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Since many years, oral insulin is a real challenge mainly due to a low protein bioavailability caused by degradation in
gastro intestinal tract. Moreover, insulin present a poor epithelial permeability leading to a low bioavailability following
oral administration. To increase this bioavailability, we have patented (CEED/CNRS: FR 0304976) a unique technology
based on the double encapsulation approach (combination of nanoparticles (NPs) with a gastroresistant capsule). It has
observed that physicochemical factors such as particle size, stability and surface charge may affect particle absorption.
The objective of our work is to enhance nanoparticle bioavailability through surface charge modulation. To this aim,
experiences were conducted to evaluate the absorption of NPs in vitro and the biofunctionality of the whole delivery in
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NP formulation

PLGA (50:50) + Pluronic®
F68 in ethyl acetate
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NPs and vector characterization

Size <200nmn (Fig.1A)
Pdl< 0.3

YV V V

Positive surface charge with chitosan B
coating and negative surface charge for
-PVA and SDS NPs

Encapsulation efficacy >80% except with
chitosan NPs

A\

Free Insulin quantification by
HPLC

SEM characterization

A

O

Qo

Results

- T
ale olele) (o incubation o [ s s }
Flow cytometry
Fluorescent NPs
Co-culture:

Enterocytes (caco-2), 75%
with mucus production (HT29), 25%

Uptake
quantification

In vivo validation: diabetic rat model with streptozotocine
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In vitro and in vivo validation

» Along-term toxicity of chitosan coating NPs due to a significant decrease of TEER
(Fig.2A)
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Figure 1:
A:Size, polydispersity index, zéta potential and
encapsulation efficacy of insulin NPs
B:SEM images of NPs
C:SEM images of gastroresistant capsule O
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> Significant increase of NP uptake in cell with negatively charged NPs (SDS) compared
to positive or uncharged NPs (Fig.2B)

» SDS-NPs 20 and 50Ul reduced glycaemia faster than other conditions from 12 hours
A (20Ul) and 14 hours (50UlI) (Fig.3)
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Figure 3:
Pourcentage of glycaemia after oral administration of
insulin NPs
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Negative charge contribution is a good approach to improve the bioavailability of encapsulated insulin in PLGA nanoparticle

system.
formulation for oral insulin delivery.
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Indeed, negatively charged NPs are the most efficient both in vitro and in vivo, and represent a promising
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