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Lecturer in Pharmaceutics, Division 
of Pharmacy and Optometry, 
University of Manchester, UK

 

APPLICATION  
Development of nanoparticle 
drug delivery systems 

REQUIREMENTS 
Robust, controlled and 
reproducible encapsulation of 
therapeutics in nanoparticles 
to ensure reliable and 
consistent drug delivery

SOLUTION
Automated Dolomite 
Microfluidics set-up with a five-
input chip  

RESULTS
Optimized production of 
liposome nanoparticles for 
reproducible, consistent and 
reliable drug delivery

The encapsulation of drugs within carefully formulated liposome 
nanoparticles offers potential for controlled and sustained release, 
and reduced toxicity and side effects. Consistent and reproducible 
production of monodisperse particles is essential for reliable drug 
delivery and therapeutic efficacy, but is not easy to achieve using 
conventional methods, such as thin-film hydration. Typically, these 
liposomal preparations exhibit poor size distribution and significant 
batch-to-batch variability.

The challenge

CASE STUDY 

Developing microfluidic routes to effective 
nanoparticle drug delivery systems
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Microfluidic technologies offer an alternative approach to the production 
of nanomedicines that can overcome these issues to provide high 
throughput and continuous production of monodisperse liposomes. 
Dr Annalisa Tirella explained how researchers at the University of 
Manchester, Division of Pharmacy and Optometry, are taking advantage 
of an automated system from Dolomite Microfluidics to optimize liposome 
formulations to achieve maximum therapeutic efficacy.

We can reliably and 

reproducibly produce 

monodisperse, unilamellar 

liposomes using a 

microfluidic approach.”

Achieving monodispersity
Liposomes are traditionally produced using thin-film batch 
methods that require extrusion through a membrane. The resulting 
nanoparticles often show a large degree of variability, which 
impacts on the reproducibility and effectiveness of drug delivery. 

“When we used the conventional thin-film manufacturing method, we 
found that there was considerable variability and we even obtained 
multilamellar liposomes. In contrast, we can reliably and reproducibly 
generate monodisperse, unilamellar liposomes using a microfluidic 
approach.” 
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A need for flexibility
Developing drug delivery vehicles requires a methodical approach 
to devise and refine both the physical and chemical properties 
of the nanoparticles. Batch production methods require larger 
quantities of reagents and compounds than the microliter 
volumes used in microfluidic methods and are less flexible when 
it comes to preparation of new drug delivery nanotechnologies. 

“As part of the development process, we need to evaluate drug loading 
and the mechanism of release, refining the liposome properties to 
achieve the desired performances. With microfluidics, we can quickly 
and easily adjust different manufacturing parameters and assess how 
these impact particles characteristics using just a few microliters of 
reagents, minimizing the costs involved.”

With microfluidics, we can quickly and easily adjust different 
manufacturing parameters and assess how these impact 
particles characteristics.”

The Division of Pharmacy and Optometry switched from thin film to 
microfluidic manufacturing methods to overcome these challenges, using 
a modular system from Dolomite Microfluidics to give researchers the 
flexibility and control required to optimize their liposome formulations. 

“The Dolomite platform is easy to use and robust, and allows us to 
make both nano- and microparticle drug delivery systems. It is very 
flexible, making it straightforward to modify flow parameters, and has 
the advantage that we can use custom chips to optimize our methods. 
Importantly, it gives us good control over process parameters, eliminating 
batch-to-batch variation, which means that we can consistently and 
reliably produce nanoparticles. That’s the really big benefit of the 
system.”

The solution

The Dolomite platform is 

easy to use and robust, and 

allows us to make both 

nano- and microparticle 

drug delivery systems.”
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The Dolomite system has enabled the Division of Pharmacy and 
Optometry to establish an alternative, rapid and easy method for the 
effective production of uniform co-loaded liposomal formulations 
with proven cytotoxicity in human breast cancer cell lines.1

“We have successfully developed a microfluidic method to produce 
liposome particles incorporating a lipophilic drug in the lipid bilayer, and 
a hydrophilic drug in the core. This formulation has already been shown 
to be cytotoxic to breast cancer cells. We are now focusing on using 
various model drugs to gain a greater understanding of the physical 
properties and mechanisms of drug release with the aim of controlling 
size distribution and other features of the nanoparticle systems so that 
they respond differently to different environments. Currently, we are 
looking at the design of polymeric nanoparticles, and have established 
a robust production method that overcomes the issue of burst release. 
We are also exploring opportunities to work with colleagues, to use the 
Dolomite system to make nanoparticles suitable for their needs. It’s a 
really exciting time both for our lab and for pharmaceutics research 
within our Division.”

The results
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Importantly, it gives us good control over process parameters, 
eliminating batch-to-batch variation, which means that we can 
consistently and reliably produce nanoparticles.”


