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DAY ONE – OCTOBER 23
PLENARY LECTURE
10.00-10.50
DANG THUY TRAM: Delivery Strategies for modulation of host response to
implantable biomaterials and cell based systems
Session Chair: Ben Boyd

SESSION ONE: Smart Materials
Session Chair: Javad Foroughi & Michele Pozzoli

11.20

Mark Cook Chronic Intraventricular Valproate Therapy is
Effective in Refractory Focal Epilepsy – Preliminary
Results of a First-In-Man Study
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Gordon Wallace 3D Bioprinting and Controlled,
Programmed Delivery

12.20

Tushar Kumeria Self-Reporting Ophthalmic Delivery
System based on Luminescent Porous Silicon
Microparticles

12.40

Miia Kovalainen Biodegradation of an Inorganic
Subcutaneous Peptide Delivery System/

SESSION TWO: Barriers to Translation and Improved DDS
Session Chair: Kara Perrow

2.00

Susan Hua Targeted Nanomedicines: From design to
translation

2.30

Neil Cashman Translating the Disruptive Science of
Protein Misfolding to Neurodegenerative Disease

3.00

Hayley Schultz Can “Supersaturation” Improve the
Performance of Silica Lipid Hybrid (SLH) Oral Drug
Delivery Systems?

3.20

Lisa Belfiore Development of Dual-Targeted Drug-Loaded
Liposomes for Metastatic Breast Cancer Treatment

SESSION THREE: Reformulation
Session Chair: Ben Buckley & Larissa Gomes dos Reis

4.10
4.40

Marie Ranson A Phase 1 Study Of Deflexifol: a novel
formulation of 5‐fluorouracil with improved tolerability profiles
Naisarg Pujara Protein Based Nanocarriers for Enhanced
Bioactivity of Hydrophobic Polyphenols

DAY TWO – OCTOBER 24
PLENARY LECTURE
9.00-9.40
STELLA VALENZUELA: Therapeutic applications of gold nanoparticles
Session Chair: Patrick Spicer

9.40-10.10 Posters to Podium
SESSION FOUR: Targeting Inflammation, Bacteria and Biofilms
Session Chair: Maliheh Ghadiri & Tushar Kumeria

10.40

Ben Boyd Understanding Milk as a Delivery System to
Enable a Single Dose Cure for Malaria

11.10

Clive A. Prestidge Designing Alternative Drug Delivery
Solutions to Bacterial Biofilms

11.30

Michele Pozzoli Inhalable Hyaluronic Acid Derivate for

Inflammatory Lung Diseases
11.50

Hanna Gustafsson Design of Porous Silica-Lipid
Nanocarriers for Local Enzyme-Controlled Drug
Administration

12:10

Varsha Komalla Quercetin and esolving D1 liposomes as a
novel therapy for steroid-resistant airway diseases

SESSION FIVE: Vaccines and Gene Therapy
Session Chair: Lisa Belfiore & Hui Xin Ong

1.30

Peter Moyle Development of a Defined, Semisynthetic
Folded Lipoprotein Vaccine Development Platform

2.00

Waleed Hussein Polymeric targeted-micelle like
nanoparticles for siRNA delivery

2.20

Liyu Chen Improving the delivery of SOD1 antisense
oligonucleotides to motor neurons using calcium phosphatelipid nanoparticles

2.40

Larissa Gomes dos Reis Nebulization of pDNA to lung
epithelial cells: a potential delivery system for gene therapies

3.00

Gracia Gracia High density lipoprotein promotes targeted
delivery into lymph and lymph nodes: A viable carrier for
immunotherapies and vaccines

SESSION SIX: Topical Drug Delivery
Session Chair: Amirali Popat

3.40

TARL PROW Low cost, highly effective physical drug delivery
enhancement approaches for skin

4.10

HEATHER BENSON Correlation of physicochemical
characteristics and in vitro permeation test (IVPT) results for
Acyclovir topical products

DR. DANG THUY TRAM

Dr Dang Thuy Tram is Assistant Professor at the School of Chemical and Biomedical
Engineering and a Fellow of the Ageing Research Institute for Society and Education
(ARISE) at Nanyang Technological University (NTU), Singapore. Dr Dang received her
B.Sc degree from the University of Illinois, Urbana-Champaign (USA) and Ph.D. degree
from Massachusetts Institute of Technology (USA), both in Chemical Engineering. She
also conducted her postdoctoral training as a Controlled Release Society fellow at
Brigham and Women’s Hospital, Harvard Medical School (USA). Prior to joining NTU,
she was a Senior Research Fellow at the Institute of Medical Biology, Agency for Science,
Technology & Research (A*STAR), Singapore. She was the recipient of the A*STAR
Singapore National Science Fellowship, MIT Edward Clark Presidential Fellowship and
the Controlled Release Society Sung Wan Kim postdoctoral fellowship. Dr Dang’s
Therapeutic Cellular and Drug Delivery System Laboratory at NTU currently focuses on
the design of biomaterials, drug delivery and cell-based systems for therapeutic
applications in the treatment of diabetes and wound healing.

PROFESSOR MARK COOK

Director of the Graeme Clark Institute, and Sir John Eccles Chair of Medicine,
Department of Medicine, University of Melbourne. I also direct the Department of
Neurology, St. Vincent’s Hospital, with both clinical and administrative responsibilities. I
spend 1 day weekly in clinical practice. My specific scientific and clinical expertise has
created a unique opportunity to take a leadership role in developing translational
research to the treatment of intractable epilepsy. My aim has been to develop a basic
and translational research program focused on epilepsy and other neurological diseases
to drive the development of collaborative clinical research infrastructure that crosses
disciplines. My objectives have included the development of new and innovative
imaging processes, basic cell biology in epilepsy and the neurophysiology of epilepsy.
Over the last 5 years we have made significant inroads into developing therapeutic
electrical stimulation strategies for the treatment of epilepsy, of proven effect in animal
models and now being explored in humans. In addition, large groups of physical
scientists have been brought into human and animal research, and further developing
these links is a key aim. This has been achieved not only through the main work of my
laboratory but also through increased collaboration with other University of Melbourne
based research groups, supported by Australian Research Council (ARC) and National
and Health Medical Research Council (NHMRC) funding. Insights and therapies
developed through my research have been translated into practice now, and by utilising
a diverse group of collaborators to enhance the translation of developing research
outcomes into health practice, leveraging existing but isolated national resources to
create an internationally competitive, clinically- focused research infrastructure.

PROFESSOR GORDON G. WALLACE

Professor Gordon Wallace’s research interests include organic conductors,
nanomaterials and electrochemical probe methods of analysis and the use of these in
the development of intelligent polymer systems. A current focus involves the use of
these tools and materials in developing biocommunications from the molecular to
skeletal domains in order to improve human performance via medical Bionics.

Gordon is a Fellow of the Australian Academy of Science, Australian Academy of
Technological Sciences and Engineering (ATSE), Institute of Physics, and Royal
Australian Chemical Institute (RACI). He received the Inaugural Polymer Science and
Technology Award from the Royal Australian Chemical Institute (RACI) in 1992; the
RACI Stokes Medal for Research in Electrochemistry in 2004; and the HG Smith
Memorial award from the RACI in 2008. He was awarded an ETS Walton Fellowship by
the Science Foundation Ireland in 2003; named NSW Scientist of the Year (Chemistry) in
2008; appointed as a Professor in the World Class University by the South Korean
Government in 2009; received the SPIE Smart Materials Research Lifetime Achievement
Award in the USA in March 2009 and was honoured with the 2009 Smart Structures and
Materials Lifetime Achievement Award.
He has published more than 700 refereed publications; a monograph (3rd Edition
published in 2009) on Conductive Electroactive Polymers: Intelligent Polymer Systems
and co-authored a monograph on Organic Bionics (published 2012). Gordon
has supervised more than 84 PhD students to completion. Gordon has recently (2014)
co-authored an eBook on 3D BioPrinting.

Gordon completed his undergraduate (1979) and PhD (1983) degrees at Deakin
University. And was awarded a DSc from Deakin University in 2000. He was appointed
as a Professor at the University of Wollongong in 1990. He was awarded an ARC
Professorial Fellowship in 2002; an ARC Federation Fellowship in 2006 and ARC
Laureate Fellowship in 2011.

DR. SUSAN HUA

Dr Susan Hua (BPharm, Hons, PhD, MPS) has been a full-time teaching and research
(T&R) academic at the School of Biomedical Sciences and Pharmacy since 2010. She is a
registered pharmacist in Australia and has several years’ experience across various
fields of pharmacy, including hospital, community and research. Dr Hua has a Bachelor
of Pharmacy degree and a PhD from the University of Queensland in the field of
neuroscience and nanotechnology. Since her appointment at the University of
Newcastle, Dr Hua has independently established the first translational
nanopharmaceutics laboratory and research program in the Hunter region focused on
therapeutic targeting using nanotechnology. Her background as a clinical pharmacist
has given her a thorough clinical understanding of therapeutics and disease states, and
has allowed her to identify promising research avenues in therapeutics and drug
delivery.

The general research focus of Dr Hua’s laboratory is on therapeutic targeting utilising
novel drug delivery platforms in biomedical applications. She is particularly interested
in using nanotechnology to study novel mechanistic pathways, as well as to develop
more efficient therapeutic delivery systems. For example, a number of her projects are
focused on translational pain research in the areas of peripheral analgesia and
inflammation. Dr Hua has established important animal models of acute and chronic
pain at the University of Newcastle, including the AIA rodent model of chronic arthritis
and the CFA rodent model of acute inflammatory pain. Her research expertise covers
the areas of advanced pharmaceutical formulation, in vitro cellular studies and
preclinical in vivo animal studies. This expertise provides a solid foundation to
formulate and evaluate new drug delivery systems and to apply them to pathological
disease states, in order to assess potential clinical applicability and identify novel
therapeutic targets. Dr Hua’s research provides a platform for the translational
development of targeted therapeutics that will ultimately provide a novel therapeutic
strategy in clinical disease management.

PROFESSOR NEIL CASHMAN MD

Professor Neil Cashman, a Canadian leader in neurodegenerative diseases, was
recruited to UBC from Toronto to establish a program of research into protein
misfolding diseases such as amyotrophic lateral sclerosis (ALS). He is director of the
new Vancouver Coastal Health ALS Centre, which is focused on research and treatment
of the disease. ALS is a progressive neuromuscular disease that eventually paralyzes
limbs and muscles of speech, swallowing and respiration. There are about 2,500
Canadians living with ALS, for which there is no cure and only limited treatment.
Protein misfolding also plays a role in Alzheimer’s and Parkinson’s diseases and it is
implicated in prion (infectious protein) diseases such as mad cow disease and similar
human illnesses, such as Creutzfeldt-Jakob Disease (CJD). Symptoms of CJD include
anxiety, depression, withdrawal and behavioural changes. The disease progresses to
include motor difficulties, involuntary movements and mental deterioration. Patients
may live for only about one year after onset of symptoms. Proteins, the fundamental
component of living cells, are made up of long chains of amino acids which loop or fold
about each other in a specific three-dimensional structure. Misfolded proteins can cause
disease in surrounding cells. Dr. Cashman’s research labs at the Djavad Mowafaghian
Centre for Brain Health at UBC Hospital and at the UBC Life Sciences Institute are the
first labs west of Ontario dedicated to investigating misfolding diseases.

PROFESSOR MARIE RANSON

Professor Marie Ranson (PhD, University of Sydney, 1990) is a tenured Teaching and
Research Academic at the University of Wollongong. She has a significant track record of
research in cancer cell and molecular biology, with particular expertise in cancer
migration, invasion and metastasis. She has extensive experience in the use of in vitro,
ex vivo and animal models for cancer drug discovery and targeting as well as improved
delivery of chemotherapeutic drugs. Prof Ranson has published over 85 peer-reviewed
journal articles, attracted several national competitive grants totalling over
$10,000,000, and has been granted patents in her drug development portfolio. In
particular, she led the preclinical development of chemotherapy agent Deflexifol, which
has been licenced to FivePhusion Pty Ltd who completed Phase 1 human trials in June
2017. Prof Ranson is also the Illawarra area lead and CI of the CINSW-funded CONCERT
Translational Cancer Research Centre to build research capacity in targeted therapies
and is a member of a number of professional societies and committees.

ASSOCIATE PROFESSOR STELLA VALENZUELA

A/Prof Stella Valenzuela undertook her PhD studies [identifying novel genes – CLIC1
and MIC-1 – from activated macrophage cells] at the Centre for Immunology (CFI), St
Vincent’s Hospital Sydney, obtaining her PhD from the University of NSW in 1998. Prior
to this she had worked in the commercial sector, in the biotechnology companies
Australian Monoclonal Development Pty Ltd and Cellabs Pty Ltd in research and
development of monoclonal antibody technologies for research and diagnostic
purposes. Following her PhD studies she was a Research Scientist at the CFI [functional
studies of intracellular ion channel proteins – CLICs], later moving to the University of
NSW to take up a position as an NHMRC Research Fellow [knockout mouse studies of
S100 inflammatory proteins].
In June 2001 she joined the University of Technology, Key Centre for Health
Technologies [cellular responses to mobile phone frequencies]. She then took up an
academic position at UTS in 2004. She is currently the Associate Head of School
(Research) in the School of Life Sciences, UTS.

A/Prof Valenzuela is a member of both the Centre for Health Technologies and the
Institute of Nanoscale Technologies, UTS. She has been instrumental in establishing
Bionanotechnology research at UTS and is currently working with her industry partner
– Surgical Diagnostics Pty Ltd – developing devices that use on ion channel proteins.

PROFESSOR BEN BOYD

Professor Ben Boyd is a colloid and physical chemist with PhD from the University of
Melbourne (1999). After industry experience in the explosives and pharmaceutical
industries, he commenced an academic position at Monash Institute of Pharmaceutical
Sciences (MIPS) and has just completed an ARC Future Fellowship for the discovery and
development of light activated drug delivery systems.
He was the recipient of the American Association of Pharmaceutical Scientists 2011
Lipid-based Drug Delivery Award Outstanding Research Award. He is Past President of
the Australian Chapter of the Controlled Release Society (CRS), Past Secretary of Global
CRS, and is Past Secretary of the Colloid and Surface Science Division of the Royal
Australian Chemical Society. He is an active member of the Australian Colloid and
Interface Society. He serves on the editorial boards of several journals including
Associate Editor for Drug Delivery and Translational Research, Journal of
Pharmaceutical Sciences and Journal of Colloid and Interface Science.

His research group focusses on colloidal and structural aspects of lipids, lipid selfassembly and pharmaceutical systems, focused on controlling materials at the colloidal
scale for delivery in pharma and other fields. His group is also active in developing new
synchrotron-based characterization approaches for lipid and solid state systems.

DR. PETER MICHAEL MOYLE

Dr Moyle works in the fields of medicinal chemistry and chemical biology,
investigating subunit vaccine development, oligonucleotide delivery systems, peptide
drug delivery and development, and outcomes associated with histone posttranslational modifications.

PROFESSOR TARL PROW

n 2004, Dr. Prow earned his Ph.D. from the University of Texas in the field of
Nanomedicine. He then completed his T32 funded post-doc at the Wilmer Eye Institute
at The Johns Hopkins Hospital and was faculty there until he relocated to the University
of Queensland in Brisbane, Australia in 2007. In 2011 Dr. Prow became the Deputy
Director of the Dermatology Research Centre. In 2015, Dr. Prow was promoted to
Associate Professor within the University of Queensland’s School of Medicine and began
his NHMRC CDF Level II Fellowship the following year. He now focuses on translational
outcomes from his NHMRC funded micromedical device development team as a
Research Professor in the Biomaterials Engineering and Nanomedicine Strand within
the Future Industries Institute at The University of South Australia.

ASSOCIATE PROFESSOR HEATHER BENSON

Dr Heather Benson is a pharmaceutical scientist with a PhD from the Queen’s
University, Belfast. She commenced as an academic at the University of Queensland, and
spent two years at the University of Manitoba, Canada before joining Curtin University
in 2001. She leads the Skin Delivery Research group at the Curtin Health Innovation
Research Institute with a focus on optimizing the delivery of small molecules and
peptides to the skin through advanced technologies.

Delivery strategies for modulation of host response to
implantable biomaterials and cell-based systems.
ABSTRACT
Host wound healing response to biomaterials and medical devices poses tremendous challenges to
their clinical applications. The activities of early immune cells and long-term fibrotic overgrowth
often lead to the failure of implantable devices. In this talk, I will discuss the use of non-invasive
imaging approach to characterize the activity of early inflammatory biomarkers in the host response
to implanted polymeric biomaterials and drug delivery systems. This knowledge provides the basis
for the rational design of controlled release systems which delivers small molecule drugs to
modulate the host response. Our strategy leads to the utilization of cathepsin B as a biological cue
to trigger delivery of anti-inflammatory drug for enhanced wound healing. In addition, our
approach also identified drug candidate that reduces fibrotic overgrowth on therapeutic cell-based
systems to improve their efficacy in diabetes treatment.

Dang Thuy Tram, PhD
Assistant Professor
School of Chemical and Biomedical Engineering
Nanyang Technological University
Singapore 637459
ttdang@ntu.edu.sg
http://www.ntu.edu.sg/home/ttdang/

3D Bioprinting and Controlled, Programmed Delivery
Gordon G. Wallace
ARC Centre of Excellence for Electromaterials Science, Intelligent Polymer Research
Institute, AIIM Facility, Innovation Campus,
University of Wollongong, Wollongong, NSW 2522, Australia
Email: gwallace@uow.edu.au
The convergence of advances in biomaterials science, additive fabrication and medical
imaging has attracted the attention of clinicians. Faced with medical challenges that have
been shelved for decades, awaiting this convergence these are now being articulated in
science and engineering laboratories across the country.
Here I will use some examples based on organic conductors to illustrate why this
convergence was needed. We will explore how it has catalysed the establishment of clinicalscience-engineering networks that are forming teams delivering practical outcomes but also
providing unprecedented fundamental insights into medical conditions.
Of particular interest here is the role of controlled delivery of bioactives to optimise the
performance of new materials and structures containing them. We will illustrate this using the
development of organic conducting polymers for biological applications.
We will also examine a number of clinically driven projects including the use of 3D printing
to develop new approaches to treat conditions such as:
 Type 1 Diabetes
 Neural Regeneration
and the need for controlled delivery systems to be built into these 3D structures.

