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Anyone who knows me well will know that I am meticulous 
about how files, folders and emails are organised on my 
computers – every file is carefully placed in the correct 

sub-folder, every folder carefully and logically named according 
to my carefully planned naming convention! Really sad, but true. 
However, my obsession has its upside. Recently, I took some time 
to scroll through my ‘UKICRS’ folder (located in my ‘Administration’ 
sub-folder within my ‘Workspace QUB’ main folder, naturally) and 
was surprised to learn that I have been serving on the UKICRS 
committee for the past 16 years. Looking back evoked many happy 
memories for me – people, places, events, newsletters, committee 
meetings, meals together. As I reflected, two things in particular 
stood out for me. 

Let’s be honest, most people don’t enjoy sitting on committees. 
You know the score here – too much talk and too little action; 
people who are only interested in pushing their own agendas;  
meetings that go on way too long; mountains of paperwork and 
bureaucracy; the people staring at their smartphones, pretending 

to engage in the meeting but instead scrolling through the 
latest tweets in their Twitter feed. And yet, serving on the UKICRS 
committee has been one of the greatest joys in my career. Hand on 
heart, I can honestly say that I have never encountered a group of 
individuals who work together so effectively, who freely offer their 
time and expertise to getting things done, and who go the extra 
mile in ensuring things are done well. More than that, we get on 
so well together – we actually like spending time with each other! 
And hopefully that shines through in all that we do.
  
Also, it dawned on me that UKICRS has always remained true to its 
initial vision – we have always been passionate about encouraging, 
supporting and inspiring young researchers and scientists. If you 
enjoy something, if you are good at something, you should want 
to pass it on to others so that they can grow and enjoy it too. This 
attitude is at the heart of all we do at UKICRS.

This is the 16th UKICRS Symposium that I have been involved in, 
the third to be hosted in Belfast, and I’m as excited as ever. If you 
have previously attended a UKICRS Symposium, welcome back! 
We’re glad you’ve made the trip to Belfast and we trust that you’ll 
enjoy participating in the various activities that are planned. For 
those of you attending for the first time, you’re especially welcome. 
You’ll learn that we’re a very friendly and down-to-earth bunch 
here at UKICRS, and we are sure that you’ll feel right at home 
among us.

Hopefully, you have managed to wangle (what a lovely word!) 
a few extra days in Belfast as part of your attendance at the 
Symposium. It will be worth it, as Belfast is top of the tourist charts 
at the moment. If you get a chance, check out Titanic Belfast, a 
short walk from Belfast city centre and recently voted Europe’s 
leading visitor attraction at the World Travel Awards (beating the 
Eiffel Tower, Acropolis and the Colosseum). Relax over a pint of 
cold Guinness in the Victorian delights of the world-famous Crown 
Bar, a short walk from the University. Also, an hour or so north of 
Belfast, the wild beauty of the Antrim coast is not to be missed, 
including the world famous Giant’s Causeway, a UNESCO World 
Heritage Site. If you need any travel help or advice during your stay, 
don’t hesitate to ask.

Enjoy Belfast, and enjoy the Symposium! 

Welcome to BELFAST!
A word from the Symposium organiser
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ABOUT UKICRS
www.ukicrs.org

The Controlled Release Society (CRS) was founded in the USA in 1978 to advance the science and 
technology of controlling the release and delivery of active agents. It is recognised worldwide as the premier 
professional society in this still developing field. The CRS has established local “chapters” of the organisation 
around the World and the United Kingdom Controlled Release Society was formed in 1994. In 1998, Ireland 
joined forces and the United Kingdom and Ireland Controlled Release Society (UKICRS) was formed.

The UKICRS addresses a broad range of research fields based on controlled release which include agriculture, 
veterinary, food and cosmetic sciences. The UKICRS Committee has drawn up several key aims and 
objectives, principally:

• To develop the UK and Ireland Controlled Release Society into the primary national organisation for the 
representation, education, and dissemination of information to scientists from all disciplines who are 
interested in any aspect of controlled or advanced delivery.

• To broaden the understanding of controlled release science through the organisation of workshops 
and meetings where lectures presented by scientists drawn from inside and outside the society shall 
promote discussion and exchange of views.

• To develop links with other scientific organisations and to make representations to government, 
professional and scientific bodies on issues which may promote the interests of the controlled or 
advanced delivery community.

ukicrs@gmail.com

www.facebook.com/
groups/UKICRS

twitter.com/ukicrs
#ukicrs2018

www.linkedin.com/groups/
UKICRS-United-Kingdom-Ireland-
Controlled-2330088/about
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OUR WORKSHOP SPEAKERS
Laura, Susan, Emma and Jit

Laura Mason is a Senior Scientist at Upperton Pharma Solutions, where she has 

responsibility for the management of client projects within the R&D team. She obtained 

her PhD from the University of Nottingham in 2017, and has served on the UKICRS 

committee for several years. Laura is also a keen hockey and touch rugby player, and so 

will inevitably be carrying an injury of some sort.

Susan Fetherston is a Senior Development Engineer at QPharma, Malmö, Sweden. 

QPharma is a contract manufacturer and developer of a range of pharmaceutical 

products. Susan is based in the Development Department and works on projects 

involving polymeric dosage forms, such as vaginal rings. Her responsibilities include 

planning and conducting feasibility studies, overseeing production activities and writing 

development reports. She obtained a PhD in Pharmaceutics from Queen’s University 

Belfast in 2010. In her spare time she enjoys running and volunteering at her local 

church.

Sarah Jackson is a Medical Writer with iMed Communications, part of the Ashfield 

Healthcare Communications group. She is responsible for the development of scientific 

content that effectively and clearly communicates clinical research results, product use, 

and other medical information to a wide range of audiences. In her day-to-day working 

life, Sarah collaborates closely with a team of other writers, healthcare professionals 

and pharmaceutical companies to produce high quality and well-structured written 

materials including manuscripts, presentations, educational materials and symposia. 

Before joining the world of medical communications, Sarah completed her degree in 

biomedical science at Manchester Metropolitan University before completing a PhD 

in Microbiology. Sarah then worked as a Clinical Research Scientist in the area of lung 

disease at the Medicines Evaluation Unit in Wythenshawe, Manchester. Seeking a new 

challenge and driven by a passion for communicating scientific research, Sarah left the 

laboratory and pursued a career in the healthcare communications industry.

Jit Wilkhu is Formulation Team Leader at GW Pharmaceuticals in Birmingham, UK, 

heading up cannabinoid drug delivery for paediatric and adult disease indications. Jit 

obtained his PhD from Aston University in 2013 and has a track record of patent and and 

journal publications.
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OUR KEYNOTE SPEAKERS

Christel Bergström is Associate Professor at the Department of 

Pharmacy, Uppsala University, Sweden, Adjunct Associate Professor 

at Monash University, Australia and Deputy Dean of Collaboration 

(Medicine and Pharmacy), Uppsala University. Her research is focused 

on in silico and in vitro models predicting drug absorption and 

distribution, with a special focus on the influence of drug solubility 

and formulation performance on these processes. She heads a 

research team of 16 PhD students and post docs within the area of 

computational (bio)pharmaceutics. Her research program is currently 

working towards the establishment of a virtual intestine where the 

effect of interindividual variability in intestinal fluid composition, as 

a result of population effects or diet, on formulation performance 

can be explored. She has published 75 articles and book chapters 

and given more than 60 presentations at international meetings. 

Her research is funded by national and international sources e.g. 

the European Research Council, the Innovative Medicines Initiative, 

the Swedish Research Council and the EU Joint Programming on 

Antimicrobial Resistance.

During her talk, she will present computational tools for prediction of 

intestinal drug solubility, models for prediction of the most suitable 

formulation strategies to enable delivery of poorly water-soluble drugs, and models to obtain an enhanced understanding of the interplay 

between drug, formulation and physiological environment. Currently, in silico models are able to identify the likely molecular basis for low 

solubility in physiologically relevant fluids such as gastric and intestinal fluids. With this baseline information, a formulation scientist can, 

at an early stage, evaluate different orally administered, enabling formulation strategies. Recent computational models have emerged that 

predict glass-forming ability and crystallization tendency and therefore the potential utility of amorphous solid dispersion formulations. 

