR 3 JBE IR LE A 5%~ 7% mPEG 000-C-DSPE 1& 1
AJ g BRAK MPS % SM/PC/CHOL (FE/RLE Ry 111
1) JRFEAKRKIEEEL . Dos Santos 25U\ N BEIR LL A
2%~ 5% [] mPEGy0o-DSPE 1] 5¢ 4= BH 1k DSPC ig i {4
Z IR AH B R AE S A, [ AEE 38 1 mPEG,000-
DSPE HIEE/R LR 0%~5% I, DSPC JIE Bt fAAE /s i Ak
P R I A B IR 7] 55 mPEGo000-DSPE IV JE S IE L
Maruyama %5272 8¢ 7N B ERIKAE S 3 h, AS[H EE
/KK mPEG-S-DSPE (PEG A% 43 15 &40 3 Ky
1 000 2 000, 5000 F1 12 000) 1&1fil}, DSPC/CHOL
(BEZRLEA 10 1) RS M8 bRt il o 45 SRR W,
1 mPEG-S-DSPE [ /R LR 0%~ 2%I, Jig 54 1fiL
WK 5 B mPEG-S-DSPE ¥ S5 [ 38 4 s 24 BE K
FAE 2%~ 4%, L e A Rk BE g A 34 m, 2
Jr ik BV & A A R B

— ROk, M PEG 4TINS A TE GRS B
PR L PR A B, PEG 21 BE A 8 v 1) R S
AT R BB TR 5 2 T A R0 M 78 5 70 SR T,
LA U (1 P 5 A 7 A4 Py A e b R P IR kA
PEG 0 IR U AAHIF i v, <87 3l A5 FH R 2R LG Ry 5%~ 7% (1)
PEG-lipid A= PR AZ M I o 44
6 REERE

PEG-lipid 725 W 1E 16 1 Sl ki 8 ) 4% 3% R 45 I
RN ML YN T ST R HIF T EZ BN
2RI AR D) 2 RS MR AR A T ) .
ALk M Z 0y 1 1] 38 T AN [E) PEG-lipid fi7 42 #0151
XoF I AR AR N A T DI s e, DA Dk S 4R B R UE
PEG-lipid 7 AE 915 11 280 5 1) [ B 9 59 B3 70 B T 2
I PEG AL B fA 5 (1) ABC LG 1) 7 i 3 AL 7
By, (RIS B T AE 2 34T 8 B4R A B ST
R B A R N FH I S5 1R S ) o) 7 4 A — o 1y 3
WA
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