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Methods for Measuring Rigidity of Liposomes
and
Effect of Surface Modification of Submicron-sized

Particles on Bio-interaction

Koji NAKANO

Abstract: The Drug Delivery System (DDS) raises expectations as an effective method of achieving precise administration of
active pharmaceutical ingredients. Concerning formulating fine-particle products for drug delivery, physicochemical properties of
particles, such as particle size, surface charge or surface condition are important factors for increasing the function of drug delivery.
Liposomes as drug carriers are quite useful for controlling these properties. Methods for evaluating physicochemical properties of
submicron-sized particles are limited to the measurement of particle size or zeta potential and observation of morphology with a
scanning or transmission electron microscope. Therefore, a novel evaluation method is needed to develop a functional product of
fine particles. The rigidity of liposomes is evaluated with an atomic force microscope for the purpose of establishing a novel
evaluation method. The effects of surface properties on bio-interaction are also evaluated in vitro or in vivo then the possibility of
polymer-coated liposomes as the dosage form for pulmonary administration is investigated.
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Fig. 1 An AFM image of polystyrene particle adsorbed onto
surface modified mica. Concentration of polystyrene particle:
2.5 pg/mL, scale: 4 pm?* x 200 nm.
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Fig. 2 A schematic model of liposomes adsorbed on the mica
surface.
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Fig. 3 Comparison of H/P ratio of various type of liposomes.
*p<0.05, " p<0.01: significantly different from the H/P ratio of
EPC731, "p<0.01: significantly different from the H/P ratio of
DSPC551, ™p<0.01: significantly different from the H/P ratio
of DSPC731 (0.1 pm).
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Fig. 4 Effect of PVA-R coating on the interaction with J774
cells (n=3). Lipid composition of liposomes: EPC:Chol.=9:1.
e: non-coated liposomes, o: PVA-R-coated liposomes, lipid
concentration: 1 mg EPC/mL, final PVA-R concentration:
0.5% (w/v).
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Fig. 5 CLSM images of Dil spots detected from J774 cells.
(a) control, (b) non-coated liposomes, (c) PVA-R-coated
liposomes, lipid concentration: 1 mg EPC/mL, final PVA-R
concentration: 0.5 % (w/v).
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Fig. 6 Time courses of the fl uorescence intensity of Dil in
J774 cells that interacted with liposomes having different
cholesterol content (n=3). Lipid composition of liposomes:
EPC:Chol.=5:5 (circles) or 9:1 (triangles), closed symbol:
non-coated liposomes, open symbol: PVA-R-coated liposomes,
lipid concentration: 1mg EPC/mL, final PVA-R concentration:
0.5 % (W/v).
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Fig. 7 Effect of PVA-R conc entration in coating on the
interaction with J774 cells (n=3). Lipid composition of
liposomes: EPC:Chol.=5:5. Incubation time: 30 min, lipid
concentration: 1 mg EPC/mL.
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Fig. 8 Effect of the existence of PEG layer on the surface of
PLGA nanospheres on the cellular interaction of
PEGylated PLGA nanospheres (n=3). Incubation
temperature: 37°C, molecular weight of PEG: 6,000, the
content of PEG-PLGA: 10% (w/w), the concentration of
nanospheres: 1.0mg/mL.
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Fig. 9 Effect of PEG molecular weight on cellular
interaction of PEG ylated PLGA nanospheres (n=3).

Incubation temperature: 37°C, the content of PEG-PLGA: 10%
(w/w), the concentration of nanospheres: 1.0 mg/mL.
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Fig. 10 Eff ect of the content of PE G-PLGA on cellular
interaction of PEG ylated PLGA nanospheres (n=3).
Incubation temperature: 37°C, molecular weight of PEG:
10,000, the concentration of nanospheres: 1.0mg/mL.
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Fig. 11 CLSM images oflun g tissue Sh aft er pulmonary
administration of polymer-coated liposomes. (a) Non-coated
liposomes, (b) Chitosan-coated liposomes and (c)
PVA-R-coated liposomes, polymer concentration: chitosan;

0.1 % (w/v), PVA-R; 2 % (w/v), scale bar: 200 pm.
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Fig. 12 Eff ects of a polymer coating on the behavior of
polymer-coated liposomes in the lungs afte r pulmonary
administration (n=3-6). Dose: 1.6lmg DSPC/15.63ug
CA/0.2mL/rat. Closed bar: lung tissue, open bar: BALF.
Chitosan: 0.1 % (w/v) chitosan-coated liposomes, PVA-R: 2 %
(w/v) PVA-R-coated liposomes.
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Fig. 13 Effects of polymer concentration on the behavior of
polymer-coated liposomes in the lung after  pulmonary
administration (n=3-6). (a) 0-0.3 % (w/v) chitosan-coated
liposomes, (b) 0-2 % (w/v) PVA-R-coated liposomes. Closed
bar: lung tissue, open bar: BALF.
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Fig. 14 The a mount of total protein in bronchoalveolar
lavage fluid a t Sh aft er pulmonary administration of
polymer-coated liposomes toth e lung (n=3-5). PBS:
phosphate buffered saline, Non: Non-coated liposomes,
PVA-R: 2 % (w/v) PVA-R-coated liposomes, chitosan: 0.1 %
(W/v) chitosan-coated liposomes.
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