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CUSTOMER 
Prof. Dr. Olivia Merkel
Professor of Drug Delivery, 
Ludwig Maximilian University of 
Munich, Germany

 

APPLICATION  
siRNA drug delivery for 
inflammatory diseases 
and tumor targeting by 
nanoencapsulation

REQUIREMENTS 
Controlled, reproducible 
nanoencapsulation of 
siRNAs, to ensure reliable and 
consistent drug delivery

SOLUTION
Microfluidic mixing chips from 
Dolomite Microfluidics 

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

RNA-based therapeutics are playing a growing role in the development 
of new treatments for diseases that have traditionally been difficult to 
treat or incurable. Small interfering RNAs (siRNAs) are highly selective, 
and can target any gene involved with a specific disease. This makes 
it appealing for conditions with a genetic element, such as cancers, 
that are currently incurable by conventional drugs. However, efficient 
delivery of siRNA treatments poses a huge barrier to their widespread 
clinical use, as siRNAs must reach the cytoplasm of a cell to achieve 
post-transcriptional silencing. 

The challenge

CASE STUDY 

Achieving reliable siRNA drug delivery with 
nanoencapsulation
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The efficiency of delivering free siRNAs to target cells is commonly 
low, as these macromolecules cannot passively diffuse across cell 
membranes, and cells lack specific receptors for active nucleic acid 
uptake. Additionally, siRNAs are degraded by the free nucleases present 
in many biological fluids. 

There are several possible methods of in vivo delivery, including viral 
vectors, cationic lipids, polymer nanocarriers and inorganic nanoparticles, 
each with their own benefits and limitations for therapeutic use. Prof. Dr. 
Olivia Merkel’s research group at the Ludwig Maximilian University of 
Munich is focused on novel non-viral, nanosized siRNA delivery systems. 
She explained how nanoencapsulation using microfluidic mixing chips 
from Dolomite Microfluidics allows reliable and consistent production of 
monodisperse nanoparticles for targeted delivery of these therapeutic 
formulations.

Microfluidics gives us the control we need to ensure that the 
polydispersity index, the particle size, is comparable between 
batches.”

Nanoencapsulation 
is proving to be a 
superior method 
for the delivery of 
siRNAs in vivo.”

Size matters
Nanoencapsulation is proving a highly efficient way of delivering 
siRNAs across the cell membrane, protecting them from degradation 
prior to being taken up by endocytosis. Particle size has a huge impact 
on this, affecting the rate of uptake and clearance, and must be carefully 
controlled for precise and reproducible delivery of therapies. 

“Self-assembling polymeric nanoparticle systems are often prepared 
using a batch technique, but this results in polydisperse nanoparticles 
with a broad size distribution. While this often does not impact on in 
vitro research, it has more of an effect in vivo, where particle size is key 
to delivery and uptake, and therefore the success of any therapeutic.”
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The first pass effect 
Therapeutic nanoparticles can be administered via intravenous, 
transdermal, pulmonary or intraocular routes, depending on the target 
disease. For example, pulmonary delivery may benefit treatments 
targeting local conditions in the lungs, such as asthma, while 
intravenously administered nanoparticles are reported to accumulate in 
the liver.

“Systemic administration is ideal if the therapeutic target is in the liver, 
due to the first pass effect. However, it isn’t always the best option to 
achieve a high rate of particle delivery for other targets, as first-pass 
metabolism may reduce the amount of a drug in general circulation to 
only a small percentage of the total dose administered. Microfluidics 
offers a way to improve this situation by producing smaller particles that 
macrophages clear less efficiently, decreasing the first pass effect.”

The Merkel lab made the switch from a batch technique to microfluidic 
production to overcome this issue, enabling the generation of smaller 
particles with a narrow size distribution. Using mixing chips from Dolomite 
Microfluidics, the lab can efficiently generate monodisperse nanoparticles 
around 100 nanometers in diameter for in vivo therapeutic delivery.

“We previously made our nanoparticles by pipetting the polymers and 
the nucleic acids together, but the mixing was uncontrolled, resulting 
in a wide range of particle sizes, with huge batch-to-batch variability. 
In contrast, microfluidics gives us the control we need to ensure that 
the polydispersity index, the particle size, is comparable between 
batches. This is a major benefit when we need to compare the results of 
experiments performed weeks apart, as we know that any differences are 
not due to unintended variation in the particles’ physical characteristics.”

The solution

Microfluidic methods 

give us the precise 

control that is vital for 

efficient and effective 

production of smaller, 

uniform particles.”
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Dolomite’s microfluidic mixing chips enable the controlled and 
reproducible nanoencapsulation of siRNAs, to help ensure reliable and 
consistent drug delivery.

“Nanoencapsulation is proving to be a superior method for the delivery 
of siRNAs in vivo, and microfluidic methods give us the precise control 
that is vital for efficient and effective production of smaller, more uniform 
particles. Batch-to-batch reproducibility is improved, reducing the need 
for repeat experiments due to poor particle production, and it is easier to 
scale up production for the clinical environment. This makes microfluidic 
encapsulation well suited for drug development, offering an efficient 
method for the reliable delivery of siRNA therapeutics for a whole variety 
of diseases. It will be exciting to see where this leads in the future.” 

The results

Batch-to-batch reproducibility is improved, reducing the need 
for repeat experiments due to poor particle production, and it is 
easier to scale up production for the clinical environment.”


