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Local delivery using inhaled 
therapies have long been used 
in the treatment of respiratory 
diseases such as asthma and 
chronic obstructive pulmonary 
disease (COPD). Therapeutic 
aerosols comprise a suspension of 
1-5µm particles or liquid droplets 
in a gas that is delivered using 
a suitable device directly to the 
respiratory tract. The majority of 
inhaled drugs currently licensed 
are small drug molecules like beta-
agonists, muscarinic antagonists, 
corticosteroids and antibiotics for 
treatment of respiratory disease. 
Over the last few decades there 
has been considerable clinical and 
industrial interest in broadening 
the range of therapeutics that can 
be delivered to and via the lungs. 
This has included an interest in 
developing better treatments 
for respiratory disease but also 
approaches to use the lungs as 
a portal for systemic delivery of 
biotherapeutics such as insulin. 
The lungs are designed to protect 
us from the introduction of foreign 
pathogens and toxins. This 
protective function can present 
considerable barriers to the 
delivery and development of many 
emerging advanced therapies and 
hamper their pathway to clinical 
translation. The complex anatomy 
of the airways and the lungs 
clearance mechanisms including 
mucociliary clearance and  
alveolar macrophages can  
pose critical barriers to the delivery 
and therapeutic effciency of 
inhaled formulations. 

The nature of many of the new 
respiratory treatments is changing 
from the classic small organic 
drug molecule of old to the newer 
biotech molecules including 
proteins and peptides and 
advanced therapeutic medicinal 
products (ATMP) including 
gene, cell and tissue engineered 
medicines which each present 
delivery challenges. The majority 
of protein-based therapeutics 
currently on the market are 
available only as injections as 
other routes, such as the oral 
route, would not enable adequate 
absorption of the drug active to be 
efficacious. Equally gene-based 
medicines are being developed 
to target respiratory disease at 
a genetic level and this involves 
delivering the active agent, in this 
case DNA or RNA, not only to the 
correct cell type but to the correct 

intracellular compartment. There 
is also a greater understanding 
of the body’s own healing and 
regenerative capacities and there 
is a growing interest in respiratory 
tissue replacement or repair which 
may require cell-based treatments 
to be delivered to the body. These 
emerging cell-based therapies 
will require protection of the cells 
during targeted delivery and 
retention and support of the cells 
once in situ. 

These emerging therapies have 
forced pharmaceutical scientists 
and biomedical engineers 
to develop more advanced 
formulations and devices for 
delivery of these so-called 
“difficult-to-deliver cargoes”. 
The last two decades has seen 
a logarithmic increase in both 
publications and patents in the 
fields of advanced drug delivery 
and medical devices including the 
field of respiratory drug delivery. 
This means that alongside the 
very significant advances made in 
understanding and identifying  
new treatments for respiratory 
disease, a more sophisticated 
toolkit of delivery technologies has 
emerged with which to  
deliver and develop novel and 
advanced respiratory therapies. 
Indeed the current pandemic has 
reinforced the importance of how 
critical it is that effective delivery 
tools are available to support rapid 
clinical translation of therapeutics 
and vaccines.

Drug delivery and 
pharmacoengineering research

Our team in the School of 
Pharmacy & Biomolecular 
Sciences, RCSI focuses on 
translational and molecular 
pharmaceutics including 
development of advanced delivery 
platforms for “difficult-to-deliver” 
therapeutic cargoes for a range 
of clinical diseases but with a 
significant focus on respiratory 
disease. As outlined above, the 
inhaled route presents a range 
of opportunities and challenges 
from a delivery and development 
perspective. The opportunity 
to treat respiratory disease in a 
targeted way thereby enhancing 
efficacy and diminishing side 
effects is very evident and 

attractive. The challenge lies 
in both the pharmaceutical 
and biological attributes of the 
product developed. For very 
expensive and labile biotech 
molecules, standard devices 
and formulations are often not 
adequate to protect and efficiently 
delivery the stable therapeutic 
molecule to the correct site in 
the lungs. There are a limited 
number of excipients licensed for 
the inhaled route compared to 
other routes of administration and 
inadequate screening tools for 
pre-clinical development. Once the 
therapeutic has been delivered into 
the lungs then maintenance of its 
stability and control of its fate can 
need to be more closely controlled 
for advanced therapies e.g. gene 
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Drug delivery and pharmacoengineering research 