Further, computational models of loading capacity in lipids, and therefore the potential for formulation as a lipid-based formulation, are 

now available. While such tools are useful for rapid identification of suitable formulation strategies, they do not reveal drug localization 

and molecular interaction patterns between drug and excipients, or the formulated drug and the intestinal fluid. For the latter, Molecular 

Dynamics simulations provide an insight into this complex interplay. Further, she will provide information on how to relate target biology to 

the solubility and ‘formulate-ability’ via computational biopharmaceutical profiling. The computational biopharmaceutical profiling can be 

used to identify where non-conventional gateways, such as prediction of ‘formulate-ability’ during lead optimization and early development 

stages, are important and may ultimately increase the number of orally tractable contemporary targets. 

Christel Bergström
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OUR KEYNOTE SPEAKERS
Luca Casettari

Luca Casettari is Associate Professor in Pharmaceutical Technology in the 

School of Pharmacy at the University of Urbino Carlo Bo in Urbino, Italy, 

heading his group in Pharmaceutical Technology. From 2015 he is also 

co-founder and business development manager of the spin-off “Pharma 

& Food Consulting”, an Italian company working in the formulation 

technology field.  Luca obtained a specialization in Hospital Pharmacy 

(2015) and a PhD in Chemistry and Pharmaceutical Sciences (2010), while 

in 2013 received the Braconnot Prize from the European Chitin Society 

(EUCHIS). From 2014 to 2015 he was appointed as Associate Researcher 

at the School of Pharmacy of the University of Nottingham (UK). His 

current research aims to develop novel drug delivery systems to facilitate 

absorption of drugs in various disease states through the overcoming of 

physiological barriers, and thus providing practical solutions for current 

healthcare issues. Moreover, his group synthetizes and characterizes 

novel biocompatible and biodegradable materials ranging from 

surfactants to polymers. These novel materials are than employed to 

formulate innovative pharmaceutical dosage forms. Since 2008, he has 

authored over 50 scientific publications in high impact multidisciplinary 

peer reviewed international journals. 
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INDUSTRIAL EXPOSITION
This year’s exhibitors

UKICRS has always been passionate about 
cultivating relationships with UK and Ireland 
companies working within the pharmaceutical 
sector.  This year, we are delighted to have nine 
companies participating in our Industrial Exposition 
and Symposium.

Many of these companies are long-term supporters 
of UKICRS, and their sponsorship is invaluable 
in ensuring that UKICRS can continue to run a 
successful symposium each year. Thank you!
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SYMPOSIUM DINNER
7.30 pm Monday 4th June 2018

All registered attendees and exhibitors of the UKICRS 
Workshop & Symposium are invited to attend dinner 
7.30 pm Monday 4th June at  ‘Benedicts Hotel’ . The 
cost of dinner is covered as part of the Symposium 
registration fee. Delegates will already have received 
information about the menu. If you have not yet 
registered to attend dinner and would like to attend, 
speak to a UKICRS committee member as soon as 
possible or email us at ukicrs@gmail.com.

7–21 Bradbury Place
Shaftesbury Square,
Belfast, BT7 1RQ

ABOUT BENEDICTS
Benedicts of Belfast is an independently-owned 4 
star boutique hotel located at the heart of the action 
in Shaftesbury Square, a 10 minute walk from Belfast 
city centre.

Entertainment 7 nights, with live bands Monday –
Wednesday and traditional folk music on Sundays.

Point your smartphone camera at the QR code below to 
find Benedicts Hotel on Apple Maps or Google Maps.

9
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MONDAY 4 JUNE

8.00 am Open for registration / exhibitor set-up / poster set-up 
Riddel Hall, Queen’s University Belfast, 185 Stranmillis Road, Belfast BT9 5EE

Workshop: ‘Lessons from the other side: life after university’
Chaired by Charlie Winter & Sarah Gordon

10.45 am Tea & coffee served

11.00 am Susan Fetherston
(QPharma, Malmö, Sweden)

11.15 am Emma McConnell
(Gardiner-Caldwell Communications)

11.30 am Laura Mason
(Upperton Pharma Solutions)

11.45 am Jitinder Wilkhu
(GW Pharmaceuticals)

12.00 noon ‘On the sofa’: questions to speakers

1.00 pm Lunch

Industrial Exhibitor Presentations

2.00–3.30 pm

• Simon Roberts (Ashland)
• Carmel O’Dwyer (BPS Crowthorne)
• George William-Smith (Evonik)
• Marion Limo & Long Jiang (ISAC)
• Brian Miller (Meritics)
• Richard Broadhead (Precision NanoSystems)
• John Pennington (Sotax)
• Steve Smith (Stable Micro Systems)

7.30 pm Symposium Dinner
‘Benedicts Hotel’ / see page 8 for details

Workshop and Industrial Exhibitor Presentations
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TUESDAY 5 JUNE
Research Symposium / Morning session

8.00 am Open for registration / exhibitor set-up / poster set-up 
Riddel Hall, Queen’s University Belfast, 185 Stranmillis Road, Belfast BT9 5EE

9.30 am
Welcome & Opening Remarks
Katie Ryan  (UKICRS Chairperson and Queen’s University Belfast)
Karl Malcolm  (Queen’s University Belfast)

Session 1: Chairperson – Yvonne Perrie (University of Strathclyde)

9.40 am
Christel Bergström (Uppsala University, Sweden) – KEYNOTE SPEAKER
Computational models for virtual assessment of drug solubility, formulation 
pathways and formulation performance

10.20 am
Amanda Pearce  (University of Nottingham)
Effect of polymer size, architecture and degradation on biodistribution and tumour 
accumulation in a breast cancer model

10.35 am
David Monahan  (National University of Ireland)
A bioresorbable carrier and passive stabilization device to improve heart function 
post-myocardial infarction

10.50 am Tea & Coffee  

Session 2: Chairperson – Jayne Lawrence (University of Manchester)

11.10 am
Gustavo Lou  (University of Strathclyde)
Cationic liposomes as vaccine adjuvants: a comparison of DOTAP, DC-CHOL and DDA 
containing liposomes biodistribution 

11.25 am
Sara Pereira  (Queen´s University Belfast)
Engineering lipid-based nanoparticles of a doxorubicin PSA-cleavable prodrug for 
advanced prostate cancer

11.40 am
Pauric Bannigan  (University of Limerick)
The effect of the components of gastrointestinal media on the solution behaviour of 
poorly water soluble drugs in vitro

Continued on next page ... 
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TUESDAY 5 JUNE
Research Symposium / Afternoon session

11.55 am Poster Session 1 / Odd numbers only

12.40 pm Lunch

Session 3: Chairperson – Maria Marlow (University of Nottingham)

1.40 pm
Luca Casettari (University of Urbino Carlo Bo, Italy) – KEYNOTE SPEAKER
Biocompatible materials for drug delivery applications

2.20 pm
Patrícia Monteiro  (University of Nottingham)
Redox-responsive core crosslinked micelles for treatment of triple negative breast 
cancer

2.35 pm
Sophia Economidou  (Medway School of Pharmacy)
Fabrication of 3D printed microneedles for transdermal delivery of insulin

2.50 pm
Sarinj Fattah  (University College Dublin)
Effect of a stimulated intestinal fluid on permeability of [3H]-octreotide across rat 
intestinal tissue

3.05 pm Tea & Coffee Poster Session 2 / Even numbers only

Session 4: Chairperson – Gavin Andrews (Queen’s University Belfast)

3.50 pm
Seóna Rossi  (Royal College of Surgeons in Ireland)
Development of a radiopaque, thermoresponsive hydrogel for intratumoural 
administration to solid tumours

4.05 pm
Shane Forde  (University College Dublin)
In vitro and ex-vivo testing of selenium interactions with intestinal epithelia: towards 
an oral delivery formulation

4.20 pm
Veeren Chauhan  (University of Nottingham)
Advanced fluorescent ph-sensitive plga particles for controlled targeted therapeutic 
delivery and mapping microenvironmental biochemical parameters

4.35 pm Closing Remarks / Poster Prizes / Close of Meeting
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EFFECT OF POLYMER SIZE, ARCHITECTURE AND 
DEGRADATION ON BIODISTRIBUTION AND TUMOUR 
ACCUMULATION IN A BREAST CANCER MODEL

Amanda K. Pearce1, Patricia Monteiro1, Morgan R. Alexander2, Anna M. 
Grabowska3 and Cameron Alexander1

1 MTF, School of Pharmacy, University of Nottingham, Nottingham, UK,
2 AMHT, School of Pharmacy, University of Nottingham, Nottingham, UK
3 Cancer Biology, Division of Cancer and Stem Cells, University of Nottingham, Nottingham, UK

Background: It is known that the size and shape of drug delivery particles in 3D affects their ultimate performance in vivo. 
Larger sized particles have prolonged circulation times, however small particles can be more easily accumulated within 
target sites. In this work, the effect of size and shape on the delivery of anti-cancer drugs to a triple negative breast cancer 
(TNBC) model is investigated, utilising polymers comprised of 2-hydroxypropyl methacrylamide (HPMA). Polymers also 
feature moieties for stimuli-responsive drug conjugation, allowing specific delivery of drugs in acidic environments, as well 
as glutathione-responsive programmed points of degradation within the polymers to promote efficient drug delivery and 
effective clearance from the body.

