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Preparation and evaluation of an oral insulin enteric preparation based on pol-
ymer-lipid hybrid nanoparticles

LIN Xia*, LI Na*, LI Jinwei, YANG Ziyi*, JIN Jian

School of Pharmaceutical Sciences, Jiangnan University, Wuxi 214122, China

Abstract To improve the oral bioavailability of insulin, an insulin-loaded enteric polymer-lipid hybrid nanoparti-
cles (INS-NPs L100) was prepared using methoxy PEG-poly( D, L-lactide) ( PEG-PLA), phospholipid s75 and
Eudragit L100; in vitro and in vivo behaviors of INS-NPs L100 were evaluated. Insulin-loaded polymer-lipid hy-
brid nanoparticles (INS-NPs) were prepared by W/0/W double emulsion solvent evaporation method. INS-NPs
formulation was optimized by single factor experiment using encapsulation efficiency, particle size, and in vitro
release behavior of the corresponding INS-NPs L100 as evaluation indexes. The morphology, in vitro drug release
profile and hypoglycemic effect of the INS-NPs L100 using the optimal INS-NPs and Eudragit® L1100 (used as
enteric polymer) were assessed. The results showed that the encapsulation efficiency of the optimal INS-NPs was
(62.18 £4.51) % . The average particle size, PDI and Zeta potential was (225.2 £94.3) nm, 0. 191 +0. 068,
and —(14.84 +1.26) mV, respectively. The cumulative drug release from the INS-NPs L100 was only 8. 01% at
2 h in pH 1. 0 HCI solution, exhibiting a slow drug release behavior; while the drug release from INS-NPs L100
was 67.31% at 6 h in phosphate buffer of pH 6. 8. Mereorer, after oral administration of INS-NPs L100 with a
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dose of 38 TU/kg, the blood glucose concentration of healthy rats was reduced to 76% of the initial values at

3.5 h, exhibiting a sustained hypoglycemic effect. In summary, the INS-NPs L.100 prepared in this study could

effectively decrease the release rate of insulin in gastric juice, improve the stability of protein in the gastrointesti-

nal tract, and provide a new approach for the oral administration of peptides and protein drugs.
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Figure 1  Effect of the insulin (INS)/ sodium cholate ( SC) molar
ratio on the particle size and encapsulation efficiency (EE) of insulin
loaded polymer-lipid hybrid nanoparticles( INS-NPs) (% +s,n =3)
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Figure 2  Effect of the methoxy PEG-poly (D, L-lactide) ( PEG-PLA)
concentration on the particle size and EE of INS-NPs (% 5,1 =3)
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Figure 3  Effect of the INS concentration on the particle size and EE of
INS-NPs (x £s,n=3)

100
80
60

40

20

t/h
—&—s45; —e—s75;, —a—GMD

Figure 4 Effect of lipid on the particle size and EE of INS-NPs (A) and in vitro drug release from INS-NPs L100 in HCI (pH 1. 0,02 h) and phos-

phate buffer (pH 6.8,2-8 h) at 37 °C (B) (x%s,n=3)
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Figure 5 Effect of the Lipoid s75/PEG-PLA (m/m) ratio on the particle size and EE of INS-NPs (A) and in vitro drug release from INS-NPs L100
in HCI (pH 1.0,0-2 h) and phosphate buffer (pH 6. 8,26 h) at 37 °C (B) (x +s,n=3)
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In vitro drug release from INS-NPs encapsulated with different enteric materials( A) and different concentrations of Eudragit L100 (B) in

HCI (pH 1.0,0-2 h) and phosphate buffer (pH 6.8,2-8 h) at 37 °C (B) (x +s,n=3)
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Figure 7 Photo pictures of INS-NPs solution (A) ,and the morphology
of INS-NPs (B) and INS-NPs L100 (C) observed by scanning electron
microscope
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Figure 8 In vitro drug release profiles of INS-NPs and INS-NPs L100
in HCI (pH 1.0,0-2 h) and phosphate buffer (pH 6.8,2 -8 h) at
37 °C (x+s,n=3)
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Figure 9 Stability of INS-NPs L100,INS-NPs L100 in simulated gastric fluid (SGF) (A) ,and stability of INS-NPs,INS-NPs L100, physical mixture
of INS-NPs and Eudragit L100 ( INS-NPs + L100) in simulated intestinal fluid(SIF) (B) (x £s,n=3)
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Figure 10  Profiles of plasma glucose level versus time in healthy rats
after subcutaneous administration of INS solution at dose of 1 IU/kg, and
after oral administration of INS-NPs, INS-NPs [.L100 and NPs L100 at
dose of 38 IU/kg (x +s,n=6)
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