Our team in the School of Pharmacy & Biomolecular Sciences, RCSI focuses on translational and 
molecular pharmaceutics including development of advanced delivery platforms for “difficult-to-
deliver” therapeutic cargoes for a range of clinical diseases but with a significant focus on respiratory 
disease. As outlined above, the inhaled route presents a range of opportunities and challenges from 
a delivery and development perspective. The opportunity to treat respiratory disease in a targeted 
way thereby enhancing efficacy and diminishing side effects is very evident and attractive. The 
challenge lies in both the pharmaceutical and biological attributes of the product developed. For very 
expensive and labile biotech molecules, standard devices and formulations are often not adequate to 
protect and efficiently delivery the stable therapeutic molecule to the correct site in the lungs. There 
are a limited number of excipients licensed for the inhaled route compared to other routes of 
administration and inadequate screening tools for pre-clinical development. Once the therapeutic has 
been delivered into the lungs then maintenance of its stability and control of its fate can need to be 
more closely controlled for advanced therapies e.g. gene medicines, where we seek to perhaps deliver 
to a specific cell type or indeed intracellular site within the lungs. Again many of the older 
technologies, adequate for potent and relatively stable and inexpensive molecules, do not provide this 
degree of cellular level targeting.  

To overcome these hurdles we and others in the field are using pharmacoengineeering to address 
these challenges – this is an emerging field that integrates engineering methods with pharmaceutical 
sciences to solve problems in medicine and drug 
therapies (Figure 1). In work supported by the Irish 
Research Council (IRC), Science Foundation Ireland 
(SFI) and the Health Research Board (HRB) we work 
with a number of clinical and biomedical respiratory 
research groups in Ireland and internationally on the 
development of delivery systems for emerging 
respiratory therapeutics of interest. These emerging 
therapeutics have included poorly soluble small 
molecules, protein- and gene-based therapies and 
more recently tissue-engineered therapeutic 
approaches. Within our own team including 
pharmacists, materials scientists and engineers, we 
develop advanced materials and processes to 
manufacture products with specific pharmaceutical 
and biological properties that enable the localised delivery of the therapeutic to the appropriate site 
within the lungs. For inhaled drugs these are processed to create drug-loaded particles which can be 
integrated with an appropriate inhaler or nebuliser device. Some of this work is carried out with the 
Irish-based nebuliser company Aerogen as part of the SFI Centre for Research in Medical Devices 
(CURAM), which brings together some of the world’s leading medical device companies with Ireland’s 
leading drug delivery, biomedical engineering and clinical researchers to translate medical device 
research into the clinic. For tissue-engineered approaches, the focus is on appropriate scaffold design. 
Critical to the development of each of the delivery platforms is close collaboration with relevant 
clinical research groups based in Beaumont Hospital, the Mater Hospital, St James’s Hospital and 
Crumlin Children’s Hospital.  Some of the core delivery and bioengineering technologies we’ve 
developed along with relevant examples of their application in respiratory medicine are shown in 
Figure 2. 
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Figure 1: Designing & developing next generation 
medical technologies: a convergence between 
biomedical engineering and pharmaceutical science 
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medicines, where we seek to 
perhaps deliver to a specific cell 
type or indeed intracellular site 
within the lungs. Again many of 
the older technologies, adequate 
for potent and relatively stable and 
inexpensive molecules, do not 
provide this degree of cellular  
level targeting. 

