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Surface modification of liposomes with hydrophilic polymers
bearing hydrophobic anchors for passive targeting of drugs

Hiroyuki KOJIMA

Abstract: In this review, we introduced the feasibility of polymer coating of liposomes with various hydrophilic polymers bearing
hydrophobic anchors for desiring the injectable drug carriers for passive targeting of drugs. The thick coating layer was confirmed for
the polymer coated liposomes (PC-Lip) by comparing the particle size and zeta potential of the liposomes before and after polymer
coating. The PC-Lip showed significantly improved circulation with fewer RES uptake of liposomes after i.v. administration in rats.
It was also confirmed that the circulating property of the PC-Lip was well correlated to their coating properties. A significant
improvement in therapeutic efficiency of doxorubicin was obtained with the polymer coated liposomal formulation with a higher
drug accumulation into the tumor site in tumor-bearing animals.

Keyphrases: liposomes, hydrophilic polymers bearing hydrophobic anchors, polymer coating, long circulation, reticuloendothelial
system (RES), passive drug targeting, antitumor agents
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Fig.1 Effect of polymer coating on the change in zeta
potential of the liposomes. (Lipid composition: DMPC:
DCP:Chol= 7:1:3. Particle size of liposomes=100nm.)
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Fig.2 Effect of polymer coating on the change in particle
size of the liposomes. (Lipid composition: DMPC:
DCP:Chol= 7:1:3. Particle size of liposomes=100nm.)
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Fig.4 Effect of polymer coating on the circulation profiles of the
liposomes in plasma after i.v. administration in rats.
(Lipid composition: EPC:Chol = 5:5 Polymer conc.: 1%.
*p<0.05, **p<0.01)
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Fig.5 Effect of polymer coating on the distribution of the
liposomes in liver and spieen after i.v. administration in
rats (Lipid composition: EPC:Chol = 5:5 Polymer conc.:
1%. *p<0.05, **p<0.01, ***p<0.001 )
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Table 1

Effect of polymer coating of liposomes on the doxorubicin concentration in plasma after i.v. administration of free or

liposomal doxorubicin in rats. (n=4~6). (Lipid composition: EPC:Chol= 5:5. Polymer conc.: 1 % for PVA and PVA-R, 0.43%
for HPMC and HPMC-R. Dose of doxorubicin: Smg / kg weight. *p<0.0S5, **p<0.01, ***p<0.001: significantly different from

the levels for non-coated liposomes.)

Conc. of doxorubicin in plasma (ug/mL)

Time (hr) Sol Non-coated PVA PVA-R HMPC HMPC-R
05 015 £+ 001 731 27 762 +31 888 £52 * 702 20 1096 + 45 ***
1 015 £+ 000 635 +21 608 +55 791 +40 ** 616 ¢ 3.2 913 & 2.0 *™
2 014 £+ 000 427 £+ 28 453 + 34 570 £ 36 * 47529 63.0 £ 3.9 "
4 0.13 £+ 001 288 +22 340+20 382 +22 * 327 24 446 t 16 ***
8 013 £+ 001 135 +08 165+ 07 194 +23 * 16.7 + 1.8 233 £ 1.4 ***
12 011 £+ 000 41107 52104 77 £ 12 65+06 * 68 + 05 ™
24 0.00 £+ 000 0.7 + 0.0 11 £ 05 14 £+ 02 * 08 + 03 14 £ 0.1 ***
AuC? 2.22 353.2 386.7 4733 3743 499.7
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Fig.6 Effect of polymer coating on the tumor accumulation of

doxorubicin after i.v. administration in tumor-bearing rats.
(Lipid composition: EPC:Chol = 5:5. Polymer conc.. 1 %
for PVA-R and 0.43% for HPMC-R. Dose of doxorubicin:
5mg / kg weight. *p<0.05, **p<0.01: significantly different
from the levels for non-coated liposomes.)
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Table2 Pharmacokinetic parameters of liposomal doxorubicins
injected intravenously in tumor-bearing rats. (Lipid
composition: EPC:Chol = 5:5. Polymer conc.: 1 % for
PVA-R and 0.43% for HPMC-R.)

Non-coated PVAR HPMC-R
AUC Plasma (ug -hml) .2 562 567.8
CL total(mlh) 320 225 220
AUC Tumor (ug -hvg) 1506 208 281
CL tumor(mlLh) 924x103 299x102 258x102
Targeting effidency 289x10% 1.33x102 1.17x102
Total tumor accumulation(lg) 36 16.6 146
15 o Non-treated
—e—Sol N
o —aA— Non-coated
5 I —e—PVAR 7.5mghg
> —¥— HPMC
g 10 | —a—HPMC-R i
= —&— Sol
Q —&— Non-coated
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o
E
3
'_
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Fig.7 Change in tumor size after iv. administration of
doxorubicin solution or various liposomal doxorubicins
in Ehrlich ascite carcinoma bearing mice (n=5-10).
(Lipid composition: EPC:Chol = §&55. Dose of
doxorubicin: 2.5 or 7.5mg/ kg weight/ each. The
numbers of injection: 3 times with 7 days intervals.)
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Fig.8 Survival time of Ehrlich ascite carcinoma bearing mice
treated with i.v. administration of doxorubicin solution or

various liposomal doxorubicins (n=5-10). (Lipid
composition: EPC:Chol = 5§:5. Dose of doxorubicin: 7.5
mg/ kg weight/ each.)
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Fig.9 Effect of polymer coating and liposomal charge on the
circulation of the liposomes after i.v. administration in
rats. (Lipid composition. DMPC:DCP:Chol= 7:1:3
(negatively charged liposomes), DMPC:SA:Chol
=7:1:3 (positively charged liposomes) and DMPC:
Chol=7:3 (neutral liposomes). Polymer conc.: 1%.)
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Fig.10 Effect of molecular weight of PVA-R and polymer
concentration in coating on the values of area under the
circulation—time curves of the liposomes from 0 to 48 hr
after i.v. administration in rats. (Lipid composition:
EPC:Chol=7:3.)
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Fig.11 Comparison of the circulation of the PVA-R coated
liposomes with that of PEG-modified liposomes after
i.v. administration in rats. (Lipid composition: DSPC:
Chol=7:3 for non-coated and PVA-R coated liposomes,
and DSPC:DSPE-PEG2000:Chol=69:1:30, 66:4:30
and 62:8:30 for PEG-modified liposomes. Polymer
concentration of PVA-R: 1%.)
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Fig.12 Correlation of the area under the circulation-time
curves values from O to 48 hr after i.v. administration
in rats and change in particle size of the liposomes
in calf serum. (Lipid composition. EPC:Chol= 9:1
(open symbols), 7:3 (closed symbois) and 5:5 (gray
symbols). Polymer conc.: 1%.)
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