Methods: Hyperbranched, micellar, star and linear polymers were synthesised to produce four polymer architectures with the 
same underlying chemistries. In addition, all polymer architectures have been functionalised with both a targeting peptide 
for EGFR receptors on TNBC cells, the GE-11 peptide, as well as a deferoxamine (Des) ligand for chelation of radioactive 89Zr. 
The uptake and accumulation of each polymer architecture with or without targeting was studied by PET/CT imaging in an 
orthotopic mouse model of TNBC. Finally, chemotherapy drugs paclitaxel and doxorubicin were attached to the polymers 
through an acid-labile hydrazone bond. 

Results: Biodistribution of each class of polymer was investigated in mice and showed the polymers successfully avoided 
accumulation within the liver and spleen, and that the small materials were able to be cleared from the body through the 
renal system. The degradation of the disulfide bridges within the polymers have been investigated in simulated glutathione 
conditions representative of elevated levels within cancer cells, and showed that the polymers could break down into smaller 
fragments over time. In vitro assays demonstrated a dose-dependent reduction in MDA-MB-231 cell viability after treatment 
with the drug loaded polymers. Efficacy studies of the drug-loaded polymers towards TNBC orthotopic tumours in mouse 
models are ongoing.  

Conclusions: HPMA polymers demonstrate suitability for in vivo applications due to their lack of toxicity both in vitro and in 
vivo. Degradable polymers of various architectures are able to be synthesised and facilitate stimuli-responsive drug delivery 
through an acid-labile hydrazine bond. The library of polymers allows for investigation into the effects of size, shape and 
molecular weight on drug delivery performance.

1
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A BIORESORBABLE CARRIER AND PASSIVE STABILIZATION 
DEVICE TO IMPROVE HEART FUNCTION POST-MYOCARDIAL 
INFARCTION

David S. Monahan1 , Eimear B. Dolan2,3, Bjorn Hofmann4, Hamman de Vaal4, Gabriella Bellavia5, 
Stefania Straino5, Lenka Kovarova6, Helena Kelly2,3, Stephen Wildhirt4, Garry P. Duffy1,3,7

1 Dept. of Anatomy, School of Medicine, National University of Ireland, Galway, Ireland; 2 School of Pharmacy, RCSI, 
Dublin, Ireland; 3 Tissue Engineering Research Group, Department of Anatomy, RCSI, Dublin, Ireland; 4. AdjuCor 
GmbH, Lichtenbergstr, Garching, Germany; 5 Explora Biotech Srl, Rome, Italy; 6 R&D department, Contipro, Dolni 
Dobrouc, Czech Republic; 7 Advanced Materials and Bioengineering Research Centre, RCSI & TCD, Dublin, Ireland.

Background: Left ventricular (LV) remodeling following myocardial infarction (MI) involves progressive dilatation of the 
LV cavity, increased LV wall stress, cardiomyocyte hypertrophy, interstitial fibrosis and numerous alterations in biochemical 
and molecular functions which leads to heart failure  [1]. Stabilization techniques in which the weakened ventricle wall is 
mechanically supported to reduce wall stress and prevent further remodeling have shown promising clinical data [2]. However, 
the efficacy of these devices remains limited [2]. These results can potentially be explained by the inability of the nonresorbable 
material used in these devices to conform to the ventricle wall as it remodels. We hypothesize that a biodegradable passive 
restraint carrier device will allow appropriate temporary stabilization of the LV wall, by mechanically adjustable hydrogels, 
resulting in functional recovery. Additionally such epicardial patches have been shown to increase cellular retention for stem 
cell therapies over saline controls which may improve the efficacy of this approach [3]. In this study, a minimally-invasive 
bioresorbable epicardial patch (SPREADS) was developed by AdjuCor, capable to encapsulating fast-gelling hyaluronic acid 
hydrogel to provide mechanical support to the weakened LV wall post-MI. The efficacy of SPREADS was assessed both alone 
and seeded with human adipose derived stem cells (hADSCs) in a chronic porcine study.

Methods: Acute MI was induced by a temporary occlusion of left anterior descending coronary artery pigs (40 kg, Landrace, 
female) for 90 min. 14 days post-MI, a SPREADS device either alone (n=5) or loaded with hADSCs (n=5) was positioned on the 
apex by a closed chest subxyphoideal approach and compared to gold standard control group (n=5). Left ventricle ejection 
fraction (LVEF) was measured via echocardiogram. Immunohistochemical analysis was conducted on 5μm paraffin sections. 
Samples were dewaxed, rehydrated followed by heat mediated antigen retrieval in sodium citrate buffer. Samples were 
blocked (peroxidase) and incubated with CD31 antibody (Abcam, Ab28364) for 1 hr followed by secondary staining using an 
Envision secondary staining system (Agilent). 

Results: 28 days post-MI SPREADS alone and SPREADS + cells showed a significant improvement in %LVEF (p<0.05) compared 
to the control. Additionally, SPREADS showed a significant increase at day 42 compared to control (p<0.05). An increase in 
CD31 positive capillaries was found in the infarct zone in SPREADS (p<0.05) and an increase in CD31 capillaries was found in 
SPREADS and SPREADS + cells in the borderzone (p<0.05) compared to controls indicating more new vessel formation.

Conclusions: We have developed a novel, single-stage strategy to support the weakened myocardial region post-MI using a 
minimally-invasive, closed chest intervention. 

2
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CATIONIC LIPOSOMES AS VACCINE ADJUVANTS: A 
COMPARISON OF DOTAP, DC-Chol AND DDA CONTAINING 
LIPOSOMES BIODISTRIBUTION 

Gustavo Lou, Yvonne Perrie

Strathclyde Institute of Pharmacy and Biomedical Sciences, University of Strathclyde, Glasgow, G4 
0RE

Background: Macrophages and dendritic cells are pivotal cell populations involved in the innate-to-adaptive immune 
response transition. They process foreign and self-antigens to present them to other cell populations such as CD4+ and CD8+ 
lymphocytes to trigger antigen-specific immune responses. Therefore, they are perfect targets in vaccine development. As 
the interaction between cell and antigen ultimately requires a physical encounter, biodistribution is an important factor to 
consider. Therefore, the aim of this research was to compare cellular uptake and the biodistribution of three cationic liposomal 
systems. 

Methods: Cationic liposomes, composed of 1,2-dioleoyl-sn-glycero-3-phosphoethanolamine (DOPE) and 1,2-stearoyl-3-
trimethylammonium-propane (DOTAP), 3ß-[N-(N’,N’-dimethylaminoethane)-carbamoyl]cholesterol hydrochloride (DC-Chol) 
or dimethyldioctadecylammonium at 1:1 mole ratio (DOPE:DOTAP, DOPE:DC-Chol) were formulated in the Nanoassemblr 
platform, dialyzed against TRIS buffer and subsequently characterized in terms of size, polydispersity and zeta potential 
by dynamic light scattering. Bone marrow cells obtained from male BALB/c mice (6-8 weeks) were differentiated into bone 
marrow-derived macrophages (bmMΦs) by culturing them GM-CSF+M-CSF respectively. In vitro cell cytotoxicity and cell 
uptake were studied F4/80+ bmMΦs by Alamar Blue assay and flow cytometry. Finally, liposomes were radiolabelled with 
3H-Cholesterol and the biodistribution was studied in mice after intramuscular injection.