To overcome these hurdles 
we and others in the field are 
using pharmacoengineeering 
to address these challenges 
– this is an emerging field that 
integrates engineering methods 
with pharmaceutical sciences 
to solve problems in medicine 
and drug therapies (Figure 1). 
In work supported by the Irish 
Research Council (IRC), Science 
Foundation Ireland (SFI) and the 
Health Research Board (HRB) we 
work with a number of clinical 
and biomedical respiratory 
research groups in Ireland and 
internationally on the development 
of delivery systems for emerging 
respiratory therapeutics of interest. 
These emerging therapeutics 
have included poorly soluble 
small molecules, protein- and 

gene-based therapies and more 
recently tissue-engineered 
therapeutic approaches. 
Within our own team including 
pharmacists, materials scientists 
and engineers, we develop 
advanced materials and processes 
to manufacture products with 
specific pharmaceutical and 
biological properties that enable 
the localised delivery of the 
therapeutic to the appropriate site 
within the lungs. For inhaled drugs 
these are processed to create 
drug-loaded particles which can 
be integrated with an appropriate 
inhaler or nebuliser device. Some 
of this work is carried out with the 
Irish-based nebuliser company 
Aerogen as part of the SFI Centre 
for Research in Medical Devices 
(CURAM), which brings together 
some of the world’s leading 
medical device companies with 
Ireland’s leading drug delivery, 
biomedical engineering and clinical 
researchers to translate medical 
device research into the clinic. For 
tissue-engineered approaches, the 
focus is on appropriate scaffold 
design. Critical to the development 
of each of the delivery platforms 

is close collaboration with relevant 
clinical research groups based 
in Beaumont Hospital, the Mater 
Hospital, St James’s Hospital 
and Crumlin Children’s Hospital. 
Some of the core delivery and 
bioengineering technologies we’ve 
developed along with relevant 
examples of their application in 
respiratory medicine are shown  
in Figure 2.

Tuberculosis (TB) and therapeutic 
aerosol bioengineering

Working with Prof. Joe Keane and 
Dr Mary O’Sullivan (Trinity College 
Dublin and St. James’s Hospital), 
we have designed and developed 
inhalable particle technology as a 
means of improving TB treatment 
and overcoming issues associated 
with resistance. Multidrug-resistant 
TB (MDR-TB) is seen as both a 
public health crisis and a health 
security threat and ending the 
TB epidemic by 2030 is listed 
among the health targets of 
the United Nations Sustainable 
Development Goals. With this 
goal in mind there is a growing 
focus on harnessing inhalation as 

a route of administration for new 
and emerging TB therapeutics1. 
Using advanced polymeric 
materials and highthroughput 
cell screening approaches, we’ve 
designed polylactide-co-glycolide 
(PLGA) particles of the correct 
size and shape to protect the 
therapeutic from degradation, 
target the site of MTb infection 
within the alveolar macrophage 
and ensured they could also be 
delivered effectively via inhaler. Our 
most recent research makes use 
of a small molecule derivative of 
Vitamin A called all trans retinoic 
acid, atRA, which previous studies 
have shown has potential to be an 
effective host-directed treatment 
for tuberculosis2,3. This new 
treatment could be used alongside 
antibiotics to treat drug-resistant 
TB and also possibly reduce 
the rate of antibiotic resistance 
resulting from conventional 
antibiotic treatments. These 
particles efficiently delivered the 
treatment and significantly reduced 
tuberculosis-causing bacteria and 
associated lung damage in  
pre-clinical TB models.
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Figure 2: Core delivery & 
bioengineering technologies in 
RCSI and their applications in 
respiratory medicines
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Inhaled therapeutic proteins