Self-Reporting Ophthalmic Delivery System based on Luminescent Porous Silicon
Microparticles

Tushar Kumeria1, 4, Joanna Wang2, David Warther1, Kristyn Huffman3, Fangting Li3, Ying Xiao3, Amirali
Popat4, Lingyun Cheng3, William Freeman3, and Michael J. Sailor1*
1
Dept. of Chemistry and Biochemistry, 2Material Science Engineering Program, 3Shiley Eye Center, University
of California, San Diego, La Jolla, CA 92093-0946, U.S.A. 4School of Pharmacy, University of Queensland,
Brisbane, QLD-4102, Australia.
t.kumeria@uq.edu.au
Purpose: Self-reporting drug delivery systems can provide a minimally invasive route to accurately determine
the amount of drug released/remaining in-vivo. Previously, we developed porous silicon photonic (pSi) crystals
based self-reporting drug delivery systems for ophthalmic delivery, which are limited by angle of reflection and
surface roughness. Herein, we show a self-reporting drug delivery system using photoluminescent pSi (Figure
1a, b) with an aim to correlate the decay in photoluminescence (PL) to the amount of drug released from pSi.
Methods: Porous Si microparticles of 50 µm were prepared by electrochemical etching of single crystal Si
wafer in a hydrofluoric acid (HF) based electrolyte, ultrasonication, and chemical oxidation (Figure 1b).
Triamcinolone acetonide (TA) was loaded into pSi particles from a 10 mg/mL solution, resulting in 10 wt %
loading.
Results and Discussion: The in-vitro TA release in HBSS buffer shows a bi-phasic pattern with an initial burst
followed by slow release over 30 days. At the same time, the PL also showed a sharp decay followed by a
gradual decay, which correlated well with the in-vitro TA release (Figure 1c, d). For in-vivo testing, 4 mg of
TA loaded pSi particles were injected into the vitreous of New Zealand rabbits. The in-vivo PL intensity decay
of pSi particles was measured by vitreous imaging with a custom modified fundus imaging system, which
effectively maps the in-vitro PL intensity decay. Quantification of drug (TA) release from vitreous fractions is
in progress to establish in vivo PL-drug release correlations.
Figure 1: (a) Schematic of TA loaded
luminescent pSi particles on Day 0
(highly luminescent) and day 30
(barely luminescent) of in-vitro
release. (b) Digital photographs of
pristine
pSi
particles
(left),
chemically oxidized pSi particles in
tris-buffer
(center),
and
Luminescence of pSi particles excited
with 365 nm LED. (c) In-vitro TA
release and PL decay from pSi
particles in HBSS buffer. (d) In-vitro
TA release versus PL decay
correlation plot
Conclusions: In summary, we demonstrate for the first time that the luminescence decay of the porous silicon
microparticles can be used as the in-vivo reporting modality to develop self-reporting ophthalmic drug systems.
Acknowledgements: This work is supported by the US-NSF (CBET-1603177) and US FDA (1U01FD00517301). Dr. T. Kumeria acknowledges The University of Queensland for the UQ Development Fellowship.
References:
1. Hou, H.; Nieto, A.; Belghith, A.; Nan, K.; Li, Y.; Freeman, W. R.; Sailor, M. J.; Cheng, L., Acta Biomater.
2015 (24), 309-321.

Biodegradation of an Inorganic Subcutaneous Peptide Delivery System
Kovalainen M , Kamakura R2, Riikonen J3, Finnilä M2,3, Nissinen T3, Rantanen J3, Niemelä M2, Perämäki P2,
Mäkinen M2, Herzig KH2 and Lehto VP3
1
University of South Australia, South-Australia, 5095, Australia
2
University of Oulu, FI-90014 Oulu, Finland
3
University of Eastern Finland, FI-70211 Kuopio, Finland
Miia.Kovalainen@unisa.edu.au
1,2

Purpose: Biodegradability is a necessary property for parenteral drug delivery systems to avoid the need of
invasive removal after releasing the cargo. Porous silicon (PSi) is a fascinating carrier material for various
therapeutics, including biomolecules and its’ surface chemistry, pore architecture and particle size can be finetuned to achieve the needed drug release properties1,2. While developing subcutaneous (s.c.) delivery systems for
long term and repeated dosing, it is important to know the biodegradation rate, since it is expected to affect drug
release and also to avoid accumulation. PSi has been studied for s.c. delivery purposes as a carrier material, but
its biodegradation after s.c. administration tissue has not been clarified. The purpose of the present study was to
investigate the biodegradation of PSi carriers with different surface modifications in the s.c. tissue in vivo.
Methods: Thermally oxidized (TOPSi), carbonized (TCPSi) and carboxylated thermally hydrocarbonized
(UnTHCPSi) PSi microparticles were injected s.c. and analyzed with transmission electron microscopy, microcomputed tomography and X-ray diffraction after tissue contact over two months. In addition, the histopathology
of the injection site and in vitro dissolution of the PSi samples were investigated.
Results and Discussion: As expected, the PSi surface chemistry was found to affect the biodegradation rate and
in vitro dissolution (Fig.1). The volume and density of TOPSi and TCPSi decreased significantly after s.c.
injections (Fig. 2), whereas density of UnTHCPSi did not change significantly. Interestingly, the pore size of
TOPSi and UnTHCPSi increased (Fig. 3). TOPSi and UnTHCPSi started to dissolve from the external and pore
surfaces, whereas degradation of TCPSi initiated from internal parts of the particles. No signs of chronic
inflammation were observed.

Figure 1. In vitro dissolution of
the PSi particles (SD±SEM, n=3).

Figure 2. The density of the PSi
particles after s.c. injections
(SD±SEM, n=3).

Figure 3. The pore sizes of the PSi
particles after s.c. injections
(SD±SEM, n=3).

Conclusions: The order of in vitro solubility and biodegradability was TOPSi, followed by TCPSi and
UnTHCPSi. Surface modification of PSi particles affected both the biodegradation rate and spatial propagation
of the dissolution.
Acknowledgements: Academy of Finland (#287625) is acknowledged for funding (MK).
References:
1. Barnes TJ et al. Therapeutic Delivery. 2013 (4) 811-823
2. Kovalainen M. et al. Pharmacological Reviews. 2015 (67) 541-561

Targeted Nanomedicines: From design to translation
Abstract
Nanotechnology is a multidisciplinary field that is revolutionising the way we detect and treat damage
to the human body. Nanomedicine applies nanotechnology to highly specific medical interventions for
the prevention, diagnosis, and treatment of diseases. This presentation will discuss the advances in
targeted nanomedicines, and how they are being used to overcome biological barriers in the body to
improve the way we deliver compounds to specific tissues and organs. The current challenges facing
the clinical translation of these platforms will also be addressed.
DR SUSAN HUA
BPharm, PhD, MPS
Therapeutic Targeting Research Group Leader
Senior Lecturer in Pharmacy

Translating the Disruptive Science of Protein Misfolding to Neurodegenerative Disease
N. Cashman
University of British Columbia, Vancouver, BC, V6S1M8, Canada
Neil.Cashman@vch.ca
Purpose: Our central scientific hypotheses are that many neurodegenerative diseases progress via prion-like
mechanisms accompanied by templated protein/peptide misfolding-aggregation, and that antibodies can be
exploited to specifically bind to misfolded proteins while sparing the normal isoforms from autoimmune
recognition and off-pathway adverse effects.
Methods: We have applied these ideas to develop novel immunotherapeutics and diagnostics for Alzheimer
disease (AD) and amyotrophic lateral sclerosis (ALS).
Results and Discussion: For AD, we have developed rational computational algorithms to identify sequences
and conformations of Aβ oligomer (AβO)-specific epitopes, and have shown that monoclonal antibodies
directed against these epitopes recognize synthetic and native AD AβO, and neutralize their neurotoxicity and
fibril-seeding properties in vitro and in vivo, while sparing fibrils and monomers from ARIA-inducing
disruption and target distraction, respectively. Misfolding and aggregation of the enzyme Cu/Zn superoxide
dismutase (SOD1) has been implicated in the pathogenesis of sporadic as well as familial ALS. It has been
shown that propagated protein misfolding of SOD1 can occur in in vivo and in vitro, and SOD1 propagation and
toxicity can be blocked by monoclonal antibodies directed against SOD1 misfolding specific epitopes in vitro
and in vivo.
Conclusions: These findings suggest that immunotherapies directed against misfolding specific epitopes of
misfolded proteins implicated in neurodegeneration are therapeutic candidates for many neurodegenerative
diseases.
Acknowledgements: Supported by CIHR, Brain Canada, the Webster Foundation, and ALS-Canada.
References:
1. Grad LI, Guest WC, Yanai A, Pokrishevsky E, O'Neill MA, Gibbs E, Semenchenko V, Yousefi M,
Wishart DS, Plotkin SS, Cashman NR. Intermolecular transmission of superoxide dismutase 1
misfolding in living cells. Proc Natl Acad Sci U S A. 2011 Sep 27;108(39):16398-403.
2. Pokrishevsky E, Grad LI, Yousefi M, Wang J, Mackenzie IR, Cashman NR. Aberrant Localization
of FUS and TDP43 is Associated with Misfolding of SOD1 in Amyotrophic Lateral Sclerosis.
PLoS-ONE 2012.
3. Grad LI, Yerbury JJ, Turner BJ, Guest WC, Silverman JM, Coleman BM, Hill AF, Plotkin
SS,Mackenzie IR, Cashman NR. Intercellular propagated misfolding of wild-type Cu/Zn
superoxide dismutase occurs via exosome-dependent and -independent mechanisms. Proc Natl
Acad Sci U S A 2014 Mar 4;111(9):3620-5.
4. Gibbs E, Silverman JM, Wellington C, Cashman NR. The amyloid-beta oligomer-specific cyclic-ser-asn-lys
(cSNK) tripeptide is highly immunogenic and induces sustained levels of anti-cSNK antibodies of the IgG1
subclass. Alzheimer's & Dementia: The Journal of the Alzheimer's Association. 2016 12(7): P834-P5.
5. Plotkin SS, Peng X, Silverman JM, Cashman NR. A computational method to predict disease-specific
epitopes in amyloid-beta, and its application to oligomer-selective antibodies for Alzheimer's
immunotherapy. Alzheimer's & Dementia: The Journal of the Alzheimer's Association. 2016 12(7): P1148.

Can “Supersaturation” Improve the Performance of Silica Lipid Hybrid (SLH) Oral Drug Delivery
Systems?
Hayley B. Schultz1,2, Nicky Thomas1,2, Shasha Rao1 and Clive A. Prestidge1,2
1
School of Pharmacy and Medical Science, University of South Australia, Adelaide, SA, 5001, Australia
2
ARC Centre of Excellence in Convergent Bio-Nano Science & Technology
Hayley.Schultz@mymail.unisa.edu.au
Purpose: Low drug loading frequently limits the broader application of lipid based drug delivery systems such
as silica lipid hybrids (SLH) for oral use. This study investigated a first time concept of using supersaturation [1]
to prepare solid ‘super-SLH’ with improved drug loading and performance. Consequently, the purpose of this
research was to (i) develop a supersaturated silica lipid hybrid formulation (super-SLH) for the oral delivery of
the model poorly water soluble drug ibuprofen (IBU) with greater drug loading than previously published (5.6%
w/w) [2], (ii) investigate the relationship between super-SLH drug load and in vitro dissolution and (iii) perform
an in vivo oral pharmacokinetic study to compare the oral delivery performance of pure IBU and the most
promising super-SLH formulations to draw conclusions on the potential of the innovative formulations.
Methods: Super-SLH were fabricated by dissolving IBU in lipid (Capmul PG8) at ≥ 60 °C and subsequent encapsulation within porous silica microparticles (Parteck SLC 500) (particle size of 9-11 µm and pore size of 6
nm) to inhibit IBU precipitation upon cooling (Figure 1).

Figure 1. Schematic of super-SLH fabrication.
Results and Discussion: The generated super-SLH particles were solid powders containing 8, 16, 25, 36 and
44% w/w IBU. Compared to pure IBU, the super-SLH displayed enhanced drug release rates and extent of dissolution (2-8 fold) under simulated gastric conditions. An increase in drug load correlated with an increase in
IBU release per unit of formulation, but a decrease in percentage IBU release. These trends were attributed to
the solid state of IBU in super SLH as observed by differential scanning calorimetry and X-ray diffraction. With
an increase in drug load, there was an increase in the degree of IBU crystallinity, from molecular to predominately amorphous or semi-crystalline. These physicochemical and in vitro data are correlated with the findings
of an in vivo pharmacokinetic study in Sprague Dawley rats, i.e. a single oral dose at 10 mg/kg equivalent IBU
and blood sample analysis over 24 hrs (at n = 4). More specifically, the relationship between the Cmax and AUC
values from the super-SLH formulations and the drug’s physical form and solubilisation performance is reported.
Conclusions: A novel supersaturation method was established that significantly increased the drug loading of
SLH to generate super-SLH that performed significantly better than pure IBU in vitro and in vivo. Super-SLH
offers a promising new formulation strategy for the oral delivery of poorly water soluble drugs of low potency
and large dose due to its improved drug loading.
References:
1. Thomas N., Holm R., Mullertz A., Rades T. Journal of Controlled Release. 2012 160(1): p. 25-32.
2. Tan A., Eskandar N., Rao S., Prestidge C. Drug Delivery and Translational Research. 2014 4(3): p. 212-221.

Development of Dual-Targeted Drug-Loaded Liposomes for Metastatic Breast Cancer Treatment
L. Belfiore1, D. N. Saunders2, M. Ranson1, and K. L. Vine1
1
University of Wollongong, Wollongong, NSW, 2522, Australia;
2
University of New South Wales, Sydney, NSW, 2052, Australia
lb989@uowmail.edu.au
Abstract Summary: This research describes the development of a novel targeted liposome formulation for
improved targeting of heterogeneous breast cancer cell populations, with the aim of reducing the likelihood of
cancer recurrence after therapy.
Introduction: The human epidermal growth factor receptor 2 (HER2) breast cancer subtype is characterised by
high rates of metastasis and overall poor prognosis [1]. Recent research has identified a population of cells
within the subtype that concomitantly express the urokinase plasminogen activator receptor (uPAR), a key
facilitator of metastasis [2]. This uPAR-positive subtype may be partially responsible for the failure of HER2targeted treatment strategies. We hypothesize that targeting both uPAR and HER2 on cancer cells may provide
a means to overcome therapeutic resistance. We aim to develop novel drug-loaded liposomes surfaceconjugated with plasminogen activator inhibitor type 2 (PAI-2) and trastuzumab to deliver lethal drug doses to
cancer cells expressing uPAR and HER2, respectively.
Experimental Methods: Drug-loaded liposomes were prepared by thin film rehydration and targeting proteins
were conjugated to the liposome surface via maleimide-functionalised polyethylene glycol. Liposome size and
stability were determined by dynamic light scattering. Biological properties of the liposomes were evaluated in
vitro using monolayer cell culture and multicellular tumour spheroid models. The pharmacokinetics and
biodistribution properties of the liposomes were determined in balb/c nude mice bearing uPAR+ breast tumours.
Results and Discussion: Liposomes were approximately 140 nm in diameter with a unimodal size distribution.
PAI-2-functionalised liposomes containing the potent cytotoxin N-alkylisatin (N-AI) showed receptordependent internalisation and toxicity in breast cancer cell lines in vitro (Fig. 1). Biodistribution studies
revealed similar organ accumulation/clearance of non-functionalised and PAI-2 functionalised N-AI liposomes,
with a blood clearance half-life of approximately 6 hours. In a pilot efficacy study, treatment with PAI-2
conjugated liposomes containing N-AI decreased primary tumour re-growth and prevented lymph node
metastasis in a resectable orthotopic breast tumour xenograft mouse model.

Figure 1. In vitro cytotoxicity testing of empty and drug-loaded (N-AI) PAI-2-functionalised liposomes
against two breast cancer cell lines varying in expression of the target uPAR.
Conclusion: These promising preliminary results demonstrate scope for further development and evaluation of
uPAR/HER2 dual-targeted drug-loaded liposomes for the improved treatment of HER2-positive breast cancer.
Acknowledgements: LB is the recipient of an Australian Government Research Training Program Scholarship.
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Purpose: 5-Fluorouracil (5-FU) is administered with Leucovorin (LV) to enhance clinical anti-cancer activity.
However, simultaneous administration is not feasible due to their chemical incompatibility, so the maximum
possible interaction for benefit is not achieved. To overcome this, we developed a novel all-in-one, pH neutral
stable formulation of 5-FU plus LV (termed Deflexifol) incorporating β-cyclodextrins to enhance solubility [1]
and preclinical testing demonstrated that Deflexifol is stable, bioequivalent to 5-FU, and has reduced side
effects [2]. Here, we assessed the safety, tolerability and tumour response rates of Deflexifol in a first-in-human
phase I dose-escalation trial in patients with advanced solid tumor malignancies. Secondary objectives included
pharmacokinetic profile and tumor response rates.
Methods: Separate cohorts of patients with advanced malignancy after failure of standard treatment received
Deflexifol as bolus weekly or 46 h infusion every two weeks for 6 cycles with no intra-patient dose escalation.
Doses ranged from level 1: 375mg/m² bolus or 1200mg/m² infusional to level 5: 575mg/m² bolus or 3600mg/m²
infusional. Adverse events and tumor response rates were assessed by standard methods.
Results and Discussion: 40 patients were treated (21 infusional, 19 bolus, median age 67, breast [7], colorectal
[24], other GI [6] & NSCLC [3]) with no grade 4 adverse events reported. Dose-limiting toxicities of grade 3
diarrhea and myelosuppression were reported for the bolus schedule at 575 mg/m2; none were reported for the
infusion schedule. The maximum tolerated dose was determined as 525mg/m² for bolus. The treatment dose for
infusion was declared as 3,000 mg/m², > 25% that of 5-FU used in standard-of-care regimens. Pharmacokinetic
analyses showed substantial inter-patient variability and a trend to linear increase in AUC with dose. Partial
response was observed in 1 patient and stable disease in 23 patients. Disease control rate was 58% despite most
patients having failed previous 5-FU regimens.
Conclusions: Deflexifol is safe and effective in bolus and infusion schedules at an increased dosing density
than with 5-FU and LV infused separately. Higher and concomitant dosing of 5-FU with LV make increased
efficacy likely. Larger randomized control trials of Deflexifol in combination drug settings are planned.
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Purpose: Resveratrol which is a naturally occurring polyphenol has been the subject of intensive research because
of its numerous therapeutic effects, such as antioxidant, cardioprotective, anti-inflammatory and anticancer
activity. However, poor solubility and stability are major impediments for resveratrol’s clinical effectiveness. Soy
protein isolate (SPI) derived from soybeans is one good candidate for drug solubility enhancement. SPI is used
in the food industry due to its functional properties, nontoxic nature, low cost, easy availability and high
nutritional values. We hypothesised that encapsulation of resveratrol using a rotavap technique would enhance its
physicochemical properties including solubility and in-vitro dissolution, which will in turn improve its biological
activity.
Methods: Resveratrol was encapsulated into soy protein isolate nanoparticles using a simple rotary evaporation
technique. Soy protein isolate (SPI) was dispersed in deionized water and stirred for 30 min at 37 ºC. Resveratrol
was dissolved in 90% ethanol and was added drop wise to the SPI solution under stirring at 700 rpm to reach a
polymer to drug ratio of 9:1 and then stirred overnight at 37 ºC in the dark. After overnight stirring, ethanol was
evaporated under reduced pressure in a rotary evaporator to obtain resveratrol encapsulated SPI (SPIRES)
complexes1. Resveratrol encapsulated SPI (SPI-RES) complexes were evaluated for size, zeta potential, drug
loading, encapsulation efficiency, solubility, in vitro drug release and anti-inflammatory activity.
Results and Discussion: Resveratrol loaded nanoparticles were around 100 nm in diameter and negatively
charged. Nanoencapsulated resveratrol was found to be in amorphous form and showed more than two times
higher solubility with significantly increased dissolution when compared to free resveratrol as shown in fig 1 and
2. An in-vitro NFκB inhibition assay also revealed that encapsulated resveratrol was stable and retained its
bioactivity.

Figure 1. Saturated solubility studies of resveratrol
(RES) and resveratrol encapsulated SPI nanocomplex
(SPI-RES). Statistics: mean ± SD (n=3),
t-test; ****p < 0.0001.

Figure 2. In-vitro release profile of pure resveratrol
(RES) and resveratrol encapsulated SPI
nanocomplex (SPI-RES). Statistics: mean ± SD
(n=3).