Results: DOPE:DOTAP, DOPE:DC-Chol and DOPE:DDA liposomes had a hydrodynamic size below 100 nm and low PDI (<0.25). 
All three formulations showed no in vitro cytotoxicity (>90% cell survival) at concentrations up to 10 µg/mL liposomes 24 h 
and had a similar uptake profile in macrophages. Despite being no difference observed in vitro, biodistribution results showed 
significant differences. Indeed, DOPE:DC-Chol liposomes remained at the injection site longer than DOPE:DOTAP and DOPE:DC-
DDA liposomes. For instance, the percentage of dose at the injection site 48 h post injection. was 65.0±1.3% for DOPE:DC-Chol 
but only 40.9±5.7% and 44.4±5.7% for DOPE:DOTAP and DOPE:DDA liposomes respectively. In contrast, the percentage of 
dose of DOPE:DOTAP and DOPE:DDA formulations found in the draining lymph nodes was, at least, 2 fold higher than that of 
DOPE:DC-Chol in the time frame studied.

Conclusions: Whilst cellular uptake was similar among formulations, the pharmacokinetic profiles of these liposomal systems is 
significantly different in vivo. Therefore, these results will pave the way to better understand the outcome of vaccination studies 
to be performed with both formulations.

3
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ENGINEERING LIPID-BASED NANOPARTICLES OF A 
DOXORUBICIN PSA-CLEAVABLE PRODRUG FOR ADVANCED 
PROSTATE CANCER

Sara Pereira, Wafa Al-Jamal

School of Pharmacy, Queen´s University Belfast, BT, UK 

Background: Prostate cancer (PC) is the most common cancer in men. Approximately 44,000 men are diagnosed with 
prostate cancer each year in the UK alone. The serine protease, prostate specific antigen (PSA) is clinically the best serological 
marker for PC, as PSA levels are elevated in PC. Moreover, PSA has been exploited as a therapeutic target in advanced 
PC patients. L-377202 prodrug, developed by Merck, was in phase II Clinical trial for patients with metastatic hormone-
independent PC. It consists of doxorubicin (Dox) conjugated to a PSA-cleavable peptide that can be selectively cleaved and 
activated by enzymatically active PSA at the tumour site. It is mainly used to reduce the systemic toxicity of Dox, specifically 
cardiotoxicity. However, it suffers from low water solubility and unfavourable pharmacokinetics, which results in a limited 
tumour accumulation in metastatic PC lesions. Therefore, in this work we aim to encapsulate Dox-PSA prodrug into lipid-based 
nanoparticles, to alter its pharmacokinetics, while maintaining its biological activity.

Methods: Dox-PSA prodrug was synthesized, and successfully loaded into liposomes using passive and remote-loading 
methods to achieve the highest loading possible. Liposome size and encapsulation efficiency were assessed using dynamic 
light scattering and spectrofluorimetry, respectively. Cytotoxicity of free and liposomal Dox-PSA prodrug was determined in 
PSA-positive and PSA-negative 2D and 3D PC models. Cellular uptake and trafficking was evaluated by flow cytometry and 
confocal laser scanning microscopy (CLSM).

Results: Our results showed that encapsulating Dox-PSA into liposomes did not compromise its cytotoxic activity. Dose- and 
time-dependent toxicities were obtained with the nanoformulations in PSA-expressing cells. Flow cytometry studies showed 
a time-dependent uptake of the encapsulated prodrug, which was further confirmed by CLSM. The latter revealed a time-
dependent accumulation of the encapsulated Dox in the cell nucleus, supporting the notion that Dox-PSA was efficiently 
released from the liposomes, cleaved by intracellular PSA before being translocated to the nucleus.

Conclusions: This is the first study to encapsulate Dox-PSA prodrug in a delivery system. Our results showed that encapsulated 
Dox-PSA prodrug was successfully released from the nanocarrier and exert its cytotoxic activity both in 2D and 3D PC models. 
Uptake studies revealed a time-dependence uptake of the prodrug, which was localized in the cytoplasm at earlier time 
points and, upon PSA hydrolysis, gradually accumulated in the cell nucleus. Further studies are warranted to assess the in vivo 
therapeutic efficacy of Dox-PSA liposomes.

4
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THE EFFECT OF THE COMPONENTS OF GASTROINTESTINAL 
MEDIA ON THE SOLUTION BEHAVIOUR OF POORLY WATER 
SOLUBLE DRUGS IN VITRO.

Pauric Bannigan, Sarah P. Hudson

Department of Chemical Sciences, Synthesis and Solid State Pharmaceutical Centre, Bernal 
Institute, University of Limerick, Ireland

Background: The use of biorelevant media is an important tool in trying to bridge the in vitro – in vivo gap. Fasted state 
simulated gastric fluid (FaSSGF) and fasted state simulated intestinal fluid (FaSSIF) are commonly used media to mimic the 
gastrointestinal system in the fasted state and assess the dissolution rate and solubility of oral drugs. The most biorelevant 
of these media contain some combination of bile salts, phospholipids and digestive enzymes, although the latter are often 
excluded. Very few studies have been carried out to investigate the effects of these indigenous digestive components on the 
solution behaviour of orally delivered medicines. In recent years the ability of various bile salts to manipulate the crystallization 
behaviour of hydrophobic drugs has been one of the major findings. Clofazimine (CFZ), is an antimicrobial drug that exhibits 
poor aqueous solubility (< 0.01 mg/L), but has been recently shown to dissolve in FaSSGF and FaSSIF to a much greater extent 
than in pure water. In this work CFZ and various salts thereof are used as model drug substances to quantify the influence of 
various gastrointestinal components on the solubility and solution stability of the drug in gastrointestinal like media.

Methods: To investigate the effects of the different gastrointestinal compounds (GIC) on the solution behaviour of CFZ solid 
forms, dissolution experiments were performed over the pH range of the human gastrointestinal system with and without 
the presence of the various indigenous compounds, including digestive proteins (DP), bile salts (BS) and phospholipid (PL). 
FaSSGF and FaSSIF media were made to the specifications outlined by Vertzoni et al and Marques et al respectively. Zeta 
potential, dynamic light scattering measurements and TEM were used to investigate the presence of micelles and their effects 
on solubility. The GIC which had the greatest influence on solubility and dissolution rate in situ were then compared and 
contrasted with a panel of synthetic polymers, which are often included in formulations of oral medicines.

Results: In both FaSSGF and FaSSIF the absence of DP, BS and PL resulting in a substantial decrease in solution stability and 
solubility for each solid form of CFZ. In the low pH FaSSGF, DP and mixed micelles (PL-BS) were found to have the greatest 
influence on the solubility of CFZ. In FaSSIF, BS alone and the combination of BS and PL (mixed micelles) accounted for the 
observed increases in solubility and solution stability. When these GICs were included in a formulation of CFZ, as physical 
mixtures, the digestive enzyme pepsin and the phospholipid lecithin outperformed a panel of synthetic polymers.

Conclusions: Solubility and dissolution rates are the rate limiting steps which will determine bioavailability for many 
hydrophobic drugs in vivo and thus, being able to enhance these properties in the gastrointestinal system is of great 
importance. Several digestive components which are present in body fluid and used here in the simulated gastrointestinal fluid 
could provide some solubility enhancement to hydrophobic drugs. BS, PL, the combination of BS and PL as well as DP have all 
shown an ability to enhance the supersaturation of CFZ in gastrointestinal like media. This study highlights the importance of 
using biorelevant dissolution media when tackling problems such as dissolution rate and solubility for poorly water soluble 
drugs as the human gastrointestinal system has a much higher solubilising capacity, compared to pure water, due to the 
presence of various indigenous amphiphilic compounds.
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REDOX-RESPONSIVE CORE CROSSLINKED MICELLES FOR 
TREATMENT OF TRIPLE NEGATIVE BREAST CANCER

Patrícia Monteiro1, Muhammad Gulfam1, Cíntia Monteiro1, Amanda Pearce1, Christine Jerôme2, Anna 
Grabowska3, Philip Clarke3, Hilary Collins1, David Heery1, Pavel Gershkovich1,Cameron Alexander1

1 School of Pharmacy, University of Nottingham, Nottingham NG7 2RD, UK; 2 Center for Education 
and Research on Macromolecules (CERM), University of Liège, Liège B6, 4000, Belgium; 3 Cancer 
Biology, Division of Cancer and Stem Cells, University of Nottingham, Nottingham NG7 2RD, UK.