A very significant percentage of 
the novel drugs approved by the 
FDA between the years 2015–
2019 were therapeutic proteins. 
These products target a range 
of diseases including respiratory 
disease but the majority of those 
approved for use in respiratory 
disease treatment are delivered 
parenterally. A very limited number 
of inhaled proteins, including 
dornase alpha and insulin, have 
made it to full market approval. 
Direct inhalation of proteins for 
treatment of respiratory disease 
has garnered very significant 
interest4 and a wide range have 
undergone preclinical testing as 
pulmonary therapies targeting 
lung cancer, fibrosis, emphysema, 
asthma, acute lung injury and viral 
infections including COVID-19. 
We have worked on a number of 
therapeutic proteins for inhalation 
with industrial and clinical 
collaborators and have focused 
on the integration of therapeutic 
proteins effectively with nebuliser 
devices e.g. interferon-γ and in 
developing advanced formulation 
strategies to overcome issues 
with inadequate pharmacokinetics 
after inhalation e.g. liposomal 
formulation of anti-proteases 
which can protect and control 
delivery of the protein once 
delivered to the lungs5,6. We 
continue to build on this work now 
with Prof. Ger Curley (RCSI and 
Beaumont Hospital).

Cystic fibrosis and gene 
nanomedicines

Gene therapy approaches to 
treat CF and indeed a range of 
respiratory diseases including 
lung cancer and asthma have long 
been an area of research interest 
with inadequate delivery often 
proving a major impediment to 
effective pre-clinical assessment 
and ultimate clinical translation7. 
Much of our work is in the area 
of nanomedicines which require 
very specific expertise to both 
manufacture and characterise 
but can be very powerful delivery 
tools, particularly at the cellular 
level8. In many cases these 
nanomedicines deliver the therapy 
into the body by encapsulating the 
drug in lipids e.g. liposomes, solid 
lipid nanoparticles or in polymeric 
particles in the nano- size range. 
Working with Prof. Catherine 
Greene (RCSI and Beaumont 
Hospital) we have developed a 
number of potential nanomedicine 
delivery systems for gene therapy 
applications in cystic fibrosis 
(CF)9,10. A wide range of gene 
therapeutics are being developed 
each of which need to have a 
tailored delivery approach. Using 
specialised nanomanufacturing 
processes and nanomaterials, 

including materials designed to 
overcome the mucous barrier11, 
we’ve enabled development of 
siRNA, microRNA and target 
site blocker approaches using 
polymer and polymer-lipid hydrid 
nanomedicines and conducted 
proof of principle studies for  
their application in CF treatment  
via inhalation.

Engineering new tools for 
clinical translation

There is growing interest from 
industry and regulators in 
developing more appropriate 
models to develop drugs for 
human use. A huge percentage 
of therapeutics still get “lost in 
translation” on their path to the 
clinic. Along with developing 
new materials and processes for 
delivery, the group is developing 
new tools for their development 
including harnessing high content 
analysis (HCA) in collaboration 
with Prof. Jeremy Simpson (UCD) 
for studying nanomedicines. 
We are one of the first groups 
internationally to apply HCA to 
the study of the cellular uptake 
of nanomedicines into respiratory 
cells, allowing researchers to 
determine therapeutic delivery at a 
cellular and potentially even a  
sub-cellular level12. In collaboration 
with the Tissue Engineering 
Research Group (TERG) in RCSI 
led by Prof. Fergal O’Brien, we 
are developing three-dimensional 
(3D) models of parts of the lungs13. 
TERG works in close association 
with a number of industry partners 
to maximise the impact of its 
research and central to this is 
the SFI Centre for Advanced 
Materials and Bioengineering 
Research (AMBER) - focussed 
on next generation technologies 
based on materials and biomedical 
engineering innovation. With 
Dr Cian O’Leary (RCSI) we are 
harnessing these 3D models, 
which can be used to support the 
growth of multiple airway cell types 
in an extracellular matrix (ECM) like 
environment as they might in the 
body, to assess the toxicity and 
efficacy of new drugs and delivery 
systems. Combining these 3D 
cell models with high throughput 
screening technologies would 
enable more rapid screening of 
drugs, pharmaceutical excipients 
and biomaterials for specific 
respiratory indications. 

