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Microfluidic platforms for the synthesis of Chitosan and Glycol Chitosan nanoparticles.
Tarik D. Mustafé*, Amanda C. S. N. Pessoa, Lucimara G. de la Torre.

Abstract

Microfluidics is a multidisciplinary technological field that explores the manipulation of small amounts of fluids in
miniaturized systems, allowing the manipulation of single or multiphase flows and promoting new routes to the
production of polymer particles. Chitosan is a cationic biopolymer applied in pharmaceutical and medical fields, including
drug and gene delivery. When glycosylated, it presents a broader biological applicability due to its solubility in water at all
pH conditions. This research explores the synthesis of chitosan and glycol chitosan nanoparticles with polyelectrolyte
sodium tripolyphosphate (TPP), using a microfluidic process configuration with a central aqueous stream. The produced

nanoparticles were characterized in terms of zeta potential, hydrodynamic diameter and polydispersity index.
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Introduction

Gene therapy refers to intracellular transfer of therapeutic
nucleic acid to modulate cellular functions!. Chitosan
(CHI) is an excellent biopolymer in drug and gene delivery
systems due to its biocompatibility, biodegradability, and
low toxicity2. As glycol chitosan (GlyCHI) is soluble in
water at neutral pH, it presents a broader biological
applicability, compared to CHI, which is only soluble in
water at acid conditions. One of the most applied
methods for obtaining CHI nanoparticles is ionic gelation,
based on electrostatic interaction between CHI and
anionic polyelectrolytes, such as sodium tripolyphosphate
(TPP)3. Among the production techniques, microfluidics is
characterized by the manipulation of fluids in micrometric
scale systems, allowing the production of nanopatrticles in
reproducible processes*.

This work analyzed the production of CHI and
GlyCHI/TPP nanoparticles using a microfluidic process
configuration based on hydrodynamic flow focusing with a
central aqueous stream?® in long design channel (Fig. 1).
The effects of CHI/TPP mass ratio (Rchiter), final outlet
CHI concentration and pH on nanoparticles zeta potential,
size and polydispersity index (PDI) were evaluated, using
a Zetasizer Nano ZS (Malvern Instruments).

Results and Discussion

The production of CHI/TPP nanoparticles at pH 4 with the
final outlet CHI concentration of 0,4 mg.mL! and RcHitrp
varying between 2 and 6 was evaluated. However, we
were not able to obtain nanoparticles with appropriate
sizes and low PDI values, pointing out that optimizations
are necessary and different parameters ought to be
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Figure 1. Schematic diagram of thé microfluidic device
applied for (Gly)CHI/TPP nanoparticles synthesis.

nanoparticles produced at pH 4 and mass ratio
(Reiychiree) of 2 reached better properties for gene
delivery, including positive zeta potential, sizes around
150 nm and low PDI (Fig. 2).
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Figure 2. Effects of final outlet GlyCHI concentration on (A)
particle size (humber-weighted), PDI and (B) zeta potential
for the production of GlyCHI/TPP nanoparticles.
Conclusions

Although further investigations are necessary to
successfully achieve CHI/TPP nanoparticles synthesis,
the applied microfluidic system allowed the formation of
GlyCHI/TPP nanoparticles for different final outlet GlyCHI
concentrations with adequate features for gene delivery
applications.

Acknowledgements

PIBIQ/CNPq for the financial support.

(1) Jeong, J. H.; Kim, S. W.; Park, T. G. Molecular Design of Functional Polymers for
Gene Therapy. Prog. Polym. Sci. 2007, 32, 1239-1274.

(2) Bulmer, C.; Margaritis, A.; Xenocostas, A. Production and Characterization of
Novel Chitosan Nanoparticles for Controlled Release of rHu-Erythropoietin. Biochem.
Eng. J. 2012, 68, 61-69.

(3) Fan, W.; Yan, W.; Xu, Z.; Ni, H. Formation Mechanism of Monodisperse, Low
Molecular Weight Chitosan Nanoparticles by lonic Gelation Technique. Colloids
Surfaces B Biointerfaces 2012, 90, 21-27.

(4) Whitesides, G. M. The Origins and the Future of Microfluidics. Nature 2006, 442,
368-373.

(5) Pessoa, A. C. S. N.; Sipoli, C. C.; de la Torre, L. G. Effects of Diffusion and
Mixing Pattern on Microfluidic-Assisted Synthesis of Chitosan/ATP Nanoparticles.
Lab Chip 2017, 17, 2281-2293.

XXV Congresso de Iniciagdo Cientifica da UNICAMP