Background: There is an urgent need to develop effective treatments for triple negative breast cancer (TNBC). The disease is 
characterised by aggressive progression, lack of standard therapies and low overall survival of the patients. Existing targeted 
therapies are not applicable to TNBC; thus, chemotherapy remains the standard of care for the treatment of TNBC. These 
drugs are associated with various side effects including acute and long-term toxicity, which could contribute to the low 
overall survival of TNBC patients. Here, we developed docetaxel (DTX)-loaded redox responsive crosslinked micelles using 
biocompatible and biodegradable functionalised mPEG-b-poly(D,L-lactide-co-α-N3-ε-caprolactone) for the treatment of TNBC. 

Methods: Briefly, the novel triblock copolymer mPEG-b-poly(D,L-lactide-co-α-Cl-ε-caprolactone) was synthesised  via ring-
opening polymerization of α-chloro-ε-caprolactone and the D,L-lactide using mPEG5000 as macroinitiator and Sn(Oct)2 as a 
catalyst. The un-crosslinked micelles were formed from the self-assembly of mPEG-b-poly(D,L-lactide-co-α-N3-ε-caprolactone) 
in water. Crosslinked micelles were prepared firstly by the copper catalysed cycloaddition reaction between azide groups of 
the polymer and the alkynes from the synthesised crosslinker molecule. The metabolic activities of the cells treated with both 
crosslinked and un-crosslinked empty micelles were assessed in two different breast cancer cells lines, MCF7, MDA-MB-231 and 
in MCF10A. The in vitro uptake of crosslinked and un-crosslinked micelles was investigated using flow cytometry and confocal 
microscopy in MDA-MB-231 TNBC cell line. Annexin-V / PI and CellEventTM caspase-3/7 assays were used for assessing the level 
of apoptosis of the cells exposed to DTX-loaded formulations. The in vivo biodistribution and circulation kinetics of Cy5-labelled 
crosslinked and un-crosslinked micelles were investigated in healthy mice following intravenous bolus injection.

Results: In this work, we successfully prepared DTX-loaded redox responsive core crosslinked and un-crosslinked micelles as 
potential TNBC therapeutics, using a novel biocompatible and biodegradable functionalised polymer. The redox-responsive 
crosslinked micelles released higher amounts of drug under redox conditions.  None of the drug-free formulations showed 
any cytotoxicity in vitro against different cell lines. It was shown that the DTX-loaded reducible crosslinked micelles displayed 
higher cytotoxicity against a TNBC cell line compared to the un-crosslinked micelles and free DTX. Cells treated with DTX-
loaded crosslinked micelles resulted in superior caspase-3/7 activation. The levels of early and late apoptosis combined were 
also higher in cells exposed to DTX-loaded crosslinked formulation. Thus, crosslinked micelles were more effective than the 
un-crosslinked counterparts and free DTX in the diverse in vitro assessments. In vivo biodistribution and circulation kinetics of 
Cy5-labelled micelles suggested that crosslinked micelles have better in vivo stability than the un-crosslinked systems, as well 
as markedly different organ accumulation.

Conclusions: Taken together the results suggest that reducible crosslinked micelles may be a promising and effective carrier 
system for future clinical applications to TNBC.
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FABRICATION OF 3D PRINTED MICRONEEDLES FOR 
TRANSDERMAL DELIVERY OF INSULIN

Sophia N. Economidou1, Cristiane P. Pissinato Pere1, Dimitrios A. Lamprou1, Dennis 
Douroumis2

Medway School of Pharmacy, University of Kent, Medway Campus, Central Avenue, Chatham 
Maritime, Chatham, Kent, ME4 4TB, UK; 2 Faculty of Engineering & Sciences, University of 
Greenwich, Medway Campus, Central Avenue, Chatham Maritime, Chatham, Kent ME4 4TB, UK

Background: Transdermal drug delivery is an appealing alternative to traditional oral and injection-based drug administration 
routes that tackles common drawbacks such as needle phobia, pain and degradation in gastric acids, yielding high degrees of 
bioavailability. Modern transdermal systems are vastly based on the concept of microneedles, which are miniature puncturing 
devices that can painlessly pierce the skin and convey drugs directly into the dermal microcirculation. Commonly used 
methods of microneedle manufacturing such as micromoulding and micromachining, are usually multistep and difficult 
to scale-up. In this study, the use of 3D printing is explored for its potential to build solid microneedles of various designs, 
implementing a fast, one-step process.

Methods: A stereolithographic printer was employed to print arrays featuring 4 different needle designs: pyramid, spear, cone 
and cross. The designs which were then tested for their ability to effectively pierce porcine skin, measuring the force required 
for needle penetration, using a texture analyzer. The microneedles were then coated with insulin-polysaccharide formulations 
at a 5:1 ratio, using inkjet printing. The quality of the produced microneedles and coatings were evaluated by means of X-Ray 
Computer Micro Tomography (μCT) and Scanning Electronic Microscopy (SEM). Franz cell diffusion studies were carried out to 
assess the release of the drug to porcine skin.

Results: The microneedle arrays were printed featuring 4 needle designs, with high accuracy and reproducibility. The piercing 
tests revealed that no needle failure took place and all designs succeeded in piercing the skin at low piercing forces (<5 N). 
The cone design, which was observed to require the least force to penetrate the skin, was selected for further investigation. 
The use of inkjet printing reassured the development of uniform and reproducible insulin-polysaccharide thin coatings on the 
microneedle surface, as revealed by SEM and μCT studies. The Franz cell diffusion studies verified that the insulin was released 
within 30 min after microneedle insertion.

Conclusions: 3D printing is a valuable technique for the fabrication of solid microneedles that endows the production stage 
of various microneedle designs with versatility. 3D printing, when combined with coating techniques of high accuracy such as 
inkjet printing, can yield microneedle systems that rapidly deliver insulin through the skin.
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EFFECT OF A STIMULATED INTESTINAL FLUID ON 
PERMEABILITY OF [3H]-OCTREOTIDE ACROSS RAT 
INTESTINAL TISSUE

Sarinj Fattah, David J Brayden

Veterinary Sciences Centre, University College Dublin, Dublin 4, Ireland

Background: Octreotide is approved as a long-acting painful injection for treatment of acromegaly and neuroendocrine 
tumours. Oral administration of octreotide has yet to be achieved due to poor permeability across the intestinal epithelium. 
Approaches to improve oral peptide delivery include formulating the protein with enhancers to increase intestinal 
permeability. Our aim was to investigate the capacity of the known enhancer, salcaprozate sodium (SNAC), to increase 
permeability of octreotide across rat jejunal mucosae in vitro in both regular Krebs-Henseleit (KH) solution and in a rat intestinal 
simulated buffer (rSIF). 

Methods: The permeability of [3H]-octreotide was assessed across jejunal tissue from rats. Isolated muscle-stripped jejunal 
mucosae (< 11 cm from pylorus) were mounted in Ussing chambers. After 30 min equilibration, 10 µM [3H]-octreotide with 
and without SNAC (20mM) was added to apical mucosal compartment and 0.2ml samples were taken from basolateral KH 
compartment every 20 min for 120 min. The permeability was assessed in either KH or rSIF (Berghausen et al., 2016) on 
the donor apical side. Tissue viability was accessed by recording the transepithelial electrical potential difference (PD) and 
resistance (TEER). The apparent permeability of [3H]-octreotide was calculated according to equation: Papp =dQ/dt x 1/AxC0. 
Tissues were formalin-fixed and stained with haematoxylin and eosin (H&E) and alcian blue/neutral red to evaluate potential 
epithelial damage.  

