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CONCLUSION

RESULTS AND DISCUSSION
TFR was investigated to observe it’s influence on LNP size and 
PDI. Overall, there was no significant difference in LNP size when 
increasing TFR, figure 2 and 3, however, for FRR 2:1:1 data showed 
a significant decrease of 10 nm at 10 ml/min TFR. In comparison 
to 1.5:1:1 FRR 2:1:1 FRR has a higher organic to aqueous ratio which 
means at higher TFR the critical diffusion pathway is reduced 
therefore, increasing the likelihood of generating smaller LNPs. 

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). 

INTRODUCTION
Over the past few decades different 
techniques have been proposed for the 
preparation of lipid nanoparticles (LNPs). The 
process of LNP production defines its chemical 
purity, physical properties: morphology, size, 
dispersity, lamellarity and entrapment volume. 
Microfluidic methods have demonstrated 
potential for achieving higher control over these 
properties when compared to conventional 
batch methods. Hydrodynamic flow focussing 
(HFF) and laminar flow mixing is largely 
dominated by mass diffusion transfer. Typically, 
a stream of lipid in alcohol is forced to flow in 
the central channel of a device intersected and 
sheathed by two lateral streams of aqueous 
phase. Alcohol diffusion triggers ‘self-assembly’ 
of LNPs. 

Our  Automated Nanoparticle (ANP) System 
allows precise control to tune LNPs for your 
specific application. Protocols enable multiple 
experiments to be automated and collected 
by a single manual step. The user can define 
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. Here, we demonstrate the effect 
of TFR on the LNP size and polydispersity 
index (PDI). TFR is defined by the combined 
total flow rate of the organic and aqueous 
phase. The rate of diffusion is governed largely 
by FRR however TFR can exceed the critical 
diffusion pathway to assemble LNPs, at higher 
TFRs because the residence time for the 
self-assembly of LNPs is reduced therefore 
generating smaller LNPs. 

Maintaining LNP performance 
when increasing throughput

The ANP System enables the automated formation of a number of low-volume LNP samples at a 
range of total flow rates, ensuring that conditions suitable for continuous manufacturing can be 
tested at an early stage of development, accelerating process optimization and reducing the need 
for significant additional process optimization when transitioning to continuous manufacturing.

TFR also plays a key role in reducing the overall LNP generation 
time. The TFR results demonstrated (figure 2 and 3) that the 
LNP generation time can be shortened to increase throughput 
and can easily be scaled. Concentration of lipids in the organic 
phase will also influence TFR scalability (not investigated here). 
This is because increased concentration with higher TFR will 
influence the critical solubility level of lipids which triggers the 
formation of smaller LNPs.

Figure 1. Liposome structure showing drug encapsulated in 
aqueous core with PEGlylated lipid membrane.
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Table 1: Parameters for the generation of
LNPs using ANP System

1 x PBS pH 7.4

1 x PBS pH 7.4Dilution (D)

Aqueous Phase (A)

Flow Rate Ratio (FRR)

VariableTotal Flow Rate (TFR)

Phospholipon 90G (1 mg/ml), 
DDAB (0.1 mg/ml) in ethanol

Organic Phase (O)
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2:1:1 Figure 3 (O:A:D)
1.5:1:1 Figure 4 (O:A:D)
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Figure 4. Lipid nanoparticles produced by varying TFR at a fixed 1.5:1:1 
LNPs ranged from 57 nm to 66 nm. Mean (n=3). The error bars 
represent standard deviation of the mean. Average PDI of 0.19 with 0.01 
standard deviation

Figure 3. Lipid nanoparticles produced by varying TFR at a fixed 2:1:1 
FRR. LNPs ranged from 66 nm to 78 nm. Meavn (n=3).The error bars 
represent standard deviation of the mean. Average PDI of 0.17 with 0.01 
standard deviation.
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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.