Many diseases of the lung lack 
effective treatments as there are 
no robust preclinical models. In 
particular idiopathic pulmonary 
fibrosis (IPF) a disease with 
a median survival of 3 years 
after diagnosis has no cure and 
treatments are poorly tolerated by 
patients due to side effects. Along 
with Prof. Killian Hurley (RCSI 
and Beaumont Hospital) we are 
developing miniature models of 

the lung known as lung organoids. 
These 3D organoids are derived 
from induced pluripotent stem 
cells which in turn have been 
generated from patient cells and 
can recapitulate the tiny gas 
transferring areas of the lung, the 
alveoli (Figure 3)14. These cells 
have become emerging models 
of disease in the lung and Prof. 
Hurley and his team are  
embarking on a major Health 
Research Board funded research 
program to identify the causes of 
IPF in Ireland.

Tissue engineering scaffolds for 
regenerative medicine

Building on our work in developing 
3D models of the airways we 
are now working with clinical 
collaborators including Prof. 
Karen Redmond (Mater Hospital) 
to harness this know-how in the 
development of tissue-engineered 
trachea for treatment of long 
segmental tracheal defects. These 
tissue engineering approaches 
utilise biomaterials, stem cells 
and growth factors to develop a 
construct that can recapitulate 
the natural ECM of the body and 
thereby restore the structural 
and functional properties of 
damaged tissue types15. This 
work utilises our state-of-the 
art processing infrastructure 
including electrospinning16 and 3D 
Printing facilities to manufacture 
the scaffolds and can enable the 
loading of relevant growth factors 
and signalling molecules within 
the scaffold to support airway 
cells once seeded. Coupled with 
bioreactor techniques, a patients 
cells can be cultured on these 
scaffolds prior to implantation for 
regenerative applications.

Thanks to the investment in 
Irish research infrastructure 
and expertise over the last two 
decades, we now have a world 
class pharmaceutical science 

and biomedical engineering 
research ecosystem in Ireland to 
support and enable the translation 
of discoveries in respiratory 
medicine. Our team are always 
keen to engage with clinical and 
biomedical research teams to 
translate our new technologies 
and support their discovery and 
development work. Together 
with my colleague Prof. Andreas 
Heise in RCSI and with support 
from Enterprise Ireland we are 
now commercialising some 
of the advanced polypeptide-
based medical materials we 
have discovered with the aim 
of enabling better translation of 
new discoveries to the clinic. The 
COVID-19 pandemic has just 
served to highlight still further the 
importance of this multidisciplinary 
approach to drug discovery and 
development. The science of 
formulation has come a long way 
from the mortar and pestle of  
old but the fundamental focus  
of making good medicines  
remains and technology is 
enabling us to get ever closer to 
the “magic bullet”.

For more information on the  
work of the drug delivery team 
https://www.rcsi.com/people/
profile/scryan

For more information on the RCSI 
Tissue Engineering Research 
Group, see https://www.rcsi.com/
dublin/research-and-innovation/
research/research-centres-and-
networks/tissue-engineering-
research-group 

For more information on the 
SFI Advanced Materials and 
Bioengineering Research Centre, 
see: http://ambercentre.ie/

For more information on the SFI 
Centre for Research in Medical 
Devices (CURAM), see: http://
www.curamdevices.ie/ 
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Figure 3: A 3D lung organoid 
generated from patient-derived 

induced pluripotent stem cells which 
can be used to model the tiny air 

exchanging components  
of the lung, the alveoli  

(Taken from Oglesby et al., 202114)

Taken from Oglesby et al., 202114, 
courtesy of Heiko Dussmann and 

Prof Jochen Prehn,  Molecular and 
Cellular Imaging Core, RCSI


