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ABSTRACT Objective: In order to prepare stable polymer-lipid nanoparticles with uniform particle size, high drug loading and en-
capsulation efficiency. Methods: HSPC (Hydrogenated Soybean Phospholipids Mixed Compounds) and PLGA (Poly(lactic-co-glycolic
acid) ) were combined to prepare the polymer-lipid nanoparticles with ultrasonic double emulsion method. The preparation process was
optimized using Response Surface Methodology(RSM). The ratios of HSPC-PLGA, PVA concentrations and ultrasonic power were em-
ployed as three main factors affecting the formation of nanoparticles in the preparation process. The particle size was chose as the re-
sponse value. Results: The optimal conditions were obtained as follows: the ratio of HSPC-PLGA was 1:10, the concentration of PVA
was 0.66%, and the ultrasonic power was 51.34% (205.36 W) respectively. Conclusion: The size of nanoparticles prepared under the op-
timal conditions was about 230 nm with narrow size distributions, and the PDI value was 0.057, which was closer to the predicted value.
The established polymer-lipid nanoparticles could be used as protein and polypeptide drugs in delivery system.
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Table 1 The factors and levels of RSM experiments

Level
Factor
-1 0 1
A: Ratios of HSPC and PLGA 1:10 3:10 5:10
B: Concentrations of PVA (%) 0.50 0.75 1.00
C: Ultrasonic power (%) 45 50 55
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Table 2 Analysis of variance for RSM experimental results

Source Sum of squares Degree of freedom Mean square F-value P-value Significance
Model 3407.21 9 378.58 5.090 0.04390 significant
A 695.64 1 695.64 9.360 0.02810
B 1090.45 1 1090.45 14.670 0.01220
C 60.50 1 60.50 0.810 0.40830
AB 809.40 1 809.40 10.890 0.02150
AC 34.22 1 34.22 0.460 0.05275
BC 7.02 1 7.02 0.094 0.77090
A? 129.80 1 129.80 1.750 0.24360
B? 485.83 1 485.83 6.540 0.05080
c? 62.70 1 62.70 0.840 0.40050
Residual 371.61 5 74.32
Lack of fit 290.48 3 96.83 2.390 0.30890 not significant
Pure error 81.13 2 40.56
Cor total 3776.82 14
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Fig.2 Particle size distribution(A) and scanning electron microscopy(B) of polymer lipid nanoparticles
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Table 3 The particle size, particle size distribution, embedding rate and drug loading rate of the polymer lipid nanoparticles prepared at different insulin

dosage ratios

Dosage ratios of PLGA and

) Size (nm) EE (%) LC (%)
Insulin
20:1 292.0 0.215 62.10 2.90
101 227.4 0.114 52.28 4.20
7.5:1 2373 0.188 63.67 8.30
5:1 333.7 0.205 49.16 5.30
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Fig.3 The particle size distribution of the polymer lipid nanoparticles

prepared at different insulin dosage ratios
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Fig.4 In vitro release of polymer lipid drug loaded nanoparticles and

polymer drug loaded nanoparticles
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