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CONCLUSION

RESULTS AND DISCUSSION
LNP homogeneity and size play a key role in determining the 
efficacy of the encapsulated API. Therefore, it is vital that the LNPs 
are not only controllable but also reproducible. The basic lipid 
formulation tested in this poster demonstrated that the size of LNP 
can easily be controlled by manipulating the FRR between the 
organic and aqueous phase, figure 3. Hydrodynamic flow focussing 
mixes the two phases entirely based on molecular diffusion in the 
direction of fluid flow streams, termed laminar flow mixing. 

MATERIALS AND METHODS
Lipids used in this study: Phospholipon 90G (Lipoid, Switzerland) 
and Dimethyldioctadecylammonium (DDAB) (Fisher Scientific, 
UK) were dissolved in ethanol (reagent grade 99%, Sigma Aldrich, 
UK) at 1 mg/ml and 0.1 mg/ml respectively. For the aqueous and 
dilution phase, phosphate buffer saline (PBS) x 1 at pH 7.4 was 
used.  All prepared solutions were filtered with a 0.2 µm filter prior 
to use. The organic and aqueous were mixed automatically using 
the Automated Nanoparticle System protocol. Particle size 
distribution and polydispersity index (PDI) were determined by 
Malvern dynamic light scattering (DLS). 

Figure 3. LNPs produced by varying lipid to aqueous FRR at a total TFR of 3 
ml/min LNP size ranged from 20 nm to 150 nm. Mean (n=3). The error bars 
represent standard deviation of the mean.

Figure 4. LNPs produced at FRR of 3:1:1 at a total TFR of 3 ml/min.  
Repeated three times with an average LNP size of 134 nm and PDI 
below 0.1.

INTRODUCTION
Lipid nanoparticles (LNPs) have become the 
forefront of vaccine, drug, and gene therapy. They 
are flexible so can be tailored to specific 
applications. The key to optimizing LNPs is to be 
able to tune the composition, surface properties, 
and the size. Existing technologies lack the ability 
to offer precise control over the generation of 
tailored LNPs. Our new Automated Nanoparticle 
(ANP) System, figure 1, offers scientists the 
flexible, tailored approach required for the 
generation and optimization of formulations to 
produce LNPs. 

Multiple samples from µl to ml can be generated 
by a single protocol controlling parameters such 
as flow rate ratio (FRR), total flow rate (TFR), 
volume of nanoparticle (NP) precursors, and 
collected volume with the potential of a head and 

tail cut. The user can define multiple experiments 
in one protocol, the system runs this protocol 
automating the execution and collection of 
multiple experiments, increasing lab efficiency 
and minimizing human error. 

Microfluidic technology employs hydrodynamic 
flow focussing (HFF) and turbulent mixing 
techniques for the production of LNPs. During 
HFF, the organic phase is enclosed by the 
aqueous phase where diffusion results in 
self-assembly of LNPs, figure 2. FRR is an 
important parameter when controlling LNP size. 
The ratio of organic flow in relation to the 
aqueous phase flow influence this diffusion 
resulting in a change of LNP size. Here, we 
investigate this parameter with the ANP System 
to generate fine-tuned LNPs.
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Table 1: Parameters for the generation of LNPs 
using ANP System
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Figure 2. Hydrodynamic flow focussing (HFF) in microfluidic chip between organic and aqueous phase. Assembly of lipid 
nanoparticles via solvent diffusion.

By automatically changing flow rate ratio between discrete experiments, the ANP System can be 
used to rapidly optimize the formation of LNPs from a given pair of injected precursor 
formulations. This allows the user to quickly identify the ideal set of conditions for particle 
formation ahead of transitioning to continuous particle production.

Turbulent mixing can also be achieved using our Particle Works 
micromixer chips to allow a more turbulent mixing regime.
 
As the ratio of organic to aqueous phase increases the LNP size 
increases because the concentration of lipid for a given volume of 
PBS increases. This slows the diffusion across the aqueous phase 
resulting in larger LNPs as they take longer to assemble.

Figure 1. Automated Nanoparticle System in use