Conclusions: Encapsulation of resveratrol within SPI significantly improved its solubility and dissolution.
Furthermore, encapsulated drug was found to be biologically active confirmed by functional NFκB inhibition
assay. This research demonstrates that the method of encapsulation in soy protein constitutes a feasible approach
to deliver resveratrol and other hydrophobic drugs in effective pharmaceutical dosage forms.
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Interface Science. 2017. 488; 303-308.
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Gold nanoparticles (GNPs) have a long history of attracting interest of, firstly, alchemists
followed by scientists from the discipline areas of chemistry, physics, photonics and in more
recent times from biology and medicine. Such wide scientific attention has arisen due to their
unique physical and chemical properties, including their optical and electronic virtues that are
dependent upon their size, shape and resulting high surface-to-volume ratio, along with a
readily modifiable surface chemistry. Added to these favourable physico-chemical properties is
their highly desirable and now increasingly accepted biocompatible profile. These factors
converge to provide the rationale for the current growing interest in their pursuit as new
breakthrough therapeutic and prophylactic agents. The range of applications being explored
include their use as drug and gene delivery agents, uses in photothermal therapies, as contrast
dyes for in vivo imaging, as adjuvants in vaccine development and as anti–bacterial, antiparasitic and anti-viral agents. At the University of Technology Sydney, we have been exploring
their interactions with adipose cells and macrophage immune cells, which in turn play a key
regulatory role in the underlying metabolic disorders of obesity. Furthermore, we are seeking to
understanding the thermal properties associated with light stimulated GNPs, that result in
cellular and tissue damage, using model tethered lipid bilayer membranes.
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Purpose: The emergence of multidrug-resistant bacteria and their association with bacterial biofilms has
increased the need to establish alternative strategies to combat bacterial infections that are not solely based on
traditional antibiotics. The present study reports on, and compares and contrasts three novel strategies to combat
bacteria in biofilms: (i) a combination of the iron-chelator deferiprone (Def) and the heme-analogue galliumprotoporphyrin (GaPP), (ii) nitric oxide as the NO-precursor isosorbide mononitrate (ISMN) and (iii) silver
nanoparticles (AgNPs) of different shapes. These agents have been investigated both alone and in combination
with clinically relevant antibiotics, e.g. ciprofloxacin (Cip), to establish potential synergy.
Methods: The activities of the three delivery approaches were assessed against Staphylococcus aureus (SA),
methicillin-resistant SA (MRSA) and/or Pseudomonas aeruginosa (PA) biofilms in an in vitro colony biofilm
model and enumerated by the number of colony forming units. Confocal laser scanning microscopy and BacLight
staining was used to quantify bacteria eradication. Furthermore, an infection model in nematodes (Caenorhabditis
elegans) was used to determine the anti-biofilm activity in vivo which was correlated to the presence of treatment
as confirmed by X-ray tomography.
Results and Discussion: Def-GaPP, ISMN and AgNPs have all been shown
to be active against bacterial biofilms, however, their efficacy and synergy
with antibiotics is system dependent and also related to their mechanism of
action. Def-GaPP: GaPP and Def-GaPP are equally active towards SA and
MRSA colony biofilms. However, the Def-GaPP combination is more
efficacious and has additional specific activity against PA colony biofilms.
Furthermore, when Def-GaPP was combined with Cip its efficacy exceeded
the activity of the individual compounds. ISMN: NO from ISMN has
relatively weak anti-biofilm activity when employed solely as a solution,
however, this can be improved when encapsulated in liposome or
polymeric nano/microparticle formulations. We have demonstrated that Figure 1. Alternative Approaches to
ISMN acts as a biofilm dispersing agent and exhibits synergistic effects Treat Bacterial Biofilms
against SA biofilms when used in combination with Cip; this is due to
the conversion of biofilm into the planktonic state and hence increased response to antibiotic. AgNPs: Spherical
AgNPs showed superior in vitro anti-biofilm activity (i.e. 99%, 93% and 99% biofilm killing of SA, MRSA and
PA, respectively) in comparison with similar sized cubic and star-shaped AgNPs. The spherical AgNPs were also
less cytotoxic towards epithelial cells and significantly reduced mortality in an infected nematode model.
Conclusions: Def-GaPP, ISMN and AgNPs all have anti-biofilm activity, which can be significantly enhanced
when used in optimized delivery systems and in combination with antimicrobial agents. The mechanisms of action
are systems dependent. These approaches have potential to form the basis of innovative therapies to control
persistent biofilm-associated infections.
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Introduction: Sodium hyaluronate (NaHY) has gained attention for inhalation due to its therapeutic potential in
inflammatory lung disorders, in particular for asthma, emphysema and chronic obstructive pulmonary diseases
and its activity as biocompatible and biodegradable drug carrier [1].
Purpose: The aim of this study was to develop an inhaled formulation using a novel derivate of NaHY, in
combination with an antioxidant drug (Sodium Ascorbyl Phosphate, NaP) as potential synergic antiinflammatory and anti-oxidant therapy. The formulation was evaluated for its in vitro efficacy to reduce
inflammation on Calu-3 epithelial lung cells.
Material & Methods: Microspheres were produced by spray-driying using a mini spray-dryer B-290. Briefly,
NaHY derivate and NaP were dissolved in water with a concentration of 0.15 (w/w %) and 0.45 (w/w %),
respectively, and the solution was spray-dried at the following process parameters: inlet temperature 150 °C,
solution feed rate of 3.0 mL/min and nozzle diameter of 1.4 mm. Under these conditions an outlet temperature
ranging from 78 to 82 °C was observed. A dehumidifier B-296 was used to control the air humidity of the
system. Particle size of the obtained microspheres was measured using laser diffraction (Mastersizer, Malvern
Instruments).
The biological effect of the formulation was tested on Calu-3 cells. Inflammation was induced with 10 ng/mL
Lipopolysaccharides (LPS) 24 h after cell seeding. Subsequently, cells were treated with the combination of
NaHY and NAP therapy and compared to NaHY alone and NaP alone as controls. Supernatants were collected
and IL-6 cytokine was quantified as inflammatory marker using commercially available ELISA kit (BD OptEia,
BD Biosciences).
Results and Discussion: The microspheres obtained showed suitable aerodynamic sizes for delivery to the lung
with a Dv10, 50 and 90 of 1.2 ± 0.1 µm, 3.4 ± 0.3 µm and 17.9 ± 7.6 µm, respectively (Figure 1). It was found
that LPS-induced Calu-3 cells produced 1165.7 ± 202.0 pg/mL of IL-6, compared to a basal level (no stimuli)
of 270.7 ± 18.7 pg/mL. All treatments showed the ability to reduce IL-6 level, compared to untreated LPS
induced cells. More specifically, NaHY decreased IL-6 levels to 655.3 ±135.0 pg/mL, and NaP to 868.1 ± 262.1
pg/mL, respectively. Furthermore, a significant improvement of the anti-inflammatory activity was obtained
with the combination of NaP and NaHY (IL-6 concentration 431.3 ± 61.7 pg/mL) (Figure 2)

Figure 1. Particle Size distribution of the spray-dried
formulation NaHY-NAP

Figure 2. IL-6 production of Calu-3 cells after stimuli with LPS
and treatment with NaHY, NaP and combination NaHY-NAP

Conclusions: The innovative co-spray dried NaHY and NAP formulation appears to be a promising inhalable
dry powder formulation for the treatment of inflammatory lung diseases.
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Purpose: Develop porous silica-lipid nanoparticles as oral drug delivery vehicles for poorly soluble drugs to
facilitate enhanced absorption in the body. An improved understanding of the dependence of the nanoscale
structure of porous silica nanoparticles on the performance of lipase facilitated lipid digestion and accompanied
drug release is crucial for the development of these novel drug carriers.
Methods: Mesoporous silica nanoparticles with various properties such as particle size, pore size and surface
chemistry were synthesized. Lipid coated silica-lipid hybrid particles were designed by either a spray drying
process or by lipid adsorption. The morphology of the composite particles was investigated with electron
microscopy and confocal microscopy. The poorly soluble drug fenofibrate was incorporated as a model
compound. The lipase mediated lipid digestion kinetics and the accompanied drug release were monitored using
titration analysis and HPLC. The relative molar amounts of the different digestion products were quantified
from 1H NMR spectral data.
Results: The lipase-mediated digestion kinetics of lipid adsorbed in dispersed and agglomerated mesoporous
silica particles with various degree of microporosity were compared (Table 1). The lipid hydrolysis was more
efficient in the dispersed particles compared to the particles in an agglomerated state (Figure 1). For both
particle types a clear correlation between enhanced hydrolysis efficiency with increasing microporosity was
observed. When comparing different types of spray dried silica-lipid hybrid particles it was observed that
mesoporous silica nanoparticles (40 nm) promote enhanced digestion kinetics compared to microparticles (1
𝜇m) in dispersed and agglomerated state.

Table 1. Material properties of dispersed (MPS) and
agglomerated (A-MPS) mesoporous silica particles.

Figure 1. Lipase-mediated digestion kinetics of lipid
adsorbed in (a) agglomerated and (b) dispersed
mesoporous silica particles with various
microporosity.

Conclusions: The lipase-mediated lipid hydrolysis was greatly enhanced when using mesoporous silica
particles in a dispersed state compared to an agglomerated state. This is likely due to a larger accessible silica
surface area which results in a favorable environment for lipase activation together with a higher lipid exposure.
The role of the microporosity on the enhanced lipid hydrolysis will be further investigated.
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Purpose: Glucocorticoids (GCs) are the mainstay treatment in chronic obstructive pulmonary disease (COPD)
and asthma targeting inflammation. However, some patients are refractory to steroid treatment potentially
because of the increased oxidative burden in these diseases1. Therefore, combining alternative antiinflammatory and antioxidants such as quercetin (Q) (a bioflavanoid which has shown to inhibit in vitro
production of important mediators in inflammation2) and resolvin D1 (RvD1) (an autacoid derived from
docosahexaenoic acid with protective role in inflammation3) together can be a promising therapeutic strategy.
Here, we aim to prepare stable liposomal formulations using Q and RvD1 and investigate the uptake and
effectiveness (antioxidant property) in human airway epithelial cells (BEAS-2B).
Methods: Blank, Q and RvD1 liposomes were prepared using thin film hydration followed by extrusion.
Liposomes were characterised in terms of particle size and zeta potential. Cell viability assay and uptake studies
were performed in BEAS-2B cells. Confocal imaging was done to show the uptake of liposomes and radical
scavenging activity of liposomes was determined using 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay.
Results and Discussion:
Dynamic light scattering graphs of liposomes showed a monomodal size distribution of 163.26 ± 1.69 nm,
158.16 ± 1.89 nm, 167.3 ± 0.8 nm and zeta potential of -3.07 ± 0.33 mV, -6.81 ± 0.53 mV, -4.96 ± 0.40 mV for
blank, Q and QRvD1 liposomes respectively with a polydispersity index of 0.07 to 0.2. The liposomes had an
encapsulation efficiency of 3.61 ± 0.018% and 1.92 ± 0.014% respectively for Q and RvD1. The concentration
of liposomes inside BEAS-2B cells increased over 6 hours following treatment with liposomal formulations.
The radical scavenging activity of quercetin was found to be significantly higher (P<0.05) in liposomal
formulations (48.177 ± 6.99% for Q liposomes and 48.33 ± 5.626% for QRvD1 liposomes) compared to the
free drug (30.79 ± 2.51%).
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Figure 1. Uptake of liposomes into the Beas-2B cells 6 hours following treatment with Q RvD1 liposomes
Conclusions: These results demonstrate that liposomal formulations of Q, QRvD1 have higher antioxidant
activity compared with the free drug itself. These findings indicate that following the uptake of the liposomes
by airway epithelial cells, the antioxidant properties of Q and anti-inflammatory properties of RvD1 may
potentially improve the therapeutic outcomes in steroid resistant patients. Further studies will investigate the
anti-inflammatory activity of these liposomes in in vitro and in vivo models.
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Purpose: Vaccines are among the most effective means to prevent the spread of infectious diseases. 1
Nevertheless, traditional vaccine technologies have failed to yield vaccines for many important diseases. Folded
protein antigens are a leading approach for the development of new, effective and safe vaccines. However, their
poor immunogenicity necessitates technologies to improve their potency, as well as tailoring the types of immune
responses elicited towards these antigens.1 Towards this goal, we have developed platform technologies that
enable the efficient, site-specific incorporation of immunostimulatory molecules (e.g. flagellin and bacterial
lipopeptides) into folded protein antigens using Staphylococcus aureus (S. aureus) sortase A to generate defined
vaccine molecules. These molecules ensure that both immunostimulatory components and antigen are delivered
to the same cell, providing a means to target dendritic cells, and are able to elicit significantly more potent immune
responses than mixtures of antigen and adjuvant.1
Methods: Expression plasmids, containing genes for 5 folded group A streptococcus antigens and an engineered
unstructured antigen, were modified to incorporate a 3’-sorting sequence (LPETG) and a hexa-histidine tag. The
antigens were expressed in Escherichia coli. A synthetic, water soluble bacterial lipopeptide adjuvant,
incorporating an N-terminal tri-glycine, was synthesized by solid-phase peptide synthesis. The site-specific
conjugation of each recombinant antigen with the lipopeptide adjuvant was achieved using S. aureus sortase A
(SrtAN59) or a mutant with 115-fold greater catalytic activity.2 Bioconjugation conditions were optimized using
a fluorescent tri-glycine peptide. Reactions were monitored by SDS-PAGE, HPLC and mass spectrometry.
Results: Sortase A enabled the successful conjugation of a synthetic lipopeptide adjuvant onto six protein
antigens ranging from 17 to 110 kDa under conditions that maintain the native protein structures. Reaction
progress ranged from 68 to 90 %, with optimum reactions achieved at 2-4 hours. Use of the mutant sortase A
allowed for the use of 100-fold less enzyme. The sortase enzyme and unreacted hexa-histidine tagged proteins
could be removed after the reaction by binding to Ni-NTA beads. Mass spectrometry demonstrated the successful
production of the desired antigen-adjuvant conjugates.
Conclusions: A highly efficient approach for site-specific conjugation of bacterial lipopeptide adjuvants onto
recombinant protein antigens was developed. This technique proved applicable to a library of folded proteins, of
varying molecular weights, and enables the delivery of protein antigen, T cell help, and immunostimulation to
the same cell, yielding improvements in vaccine potency. We expect this technology to provide a simple, and
efficient means to site-specifically conjugate various immunostimulatory molecules onto protein antigens.
Acknowledgements: D.R. Liu (Harvard) for the mutant sortase A. UQ ECR and MEI grants for funding.
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Abstract Summary: The small interfering RNA (siRNA) is a useful tool to silence target genes which are
related to chosen diseases. In this study we aimed to develop polymeric targeted micelle-like nanoparticle
formulations and examine their ability to complex and efficiently deliver Enhanced Green Fluorescent ProteinsiRNA (eGFP -siRNA) to the cytoplasm of eGFP-HELA cells to knockdown the expression of GFP.
Introduction: There are many serious clinical limitations of using siRNA such as degradation in blood, low
cellular penetration and high renal clearance. Polycationic carriers with a lipidic and/or polymeric nature are the
most popular siRNA delivery systems. For example, cationic polyethylenimine (PEI) and its lipidic derivatives
with the high positive charge density are widely used for siRNA delivery.
Experimental Methods: Synthesis of lipidic polyethylenimine (PEI) was performed through conjugation of
1,2-dioleoyl-sn-glycero-3-phosphoethanolamine (DOPE) to PEI to form DOPE-PEI. Synthesis of an azide
derivative of targeting peptide was achieved using Fmoc solid phase peptide synthesis.Then this peptide was
conjugated with a synthetic alkyne derivative of DOPE-PEG3400 to form DOPE-PEG3400-targeting peptide.
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Results and Discussion: Polymeric targeted micelle-like nanoparticles
were designed and optimized as the delivery vehicle for siRNA. The
DOPE-PEI conjugate and the DOPE-PEI/siRNA complexes were
prepared as previously described [1]. Different ratios of DOPEPEG2000 were used to mask the high positive charge, +56 mV, of
DOPE-PEI/siRNA complex and consequently to reduce the toxicity.
To improve the selective cell-uptake, DOPE-PEG3400-targeting
peptide was incorporated into the formulation. Bombesin peptide was
selected as the first targeting moiety to target the G protein–coupled
receptors, bombesin receptors, which are overexpressed by cancer cells
such as HELA and PC-3 cells. Here, we developed a new synthetic
pathway to couple DOPE-PEG3400 to bomesin peptide to form the eGFP protein level at 48 h posttargeting conjugate DOPE-PEG3400-bombesin using Copper- transfection detected by flow cytometry.
Catalyzed Azide-Alkyne Cycloaddition (CuAAC). This new
methodology was based on the high reactivity of the p-nitrophenyl bifunctional groups of the PNP-PEG3400PNP. Replacing these two PNP groups by both DOPE and propargyl amine resulted in the stable alkyne
derivative DOPE-PEG3400-propargyl. CuAAC was applied to conjugate DOPE-PEG3400-propargyl with the
azide derivative of bombesin to give the targeting component DOPE-PEG3400-bombesin. Formulation 1
including eGFP -siRNA/DOPE-PEI/DOPE-PEG2000/DOPE-PEG3400-bombesin displayed 47% knockdown
efficiency of the eGFP protein level expressed by HELA cells.
Conclusions: In conclusion, the development of a safe targeted siRNA delivery system formulation was
successfully achieved. A novel simple synthetic pathway was applied to obtain the targeted moiety DOPEPEG3400-bombesin that is responsible for selective delivery of the siRNA formulation through receptormediated uptake.
Acknowledgements: This work was supported by the Australian National Health and Medical Research
Council (NHMRC) with the NHMRC Project Grant (APP1126795) and it is gratefully acknowledged.
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Introduction: Amyotrophic Lateral Sclerosis (ALS) is a fatal neurodegenerative disease affecting the upper
and lower motor neurons in the motor cortex and spinal cord. Abnormal accumulation of mutant superoxide
dismutase I (SOD1) in motor neurons is a pathological hallmark of some forms of the disease. Reducing the
levels of SOD1 is therefore a promising therapeutic approach. Antisense oligonucleotides (ASOs) can
efficiently silence proteins with gain-of-function mutations.1 However, naked ASOs have a short circulation
half-life and are unable to cross the blood brain barrier warranting the use of a drug carrier for effective
delivery. Calcium phosphate lipid coated nanoparticles (CaP-lipid NPs) were thus developed for delivery of
SOD1 ASO to motor neurons followed by in vitro cellular uptake, gene silencing and in vivo distribution tests.
Experiment Methods: CaP-lipid NPs were prepared as described by Li et al and characterized in terms of
number size (nm), zeta potential (mV), polydispersity index (PDI), encapsulation effiencicy (%) and particle
concentration.2 The in vitro cellular uptake and gene silencing of SOD1 ASO-loaded CaP-lipid NPs were
assessed by confocal microscopy and western blotting, respectively. The in vivo distribution was assessed using
a well-established ALS zebrafish model.3
No. Size
(nm)
Formulation A
Formulation B
Formulation C
Formulation D
Formulation E

61.0 ±13.7
52.3 ±14.7
31.0 ±2.2
39.9 ±3.3
50.4 ±7.6

Zeta
Potential
(mV)
-6.3 ±0.2
-7.2 ±0.2
-4.9 ±0.1
-6.6 ±0.51
-6.4 ±0.25

Encapsulation
Effiencicy (%)
69.1 ±2.7
51.1 ±2.56
47.9 ±5.6
34.3 ±4.15
16.1 ±2.07

