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Abstract:

Lipid-based nanoparticles have demonstrated to be a versatile vehicle for drugs,
genetic material, and labels. These particles are often made of biocompatible and
biodegradable materials, enabling a safe interaction with biological systems. The
importance of this type of delivery vehicle has been shown recently, as the two
leading vaccines are based on lipid-nanoparticles encapsulating mRNA.

Passive micromixers produce lipid nanoparticles in a reproducible and controllable
way. However, micromixers suffered at the beginning of low production rate, and
complicated designs which were difficult to produce and prone to clogging. In
recent years, the exploration of different mixing strategies based on the use of
curvilinear paths to induce centripetal forces and vortex formation at high speeds
as well as the increase of the microchannel cross-sectional area while keeping
laminar flow regimes has led to designs capable of producing lipid-based
nanoparticles on an industrial-scale.

However, there are still challenges in the field which include the removal or
substitution of the organic solvents that still need to be addressed.

In this presentation, we introduce a general overview of lipid nanoparticle or
liposome production in micromixers, the principles of mixing using curvilinear
paths, the key variables controlling lipid-based nanoparticle physicochemical
characteristics and approaches that help to substitute toxic solvent residues.
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What are Lipid Nanoparticles?

Nanoparticles made of lipids such as liposomes.
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Liposome Applications
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How can we improve mixing? Micromixers
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Contributions

New microfluidic devices tailored to produce controlled-size liposomes.

Production of liposomes in a size range of commercially available liposomal formulations
Model to predict liposome size using microfluidic devices.

Molecular factors influence over liposome physiochemical characteristics.

Role of the organic solvent in liposome properties.

Substitution of conventional organic solvents for Transcutol for liposome production.

Liposomes
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General Methodology

@ = = £

Ideation Micromixer Evaluation Mixing Characterization

Device fabrication

Numerical
Mixing principles modeling (device and mixing
evaluation) imaging

DoE E"““Q 77777777777777777777 ao l

Liposome Production and Characterization Liposome Characterization

Liposomes properties modulation
Identification and _ N
' modeling of tl?e Liposomes jlpt(_)some .
=5 factors controlling characterization procuction under
s liposomes several conditions
o properties

9




PDM-Micromixer (Periodic Disturbance Mixer)
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Modeling Liposome Properties

Factors Responses
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DoE and Surface Response Methodology
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Results (Effect of FRR on size, PDI & Efficiency)
Modeled, synthesized and stability (TFR=18ml/h)
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Results (Effect of FRR/TFR on size, PDI & Zeta
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Results (Effect of lipids on size, PDI & Zeta potential)
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Results (Effect of different solvents)

mmsieioe,

180 1 mZ-Average Mean OPDI Mean r 0.25 11 Methanol Z-Average 111 nm
160 A %* (])'g ; .~~~ Ethanol Z-Average 118 nm
140 - Q - 0.20 % 0.8 I ', = — Isopropanol Z-Average 90 nm
E @) e ) L | S Transcutol Z-Average 88 nm
£ 120 + o 07
& 100 - 0 2 g6
9] (@] S
£ 80 - o 2 05
8 - 0.10 8 04
B 60 | oo
L
40 . > 0.3
- 0.05 g 0.2
20 A s 01
£
0 0.00 0.0
o o 0 50 100 150 200 250 300 350 400 450
o o oS ; :
®0® é\‘\ ‘OQ FRR=8.56, TFR= 18 mL/h, c=10 mM, T=40 °C Diameter (nm)
\9°Q " Methano! .

S N

Lépez, R. R.; et al. The Effect of Different Organic
Solvents in Liposome Properties Produced in a Periodic
Disturbance Mixer: Transcutol®, a potential organic
solvent replacement. In Colloids Surf. B. Biointerfaces,
2020.

16




Results (Effect of different lipid concentrations and T°
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Challenges and future work

e Continuous solvent removal

* Production yield (PNI). Toroidal micromixer (TrM)
* Production parallelization

* Synthesis and size characterization integration

Cell to cell communication and Parallelization
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