Results: In KH, SNAC caused a significant increase in the Papp of [3H]-octreotide across rat jejunal mucosae (1.87 x 10-6 cm/sec 
in controls vs 4.22 x 10-6 cm/sec with SNAC). However, the enhancement of SNAC was abrogated in rSIF (1.57 x 10-6 cm/sec in 
controls vs 1.16 x 10-6 cm/sec in SNAC). In both apical buffers TEER values tended to reduce in the presence of SNAC over the 
120 min duration, similar to untreated controls. The epithelial morphology of excised jejunal segment in presence of 20 mM 
SNAC in both KH and rSIF was normal and similar to controls over the 120 min period.

Conclusions: Intestinal permeability of [3H]-octreotide across isolated rat jejunal mucosae was increased in presence of SNAC 
without causing significant damage to excised intestinal mucosa. Yet, the effect of SNAC was lost in biorelevant rSIF, which 
suggests possible interaction of SNAC with rSIF components including bile salts.
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DEVELOPMENT OF A RADIOPAQUE, THERMORESPONSIVE 
HYDROGEL FOR INTRATUMOURAL ADMINISTRATION TO 
SOLID TUMOURS

Seóna M. Rossi1,2, Timothy E. Murray3, Michael J. Lee3, Benedict K. Ryan1, Helena M. 
Kelly1,2

1 School of Pharmacy, Royal College of Surgeons in Ireland (RCSI), Dublin 2, Ireland
2 Tissue Engineering Research Group (TERG), RCSI, Dublin 2, Ireland
3 Department of Interventional Radiology, Beaumont Hospital, Dublin 9, Ireland.

Background: Direct intratumoural (IT) injection of chemotherapeutics into solid tumours can achieve high local 
concentrations, reducing systemic toxicity and off-target side effects. However, success may be limited by poor distribution 
within the tumour, and rapid clearance. Thermoresponsive hydrogels (TGels) are hydrophilic polymers, which undergo a 
characteristic phase change, from liquid to gelled state, in response to temperature. Drug loading of TGels facilitates localised, 
controlled delivery. The liquid can be administered IT in a minimally invasive procedure via a needle/catheter under image 
guidance. In situ gelation results in a bolus drug depot in the tumour. Intraprocedural monitoring of administration using 
radiopaque TGels facilitates safe and accurate delivery selectively to the tumour.

Methods: Iodixonal (Visipaque®)-labelled TGels were prepared at a range of concentrations (0-30% w/w Visipaque®). 
Rheological assessment defined the optimal concentration of the Visipaque® using gelation temperature, storage moduli and 
viscosity. Radiopacity of the TGels was assessed using computed tomography (CT). Distribution of the lead TGel following 
injection into an ex vivo tissue model was visualised under CT and Ultrasound (US). Injectability of the lead TGel was assessed 
across a range of clinically relevant needles/catheters. Preclinical assessment of blank and drug loaded TGels was conducted 
in an A549 xenograft murine model of lung cancer (approved by the RCSI ethics committee). 1×106 A549-luciferase cells were 
subcutaneously injected into the right flank of female Athymic Nude-Foxn1nu mice (n=6 per group). At a tumour volume 
of approx. 250mm3, 100μL of TGel (blank or drug loaded) or saline was injected IT using a 22G needle. Tumour volume was 
assessed using calipers and an IVIS® Spectrum in vivo imaging system over 14 days. On day 14, mice were sacrificed; tumours, 
liver and kidney excised, fixed and embedded in paraffin for histological and immunohistochemistry studies. Blood serum was 
analysed for biomarkers related to liver and kidney damage.

Results: All contrast labelled TGels maintained thermoresponsivity at concentrations evaluated. The 20% w/w Visipaque® 
labelled TGel was selected as the lead candidate due to clinically relevant rheological and radiopacity characteristics. 20% w/w 
Visipaque® labelled TGel demonstrated satisfactory radiopacity on CT, and anechogenicity (without speckling) on US in ex vivo 
animal tissue. It was readily injectable, and moulded to the shape of the target tissue. The lead TGel was injectable across all 
devices tested. 2 hr after IT injection, IVIS® imaging indicated localisation and retention of the TGel at the site of injection. TGel 
retention was also visualized in tumour explants at day 14. 100% survival was observed at day 14, with no elevation of liver and 
kidney biomarkers compared to saline, indicating treatment did not result in acute toxicity. At day 7, 10 and 14 post IT injection 
of blank or drug loaded TGels a significant reduction in fold change increase of tumour volume was observed relative to the 
saline treated control (p=0.001).

Conclusions: Clinically relevant radiopaque TGels were successfully formulated. Preclinical evaluation in a murine xenograft 
tumour model revealed a significant reduction in tumour volume increase after blank and drug loaded TGel treatment, relative 
to saline. Further studies are required to fully elucidate the underlying mechanism of action. IT administration of this TGel may 
represent a potential new adjuvant approach in solid tumour treatment.
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IN VITRO AND EX-VIVO TESTING OF SELENIUM 
INTERACTIONS WITH INTESTINAL EPITHELIA: TOWARDS AN 
ORAL DELIVERY FORMULATION

Shane Forde, Sinead Ryan, David J. Brayden

School of Veterinary Medicine and Conway Institute, University College Dublin, Belfield 4, Dublin, 
Ireland.

Background: Selenium (Se) is an essential nutritional element that plays a critical role in DNA synthesis, reproduction and 
the immune system. However dietary Se supplementation is challenging due to lack of agreement over its oral bioavailability, 
compounded by questions over assay methodology. Se also has a narrow safety margin and a tight therapeutic efficacy range, 
both of which vary between different Se species. This work examined the effects of Se species in relation to electrogenic 
ion transport across rat intestinal tissue mucosae using the Ussing chamber system, as well as in-vitro studies involving the 
antioxidant effects and toxicity. The stability of selenium species in tissue was assessed in order to give an indication of how 
labile it is. 

Methods: Selenomethionine (SeMet) (10-100µM) was added to either the apical- or to both the apical and basolateral sides of 
isolated rat jejunal- or colonic mucosae in the Ussing chamber, along with forskolin (FSK), an agent that increases short circuit 
current (Isc) across the tissue and is an indication of tissue secretory function. FSK was added either before or after addition 
of SeMet. Transepithelial Electrical Resistance (TEER) and the change in Isc was measured. The antioxidant effects of SeMet at 
different concentrations (6.25-100µM) was tested using an in-vitro Reactive Oxygen Species (ROS) assay. Toxicity studies were 
carried out on SeMet and SeCys (25-100µM) using an MTS assay on human Caco-2 intestinal and HepG2 liver cell lines. Stability 
studies examined SeMet incubated in fresh rat liver homogenates over a 2-hr period. Levels of Se were quantified over this time 
period using a modified RP-HPLC method. 

Results: No significant change on TEER or Isc was seen on addition of FSK when incubated with SeMet on either side of 
the excised rat tissue compared to controls, signifying  no SeMet-induced loss in tissue function. ROS studies revealed a 
concentration- and time-dependent decrease in ROS over a 2-hr period. MTS studies in HepG2 cells showed a concentration-
dependent decrease in cell viability over 72 h for both SeMet and SeCys, with 25% and 75% decreases respectively, but this was 
only seen at high concentrations over a long exposure period. Caco-2 cells showed no toxicity after a 4-hr incubation period 
at similar concentrations of SeMet and SeCys. Stability studies showed SeMet was stable in rat liver homogenate over a 2-hr 
incubation period, compared to a positive labile control (Insulin, 250µM). 