Table 1. Physical characteristics of SOD1-ASO CaP-lipid NPs

Fig 1. In vivo distribution of CaP-lipid NPs in Zebrafish (A), spinal cord (B) and brain injection
Results and Discussion: We successfully demonstrated: 1) intracellular delivery of CaP-lipid NPs to a motor
neuron-like cell line (NSC-34) by confocal microscopy; 2) Significant down-regulation of SOD1 protein
expression confirmed by western blotting following the delivery of SOD1 ASO-loaded CaP-lipid NPs in the
HEK293 cell line; 3) We also described for the first time nanoparticle distribution in the brain, spinal cord and
blood circulation of zebrafish, a powerful experimental vertebrate model for studying ALS.
Conclusions: We propose that these CaP-lipid NPs are a useful tool to increase gene therapy delivery in ALS.
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Purpose: The success of gene therapies are hindered by the inability to deliver plasmid DNA (pDNA) into the
cells, intracellular degradation and entrapment in the endocytic pathway. Cell penetrating peptides (CPP) have
shown to enhance pDNA uptake in lung epithelial cells [1]. This study aims to assess the use of a novel CPP as
an enhancer to pDNA uptake and the use of a mesh nebulizer to deliver pDNA-CPP polyplexes to alveolar
epithelial cells
Methods: A549 cells (ATCC® CCL-185™) were used in this study. Production of pDNA, pDNA labelling and
preparation of polyplexes between the CPP (Evonik Industries AG) and pDNA was conducted as previously
described (N:P charge ratio 10:1 and final pDNA at 5 µg/mL) [1]. Intracellular uptake and trafficking were
assessed after 24 hours of incubation using confocal laser scanning microscope (CSLM, Nikon A1R) and flow
cytometry (BD Accuri), respectively. Co-localization studies were performed using Cell MaskTM Deep Red
Membrane and LysoTracker Blue DND-22 (Thermo). Images were taken using a 0.25 µm z-stack, with a 40x
objective. To assess the ability of delivering inhalable polyplexes into the lungs, the polyplexes were nebulized
using a mesh nebulizer (Omron - NE-U22) onto the A459 cells, cultured on a Transwell insert for 24 hours, for
15 seconds, using a modified Twin-stage Impinger (TSI) [2], at flow rate of 15 L/min. Cellular uptake was
assessed after 24 hours of incubation using a flow cytometer as described above. Data was analysed using
Anova (95 % confidence interval).
Results: The polyplexes were suitable for intracellular delivery with particle size 100nm and charge +9.4 mV
[1]. Incubation for 24h of the A549 with the polyplexes resulted in 91.8% of positive events (cells), indicating
internalization. The results were corroborated by the CLSM (Figure 1), in which 80.9±12.6% of the signal
showed to be from internalized polyplexes. One of the main hurdles in gene delivery is the entrapment of
internalized polyplexes in the endocytic pathway, leading to degradation in the lysosomes. After 24h of
incubation 41.4±8.3% was co-localized with the lysosome, and 39.5±20.2% were not co-localized with either
lysosome or cellular membrane, potentially indicating an endosomal-escape mechanism, highlighting that an
efficient delivery system for inhaled gene therapies remains a major hurdle. To investigate whether the process
of droplets production during nebulization was affecting the structure of these polyplexes, thereby hindering
pDNA uptake, the polyplexes were nebulized onto A549 cells. After 24h of incubation, 43.8±2.1% of the cells
were fluorescent for treatments with polyplexes, in comparison to 2.0±0.2% fluorescent cells for naked pDNA.
These results indicate that the polyplexes could withstand the shear forces involved in the aerosolization, as the
CPP still promoted pDNA internalization after nebulization [3].
Figure 1: CLSM Images of A549 cells
after 24 hours incubation with polyplexes.
From left to right, cellular membrane
stain (magenta), lysotracker (blue),
polyplexes (green) and merged image.

Conclusions: This study demonstrated the use of this novel CPP to enhance pDNA uptake in A549 cells, and
an efficient in vitro delivery method for pDNA to these alveolar epithelial cells via nebulization. Further studies
are underway to optimize this delivery system.
Acknowledgements: ARC- LP140100181. Thanks to CAPES for the financial support of L Gomes dos Reis.
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Purpose: Improving the delivery of immunotherapies and vaccines to target cells in the lymphatics has the
potential to enhance efficacy and lower off-target side effects. One way to promote lymphatic access is through
interstitital administration (SC or IM) of nano-sized carriers, which are too large to access the relatively
impermeable blood capillaries but can cross the more permeable lymphatic endothelium1. Recent findings have
demonstrated that high density lipoprotein (HDL), an endogenous nanostructure, is returned from peripheral
tissues to the systemic circulation via the lymphatic system2,3. This intrinsic lymph-targeting property of HDL
suggests a potential utility of HDL as a biocompatible drug delivery carrier for immunotherapies and vaccines.
This study evaluated the impact of HDL characteristics on lymph uptake and lymph nodes retention profiles.
Methods: Endogenous HDLs were isolated from biological fluids (rat lymph, rat plasma and human plasma) by
density gradient ultracentrifugation and separated into two subclasses (D-HDL of density ~1.10-1.18 g/ml and LHDL of density ~1.06-1.10 g/ml). Synthetic HDLs (rHDLs) were prepared by reconstitution of phospholipid,
cholesterol and apolipoprotein A-I (the main protein component of HDL). All HDLs were characterized for
physical properties (size, shape, surface charge). To assess lymph uptake, HDLs were radiolabelled and SC
administered into the hind leg of thoracic lymph-cannulated female Sprague-Dawley rats.
Results: Endogenous HDLs of the same density range had comparable size (~10 or ~20 nm for D-HDLs and LHDLs, respectively) regardless of source and all appeared spherical (Fig. 1A). The sizes were successfully
mimicked by the prepared rHDLs which appeared discoidal in shape. Overall, all HDLs and rHDLs had slightly
negative surface charge. When lymph uptake was assessed, all HDL types were directly transported into the
lymph and not blood circulation as suggested by the high lymph to plasma concentration ratios (up to 100:1) of
the associated radiolabels during the first 12 hours post-dose. This was further confirmed by specific accumulation
of the radiolabel dose in the lymph nodes draining the injection side of the leg but not on the opposite side.
Comparing the various HDL types, certain endogenous HDLs displayed significantly higher lymph uptake (Fig.
1B) and lymph nodes retention when compared to the other HDLs despite similarity in size, shape and surface
charge. Further studies will investigate whether this was due to variation in the composition of the HDLs, which
may alter their interaction with surrounding cells at the injection site or within lymph nodes.
Figure 1 (A) Representative TEM of endogenous
human plasma D-HDL; (B) Lymph uptake of various
HDLs and rHDLs, expressed as cumulative %dose
transported in lymph over 34 hours (n=3-5 rats)

Conclusions: This study confirmed the lymph and lymph nodes targeting properties of HDL. Understanding the
HDL characteristics that enhance lymph uptake and lymph nodes retention is relevant for optimizing the design
of HDL as a carrier for immunotherapies and vaccines.
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Purpose: The aim of this study is to 3D print dexamethasone-loaded polydimethylsiloxane (PDMS)
implantable drug delivery devices, with architecturally appropriate structures. These structures vary according
to their required applications but generally need to be small and flexible. Printability is made possible through
the optimisation of printing protocols on a 3D extrusion printer.
Methods: Dexamethasone was mixed with PDMS and printed on a 3D extrusion printer. The optimisation of
the printing protocol included the varying of print speed, print pressure, needle height, needle gauge, substrate
temperature, substrate material, and drug loading. This optimisation was tuned to produce a well-rounded, low
slumping single filament. The resulting strut heights and widths were measured and compared. Optimal prints
were those where minimal slumping occurred and minimal widths were achieved. Multi-layer structures were
produced and observed for uniformity. Various substrates were tested for the ability to enable printing, curing
and subsequent intact removal of the final structure.
Results and Discussion: Dexamethasone-loaded PDMS was successfully extruded from the 3D printer.
Optimised print protocols produced uniform narrow struts. Multi-layered constructs were created. Substrate
temperature affected the slumping of the struts, influencing shape retention. Substrate material choice affected
adhesion during printing and removability after complete curing. Drug-loading the PDMS further improved the
resulting strut dimensions.

3D Printed Strut Dimensions
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Figure 1. 3D printed dexamethasoneloaded PDMS structure.
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Figure 2. Height vs Width measurements of 3d printed PDMS struts.

Conclusions: Dexamethasone-loaded PDMS is printable via 3D extrusion printing mechanisms. These 3D
printing techniques are capable of producing appropriately small, specifically shaped architectures with
resolutions suitable for implanting in various parts of the body, and offering flexibility in design with the
potential to affect drug delivery both spatially and temporally.
Acknowledgements: Funding from the Australian Government through the International Education and
Training program in relation to project BIOFABrication for Future Manufacturing is gratefully acknowledged.
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Purpose: Self-assembled lipid-based liquid crystalline (LC) systems, which can take advantage of the
amphiphilic property of lipids to encapsulate drugs with different water solubility, have been obtaining attention
as a potential drug delivery system.1, 2 The LC nanostructures can be tuned via the incorporation of a stimuliresponsive element to achieve different release profile and provideexternal control over drug release. By adding
magnetic nanoparticles in the lipid system, such as iron oxide nanoparticles (IONPs), heat can be generated in
the lipid-based system by applying alternating magnetic field (AMF). This inherently causes the nanostructure
transition leading to alteration of the release profile of the encapsulated drug. This study aims to determine the
size and dose effects of IONPs on the phase transition behavior of phytantriol-based systems.
Methods: Phytantriol was mixed with appropriate weight ratio of hydrophobic IONPs in chloroform. The
mixture was dried by nitrogen gas purge for 1h and moved into a vacuum oven overnight at 40 ºC. The mixture
of lipid and IONPs was then hydrated in excess PBS buffer of pH 7.4 and equilibrated on a shaker at 37 ºC for
at least 48hrs. The LC nanostructure on a temperature ramp (at 5 ºC increment from 25 to 80 ºC, 13keV) was
determined by using small angle X-ray scattering (SAXS) at the Australian Synchrotron.
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Results and Discussion: The nanostructure
transition of hydrated phytantriol is from cubic (QⅡ,
Pn3m) to reversed hexagonal (HⅡ) around 65 ºC.2
In the presence of IONPs, the transition temperature
is decrease (Figure 1). For lipid containing 0.01%
5nm IONPs, the phase change from Q Ⅱ to H Ⅱ
occurred at 45 ºC; when the concentration of
IONPs increased to 0.05% and 0.1%, the transition
temperature increased to 55 ºC and 60 ºC,
respectively. The same trend is observed for the
samples with 10nm IONPs. At 0.01% 10nm IONPs,
the mixed phase appeared at 45 ºC, and completely
transited to H Ⅱ at 55 ºC. These transitions are
triggered at higher temperature in the sample with
0.05% and 0.1% IONPs. Taken together, the SAXS
data revealed a higher transition temperature for
IONPs of larger particle sizes, and at higher
concentrations.

Size (nm) and concentration (%) of IONPs

Figure 1. Temperature phase diagram of phytantriol with
IONPs.Pinkstrack: Q Ⅱ ; white strack: mixture of Q Ⅱ and H Ⅱ ; blue
stract: HⅡ.

Conclusions: The phytantriol lipid system has a phase change from QⅡ to HⅡwith the increasing temperature.
We showed that the particle sizes and doses of IONPs have significant effects on the transition temperature of
phytantriol system. These findings illustrate the effect of magnetic nanomaterials on the phytantriol phase
behavior, and provide reference value for further manipulationon the magnetic-responsive LC systems.
Acknowledgements:This study is supported by Australian Synchrotron, Convergent Bio-nano Science and
Technology, and Monash Institute of Pharmaceutical Sciences.
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Purpose: Milk as a lipid-based formulation has gained interest for the delivery of poorly water-soluble drugs
(PWSD). It contains salts, sugars, proteins, and lipids that are essential for mammalian survival. The lipids formed
during digestion of milk self-assemble into liquid crystalline (LC) structures[1,2]. Vegetable juices such as soy
milk and coconut milk do not form LC structures during digestion (unpublished).
Methods: Full cream bovine milk was dialysed to filter out small components. Small-angle X-ray scattering
(SAXS) was used to identify time-resolved structural changes during the in vitro digestion of milk. Milk or milklike systems such as a triglyceride emulsion or soy milk were also fortified with triolein to observe the absorption
of oleic acid in vivo by conducting pharmacokinetic studies.
Results and Discussion: The removal of salt, sugar and some proteins reduced the extent of digestion of milk,
however the initial digestion kinetics increased. This indicates the importance of lipid digestion products on
structure formation. For in vivo studies, similar AUC values were obtained across the 3 systems tested (milk,
triolein only, and soy milk). However, within the first 8 hours post-dose, milk provided a more sustained
pharmacokinetic profile of 14C oleic acid, relative to triolein and soy milk where absorption was slower and highly
varied between each replicate.
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Figure 2. Pharmacokinetic profiles of milk or
milk-like formulations.

Conclusions: The same LC structures are still formed at lower concentrations of fatty acids following removal
of salt and sugar from milk. Pharmacokinetic studies thus far shows the potential for milk to be used as a drug
delivery vehicle for the delivery of nutrition by exhibiting a sustained absorption profile.
Acknowledgements: This research was undertaken on the SAXS/WAXS beamline at the Australian Synchrotron,
Victoria. This work was partly funded by the Australian Research Council under the ARC Discovery Projects
scheme. ACP is supported through an Australian Government Research Training Program Scholarship.
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Purpose: Engineering of artificial tissues is a health-enabling technology pivotal to new ventures in
regenerative medicine, pharmacological studies and bio-nano research.1 The current work highlights the
application of a 3-dimensional (3D) tubular cell construct2 to facilitate studies into the interactions between
lipid-based liquid crystalline (LLC) nanoparticles and human tissues under a biomimetic microenvironment.
Methods: We employed borosilicate glass tubing coated with collagen gel on its inner wall as a construction
scaffold to support the proliferation of human umbilical vein endothelial cells (HUVECs) into a blood vessellike structure. HUVECs were seeded directly onto the collagen-rich wall and supplemented daily with
endothelial cell growth medium under a static incubated atmosphere of 37 ºC, 5% CO2. The bio-interactions of
phytantriol-based LLC nanoparticles (dispersed in the presence of 10% w/w poloxamer synperonic F108) with
the endothelial barriers were evaluated using these 3D tubular tissues.
Results and Discussion: Optical and confocal fluorescence
microscopy images promisingly illustrated progressive cell
elongation, sprouting and maturation along the collagen gel
contour within a few days (Figure 1). The endothelial CD31
(cluster of differentiation 31) intercellular junctions (green)
are prominently visible and illustrated a 3D ring-like
structure (y-z plane image). These proof-of-concept vascular
lumens with controllable architecture are used for the first
time to elucidate the interactions of LLC nanoparticles with
human endothelial tissues and compared with that of
conventional planar culture systems.
Conclusions: We successfully developed a simple and
Figure 1. Optical and confocal laser scanning
robust bottom-up approach to construct open-end, tubular
microscopy images depicting the 3D tubular
endothelial constructs that simulate the human vascular
construct of endothelial vessels hosted within a
morphology. These 3D cell constructs offer great versatility
collagen-rich scaffold.
to be coupled with advanced imaging and analytics (e.g.
small angle X-ray scattering) to provide a real-time
evaluation of nanomaterial interaction with tissue cells under a biomimetic microenvironment.
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Introduction: Amyotrophic Lateral Sclerosis (ALS) is a fatal neurodegenerative disease affecting the upper
and lower motor neurons in the motor cortex and spinal cord. Calcium phosphate lipid coated nanoparticles
(CaP-lipid NPs) were developed to encapsulate and deliver an antisense oligonucleotide to motor neurons. The
in vitro cellular uptake and in vivo tissue-specific delivery of CaP- lipid NPs were assessed using the following
models.
Experime ntal Methods: CaP-lipid NPs were prepared as described by Li et al1 with the addition of Lissamine
Rhodamine B-DSPE (LissRdB) for particle visualization. In vitro cellular uptake of CaP- lipid NPs into NSC-34
cells, a hybrid motor neuron- like cell line, was assessed by confocal microscopy using LysoTracker Green
DND-26. Primary mixed ventral horn cultures were generated from C57B6 Sod1tg/+ embryonic mice (E14)2
and characterised by immunocytochemistry. In vivo distribution was assessed using a well-established ALS
zebrafish model3 with fluorescent labelling of neurons and astrocytes in the spinal cord and brain, respectively.
Results and Discussion: The mechanism of in vitro cellular uptake was confirmed in NSC-34 cells where CaPlipid NPs partially co- localise with acidic compartments (Fig. 1). Primary mixed ventral horn cultures of
predominantly β-III tubulin-positive neurons had a high prevalence of cholinergic and/or motor neurons (Fig.
2), confirming their suitability for future uptake studies. Successful in vivo delivery of these NPs to the brain
and spinal cord was confirmed in zebrafish (Fig. 3), a powerful experimental vertebrate model for studying ALS

Figure 1. CaP-lipid NPs containing LissRdB (red) are internalized
into NSC-34 cells and partially co-localise (yellow) with acidic
compartments (green).

Figure 2. Characterisation of primary mixed ventral horn cultures by
immunocytochemistry with β-III tubulin pan-neuronal stain (red),
choline acetyltransferase (ChAT) stain for cholinergic neurons
(green) and Hoescht nuclear stain (blue).

Figure 3. In vivo distribution of CaP-lipid NPs containing
LissRdB (red) in the spinal cord and brain of a 6-dpf
zebrafish. CaP-lipid NPs were administered by microinjection
to (A) spinal cord, shown here with GFP-expressing neurons,
and (B) brain, visualised with GFP-expressing astrocytes.

Conclusions: Together, the methods outlined here were used to successfully describe the in vitro cellular
uptake and in vivo tissue-specific delivery of CaP-lipid NPs to motor neurons. Confirmation of in vitro cellular
uptake of CaP-lipid NPs in primary mixed ventral horn cultures of motor neurons is underway. Further in vivo
evaluation of CaP-lipid NPs in transgenic mouse models of SOD1 ALS is warranted.
References: 1. Li, J., Yang, Y., Huang, L., Journal of Control Release. 2012 (158) 108-114
2. Kieran, D. & Greensmith, L. Neuroscience 2004 (125) 427-439
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Purpose: Oral delivery of Simvastatin (SIM) is limited by both poor aqueous solubility and extensive intestinal
metabolism by CYP3A4 enzymes, resulting in a low systemic bioavailability of approximately 5 % [1]. Silicalipid hybrid (SLH) microparticles have been shown to enhance the oral bioavailability of drugs with limited
gastrointestinal solubility, owing to its internal nanoporous hybrid matrices which can retain encapsulated drug
in a non-crystalline state and regulate lipase mediated lipid digestion [2]. The current study aims to reformulate
SIM with SLH technology to overcome its intrinsic solubility limitations and therefore enhance its oral
bioavailability. Correlations between in vitro and in vivo (IVIVC) performance are explored.
Methods: SLH microparticles: SLH microparticles were fabricated using a two-step emulsification
solidification process. Specifically, high pressure homogenisation of a SIM containing water-in-oil Capmul
MCM emulsion, followed by overnight mixing with either Aerosil 300 (SLH-A) or Syloid 224 (SLH-S) silica
nanoparticles and subsequent spray-drying of the silica-stabilised emulsion. In-vitro dissolution studies: Extent
of SIM dissolution was quantified in pH 7.0 phosphate buffer containing 0.01 % sodium laurel sulfate (SLS).
In-vivo oral pharmacokinetic performance: Periodic blood samples were collected from the tail vein of
Sprague Dawley (SD) rats for up to 24 hours following oral dosing at a SIM equivalent dosage of 30 mg/kg.
Plasma concentrations of SIM and its active metabolite simvastatin hydroxy acid (SIMA) were quantified by
LCMS, following extraction via a plasma protein precipitation method.
Results: SIM was successfully encapsulated within SLH microparticles at a loading of up to 10 % (w/w). SEM
images revealed spherical SLH-A microparticles, comprising of visible nanoporous matrices (Fig.1).
Reformulated SIM was shown to significantly enhance the extent of in-vitro dissolution by 3.5-fold and 3.2-fold
for SLH-A and SLH-S respectively, compared to pure drug (Fig. 2). Similar trends were observed following
orally dosed in-vivo pharmacokinetic profiling of both SIM and SIMA, whereby the reformulated SLH
microparticles significantly increased the bioavailability in comparison with the pure drug.

