
INTRODUCTION
Lipid nanoparticles (LNPs) are important carrier systems for active pharmaceutical 
ingredients (API). They resemble the biological membranes found in the human 
body which makes them attractive when requiring safe delivery of API. To formulate 
LNPs which can effectively delivery the API, several rounds of optimisation and 
screening are required. This means using precious cargo such as mRNA to ensure 
the formulation is optimised. Characteristics such as LNP size, PDI, encapsulation 
efficiency play a central role in determining the efficacy of a formulation. 

Microfluidic technology embedded in our Automated Nanoparticle (ANP) System  
offers a novel platform which allows fine tuning of LNPs. Protocols can be designed 
to generate LNPs with varying parameters. This allows control over LNP size, PDI, 
and the generation of a library of samples. Small sample volumes ranging from µl to 
ml can be produced to suit optimisation of formulations carrying precious cargo. 
Once formulations have been narrowed down to a single option, the user can 
choose to bulk produce LNPs in the continuous mode ranging from ml to l.  

Here, we investigate the transferability of process parameters from protocol to 
continuous generation of LNPs. 

Figure 3. LNPs produced continuously at a TFR of 10 ml/min at 
varying FRR. LNPs range from 15 nm to 55nm. Mean (n=3) The 
error bars represent standard deviation of the mean. PDI 
remained consistent between runs ranging from 0.15 to 0,2 with 
a standard deviation of 0.01.

RESULTS AND DISCUSSION
ANP System protocol versus continuous production of LNPs was compared. 
Figures 2 and 3 report there to be no significant difference between running 
experiments in protocol or continuous mode. For each TFR, various FRR were 
tested to ensure the LNP size and PDI remained consistent independent of FRR or 
TFR. The largest change in LNP size was 7 nm when going from protocol to 
continuous mode.

The data demonstrates that the ANP System offers a reliable dual purpose 
single platform for easy optimisation and scalability. Offering generation of 
small volume (µl to ml) libraries which are automatically collected involving a 
single manual step. The added option to then bulk produce optimised 
formulations using the same platform without changing hardware. 

The ANP System can readily tune the LNP size and uniformity, and enable 
off-line protocol setup. Automation allows the user to walk-away during 
operation, offering flexibility in laboratory activities. 

DEVELOP AND PRODUCE LNPS
WITH A SINGLE SYSTEM SOLUTION
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Figure 2. LNPs produced continuously at a TFR of 3 ml/min at 
varying FRR. LNPs ranged from 19 nm to 57 nm Mean (n=3). The 
error bars represent standard deviation of the mean. PDI 
remained consistent between runs ranging from 0.15 to 0,2 with 
a standard deviation of 0.01.

Figure 1. Automated library sample generation of 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 mgml-1 

and 0.1 mgml-1 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 
(ANP) System protocol. Particle size distribution and polydispersity index 
(PDI) were determined by Malvern dynamic light scattering (DLS). 

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)

0.5:1:1, 1:1:1, 1.5:1:1 (O:A:D)Flow Rate Ratio (FRR)

3 ml/min Figure 2
10 ml/min Figure 3

Total Flow Rate (TFR)

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

Organic Phase (O)

0.5:1:1
Protocol

0.5:1:1
Continuous

1:1:1
Protocol

1:1:1
Continuous

1.5:1:1
Protocol

1.5:1:1
Continuous