Conclusions: There was no evidence that SeMet reduced electrogenic ion secretion across rat intestinal tissue, as previously 
seen with other elements such as zinc. SeMet exhibited antioxidant properties when incubated with Caco-2 cells, with no 
cytotoxicity seen at the levels tested. SeCys was also not toxic upon acute exposure to Caco-2 cells for 4 h, however on chronic 
exposure to HepG2 cells, SeCys exhibited higher toxicity than SeMet, albeit at high concentrations. SeMet was stable in liver 
homogenates, indicating that it is a stable molecule and should be able to withstand pH changes and enzyme exposure in 
the intestine. Further work is required to understand the mechanism of SeMet and SeCys interaction with the intestine, as well 
as epithelial permeability pathways. Future work involving Se-loaded nanoparticle oral formulations will examine controlled 
release of Se in intestinal regions will act as the basis of an optimum oral formulation.
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ADVANCED FLUORESCENT pH-SENSITIVE PLGA PARTICLES 
FOR CONTROLLED TARGETED THERAPEUTIC DELIVERY 
AND MAPPING MICROENVIRONMENTAL BIOCHEMICAL 
PARAMETERS

Veeren M Chauhan1, Mohammad Al-Natour1, Amjad A Selo1, David J Scur1, Robert 
Markus2, Cameron Alexander1 and Jonathan W Aylott1

1 School of Pharmacy, University of Nottingham, Nottingham, NG7 2RD, UK
2 School of Life Sciences, University of Nottingham, Nottingham, NG7 2RD, UK

Background: Poly (lactic-co-glycolic acid) (PLGA) is a versatile synthetic biocompatible co-polymer that has been utilised 
for a variety of different pharmaceutical applications. For example, PLGA has been extensively used to manufacture drug 
delivery vehicles for the controlled release of active pharmaceutical ingredients (APIs). However, when PLGA is utilised as a 
therapeutic transporter to target sub-cellular spaces it is extremely challenging to determine its efficacy and consequential 
effect on local microenvironmental biochemical parameters. Bearing this in mind we have custom engineered advanced 
fluorescently labelled PLGA nanoparticles that can simultaneously deliver APIs to subcellular spaces and quantify changes in 
pH microenvironments, which is a critical biochemical marker that determines the success of a pharmaceutical formulations, to 
high spatial, temporal and measurement resolutions.

Methods: A novel one-step, scalable, solvent-free, synthesis method was used to manufacture fluorescent blue and green 
labelled and unlabelled PLGA (negative control). Size-tuneable fluorescent ratiometric pH-sensitive PLGA particles were 
controllably produced using microfluidics through combination of blue and green PLGA, in a 1:1 ratio, prior to particle 
production. pH-sensitive PLGA nanoparticles were characterised for their physicochemical properties of size and zeta potential 
(dynamic light scattering and electron microscopy), fluorescence (spectrophotometer), chemical heterogeneity (time-of-flight 
secondary ion mass spectrometry, ToF-SIMS), sub-cellular compartmentalisation (super-resolution fluorescence microscopy) 
and pH evolution in the presence or absence of API bafilomycin, a vacuolar-type H+-ATPase (V-ATPase) inhibitor, (flow 
cytometry).

Results: Fluorescent blue (λex = 365 nm, λem 425 nm) and green (λex = 488 nm, λem 520 nm) labelled and unlabelled 10kDa 
PLGA were produced with 50(PLA): 50 (PGA) substitution. Blue and green PLGA were combined in a 1:1 ratio to produce 
dual-polymer-labelled nanoparticles with diameters centred at 100 nm to 100 µm. ToF-SIMS, fluorescence microscopy and 
spectroscopy highlighted dual-polymer-labelled particles consisted of uniformly distributed blue and green labelled PLGA, 
permitting ratiometric quantification of physiological pH range between pH 5.5 and 8.0. Super resolution fluorescence 
microscopy confirmed pH-sensitive PLGA nanoparticles (100 nm) and microparticles (5 µm) were localised in the lysosome 
and phagocytic vesicles, respectively. Flow cytometry elucidated, once internalised pH-sensitive PLGA nanoparticles 
microenvironment advances towards an acidic pH, where it is degraded and dispersed. Furthermore, particle processing could 
be inhibited through co-delivery bafilomycin.

Conclusions: Our findings highlight utility of advanced pH-sensitive PLGA nano/microparticles, which could be used to 
enhance the delivery of future therapeutics and augment the understanding of targeted controlled sub-cellular delivery, that 
will pave-the-way for their clinical translation.  
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CARRIER PARTICLE MEDIATED STABILIZATION AND 
ISOLATION OF API NANOPARTICLES

Ajay Kumar, Sarah P Hudson, Peter Davern, Benjamin Kieran Hodnett

Department of Chemical Sciences, Synthesis and Solid State Pharmaceutical Centre, Bernal 
Institute, University of Limerick, Limerick, Ireland

Background: Approximately 40% of active pharmaceutical ingredients (APIs) in the drug development pipeline fall into 
the category of Biopharmaceutics Class II (low solubility-high permeability) and Biopharmaceutics Class IV (low solubility-
low permeability) drugs. Drug solubility, dissolution, and gastrointestinal permeability are the key determinants of 
oral bioavailability. For drugs that exhibit poor water solubility enhancing the dissolution rate and/or solubility in the 
gastrointestinal system can often improve their bioavailability. Nanoparticles (NPs) formulation strategies can address these 
problems of low solubility and dissolution rate. The greater surface/volume ratio of nanoparticles (NPs) can result in an 
improvement in dissolution and bioavailability as well as enhanced permeability. Among the different techniques to form 
nanosuspensions, liquid antisolvent precipitation is fast, easy and cost-efficient. However, isolation of the resulting NPs in the 
dried state is a major challenge, due to agglomeration and Ostwald ripening resulting from the high surface energy of the NPs. 
In this work, two carrier particles (montmorillonite (MMT) and calcium carbonate (CaCO3) have been employed to stabilize and 
isolate NPs directly from suspension without the use of any API-specific soluble stabilizers.

Methods: Antisolvent precipitation was used to generate nanosuspensions of valsartan, carbamazepine, curcumin, clofazimine 
and clozapine. Particle sizes and zeta potentials of the NPs and carrier particles were measured using a Malvern Zetasizer Nano 
ZSP system. Process parameters were optimized to generate NPs of these APIs in suspension and carrier-mediated stabilization 
and isolation of these NPs from suspension into a solid form was achieved by adding carrier particles before/after precipitation 
followed by simple filtration and air drying. Dissolution studies of the resulting NP-carrier composites and suspended 
nanoparticles were then performed in distilled water and 25 mM HCl solution at 37 °C.

Results: Nanosuspensions of all five APIs were achieved using the antisolvent precipitation method. Analysis of these 
nanosuspensions revealed that particles smaller than 130 nm in each case were obtained. A panel of carrier particles was 
screened to identify the best carrier-API combination for stabilization and isolation of the respective API. From these screening 
procedures MMT and CaCO3 were identified as the most promising carrier particles in this study. The dissolution rate of these 
NP-carrier composites is comparable to or surpasses those of stabilized nanoparticles in suspension. By functionalizing the 
surface of MMT with protamine (PA), a cationic protein, the dissolution profiles of the resultant NP- PA-MMT composites were 
preserved at higher drug loadings as compared with the un-functionalized carriers.

Conclusions: An antisolvent precipitation method successfully precipitated NPs of all five APIs. These NPs could be isolated 
using a simple filtration process into dry, solid powders with the aid of two different carrier particles. The carrier particles serve 
a dual purpose, namely (i) to stabilize the suspended nanoparticles, and (ii) to facilitate their unhindered isolation to the solid 
state. Thus, different BCS Class II APIs were formulated into fast dissolving, solid-state nanoparticle composites using a simple 
one-step approach, without the need of any API-specific soluble stabilizers.
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ENHANCED IMIQUIMOD PERMEATION THROUGH 
MICRONEEDLE SKIN PRE-TREATMENT FOR BASAL CELL 
CARCINOMA

Akmal Sabri1, Elizabeth Cocks2, John McKenna3, Volha Shpadaruk3, Joel Segal4, 
David Scurr1, Maria Marlow1

1 Advanced Materials and Healthcare Technologies Group, School of Pharmacy, University of Nottingham, UK; 
2 Walgreens Boots Alliance, Thane Road, Nottingham, UK; 3 Leicester Royal Infirmary, University Hospitals of 
Leicester Dermatology Department, Infirmary Square, Leicester; 4 Department of Mechanical, Materials and 
Manufacturing Engineering, Faculty of Engineering, University of Nottingham, UK

Background:: Basal cell carcinoma (BCC) is the most common skin cancer in humans. One of the drugs that is frequently 
employed in the topical treatment of BCC is imiquimod (AldaraTM). However, imiquimod possesses physiochemical properties 
that limit its permeation to reach deeper tumour lesions such as those seen in nodular BCC. Thus, such topical treatments are 
restricted to the management of superficial BCC. In light of these drawbacks, it is hypothesised that the use of microneedles to 
disrupt the stratum corneum may promote the permeation of imiquimod to reach deeper BCC lesions.