Figure 1: SEM image of SLH-A
(Scale bar = 1 µm)

Figure 2: Dissolution profiles of pure SIM, SLH-S and
SLH-A

Conclusions: Herein, we have demonstrated the ability of SLH technology to overcome the intrinsic solubility
limitations associated with SIM in-vitro, correlating to enhanced pharmacokinetic performances of both the
parent drug and its active metabolite SIMA in-vivo.
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Purpose: The objective of this project was to develop a novel anti-cancer formulation using folic acid-grafted
bovine serum albumin decorated graphene oxide (FA-BSA-GO) as a targeting carrier to deliver doxorubicin
(DOX) with an ideal safety and efficacy.
The development of novel targeting nano-carriers for the delivery of anticancer drugs to tumor cells has
achieved promising outcomes in the pharmaceutical field 1. In the present study, a novel hybrid material as an
anticancer drug carrier was designed and prepared with FA-BSA-GO. DOX was selected as model drug and
loaded on FA-BSA-GO in order to demonstrate the targeting function of the developed drug carrier.
Methods: The FA-BSA conjugates were prepared before forming FA-BSA-GO nanocomposite in an
ultrasonicator. Its structure was confirmed by the fourier transform infrared. The in vitro characteristics of DOX
loaded FA-BSA-GO were evaluated, including morphology, size distribution, release profiles in different pH
buffer systems, cytotoxicity assay, and cellular uptake assay.
Results: FA-BSA-GO was successfully constructed as a drug carrier for tumor targeting. DOX loaded FABSA-GO demonstrated pH-dependent and desirable sustained drug release profiles that are ideal to facilitate
targeted drug release in the acidic environment of tumor cells. The in vitro cellular uptake and cytotoxicity
assays demonstrated that the FA-BSA-GO could specifically deliver DOX to folate receptor rich tumor cells
(e.g. MCF-7 cells).
Conclusion: The developed DOX loaded FA-BSA-GO preparation demonstrated a potential efficient strategy
to the clinical tumor therapy application.
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Screening of Parameters Affecting Supercritical CO2 Extraction of Freeze-Dried Leaf
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Figure 1. Pareto chart of (A) yield and (B) cytotoxicity.
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Purpose: To investigate the supercritical carbon dioxide (scCO2) extraction of Carica papaya
leaf juice and the cytotoxicity of the extracts on squamous cell carcinoma (SCC-25) cells.
Methods: In this study, a factorial
design was conducted to screen for Table 1. Experimental domain
experimental
parameters
of Factor Low level (-) Centre point (0) High level (+)
A
85
150
250
influence on the supercritical fluid
B
35
43
50
extraction (SFE) of papaya freezeC
30
120
180
dried leaf juice. Table 1 shows the
experimental domain of 6 factors
D
1
3
5
measured at two levels (26-2) to
E
absent
15
30
determine those most influential
F
absent
200
450
parameters
on
yield
and
cytotoxicity. The cytotoxicities of the papaya extracts towards SCC-25 squamous cell
carcinoma were evaluated using the MTT assay (1). The effects of pressure – bar (A),
temperature - °C (B), extraction time - minutes (C), loading of material – grams (D), sonication
– minutes 32-38 KHz water bath (E) as well as stirring rate – rpm (F) were evaluated using the
factorial design function in Minitab® Release 16.0 software (Minitab Inc. State College,
Pennsylvania USA).
Results and Discussion: C. papaya freeze-dried leaf juice was extracted using a lab-scale SFE
system employing CO2 as a solvent. Statistical analysis showed that a number of factors
investigated had significant effects on both responses (p<0.05). It was found (Fig. 1) that AC
had the highest effect on extract yield, while A, B, C, F, AB, and BD affected the cytotoxicities
of the extracts. The optimum processing values for yield are higher pressure (250 bar), lower
temperature (35 °C), and longer processing time (180 minutes). The optimum processing
values for cytotoxicity are higher pressure (250 bar), lower temperature (35 °C), longer
processing time (180 minutes), as well as more starting material (5 g). Figure 2 shows the
highest processing yield was 2.47% and the highest cytotoxicity on SCC-25 cells was 67.3%.
3
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1
0
0
(A)
(B)
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No. of experiments
Figure 2. Yield and cytotoxicity of
scCO2 extracts.

Conclusions: A factorial experimental design has successfully identified the key parameters
governing the extraction yield and cytotoxicity of C. papaya extracts on SCC-25 cells.
Acknowledgements: Kooi Y Khaw is funded by Research Training Program scholarship.
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Purpose: Clinical translation of nanoparticulate drug delivery systems (NPs) for cancer therapy has, to date,
been limited. Heterogeneity in the tumour stroma can reduce NP penetration into tumours (1). Hyaluronan
(HA) is a glycosaminoglycan present in many solid tumours and is associated with high interstitial fluid
pressure, impaired perfusion and poor prognosis. Preclinical models have previously shown that selective
removal of HA from the interstitium (via the use of PEGylated hyaluronidase – PEGPH20) can significantly
improve the delivery of macromolecules such as antibodies to tumours (2). Based on these observations, we
hypothesized that preadministration of PEGPH20 to degrade HA in the tumour stroma may improve
penetration of PEGylated NPs to tumours. The current studies therefore aimed to evaluate the impact of HA
degradation on NP uptake and penetration into tumours.
Methods: Fluorescent 20 and 200 nm spherical polystyrene NPs (Fluospheres) were PEGylated by surface
adsorption with Pluronic F127. NP uptake and penetration studies were determined in nude mice with
orthotopic human breast cancer xenografts. Animals were intravenously (IV) pretreated with 1 mg/kg
PEGPH20, 24 hours prior to NP dose (2.5 x 107 20 and 200 nm particles). Ex-vivo fluorescence of NPs in
intact tumours was measured four days post dose, using IVIS fluorescence imaging.
Results: Removal of HA in the tumour stroma led to changes in NP uptake and appears to be dependent on
NP particle size. 20 nm NPs accumulated more effectively in tumours pretreated with PEGPH20, whereas
little difference in fluorescent signal was observed in 200 nm NPs (Figure 1). Quantification of the
fluorescent signal confirmed that depletion of HA in the tumour stroma increases uptake of 20 nm NPs
(Figure 2, mean n = 6 ± SD, P<0.05). Improved uptake of the larger 200 nm particles was not apparent
during the time course of this study. However, it has been previously shown that NP of approximately 100
nm may benefit from coadministration with PEGPH20 (3).
20 nm NPs F127
PEGPH20 +
PEGPH20 -

200 nm NPs F127
PEGPH20 +
PEGPH20 -

Figure 1: NP uptake in tumours

Figure 2: Quantification of NP fluorescence

Conclusion: The data shows that removal of hyaluronan in tumours can influence NP uptake in mice and
that this change in uptake may be dependent on the size of the NP dosed. Further studies will explore how
physicochemical properties impact on NP uptake and will explore the behaviour of particles with
intermediate size. Subsequent confocal imaging studies will examine whether pretreatment of PEGPH20
increases tumour penetration and diffusion of NPs from tumour vasculature.
Acknowledgements: Halozyme Therapeutics, Australian Research Council LP140100377
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Introduction: Melanostatine (MST), a small peptide molecule, inhibits melanocyte stimulating hormone release
and also inhibits the human skin collagenase [1,2]. Esterified and acetylated MST showed improved topical
penetration that increased therapeutic and cosmetic efficacy [3]. The aim of this project was to improve MST
diffusion through/into skin by different physical penetration enhancers.
Methods: We investigated the efficiency of Elongated Micro Particles (EMP): FerodermTM, Microneedles (MN)
and DermaRoller® (DR) to improve the penetration of MST in stillborn piglet skin compared to passive diffusion.
The skin was collected from three different stillborn piglets, hair was removed by depilatory cream and
subcutaneous fat was removed carefully. Skin integrity was validated by measuring electrical resistance and trans
epidermal water loss (TEWL). The skin was treated separately with four different physical penetration
enhancement methods (EMP, MN, 12x and 24x DR application), mounted in Franz cell for diffusion studies.
200µL of 1% MST (w/v) solution was applied on the skin and penetration through the skin monitored over 8 h.
At completion, skin was removed, skin uptake and tape stripping was conducted to determine the drug retention
and distribution within the skin. HPLC method was developed, optimized and validated for analysing all samples.
Results: Cumulative amount of MST penetrated through skin over the 8 h experiment were 27.8±7.1, 39.6±3.9,
475.4±68.1 and 637.2±85.0 µg/cm2 for MN, EMP, 12x DR and 24x DR which were much higher than that of
passive diffusion (1.9±0.3µg/cm2) [n=8-9, p < 0.05]. A significant improvement in MST permeability coefficient
was achieved using both Dermaroller 12x and 24x roll compared to the passive diffusion. Tape stripping studies
showed a significant MST retention on skin surface and stratum corneum by passive diffusion compared to others.
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Figure 1. Comparative diffusion studies
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Conclusions: All physical enhancement methods increased MST penetration but there was substantial individual
treatment variability. Only Dermaroller demonstrated significant drug penetration that could allow rapid treatment
compared to current conventional therapy, thereby increasing patient compliance.
Acknowledgements: This study was funded by the NHMRC. We also acknowledge the NHMRC and Curtin
University for a Curtin International Postgraduate Research Scholarship (CIPRS) to Yeakuty M Jhanker.
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Purpose: The purpose of this study was 1) to develop a polymeric micelle- based delivery system to improve
the antimicrobial efficacy of the poorly-water soluble antiseptic chlorhexidine (CHX) and 2) to evaluate the
antimicrobial efficacy of CHX-loaded micelles against Staphylococcus aureus (S. aureus) biofilms in
comparison to CHX alone.
Methods: Chlorhexidine was loaded into multi-block Soluplus (Sol) graft micelles using two different
formulation methods: direct dissolution method and solvent evaporation method. Following the optimisation
of the formulation parameters particle size, CHX loading and encapsulation efficiency, the antimicrobial
efficacy of optimized formulations and unformulated CHX were determined in different in vitro S. aureus
(SA) biofilm models.
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Results: Using the direct dissolution method, CHX was efficiently encapsulated (87% ± 2.8) within
polymeric micelles of (59 ± 2.1 nm) and a drug loading of (7.9 ± 0.4%). This formulation method is preferred
to the solvent evaporation method, which produced a large particle size of (160 ± 14.1 nm), with low
encapsulation efficiency of (26 % ± 4.9). CHX-loaded micelles were significantly more effective (p < 0.0001)
in reducing the SA biofilm biomass (33 ± 2.0%) compared to CHX alone (65 ± 4.6%). Higher activity was
achieved by CHX-loaded micelles against the biofilm-embedded microbes (1.4-fold reduction in the number
of biofilm organisms) than CHX alone suggesting that CHX-loaded micelles were able to overcome the
inhibitory effect of the biofilm matrix against unformulated CHX.

Figure 2. The colony-forming units of
remaining biofilm-embedded bacteria after
24 hours exposure.
*Significant difference between CHX-Sol
and CHX (p= 0.01).

Conclusion: The antimicrobial efficacy of CHX is enhanced by its optimal encapsulation in polymeric
micelles. CHX loaded polymeric micelles demonstrated promising anti-biofilm activity which may broaden
their application in controlling biofilms.
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Purpose: Protein based antigens are at the forefront of vaccine research, with immunisation being the
best preventative health measure against infectious disease. Many limitations are associated with
injectable vaccines, therefore oral administration is investigated to overcome such challenges. However,
significant barriers to the oral delivery of protein antigens exist, namely stability in the harsh
gastrointestinal environment and low intestinal permeability. Mesoporous silica nanoparticles (MSN)
have been established as an effective delivery system for small molecule drugs, affording advantages
such as high surface area to volume ratios, ease of functionalisation and biocompatibility. It is envisaged
that these findings may be translated for the effective oral delivery of protein antigens. Here, the
relationship between particle size, pore size and release kinetics is explored, followed by the influence
of such properties on protein and nanoparticle cellular uptake and transport.
Methods: MSN with controllable morphology were prepared
from oil-in-water emulsions1 and loaded with Fluorescein
isothiocyanate-conjugated
ovalbumin
(FITC-OVA).
Characterization was performed via dynamic light scattering
(DLS), nitrogen sorption and BET analysis, and X-ray
photoelectron spectroscopy (XPS). Drug release was determined
in vitro under simulated gastric and intestinal conditions and later
analysed using kinetic models. In vitro uptake and transport
studies were undertaken using caco-2 cell models and an
intestine-on-a-chip (IOAC) model2 and analysed via flow
cytometry to identify permeation of the protein and carrier.
Results: MSN of size 40 nm and 100 nm (mean pore diameter 9
nm) were synthesized (Fig 1). Loading by physical adsorption of
19 and 29 µg/mg was achieved for the 40 nm and 100 nm
particles respectively. Loading was 5 times greater compared to
1. TEM images of (A) 40 nm and (B) 100nm
equivalent sized non-porous silica particles. Despite exhibiting Figure
MSN
greater loading, MSN of larger size achieved reduced cumulative
release over a 10-day period. Kinetics data from both particles followed biphasic release profiles in PBS
with initial fast release followed by slower sustained release. XPS data confirmed antigen presence
within the pores and was further supported by BET analysis. Caco-2/Raji-B co-cultures and the IOAC
analysis provided evidence of size-dependent cellular uptake and transport.
Conclusions: MSN of size 40nm and 100nm were successfully loaded with FITC-OVA. These carriers
afford protection of the biological payload through the harsh gastric environment, prompting release in
the small intestine. Distinct differences in loading, release and permeation are observed, alluding to
particle size- and pore-size dependent behaviour. These investigative conclusions suggest merit in
further development of these carrier systems for the effective delivery of oral vaccines.
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Abstract Summary: Here, we demonstrate the conjugation of a cell penetrating peptide (CPP) to the
surface of PLGA nanoparticles using microfluidics.
Introduction: The conjugation of cell penetrating peptides (CPPs) to the surface of PLGA nanoparticles
can enhance interactions at the nano-bio interface to increase the uptake of nanoformulations. A new
method to produce CPP-tagged PLGA nanoparticles is microfluidics. Microfluidics enables the efficient
production of uniform nanoparticles by mixing small volumes of fluids within the microchannel in a
controlled and predictable manner. [1, 2] Our aim is to investigate the utility of microfluidics for the
efficient production CPP-tagged polymeric nanoparticles.
Methods: PLGA (50:50, ester terminated) was dissolved in acetonitrile (10 mg/mL) and mixed with a
PVA solution (2% w/v) at a flow rate ratio of 6:1 (aqueous:organic) and a total flow rate of 10 mL/min
using the NanoAssemblr™ Benchtop Device. The CPP RRH was conjugated to PLGA nanoparticles
using EDC/sulfo-NHS chemistry. Size and zeta-potential were determined using dynamic light
scattering. The conjugation was analysed using MALDI-TOF mass spectrometry. To quantify the
efficiency of the CPP conjugation to the exterior of the nanoparticles HPLC was used. A traditional bulk
method was compared to microfluidics using a design of experiment approach.
Results: The nanoformulations with RRH had a size of 209 nm ± 1.3 nm. The cationic charge of RRH
was not sufficient to significantly alter the zeta-potential and produce positively charged nanoparticles
(ζ-potentialbefore -34.5 mV, ζ-potentialafter -31.7 mV). The covalent conjugation of the CPP to the PLGA
polymer was confirmed with MALDI-TOF (Figure 1). PLGA nanoparticles produced with the traditional
bulk method had a size of 146 nm ± 0.5 nm and using microfluidics, the size was 136 nm ± 0.8 nm.
Figure 1. MALDI-TOF spectrum of RRH
surface-decorated PLGA nanoparticles. Polymer
fragments are lactic acid (LA), glycolic acid
(GA) and a carbonyl group fragment (CO). RRH
is indicated with a blue circle and the blue arrows
indicating further conjugation peaks of PLGA
and RRH.

Conclusions: Here, we showed the successful conjugation of RRH to PLGA nanoparticles using a
microfluidic approach. In addition, the use of microfluidics shows the formulation of nanoparticles with
a smaller size and a lower PDI in comparison to the bulk method.
Acknowledgements: We thank Dr Torsten Kleffmann and Diana Carne (Department of Biochemistry,
University of Otago) for help and advice with MALDI-TOF and Pummy Krittaphol for help with HPLC.
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Polymer precipitation inhibitors can maintain drug supersaturation and increase the rate of absorption
from lipid-based formulations
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Purpose: Lipid-based formulations (LBFs) have emerged as a promising formulation strategy to overcome the
issue of solubility-limited absorption, thereby improving the oral bioavailability of poorly water-soluble drugs
(PWSDs). After oral dosing the solubilizing capacity of LBFs alters in the gastro-intestinal (GI) tract, often
resulting in supersaturation and the potential for drug precipitation. To stabilize the metastable supersaturated
state, polymer precipitation inhibitors (PPIs) may be added to LBFs to inhibit drug precipitation, potentially
resulting in increased drug absorption. The current project is exploring the solubility-supersaturation-absorption
relationship when using PPIs in LBFs, by measuring drug flux in an in vivo experimental model.
Methods: A coupled in vitro digestion - isolated rat jejunum model (Figure 1), has been employed to evaluate in
real time the impact of PPIs on drug flux. Fenofibrate and saquinavir were chosen as model PWSDs. The ability
of different polymers to maintain drug supersaturation from precipitating formulations was screened using an in
vitro dispersion and digestion model (Figure 1-1). The best performing polymers were subsequently tested using
the coupled model to examine if the prolonged supersaturation in vitro was translated into increased drug flux
across the intestinal membrane.
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Results: Addition of selected PPIs (eg. PPGAE, (poly-(propylene glycol) bis(2-aminopropyl ether)) prolonged
supersaturation and led to increases in fenofibric acid absorption of up to ~ 4-fold (Figure 1-2A,B). Reasonable
correlation was evident between the degree of supersaturation and drug flux suggesting that increases in the
intraluminal free drug fraction were driving increased absorption (Figure 1-2C). This observation reinforces the
idea that relatively brief periods of supersaturation are sufficient to promote drug absorption, at least for highly
permeable drugs. Further studies will explore the effects of PPIs on the absorption of a less permeable drug,
saquinavir.
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Figure 1. Coupled in vitro digestion-in vivo absorption model (1) with the results (2) obtained after in situ perfusion of the vessel
content (fenofibrate) through the jejunum of an anesthetized rat.

