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Preparation and characterization of drug-loaded polymer-lipid
hybrid nanoparticles with tunable surface hydrophobicity
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Abstract: The surface hydrophobicity of nanoparticles plays an important role in drug delivery process. The
aim of this study was to verify the feasibility of using self-assembly method to prepare drug-loaded nanoparticles
with tunable surface hydrophobicity. Here, Soluplus was selected as the polymeric carrier to prepare panobinostat
(PNB) loaded micelles. Three different monoglycerides, glycerly monooleate (GMO), glycerly linoleate (GML)
and glycerly linolenate (GMLO), were used to modify the surface of PNB-Soluplus micelles to prepare polymer-
lipid hybrid nanoparticles (PLHNS). The effect of monoglyceride type and amount on the physico-chemical proper-
ties of PNB-loaded PLHNSs was investigated, and the surface hydrophobicity of PLHNs was characterized by Rose
Bengal (RB) binding method and mucin particle method. The results suggested that compared with the PNB-Solu-
plus micelles (particle size 77.97 + 0.78 nm, zeta potential 0.44 + 0.29 mV, entrapment efficiency 99.45% + 1.47%,
the RB binding constant (K) value 0.008 + 0.002, the increased particle size after mixing with mucin particles 7.90 +
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1.41 nm), surface hydrophobicity of the PLHNs increased significantly when modified by GMO, GML, GMLO,
with K values of 0.055 + 0.010, 0.050 + 0.011 and 0.058 + 0.008, respectively. The increased particle sizes after
mixing with mucin particles were 17.37 + 4.48 nm, 22.60 + 2.10 nm and 25.13 + 3.89 nm, respectively. Among them,
the physico-chemical properties of the GMLO modified PNB-loaded PLHNs (particle size 81.60 + 4.52 nm, zeta
potential 0.77 + 0.03 mV, entrapment efficiency 99.59% + 0.20%) kept constant, thus GMLO was selected to
further investigate the effect of GMLO mass ratio (1%-3%) to Soluplus on the properties of the nanoparticles.
While no statistical significant difference in particle size, zeta potential, entrapment efficiency or in vitro release
behavior was found when GMLO ratio increased, the surface lipophilicity of the PLHNS, as characterized by K
values and the increased particle sizes after mixing with mucin particles, increased almost linearly with the increase
of GMLO amount. In conclusion, we demonstrated that drug-loaded PLHNs based on Soluplus and GMLO can be
prepared by self-assembly method, and the surface hydrophobicity was tunable by modifying the mass ratio of
GMLO to Soluplus. This approach could be used for related basic science research aiming to elucidate the effect of
surface hydrophobicity on in vivo behavior of drug-loaded system.

Key words: nanoparticle; polyvinyl caprolactam-polyvinyl acetate-polyethylene glycol graft copolymer;

panobinostat; surface hydrophobicity; mucins
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Table 1

Effect of lipid type on the characteristics and surface hydrophobicity of panobinostat-Soluplus micelles. PDI: Polydispersity

index; EE: Entrapment efficiency; DL: Drug loading; K: Rose Bengal binding constant value; S: Soluplus; GMO: Glycerly monooleate;
GML: Glycerly linolenate; GMLO: Glycerly linolenate. n = 3, x = s. "P<0.05vs S

Carrier material Size /nm PDI Zeta ImV EE /% DL /% K
S 77.97 £0.78 0.050 + 0.036 0.44+0.29 99.45 +1.47 9.05+0.12 0.008 + 0.002
S+GMO 86.89 £ 2.76" 0.242 +0.016 0.64 £0.75 97.17 +1.98 8.78 £0.16 0.055 + 0.010"
S+GML 89.21 + 4.80" 0.268 + 0.036 1.02 +0.42 93.54 £ 4.70" 8.48 £0.39 0.050 £ 0.011"
S+GMLO 81.60 + 4.52 0.198 + 0.026 0.77 £0.03 99.59 +0.20 8.98 £ 0.02 0.058 + 0.008"
il . 22 GMLO % [f e M J5 15 21 (1) 58 & - IR 51 4 Kok
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Figure 1 The increased particle size of mucin particles upon WYEFR R (3R 2). SR ER, ETEELENE

mixing with panobinostat-Soluplus micelles modified by different
monoglycerides. n = 3, X + 5. "P<0.05 vs S
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Figure 2  Effect of the mass ratio of GMLO to Soluplus on the K
value of panobinostat-loaded polymer-lipid hybrid nanoparticles.
n=3x%s

Table 2 Effect of the mass ratio of GMLO to Soluplus on the characteristics of panobinostat-loaded polymer-lipid hybrid nanoparticles.

n=3xz*s
Mass ratio of GMLO to S Size /nm PDI Zeta /ImV EE /% DL /%
0 77.97+0.78 0.050 + 0.036 0.44 +£0.29 99.45 + 1.47 9.05+0.12
1% 81.60 + 4.52 0.198 + 0.026 0.77 £0.03 99.59 £ 0.20 8.98 £ 0.02
2% 79.91 + 4.49 0.207 £ 0.022 1.19+0.21 99.92 +£0.54 9.04 +0.04
3% 80.65 + 7.17 0.216 £ 0.061 0.77+0.31 100.20 + 2.96 9.07£0.24
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Figure 3 Effect of the mass ratio of GMLO to Soluplus on the
increased size of mucin particles upon mixing with panobinostat-
loaded polymer-lipid hybrid nanoparticles. n = 3, x s
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Figure 4  Transmission electron microscope (TEM) image of
panobinostat-Soluplus micelles (A), panobinostat-Soluplus mi-
celles modified by GMLO 1% (B), 2% (C), 3% (D). The lipid
shell was indicated by arrows (scare bar = 100 nm)
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Figure 5 Illustration structure of panobinostat (PNB)-loaded

polymer-lipid hybrid nanoparticles
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Figure 6 Effect of the mass ratio of GMLO to Soluplus on the
cumulative release of panobinostat from drug-loaded nanoparticles
in 1% Tween 80 PBS (pH 6.8). PBS: Phosphate buffer saline. n =

3,x%s
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