Conclusions: This work demonstrates the utility of the coupled in vitro digestion-in vivo absorption model in
developing a better understanding of drug absorption from polymer-containing LBFs. The data suggest that PPIs
can support prolonged drug supersaturation and that this results in improved absorptive drug flux in vivo.

Skin Migratory Dendritic Cells Targeted and Tolerized by Calcitriol-peptide Liposomes Supress Antigenspecific Autoreactive T cell Expansion and Memory Differentiation to Regulate Autoimmune Arthritis
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Purpose: Current treatments to control autoimmune arthritis and vasculitis use broadly immunosuppressive drugs,
associated with undesirable side effects. Antigen-specific immunological tolerance strategies are preferable to control
both cellular and humoral immune responses in autoimmune diseases, using the natural process of antigen presentation
by dendritic cells (DCs) to control the balance of regulatory T cells (Treg) relative to pathogenic effector (Teff) T cells
and B cells. In a phase I clinical trial, we observed, intradermally-injected autologous DCs exposed to citrullinated
peptides and BAY11-7082 reduced circulating Teff and increased the ratio of Treg to Teff in rheumatoid arthritis[1].
However, simpler strategies are desirable for widespread clinical use. Hence we have developed a strategy for passive
targeting of DCs in situ after s.c. delivery of a nanoparticulate liposome formation encapsulating peptide and NF-kB
inhibitor.
Methods: Egg phosphatidylcholine liposomes encapsulating 1,25 dihydroxycholecalciferol (calcitriol) and OVA323-339
or aggrecan89-103 peptide were prepared by thin film hydration. Distribution of Texas-Red-labeled liposomes was
assessed with confocal imaging and flow cytometry. DO11.10 OVA-specific memory T cells were generated ex vivo.
The response of transferred T cells to liposomes administered s.c. was assessed by flow cytometry. Proteoglycaninduced arthritis (PGIA) was induced with recombinant human proteoglycan and DDA adjuvant. IAd-aggrecan
tetramers identified aggrecan-specific T cells.
Results and Discussion:
Liposomes encapsulating calcitriol and peptide were 90-130 nm, with a polydispersity index of 0.086-0.105 and
average zeta potential of -45 mV. After s.c. administration, liposomes encapsulating calcitriol and peptide rapidly
distributed to the subcapsular sinus, then penetrated dLN, with the majority taken up by CD11b+CD11c+MHC class
II+ migratory DCs. Two s.c. injections of OVA323-336/calcitriol liposomes suppressed antigen-specific CD4+ T cell
expansion and IFN-g production and induced antigen-specific Foxp3+ peripheral (p)Treg. The induced pTreg
suppressed proliferation of and promoted IL-10 production by a second cohort of OVA-specific Teff. In the
proteoglycan-induced arthritis (PGIA) model, s.c. aggrecan89-103/calcitriol but not OVA323-339/calcitriol liposomes
prevented disease development and suppressed the severity of established arthritis, associated with reduced
autoreactive T cell expansion and reduced memory and follicular-helper T cell differentiation relative to naïve T cells.
Conclusions: Skin migratory DCs are targeted and tolerized by calcitriol-peptide liposomes, triggering “infectious”
antigen-specific tolerance mechanisms to regulate autoimmune arthritis.
MHC-II

Fig
1.
Schematic
representation of liposomes
co-encapsulating peptide and
calcitriol for antigen specific
therapy.

CD11c

Fig 2. Draining lymph nodes (DLN) were
collected 15 min following s.c. injections of
TXR-labelled. Sections were stained with
AF488-I-A/I-E and AF657-CD11c to assess
localization of liposomes.
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Purpose: Airway stents are the largest means of palliative treatment for patients suffering from central airway
obstruction (CAO). CAO may occur directly from airway stenosis, respiratory cancers, or tracheobronchial
malacia.1 Current airway stents have fixed or limited geometry that result in many shortcomings2 which
includes granulation tissue formation during placement and, radial forces that may cause necrosis in the
airways. Improper geometric conformity to individual patients also leads to stent dislodgement and failure.1, 2
This project aims to identify materials and designs that are suitable for the development of a biocompatible
personalised airway stent using a novel stereolithography (SLA) 3D-printing platform to match individual
patient airway geometries based on their airway Computer Tomographic (CT) scans.
Methods: Selected materials (i.e. flexible methylacrylic acid ester based polymer) were assessed for their
biocompatibility, whereby a 8 x 8 x 1 (mm) object design was created in 3-dimensional computer aided design
(CAD) software and sent to an SLA resin-based 3D-printer, to be printed. The materials were subsequently
submerged in Dulbecco’s Modified Eagle Medium (DMEM/F-12) Eagle Nutrient Media (10% foetal bovine
serum) and media samples collected without replacement, daily for four days, and then after seven and fourteen
days. Immortalised human healthy (BEAS-2B) and adenocarcinoma-derived (Calu-3) bronchial epithelial celllines was seeded with fresh DMEM/F-12 Nutrient Media for 24 hours, prior to replacement with materialsubmerged media for 72 hours. Cytotoxicity was determined for each cell-line as per MTS assay protocol.
Results: There was a significant reduction in the viability of BEAS-2B and Calu-3 cell lines that were exposed
to the flexible methylacrylic acid ester polymer (Figure 1 and 2). Over days 1-7, contact with the polymer was
found to be toxic to all cell lines, including healthy bronchial epithelium (BEAS-2B, P < 0.0001) and bronchial
epithelium derived from a cancer cell line (Calu-3, P = 0.0001), with significant cell growth recovery on day 14.

Figure 1. Proportion of viable BEAS-2B cells over
14 days of exposure to flexible methylacrylic acid
ester polymer (n= 3). Error bars denote ± SD

Figure 2. Proportion of viable Calu-3 cells over
14 days of exposure to flexible methylacrylic acid
ester polymer (n=3). Error bars denote ± SD

Conclusions: The cured, flexible methylacrylic acid ester based polymer, was toxic to both healthy and
cancerous bronchial epithelial cell lines. This study ultimately eliminates the possibility of this particular
flexible material being used in an implantable device. However, other materials such as polylactic acid are
being identified as potential target materials for 3D-printable polymers for use in a personalised airway stent.
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Introduction: Lymphangioleiomyomatosis (LAM) is caused by mutational inactivation of the tumor suppressor
genes, tuberous sclerosis complex 1 (TSC1) and TSC2. It is characterized by uncontrolled growth of smooth
muscle cells in the lungs, forming neoplastic cysts that can spread via the lymphatic system to other parts of the
body [1]. The current oral treatment of Rapamycin available for LAM has low bioavailability (15%) and can
result in unpleasant side effects. Thus, the aim of the current study is to develop an inhaled formulation of
Rapamycin Solid Lipid Nanoparticles (SLN) for the treatment of LAM which will have the advantage of
protecting the drug from degradation, increasing the in-vivo half-life, allow delivery into the lymphatic system
[2], and overcome the problems of low bioavailability with oral treatments.
Experimental Method: Rapamycin and gliceryl behenate (Compritol888) were dissolved in methanol and
dichloromethane, respectively. Subsequently, the organic solvents were evaporated using a rotary evaporator
(RV8, IKA Rotary Evaporator), the resulting dry lipid-drug film mixed with a hot aqueous surfactant (Tween80,
1.5% w/v) solution, and homogenized at 70˚C for 15 min. The cooled suspension was then centrifuged and
freeze-dried overnight with 5% (w/v) mannitol. The encapsulation efficiency of the formulation was determined
by measuring the amount of untrapped drug in aqueous media following centrifugation with Amicon Ultra
centrifugal filters (Millipore). The size and charge of the SLNs were assessed using the zetasizer (Nano SZ,
Malvern Instruments) and morphology evaluated using Transmission Electron Microscopy (TEM). In-vitro
aerosol performance of the nebulized formulation was evaluated using the next generation impactor (NGI) at a
flow-rate of 15L/min.
Results and Discussion
Table 1: Summarized characteristics of the SLNs
Size (nm)
237.5±1.8
(PDI = 0.41)

Charge
(Potential)

Encapsulation
Efficiency (%)

-11.16 ± 0.59

97.32 ±1.28

Figure 1. TEM image of SLN of Rapamycin.
The SLNs of Rapamycin were found to have an average particle size of 237.5±1.8nm (PDI=0.341) and a
negative charge of -11.16 (Table 1). The particle size and morphology was further confirmed via TEM image
(Figure 1) showing uniform round shaped, smooth nanoparticles around 200nm. The formulation showed good
encapsulation efficiency with 97.32 ±1.28% (Table 1) of Rapamycin being encapsulated into the lipids. The
Fine Particle Fraction (FPF) and Mass Median Aerodynamic diameter (MMAD) was 44.127±5.1% and 5.317
±0.38∝m, respectively, making it suitable for pulmonary delivery.
Conclusion: The current study successfully resulted in a formulation of a Rapamycin SLNs with the right
particle size (~200nm), charge (negative) [2] and encapsulation efficiency for entry into the lymphatic system.
The formulation also showed good in-vitro aerosol performance, making it suitable for deep lung delivery.
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Purpose: Growth in understanding the role that lymphatics contribute to illnesses like cancer, inflammatory and
metabolic diseases has led to an increased interest to target drugs to the lymphatics1. Clinical translation of the
lymphatic drug delivery strategies developed preclinically is however impeded by an incomplete understanding
of factors that promote lymph transport and the incapability to predict or quantify lymph uptake in humans due
to the invasive surgical procedures needed to collect lymph. This study aimed to 1) collect thoracic lymph from
human patients intraoperatively, 2) compare intestinal lymph flow, lipid and drug lymph transport across
preclinical species and humans, and 3) develop models to predict intestinal lymph flow, lipid and drug lymph
transport in human patients.
Methods: Thoracic lymph was collected from human patients by an intraoperative cannulation method that
allowed for postoperative serial sampling. Mice, rats, dogs and the patients were administered lipid feed +/- model
lipophilic drug (halofantrine or α-tocopherol) at different rates intestinally. Then mesenteric or thoracic lymph
was collected. Lymph flow rate, triglyceride (TG) and drug concentration in collected lymph were measured.
Results and Discussion: Surprisingly, lymph flow rate, TG and drug transport (Figure 1) increased with respect
to body weight and scaled allometrically according to the following equations: L = aM0.93 and D = bM0.3 (where
L is rate of fluid or lipid transport into lymph (ml/h or mg/h), D is the proportion of the drug dose transported into
lymph (% dose), M is the body mass of the animal (kg) and a and b are constants). It has also been extensively
reported that venous blood flow scales allometrically with an exponent of 0.752. Therefore the increase in
lymph:blood flow ratio with size is the possible reason that intestinal lymphatic lipid and drug uptake increases
with body weight.

Figure 1. Allometric scaling of (A) TG lymph transport rate (mg/h) and (B) % halofantrine transport in fasted
state versus body weight (kg) across species
Conclusions: Overall, the data from this study suggest that lymph flow, lipid and drug uptake in humans can be
predicted from data in preclinical species using allometric scaling and that lymphatic drug uptake in humans is
significantly greater (4-5 fold) than small animal species.
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Purpose: Low drug loading frequently limits the broader application of lipid based drug delivery systems such
as silica lipid hybrids (SLH) for oral use. This study investigated a first time concept of using supersaturation [1]
to prepare solid ‘super-SLH’ with improved drug loading and performance. Consequently, the purpose of this
research was to (i) develop a supersaturated silica lipid hybrid formulation (super-SLH) for the oral delivery of
the model poorly water soluble drug ibuprofen (IBU) with greater drug loading than previously published (5.6%
w/w) [2], (ii) investigate the relationship between super-SLH drug load and in vitro dissolution and (iii) perform
an in vivo oral pharmacokinetic study to compare the oral delivery performance of pure IBU and the most
promising super-SLH formulations to draw conclusions on the potential of the innovative formulations.
Methods: Super-SLH were fabricated by dissolving IBU in lipid (Capmul PG8) at ≥ 60 °C and subsequent encapsulation within porous silica microparticles (Parteck SLC 500) (particle size of 9-11 µm and pore size of 6
nm) to inhibit IBU precipitation upon cooling (Figure 1).

Figure 1. Schematic of super-SLH fabrication.
Results and Discussion: The generated super-SLH particles were solid powders containing 8, 16, 25, 36 and
44% w/w IBU. Compared to pure IBU, the super-SLH displayed enhanced drug release rates and extent of dissolution (2-8 fold) under simulated gastric conditions. An increase in drug load correlated with an increase in
IBU release per unit of formulation, but a decrease in percentage IBU release. These trends were attributed to
the solid state of IBU in super SLH as observed by differential scanning calorimetry and X-ray diffraction. With
an increase in drug load, there was an increase in the degree of IBU crystallinity, from molecular to predominately amorphous or semi-crystalline. These physicochemical and in vitro data are correlated with the findings
of an in vivo pharmacokinetic study in Sprague Dawley rats, i.e. a single oral dose at 10 mg/kg equivalent IBU
and blood sample analysis over 24 hrs (at n = 4). More specifically, the relationship between the Cmax and AUC
values from the super-SLH formulations and the drug’s physical form and solubilisation performance is reported.
Conclusions: A novel supersaturation method was established that significantly increased the drug loading of
SLH to generate super-SLH that performed significantly better than pure IBU in vitro and in vivo. Super-SLH
offers a promising new formulation strategy for the oral delivery of poorly water soluble drugs of low potency
and large dose due to its improved drug loading.
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Purpose:
To determine the saturation solubility of albendazole (ABZ) in supercritical carbon dioxide (scCO 2) and effect on
polymorphism using infrared spectroscopy, X-ray diffraction, and thermal analyses.
overhead stirrer motor

Methods:
In this study, the method was adapted from
Sherman et al. 2000 (1). (Figure 1) SCF
reaction vessel was depressurized after
different time points, for solubility study
(with mesh) at 1 hr, 2 hr, 3 hr, 5 hr, 6 hr, 9
hr 12 hr, 12 hr (without mesh) and 15 hr
and after 2 hour for characterization, such
as: FTIR, DSC, TGA and X-Ray
diffraction.
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Figure 1: Schematic diagram of the SCF setup. 1: liquid CO2,
2: syringe pump, 3: reaction vessel, 4: temperature monitor

Results and Discussion:
It is clear from the Figure 1 that solubility curve starts to become linear after 9 hrs (7.23 mg) and achieve saturation
solubility of 7.29 approx. mg in 60 mL of scCO2 at 15 hr. ABZ is practically insoluble in water (with Log P of 2.7). The
thin layer attached to the walls of high pressure vessel, in Figure 2 indicates, that ABZ was probably dissolved and has
precipitated out when CO2 was reverted back to a gas. The experiment without mesh was performed to see, if mesh cover
provide any hindrance for solubility of ABZ in scCO2, and showed similar results. The XRD (Figure 3) and FTIR
analyses confirmed no polymorphism. The DSC/TGA thermograms also proved, no change in crystalline form of ABZ.
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Figure 3. XRD of pure and SCF processed ABZ.

Conclusions: The results showed that solubility of ABZ in scCO2 reach to saturation point after 9 hrs. Moreover, scCO2
did not induce change in solid state.
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Abstract: Hydrogels are soft materials that possess 3D network structure with tuneable
physical and chemical properties1, 2. Hydrogels have been investigated for their use in drug
delivery, as gel solutions can be loaded with biologically active compounds, such as
chemotherapeutic drugs. The hydrogel carrier (I) present temporal control over release profile
of chemotherapeutic agents and subsequently enhances the intercellular uptake in cancer
cells, (II) offers protection from degradation or clearance, for loaded drugs, until they are
released3. Howbeit, pristine hydrogels came up short in cancer drug delivery due to their
intrinsic burst release profile and low loading capacity 4. In this study, in an attempt to
address such short comings, we have designed a core-shell wet-spun fiber, where the core
was comprised of bioinspired catechol conjugated alginate (with adhesive properties) loaded
with the chemotherapeutic drug (Gemcitabine) and the shell contained a UV-cross linkable
alginate-methacrylate. The results suggests that employment of such specific composition in
core-shell structure considerably increased the loading capacity of fibers three times more
than single fibers and interestingly the initial burst release was reduced 30 % compared to
single fibers. Of note, these co-axial fibers also demonstrated superior mechanical properties
in wet state once compared to single fibers. Overall, our results indicate the competency of
such core-shell fibers as drug delivery depots to locally battle invasive tumor cells.
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Purpose: Inflammatory bowel disease (IBD), which primarily refers to Crohn’s disease (CD) and ulcerative
colitis (UC), is characterised by chronic inflammation of the lower part of gastrointestinal tract (GIT).
Nanoparticles have been proven able to selectively accumulate at inflamed site because of uptake of presence
increased immune response cells and epithelial cells with disrupted mucin barrier when given orally. In this
study, we designed a colon targeting drug delivery system by modifying mesoporous silica nanoparticle by
coating them with pH-responsive polymer Eudragit. The combination of inflammation targeting silica
nanoparticles and pH-responsive release will lead to colon targeted drug release with improved therapeutic
efficacy and also reduction of side effects of steroidal anti-inflammatory drugs.
Methods: Mesoporous silica nanoparticles with particle size of 100 nm were functionalized with amino group
for further coating. Eudragit S-100 was used for pH-responsive coating and prednisolone was used as steroid
drug model. PH-responsive release of prednisolone was studied in 37 oC PBS from pH 1.2 to pH 7.4. In-vivo
release will be studied on C57BL/6 mice with dextran sulfate sodium (DSS) induced colitis as a model of
colorectal inflammation.
Results and Discussion: Synthetized mesoporous silica nanoparticles exhibit high loading capacity but showed
burst release of prednisolone. After Eudragit coating burst release at pH 1.2 was prevented. Drug loaded silica
nanoparticles show sustainable release in pH 7.4 for more than 24 hours. As a result, oral delivered synthetized
mesoporous silica nanoparticles will be able to carry prednisolone to colon without premature release. Once
silica nanoparticles reached colon, they will selectively accumulated at inflamed site providing sustainable
release of prednisolone.

Figure1. TEM images of silica nanoparticles before and after coating.

o

Figure2. Prednisolone release in buffer at 37 C (pH was
adjusted from 1.2 to 7.4 at 5 hours after release).

Conclusions: Inflamed accumulating silica nanoparticles have high loading capacity and after coated with pHresponsive polymer, these silica nanoparticles exhibit almost no release in low pH environment. And in pH 7.4,
coated silica nanoparticles exhibit sustainable release instead of burst release. The results indicate that these pHresponsive silica nanoparticles is able to carry loaded drug to colon by orally delivery. Once the nanoparticles
reach colon, they are also able to provide long duration of release when accumulating at inflamed sites. All
these properties makethese particle perfect choices for inflammatory bowel disease treatment.
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Purpose: Lurasidone (LUR) is a BCS class II drug which demonstrates low aqueous solubility leading to poor
oral absorption and bioavailability. Additionally, LUR exhibits a clinically significant food effect in which
bioavailability is enhanced two-fold when administered postprandially. Lipid-based drug delivery systems
(LBDDS) mimic the effects of food by enhancing solubilisation within the gastrointestinal tract. An alternative
approach is the use of drug nanocrystals which are subject to rapid dissolution regardless of the presence or
absence of food [1]. This project explores the individual and combined effects of drug nanocrystals, LBDDS and
nanostructured carrier materials in mitigating the pharmaceutical food effect for improved oral delivery of LUR.
Methods: Preparation of LUR nanosuspension (LUR NSP): A nanosuspension containing LUR and HPMC
E50 (1:2.5) was fabricated using high pressure homogenisation. Homogenisation was applied at 1000 bar for 2
cycles and 1500 bar for 20 cycles. Preparation of LUR silica-lipid hybrid (SLH) microparticles: LUR-SLH
microparticles were prepared via a two-step process: (i) homogenisation of a Capmul MCM emulsion containing
drug and overnight stirring with silica nanoparticles, and (ii) spray-drying of the silica-stabilised emulsion [2]. In
vitro dissolution studies: Dissolution studies of LUR formulations were conducted using a consistent dose of
LUR in pH 7.4 phosphate buffer and in fed and fasted state simulated intestinal fluid (FeSSIF/FaSSIF).
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Figure 1: Dissolution profiles of LUR formulations
in pH 7.4 phosphate buffer
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Results: The mean particle size of LUR drug crystals was successfully reduced to 435  15 nm. In vitro
dissolution studies in phosphate buffer revealed that the LUR nanosuspension increased the extent of dissolution
1.7-fold in comparison to pure, unmodified drug (Fig. 1). Additionally, the nanosuspension also enhanced
dissolution more than 12-fold compared to pure drug when in fasted-state conditions suggesting that drug
nanocrystals are capable of reducing the positive food effect. SLH microparticles significantly enhanced fastedstate dissolution compared to pure drug (> 10-fold increase) with a reduction in fed and fasted state variability
(Fig. 2). Due to acting via different mechanisms, particle size reduction was combined with SLH microparticles
to investigate the synergistic effect. The novel LUR NSP-SLH formulation demonstrated a further enhancement
in dissolution compared to when the technologies were used alone.
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Figure 2: Dissolution of novel LUR formulation
and pure drug in FaSSIF media

Conclusions:
SLH microparticles and drug nanosizing has the potential to enhance dissolution of LUR whilst also reduce the
pharmaceutical food effect. This illustrates the potential for a novel delivery system which allows for dosing of
LUR without co-administration with food.
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Purpose: Locally advanced pancreatic cancer (PC) has the lowest survival rate of any cancer (3-10
months). The incidence of PC is almost equal to its mortality, with a 5 year survival of less than 7%
for all stages.1 Less than 20% of patients have resectable tumours, for which surgery is the only
potential cure. 2 The aim of this project is to develop and characterise dual-drug loaded coaxial
fibres that will deliver a sustained, lethal dose of gemcitabine and paclitaxel to patients with nonresectable PC. These fibres are designed to be inserted intratumourally to locally deliver high
concentrations of drug with minimal side effects to the patient.
Methods: Coaxial fibres were fabricated using wet-spinning from 15% PCL (shell) and 3%
alginate (core). Core shell fibres contained either gemcitabine in the core, or paclitaxel in the shell
Morphology was assessed using scanning electron microscopy (SEM). Drug release and
encapsulation was measured using HPLC and UV-Vis. In vitro cytotoxicity was assessed using 2
PC cell lines – MIA-PaCa-2 and PANC-1- grown as a 2D monolayers, or 3D tumour spheroids.
Results & Discussion: SEM of coaxial fibres showed a clear core-shell conformation (Fig 1).
Paclitaxel loaded coaxial fibre in lengths of 2.5 mm effectively killed 69-89% of cells after 72 h of
treatment (Fig 2), and gemcitabine loaded coaxial fibres killed 20-37% over the same time period.
Over the first 6 h, 85% of the gemcitabine and 70% of paclitaxel is released from each coaxial
fibre.
A

Figure 2: SEM images of hydrated
coaxial fibre with a 15% PCL shell,
2% alginate core

B

Figure 1: PANC-1 cells treated over 72 h with 2.5 mm lengths of fibre
containing A) no drug, B) paclitaxel

Conclusions: Coaxial drug loaded fibres have shown to be efficacious against multiple PC cell
lines. Dual drug loaded coaxial fibres containing both paclitaxel and gemcitabine showed greater
cytotoxicity than when administered as single agents. These promising results demonstrate scope
for further preclinical evaluation of implantable 3D drug delivery structures manufactured from
these fibres for the localized treatment of non-resectable PC.
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Purpose: With the prevalence of antibiotic-resistance and its associated morbidity rapidly
increasing, the call for new antibiotics is at an all-time high. Preclinical analysis of novel
styrylbenzene antibiotic Ramizol® demonstrated high activity against a broad range of grampositive bacteria through a MscL mediated action[1], however it exhibited rapid clearance from the
blood[2]. Extended release PLGA formulation combined with subcutaneous (SC) and
intramuscular (IM) administration aims to increase the presence of Ramizol® in the blood and
enhance its overall efficacy in systemic infection treatment.
Methods: Optimised PLGA particles were formulated using an emulsification method. Particle
size analysis was performed using dynamic light scattering (DLS) and drug load and in vitro
release were quantified using UV-Vis spectrophotometry. Optimal particulate formulations were
administered to Sprague Dawley (SD) rats (n=4) and blood samples retrieved from a jugular
catheter or tail vein. Analysis of blood samples was performed using HPLC.
Results: Ramizol®
Table 1: Pharmacokinetic analysis of particulate formulations in comparison to oral and
IV administration of free drug.
encapsulated PLGA
tmax (h) Cmax (ng/mL) AUC∞ (ng.h/mL) t ½ (h)
particles were in the Delivery route
0.25
411
692,000
8.49
size range of 400- IV
Oral
1.1
159
1380
10.5
1400
nm
with
SC PLGA particles 8
1,740
116,000
91.9
encapsulation
1,910
93,200
61.3
efficiency
greater IM PLGA particles 8
than 77%. In vitro release analysis confirmed extended release with complete release at 72 hours.
Particulate samples delivered in vivo demonstrated increased tmax and t1/2 following SC and IM
delivery. Additionally, Cmax was increased 4.2 and 4.6-fold for SC and IM delivery, respectively
when compared with IV dosing.
Conclusions: Administration of particulate formulations consistently increased Cmax for both SC
and IM delivery routes compared to IV administration, confirming an increased exposure.
Increased Tmax and T1/2 further confirmed controlled release from the PLGA particles in vivo.
Further investigation into an appropriate therapeutic window will allow for reduced dosage
frequency and superior infection eradication.
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Abstract Summary:
Liposomes are used to develop a novel cancer drug delivery system with drug nanocrystals and click chemistry surface
modifications. Firstly, the liposomes with drug nanocrystals, called “pregnant liposomes”, were characterised in detail.
Secondly, the “clickable” pregnant liposomes were used to target cells and the drug delivery efficiency was quantified.
Introduction:
Liposomes, as drug delivery carriers constructed by phospholipid bilayers, are able to encapsulate high dose of drug and
achieve targeted delivery by surface modification. Copper–free click chemistry is a type of fast and high-yielding
chemistry reaction between azide and cyclooctyne1. The crystallisation of drugs in functionalised liposomes is able to
decrease the administration frequency and minimise side effects dramatically.
Experimental Methods:
HSPC, DSPE-PEG2000, DSPE-PEG2000-Azide and cholesterol were used to prepare liposome. Drug was loaded using
pH-gradient loading method and crystallised with the freeze-thaw method2. The liposomes were characterised by using
DLS for particle size, cryo-TEM for nanocrystal morphology, WAXS in Australian Synchrotron for nanocrystal
polymorphism, reverse dialysis for surface azide quantitation, and SANS in ANSTO for shape and sizes of the drug
nanocrystals. Then lung cancer cells were then metabolically labelled3 using acetylated dibenzylcyclooctyne (DBCO)
modified unnatural mannose to express DBCO functional group on the surface. The azide functionalised liposomes were
then incubated with the cells for targeting and the binding efficiency was determined quantitatively with TIRF.
Results and Discussion:
Liposomes with a particle size of 120-150 nm, achieved a drug encapsulation efficiency of 95%. Drug nanocrystals were
clearly visualised in cryo-TEM (Fig 1) and its polymorphism was determined by WAXS in Australian Synchrotron (Fig
2). The amount of available azide group on the surface of liposomes was determined to be 10%. Currently, we are
investigating the click chemistry binding efficiency of liposome nanoparticles to A549 lung cancer cells quantitatively.

Figure 1 Cryo-TEM image of liposomes and drug nanocrystals

Figure 2 WAXS diffractogram of drug nanocrystals in the liposomes

Conclusions:
Liposomes with encapsulated drug nanocrystals and click chemistry modifications possess a great potential in cancer drug
targeted delivery. Drug nanocrystals were successfully made in the liposome and its polymorphism was determined. The
amount of available surface modification was quantified, and cell targeting in-vitro is currently under investigation.
Acknowledgements:
I would like to thank CBNS for grants and infrastructures, Ben’s whole group for all supports, Australian Synchrotron and
ANSTO for facilities, AINSE for scholarship and funding to do experiments at ANSTO.
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Purpose: The purpose of this research was to evaluate the combination of elongated silica microparticles (EMP)
and tailorable nanoemulsions (TNE) to control topical delivery of hydrophobic drug surrogates. The
microparticles penetrate through the epidermis and stop at the dermal-epidermal junction (DEJ). TNE
is unusually stable because the oil core allows high loading levels and the surface properties can be easily
controlled.
Methods: In this study we incorporated a fluorescent lipophilic dye, DiI, as a hydrophobic drug surrogate into
TNE for visualization with microscopy. In addition, the core droplet of TNE was packed with pharmaceutical
grade lipid (glycerol) instead of DiI and imaged by coherent anti-Stoke Raman scattering (CARS) microscopy to
characterize the delivery of lipid in freshly excised human skin. We compared four different
coating approaches to combine EMP and TNE (20uM of PEG, P20 and 200uM of PEG, P200)
Results: The data showed that a freeze-dried formulation with cross-linked alginate resulted in 100% of the
detectable TNE retained on the EMP. When this dry form of EMP-TNE was applied to excised, living human
abdominal skin, the EMP penetrated to the DEJ followed by controlled release of TNE. This formulation resulted
in a sustained release profile, whereas a freeze-dried formulation without crosslinking showed an immediate
burst-type release profile (Fig 1 and 2). From CAR images, we observed a weak lipid signal from the stratum
granulosum and stratum spinosum. This supported the hypothesis that the EMP retained some TNE coating but
also released some Miglyol from the centre core of the emulsions (Fig 3).

Figure 2: Image analysis of TNE
delivery in freshly excised human

Conclusions: We report a novel
cutaneous delivery technology Figure 3: Depth effects of EMP coated with
using EMP and TNE. Dry P20TNE using alginate by reflectance confocal
microscopy, NAD(P)H imaging and CARS
formulation of alginate coated imaging for lipid signal.
EMP
with
TNE
(lower
polyethylene glycol concentration) have shown the highest efficiency when it is topically massaged on the skin.
The characteristics of TNE-EMP formulated complex result in enhanced delivery, which has a relatively uniform
and continuous controlled delivery profile within the treatment area. Overall, TNE-EMP have great potential to
provide an alternative topical delivery technology for enhancing the delivery of drugs to the skin. This new
platform can be well adapted for area-targeted controlled topical drug delivery for the treatment of skin diseases.
Reference: 1. Raphael AP, Primiero CA, Lin LL., Smith, RF., Soyer HP., Prow T. Advanced Healthcare
Materials. 2014 (6)860-6
Figure 1: Topical delivery of TNE was
enhanced by EMP and alginate in
freshly excised human skin after 30
minutes and image analysis.
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Introduction: Hollow mesoporous silica nanoparticles are a special type of drug delivery systems with
unique interior cavities as reservoirs, which are beneficial for enhanced storage of guest molecules.2-4
The hollow cavity lower the density of nanocarriers, resulting in higher pore volume and subsequent
increased payload. Though there are several strategies to form a hollow cavities, still it is challenging
task to control the uniformity and pore size via a facile method. To the best of our knowledge this is the
first report on one-pot synthesis of hollow silica nanospheres with large dendritic mesopores and amino
functional groups (A-HDMSN). The developed amino functionalised hollow dendritic mesoporous
silica nanoparticles showed efficient loading capacity and enhanced cellular uptake of β-galactosidase
in Chinese hamster ovary cells (CHO-K1).
Method: An amine silica source is introduced into a water-oil reaction solution prior to the addition of
conventional silica source tetraethylorthosilicate. This strategy favours the formations of composite
vesicles as the building blocks which further assemble into final product. The obtained products were
washed and surfactant were extracted using ethanol-HCl. Characterisation of the obtained A-HDMSN
were done by TEM,SEM, ET, 13C-NMR, N2-sorption, DLS. Further the A-HDMSN were tested for the
loading and intra-cellular delivery capability using β-galactosidase in comparison with nanoparticles
without functional groups.
Results: The obtained A-HDMSN have a cavity core of 170 nm, large dendritic mesopores of 20.7 nm
in the shell and high pore volume of 2.67 cm3 g-1. Compared to the calcined counterpart without amine
groups (C-HDMSN), A-HDMSN possess enhanced loading capacity to large negative proteins (IgG
and β-galactosidase) and improved cellular uptake performance, contributed by the cationic groups. AHDMSN enhance the intracellular uptake of β-galactosidase by up to 5-fol and 40-fold compared to CHDMSN and free β-galactosidase, respectively. The active form of β-galactosidase delivered by AHDMSN retains its intracellular catalytic functions.
Conclusion: The designed cationic A-HDMSN exhibit an improved loading capacity for negatively
charged large proteins and efficient cellular uptake and subsequently successful intracellular delivery
of biologically active large enzyme β-galactosidase. This work provides a promising delivery system
for large therapeutic proteins.

Fig.1 SEM (a, b) and TEM (c) images and ET slice (d) of A-HDMSN

Fig.2 β-Gal and IgG loading capacity in C-HDMSN and A-HDMSN (a) and cellular uptake
performance of C-HDMSN and A-HDMSN in CHO-K1 cells by measuring silica amount
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Purpose: Antimicrobial resistant (AMR) bacteria claim 700 000 lives globally per year [1]. Tailoring new
therapies to bacterial virulence is quintessential to prevent AMR. A distinct virulence is biofilm – where bacteria
exist in communities surrounded by a thick polysaccharide matrix [2]. Glycoside hydrolases that disrupt the
biofilm matrix are an innovative treatment option, but are compromised by physiochemical, pharmaco-kinetic
and -dynamic limitations. We have investigated lyotropic liquid crystal (LLC) gels as carriers to maintain the
activity while aiming to improve their in vitro and in vivo performance.
Methods: LLC gels were formed with glycerol monoolein (GMO), using a heating-mixing cycle followed by a
5-day equilibration. Glycoside hydrolase – alginate lyase (AL) was encased in the gels alone and in combination
with the antibiotic gentamicin. The mesophase structure was assessed by polarized light microscopy, as a rapidthroughput method. The release of bio-actives was investigated using a novel in vitro method [3], followed by
quantification using a bicinchoninic acid assay and microbiological techniques for AL and gentamicin,
respectively. The LLC gels were evaluated against solutions of AL and combination of AL and gentamicin in an
in vitro P. aeruginosa biofilm model, assessing biofilm mass reduction with a crystal violet assay.
Results: GMO LLC gels were non-birefringent, regardless of the presence of AL alone and in combination with
gentamicin, indicating the cubic mesophase. The release of AL from the LLC gels was biphasic (Figure 1a), and
slower in comparison to the immediate release of gentamicin. Consistent with its known activity against alginateproducing Pseudomonas aeruginosa biofilms [2], AL alone and combinations with gentamicin significantly
reduced the in vitro biofilm mass of P. aeruginosa mucoid strain (Table 1). In the gel formulations, AL and
combination of AL and gentamicin did not statistically differ from simple solutions (Figure 1b), indicating
efficacy maintenance.
Formulation
Dose (AL // Gent. mg/mL)
% Biofilm Mass Reduction

LLC – AL
2
86.8±3.58

LLC – AL // gent
2 // 0.079
94.6±2.68

Solution –AL Solution – AL // gent No treatment
1.5
1.5 // 0.079
0
88.0±0.510
98.1±0.275
0.34±0.048*

Table 1. The reduction in biofilm mass achieved through a defined dose of alginate lyase (AL) and a combination AL with
gentamicin (gent) from a lyotropic liquid crystalline cubic gels or a solution, n=2, *p <0.05) .
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Figure 1. a. Cumulative release from lyotropic liquid crystalline cubic gels of; alginate lyase (AL) ( ), AL when combined
with gentamicin ( ) and gentamicin ( ) at pH 5, n =4. b. Crystal violet assay, where B2-4 illustrates LLC AL treatment and
C2-4 shows LLC AL and gentamicin treatment.

Conclusions: AL individually and in combination with gentamicin can be encased in GMO LLC cubic gels
without loss of efficacy.
References: 1. WHO. 2017, World Health Organisation: Geneva.
2. Thallinger, B., et al., J Biotechnol, 2013. 8(1): p. 97-109.
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Purpose: There has been an increasing interest to better understand the pulmonary fate of inhaled aerosols
following airway deposition [1]. This study evaluates the feasibility of modifying the characteristic mediumsized Virginia Commonwealth University (VCU) mouth-throat (MT) and tracheal-bronchial (TB) realistic
®
upper airway model [2] with Snapwell inserts, to fundamentally study in vitro post-airway deposition events
for orally inhaled products (OIPs) within a representative airway model.
Methods: The medium-sized VCU TB model was modified by drilling two holes at
2
the first bifurcation (front and back) to accommodate two Snapwell inserts (1.12 cm
®
®
Corning Costar , MA, USA) from the outside, to ensure internal flush conditions,
and for preliminary determinations of mass collected at these regions. Characteristic
airway models were constructed by rapid prototyping using acrylonitrile butadiene
styrene plastic (Dimension Elite, MN, USA). Realistic airway deposition studies were
performed by housing the MT-TB airway models within a chamber, with a filter
attached at the base connected to a vacuum pump (lding GmbH, Starnberg, Germany),
drawing air through the model at 15 L/min. Triplicate runs for each model were
performed. Mass quantification of CIP-HCL drug were determined by high
performance liquid chromatography.
Figure 1.
Physical set-up for realistic airway deposition ). As a proof of concept study, 2 ml of an

in-house, high-dose aqueous solution of 20 mg/ml ciprofloxacin®
hydrochloride (CIP-HCL) was loaded into the PARI LC Sprint nebuliser and
®

delivered to the MT, unmodified and modified TB models for 90 seconds, powered by the PARI TurboBOY S compressor
(PARI Medical Holding GmbH, Starnberg, Germany), drawing air through the model at 15 L/min. Triplicate runs for each
model
were
performed.
Mass Figure 1. Physical set-up for
realistic airway deposition studies.
quantification of CIP-HCL drug were
determined by high performance liquid
chromatography.

Results and Discussion: No significant differences in airway
deposition behaviour for CIP-HCL was observed when the
TB airway model was modified (p>0.05, unpaired, two-tail ttest) ( Figure 2), compared with the unmodified model.
Approximately 10 μg of CIP-HCL drug were collected on
the Snapwell inserts (front and back) when nebulised for 90
seconds.
Conclusions: Future work will further utilise this modified
realistic airway model by integrating lung epithelial cells
within the Snapwell insert prior to airway deposition, to
assess in vitro drug permeation and transport behaviour.
amount of drug collected on the chamber and filter (n=3, r StDev).

Figure 2. Airway deposition of CIP-HCL. Ex-TB is the
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Purpose: The aim of this work was developing a programmable fibrous platform while acting as a vehicle for the
delivery of biomolecules. It is reported that growth factor loaded gradient structures can promote and direct nerve
regeneration in neural system.
Methods: The PLGA spheres were prepared by a modified water/oil/water (W/O/W) double-emulsion method.
To fabricate the novel gradient fibre that can be exclusively set, we used a novel programmable technology of
wet-spinning to increase the ratio of Alg/PLGA spinning dope from 0 to 100%. It is worth mentioning that the
designed system can be precisely programmed in terms of the ratio of ingredients and length of intended fibre by
changing the entire feeding speed, ratio of two spinning dopes, time of spinning, speed and direction of
coagulation bath movement.
Results: Figure 1 shows the longitudinal optical and laser confocal scanning microscopy images images of
Gradient-Alg/PLGA fibre (Figure 1). The novel Gradient-Alg/PLGA fibre has an almost uniform, flat and
nonporous surface morphology. Approximation was used to calculate the loading efficiency of FITC-BSA in each
half of the gradient structure. The first half has a lower concentration of protein loaded microspheres (theoretically
ratio: 25%, the experimental ratio ~ 28.55% of the whole amount of microspheres loaded to Gradient-Alg/PLGA
fibre) and the second half involves higher concentration of protein loaded microspheres (theoretical ratio: 75%,
the experimental ratio ~ 69.16% of the whole amount of microspheres loaded to Gradient-Alg/PLGA fibre). This
slight difference between the theoretical and experimental ratios shows that the approached technology was
almost successful and reliable in programming the structure. We studied the release profile of two halves of GAlg/PLGA fibre.The samples (the whole fibre, first half and second half) presented an initial slight burst at day
one and sustained release with different ratios over the first 10 days of suspension, followed by slow release up
until the end of the observation period. The second half has a faster release profile. It seems that by increasing the
concentration of microspheres, they get closer to the interior walls of structure and this causes a part of loaded
protein to be released faster.
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Figure 1. Gradient-Alg/PLGA fibre.
Conclusions: The Gradient single microfiber was successfully produced by applying a novel technology. This
fibrous structure involves a host Alg matrix containing protein (FITC-BSA) loaded PLGA microspheres. The
structure is efficiently programmable in terms of the ingredients’ concentration.
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Abstract Summary: Herein we have successfully quantified ligand attachment to the surface of liposome
nanoparticles using single-molecule fluorescence imaging, enabling enhanced development and characterisation
of dual-ligand liposomes for applications in targeted cancer therapy.
Introduction: Liposomes have emerged as a useful nanoparticle drug delivery system to reduce systemic
toxicity of chemotherapeutics. Ligand-directed liposomes offer targeting of specific tumour cell populations and
so have the potential to increase therapeutic efficacy [1]. Despite the longstanding existence of liposome
technology, there have been no ligand-directed liposome formulations approved for clinical use to date. This
lack of translation is due in part to the lack of molecular tools available for the robust quantification of protein
ligands on the surface of liposomes. Herein we report the quantification of two proteins attached to the surface
of liposomes using single-molecule fluorescence microscopy techniques [2].
Experimental Methods: Liposomes were prepared using the thin film hydration method and characterised by
dynamic light scattering. Proteins were labelled with different fluorescent dyes, conjugated to maleimidefunctionalised PEG2000-DSPE groups and introduced to the liposome surface using the post-insertion technique.
Samples were visualised using a custom-built inverted microscope with a total internal reflection fluorescence
objective, and image analysis was performed using ImageJ software with custom-built plugins.
Results and Discussion: Dynamic light scattering confirmed liposomes to be approximately 140 nm in
diameter with a unimodal size distribution. Varying the stoichiometry of two differently labelled proteins and
quantifying their ratio on the liposome surface revealed that changing the ratios of the two proteins used during
preparation similarly altered the ratios of the proteins incorporated into the liposome in a linear fashion (Fig. 1).

Figure 1. Quantification of the number of proteins per liposome. (A) Typical field of view during singlemolecule imaging. (B) Histograms of the measured fraction of green and red labelled proteins per liposome (1:1
ratio). (C) Measured ratio of the two proteins as a function of the molar ratio used during preparation.
Conclusion: We have demonstrated the practical utility of single-molecule fluorescence imaging in the
quantification of the density of two different ligands attached to the surface of liposomes. The use of singlemolecule imaging as a quantification technique is expected to improve characterisation of preclinical liganddirected liposomes and assist with large-scale manufacturing processes.
Acknowledgements: LB is the recipient of an Australian Government Research Training Program Scholarship.
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Purpose: Antibiotic resistance has been labeled one of the greatest threats to human health, with infections
becoming more difficult to treat with conventional methods. Incorporating multiple antibiotics including Colistin
and Vancomycin within a nanomesh would allow it to have antibiotic action at the source of infection,
theoretically reducing dosage and surgical complications due to infection (Ashbaugh et.al, 2016).
Methods: 7% Poly(ɛ-caprolactone) (PCL) nanomesh was electrospun with incorporation of 1% antibiotic
(Colistin, Vancomycin or both) prior to spinning. Positively charged Poly(diallyldimethylammonium chloride)
(PDADMAC) coated gold nanoparticles (AuNPs) and negatively charged citrate capped AuNPs were also added
to the meshes to determine the effect. Meshes were imaged through SEM and characterized by 1H NMR and
FTIR. They were tested for effectiveness through disk diffusion assays (zones of inhibition), in-vitro bacterial
(E.Coli) studies and drug release studies.
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Results and Discussion: The incorporation of Colistin and Vancomycin into the PCL Nanomesh was confirmed
through 1H NMR for the addition of Colistin, and through FTIR for the addition of Vancomycin. In all mesh
combinations except for Colistin with citrate capped AuNps, release of the antibiotics occurred within the first
day of release studies, with little antibiotic being released in subsequent days. The mesh with Colsitin and citrate
capped AuNPs showed release over 14 days, well above the MIC of the E.coli bacteria. This was also evident in
the in-vitro bacterial study (Fig 2).
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Figure 1. Zone of Inhibition Assay of nanomesh on E.Coli.
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Figure 2. Average Colistin released over 14 days.

Conclusions: PCL Nanomesh incorporated with antibiotics and AuNPs have shown to have antibiotic activity.
Colistin and citrate capped AuNPs have the greatest effect with prolonged release over 14 days and with further
optimization could be suitable for surgical implantation.
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Purpose: Optimization of CuFi-1 lung epithelial cell line originated from cystic fibrosis (CF) to be used as a
model for investigating therapies for CF patients.
Methods: Cufi-1 cells (purchased from ATCC, USA) were grown on collagen-coated (type VI, human
placental) Trans-well cell culture supports [1] under air-liquid interface (ALI). Cells were used at passage
number 31 and were seeded at three different densities [(A) 0.825×106, (B) 1.65×106 and (C) 3.3×106 cells/ml].
Epithelium was tested for integrity using trans-epithelial electrical resistance (TEER) and para-cellular
fluorescein marker permeability (flu-Na) [2]. Mucus secretion was also evaluated using alcian blue staining.
Data were analyzed using ANOVA one-way analysis (with t-test post-hoc analysis), p < 0.05. All data points
indicate the mean ± SD.
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Results and Discussion: There were a significant decrease in flu-Na para-cellular marker permeability at day 7,
11 and 14 (Figure 1) indicating the formation of tight junctions from day 7 across all seeding densities, with
values reaching: 4.5×10-6 ± 7.8×10-7, 1.8×10-6 ± 8.9×10-7, and 1.1×10-6 ± 3.8×10-7 for A, B and C seeding
densities, respectively, at day 11. The increase in TEER measurements (Figure 2) between day 7 and 14 was
consistent with the decrease in flu-Na permeability confirming the formation of tight junctions, with values
reaching >1000 Ω.cm2 between day 11 and 14 in culture for seeding density B and C. The increase of flu-Na
permeability and decrease in TEER measurements from day 18 onwards was due to cell death. Alcian blue
staining confirms CuFi-1 cell line mucus production.
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Figure 2. TEER of CuFi-1 cells seeded at
different seeding densities (Mean ± SD, n = 3)

Conclusions: Results from the validated model showed that CuFi-1 cells can produce mucus and, due to the
formation of viable tight junctions, future drug transport studies should be performed between day 11 and 14 in
ALI culture at seeding density of 1.65×106 cells/ml. This study provides initial model set up data for
optimization of CuFi-1 cell model as a tool for predicting drug permeability in CF patients.
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Purpose: The aim of the study was to investigate the application of large pore dendritic silica nanoparticles
(DSNPs) for oral delivery of peptides and proteins. The large pore nanoparticles when functionalized and coated
were expected to show high loading capacity, protect sensitive peptides from enzymatic degradation and improve
permeation through the intestinal epithelium into systemic circulation (results not reported here). Colloidal silica
was used because it is a generally recognized as safe (GRAS) material and its degradation product silicic acid is
removed from the body through various excretory pathways1.
Methods: DSNPs were prepared using a biphasic stratification approach adapted from the literature2. DSNPs
were modified with amino propyl groups and subsequently with succinic anhydride (–CO(CH2)2COOH). An antidiabetic peptide was loaded at pH 5.0 on pristine and modified DSNPs. Various DSNPs were characterized and
are under investigation for in vitro release behavior of anti-diabetic peptide at pH 1.2 and pH 6.8 buffers.
Results and Discussion: DSNPs with a dendritic like radial pore network were prepared. The pore size of pristine
DSNPs was 5 nm. In a separate experiment, it was found that large pore silica nanoparticles have a higher loading
capacity of anti-diabetic peptide (molecular weight: 4246 Da) as compared to small pore MCM-41 silica
nanoparticles (30% vs 18% for 1:1 peptide to particle ratio). Furthermore, succinylated DSNPs (SDNSPs) were
prepared by modifying amino-propyl DSNPs. Reversal of zeta potential (-13 mV to 25 mV to -30 mV) and
thermogravimetric analysis confirmed modification from pristine to amino-propyl and succinylated DSNPs at the
end. DSNPs and SDSNPs showed a burst release of the peptide in pH 1.2 and 6.8 within 30 minutes. SDSNPs are
currently undergoing coating trials to achieve controlled release corresponding to gastric transit time and
permeation.

Figure 1. (a) Thermogravimetric analysis confirms modification by showing an increased organic content
decomposition of SDSNPs as compared to amino- and pristine DSNPs. (b) Transmission electron microscopy
(TEM) image shows dendritic pore network in SDSNPs (scale bar: 200nm)
Conclusions: DSNPs and SDSNPs were modified and characterized successfully to load anti-diabetic peptide.
The loaded anti-diabetic peptide remains stable after residing within inorganic silica nanoparticles as indicated
by chromatograms generated by HPLC. A controlled release profile is yet to be achieved and coating with natural
polymers is desirable.
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Targeted delivery of mycophenolic acid to the intestinal lymph results in enhanced immunosuppression in vivo.
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Purpose: Intestinal lymph is important for immune surveillance in the gastrointestinal tract, with about 50 - 70%
of the immune cells present within the gut associated lymphoid tissue (GALT) and the mesenteric lymph nodes
(MLN). It also serves as a channel for the transport of dietary lipids from the gut to the systemic circulation (1).
The aim of this study was to harness endogenous lymphatic transport processes for dietary lipids and to use them
to promote the delivery of immune modulating agents to the immune cells present in the gut. For this we have
used an immunosuppressant, mycophenolic acid (MPA) and its triglyceride mimetic prodrug (MPA-2-TG) (2)
and investigated the pharmacodynamic benefit of targeting the intestinal lymph.
Methods: Intestinal lymph transport of MPA in aqueous solution (0.5 mg, n=3), MPA in a lipid emulsion (0.5
mg, n=2) and MPA-2-TG in lipid emulsion (1 mg, n=4), administered intraduodenaly, was assessed by
cannulating the mesenteric lymph duct in anesthetized mice. The lymph samples were assayed by the HPLCMS/MS. Immunosuppression was studied using an oral ovalbumin challenge (OOC) model in mice. Ovalbumin
specific CD4+ T cells were purified, labelled with proliferation tracking dye and ~2x 106 of these cells were
adoptively transferred into syngeneic mice. Feeding ovalbumin to recipient mice resulted in the stimulation and
proliferation of these T cells. The mice were treated orally for 3 days, twice daily, with 50 mg/kg MPA or the
equimolar dose of MPA-2-TG and at the end of the treatment mice were killed and T cell proliferation in their
lymph nodes was evaluated using flow cytometry. Saline (no ovalbumin treatment, i.e. unstimulated mice),
ovalbumin (no drug treatment) and blank lipid (blank lipid emulsion) were included as controls.
Results: The lymphatic uptake of MPA-2-TG (17.29 % dose) was higher than MPA after administration either
in aqueous solution (0.14 %) or the lipid emulsion (0.08%). In the immunosuppression studies, MPA-2-TG
treatment significantly reduced the proliferation of CD4+ T cells with most cells (~80%) found in generation 2 or
lower in MLN whereas MPA showed no significant effect as compared to the ovalbumin group.
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Figure 1: Cumulative lymphatic transport of MPA and prodrug

Figure 2: Cumulative % of cells in each generation in OOC model

Conclusions: Targeting drug to lymphocytes in the intestinal lymph and MLN by ‘piggybacking’ onto
endogenous triglyceride transport pathways was able to significantly enhance the immunosuppressive activity of
MPA. This approach has particular potential benefit in the treatment of disease states where the aberrant immune
response is initiated in the gut. These include food allergy, inflammatory bowel disease and graft versus host
disease as well as infectious diseases including HIV and rotavirus where MLN serve as a reservoir for virus.
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Purpose: The aim of this study is to investigate the effect of bacterial endotoxin (Lipopolysaccharides - LPS)
on the cascade of inflammatory responses, phagocytic and apoptotic effect, on alveolar macrophages to
establish a platform for testing the efficacy of future pharmaceutical interventions for alveolar injury.
Introduction: Alveolar macrophages perform a central function in maintaining lung homeostasis and
orchestrate the response for injury and repair [1]. Effective surveillance requires the ability to respond to stimuli
by rapidly triggering a network of immune signals like inflammation, apoptosis and phagocytosis [2]. In this
study, the full spectrum of LPS activation on these immune signals on alveolar macrophages was investigated.
Experimental methods: Cytotoxic concertation of LPS on mouse alveolar macrophage (NR8383) cells was
investigated using MTS assay in a series of LPS (Escherichia coli) concentration (1pg-300 µg/ml). Then from
the non-toxic range, NR8383 cells were exposed to 0.1, 1, 10 and 50 µg/ml LPS for inflammation, apoptosis,
and phagocytosis experiments. Inflammatory cytokines (Tumor necrosis factor alpha (TNF-α), Monocyte
chemoattractant protein (MCP-1) and Interleukin (IL-6)), produced after 24 hrs exposure of NR8383 cells to
LPS, was measured using Elisa assay. The apoptotic effect of LPS also was investigated using flow cytometry.
The effect of LPS on phagocytosis of alveolar macrophages was determined by measuring the ingestion rate of
staph aureus inactivated bacteria (pHrodo™ Red S. aureus Bioparticles™ Conjugate for Phagocytosis) at
different LPS concentration and incubation times using time laps microscope.
Results and Discussion: Inducing NR8383 with a range of concentrations of LPS was not cytotoxic on
NR8383 cells based on MTS assay. However, increasing concentrations of LPS significantly amplified the
number of cells in the apoptotic phase (both early and late apoptosis), compared to the non- stimulated cells (P
> 0.01). However, it did not kill the cells which this is comparable with the MTS cytotoxicity result (Figure 1).
Effect of LPS on inflammatory markers is shows in Figure 2; increasing concentration of LPS did not have any
effects on IL-6 secretion. TNF-α however, was secreted from NR8383 after induction with higher
concentrations of LPS, 10 and 50 µg/ml. MCP-1 was highly produced even with low concentrations of LPS
(0.01 µg/ml). Morphologic changes were observed after macrophages was induced with LPS, with clumping of
cells and pseudopodia (extended phagocytic legs) being the two main morphologic changes. LPS induction also
increased the phagocytic capacity of macrophages (data not shown).

Conclusion: Depending on the concentration, bacterial endotoxin can result in a range of inflammation and
phagocytic effect on macrophages. Therefore, choosing the right concentration is essential in designing an
alveolar injury experiment to test the efficacy of pharmaceutical interventions.
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Novel bacterial cellulose as multiple purpose excipient for nasal delivery
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Purpose: The use of the nasal route for the local and/or systemic delivery of drugs has created much interest in
recent years in the pharmaceutical industry [1]. To increase deposition, efficiency and safety of nasal spray
formulations, a novel bacterial micro cellulose (BMC) excipient was evaluated in terms of droplet size,
suspension stability and in vitro run-off. The BMC efficiency as local residency enhancer was compared to
carboxymethylcellulose sodium and microcrystalline cellulose (Avicel® RC-591) excipient, commonly used in
commercial nasal spray products.
Methods: Two surfactant-free liquid nasal suspension formulations containing budesonide (as model drug) with
0.1% BMC and 1% sodium citrate tribasic dehydrate, or 1% Avicel were prepared by homogenizing the drug in
water followed by stirring and homogenization of all components. The nasal device used was an Aptar nasal
pump spray with a 50µl valve (VP-7). Laser diffraction analysis was used to analyse droplet size and performed
using the Spraytec (Malvern) placing the device at 45˚ and a distance of 5.5 cm from the laser, as a
representative spray angle and distance from the nasal mucosa [2]. The Dv10, Dv50, Dv90 and droplet population
were evaluated for both suspensions. The stability of the suspensions, assessed as settling time, was visually
evaluated up to 18 h after preparation. The run-off test was performed using an in vitro silicone human nose
model coupled with a Coolpix Nikon B500 camera and LED UV light at 445-470nm to visualize the
formulation droplets.
Results and Discussion: Table 1 shows the droplet size measurement of water (control), Avicel and BMC
formulations. Avicel did not affect droplets size compared to water, while BMC significantly increased the
Dv90, still maintaining suitable particle size for nasal delivery (<200µm). The 0.1% BMC formulation also
showed the ability to entrap budesonide particles inside the BMC network. Indeed, this was confirmed by the
absence of budesonide residues in the empty containers. On the contrary, the Avicel suspension showed
budesonide powder residues floating and attached on the container’s walls (Figure 1). Furthermore, run-off
measurements of the 0.1% BMC formulation in the silicone nasal cast after administration of 100 µl of both
a
formulations, showed a substantial reduction as shown in Figure 2.
b
Avicel

BMC
Avicel

[µm]

Water

Avicel

BMC

Dv10
Dv50

19.61±0.95
35.3±1.35

17.09±2.83
36.48±2.85

22.68±2.88
49.17±3.75

Dv90

66.86±0.97

67.59±3.25

113.02±14.14

Table 1. Droplet size measurement of
budesonide suspension with 0.1% BMC and
1% Avicel compared with water control
(n=3, ± StDev)

a

b

BMC

Figure 1. Visual evaluation of budesonide
suspension using 0.1% BMC and 1% Avicel
18h after formulation preparation. Bottom
images show drug residues.

Figure 2. Run-off evaluation of formulations using
0.1% BMC and 1% Avicel after two actuations.
photo b) has been taken 0.8s after photo a).

Conclusions: The surfactant-free suspension with 0.1% BMC appears to have a reduced run off, consequently
enhancing residency time in the nasal cavity and showed to have this proprieties at a lower concentration then
the currently used Avicel excipient.
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