Methods: The effectiveness of using microneedling pen of increasing length (250, 500, 750 and 1000 µm) to promote the 
permeation of imiquimod was evaluated using in vitro Franz diffusion cells. In brief, skin from porcine ears were treated with 
either AldaraTM cream alone or in combination with Dermapen®. After a 24-hr permeation experiment, sequential tape strips 
were collected from the skin samples. The experiment was repeated and vertical cross-sections of the skins were obtained 
using cryo-ultramicrotome. The tape strips and cross-sections were analysed using time-of-flight secondary ion mass 
spectrometry (ToF-SIMS). In addition, the receptor fluids of the Franz diffusion cells were analysed using high performance 
liquid chromatography (HPLC).

Results: ToF-SIMS secondary ion images of tape strips and skin cross-sections revealed enhanced lateral and vertical 
distribution of imiquimod in microneedle pre-treated skin when compared to AldaraTM cream only treated skin. However, 
such enhanced lateral permeation of imiquimod across the stratum corneum was most apparent for 250 µm microneedle 
pre-treated skin and decreased with increasing microneedle length. On the other hand, HPLC analysis of receptor fluid for 
imiquimod revealed enhanced vertical permeation with increasing microneedle length in comparison to AldaraTM cream only 
treated samples. Such enhanced vertical permeation was only statistically significant (p< 0.05) when skin was pre-treated with 
microneedles with length of 1000 µm prior to AldaraTM cream application. 

Conclusions: The results suggest that microneedle pre-treatment prior to AldaraTM cream application enhances the dermal 
permeation of imiquimod. The permeation profile (either lateral or vertical) is dependent on the microneedle length. Shorter 
microneedle length (250 µm) promoted enhanced lateral permeation into the upper layer of the skin (i.e. stratum corneum) 
with minimal vertical permeation in comparison to AldaraTM cream only treatment. Such microneedle length may be utilized to 
promote imiquimod delivery for the management of superficial BCC. On the other hand, longer microneedles (1000 µm) that 
resulted in minimal lateral permeation but enhanced vertical permeation may be employed for targeting deeper tumour lesion 
such as those seen in nodular BCC. 
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HYDROXYPROPYLMETHACRYLAMIDE BASED 
THERMORESPONSIVE MAGNETOMICELLES FOR 
CONTROLLABLE DRUG DELIVERY IN PANCREATIC CANCER

Ali Alsuraifi, Anthony Curtis, Clare Hoskins

Institute of Science and Technology in Medicine, Keele University, ST5 5BG, UK

Background: Thermo-responsive polymers are a class of smart polymers that respond to change in temperature. This property 
makes this type of polymers are useful materials in a wide range of applications specially, in the field of drug delivery system.  
Polymers, which have primary amino groups, such as N-(3-aminopropyl) methacrylamide hydrochloride (APMA), have been 
used for post-polymerization modification reactions for the development of new materials for biomedical applications.

Methods: Here we aim to fabricate an amphiphilic monomers composed of a N-(3-aminopropyl)methacrylamide (APMA) 
by substituting (palmitoyl, dansyl, cholesteryl and oxadiazole) groups onto the primary amine in the  APMA monomer. The 
structural characterization of APMA modified monomers was investigated by FTIR and NMR. HPLC measurements were 
performed in order to compare drug loading properties of the copolymers formulas. The most potent carrier candidate was 
loaded in order to carry out thermo-responsive release study. In vitro release profiles of different model drugs of the optimal 
formulations copolymers were investigated at four different temperature ice bath, 30, 40 and 50 ⁰C. Then we used HNPs as 
localised nano-heaters to accelerated drug release from our system in responded to temperature change. Finally, the optimal 
formulation of (O-1)-b-(PEG) and (O-1)-b-(PEG)-HNPs loaded with PTX were tested for their cytotoxicity in vitro on BxPC-3 cells.

Results: The results obtained in this work confirming that the primary amine groups of the APMA monomer under study are 
substituted by (palmitoyl, dansyl, cholesteryl and oxadiazole) groups. HPLC measurement has demonstrated that O-1 and 
D-2 have a higher drug solubilisation capacity than other copolymer formulations. Unfortunately, these copolymers showed 
uncontrolled release of all of the loaded drugs. To set-up thermo-responsive copolymer for controlled drug release, approaches 
based on introducing an appropriate amount of poly ethylene glycol (PEG) block as a part of O-1 and D-2 amphiphilic 
copolymers. A significant enhancement in responded to the change in temperature as the drug release across the membrane 
was improved when the PEG was present for the three hydrophobic drugs models. The results also showed that HNPs addition 
had accelerated griseofulvin and prednisolone released. By contrast, propofol released attenuated compering to (O-1)-b-
(PEG). In-vitro MTT assay results established the ability of (O-1)-b-(PEG)-PTX and (O-1)-b-(PEG)-HNPs-PTX novel formulations to 
accumulate and kill pancreatic cancer cells more effectively, compared to the free PTX. In vitro drug uptake study also indicated 
that the copolymer and its hybrid formulations internalise and accumulate inside pancreatic cancer cells significantly higher 
than that observed for the free drug administration. The effect of higher temperature has been studied and the results showed 
that the toxicity of PTX-copolymer formulations was increased by few folding after heating to 44 °C.

Conclusions: In-vitro MTT assay results established the ability of (O-1)-b-(PEG)-PTX and (O-1)-b-(PEG)-HNPs-PTX novel 
formulations to accumulate and kill pancreatic cancer cells more effectively, compared to the free PTX. In vitro drug uptake 
study also indicated that the copolymer and its hybrid formulations internalise and accumulate inside pancreatic cancer cells 
significantly higher than that observed for the free drug administration.
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SINGLE HYDROGEL-FORMING NEEDLES: FABRICATION AND 
MECHANICAL PROPERTIES

Álvaro Cárcamo-Martínez, A. Sara Cordeiro, Ryan F. Donnelly

School of Pharmacy, Queen’s University Belfast, BT9 7BL, UK

Background: Microneedles represent an efficient alternative for topical and systemic drug delivery, bypassing the stratum 
corneum and allowing the delivery of drugs directly into the dermis. However, in order to achieve a highly localized treatment 
of diseases in the deepest layers of the skin, arrays of needles with a higher length could represent a more suitable alternative. 
Previous studies in our Group have shown that needle arrays between 2 mm and 6.5 mm in height cannot be inserted in skin 
models, since they face the “bed of nails” phenomenon (unpublished results). However, single needles of 8 mm in height and 
1 mm in base width can be successfully inserted. The aim of this study was to evaluate the feasibility of fabricating single 
hydrogel-forming needles of lower length and base width, evaluating the influence of their aspect ratio in both mechanical 
strength and insertion studies.

Methods: Master moulds were fabricated with a 3D printer, using polylactic acid (PLA) as printing material for the base. 
Metallic needles with increasing widths at base were cut and glued into the moulds. A mixture of Silastic® S and a curing 
agent, in a proportion 10:1, was prepared and poured into the master moulds and allowed to cure overnight, to obtain silicone 
moulds. Afterwards, single hydrogel-forming needles were prepared by pouring a mixture of 25% Gantrez® S-97 and 10% 
Poly(ethyleneglycol) 200 Da into the silicone moulds, followed by centrifugation at 5000 rpm for 45 min. The mixture was 
allowed to dry in the moulds at room temperature for 3 days and the formed needles were crosslinked using a microwave 
(45 min at 1000 W). The obtained needles were characterized in terms of height and base width using light microscopy. 
Their mechanical strength was studied using a Texture Analyzer in compression mode, selecting a distance of 2.15 mm as 
the endpoint. Force vs. distance curves were obtained, where the maximum force required to bend the needles was shown. 
Insertion studies were conducted with the Texture Analyzer, using consecutive layers of Parafilm® as a skin model. After 
insertion, each layer was evaluated with a light microscope to confirm that the needle penetrated it and the percentage of the 
needle height effectively inserted (%) was calculated. 

Results: Single needles 2 mm in height, sharp and with increasing width values at base - 470, 520 and 680 μm – were 
manufactured. Mechanical strength studies showed that needles with a medium base width required a higher force to be 
bended (30.40 N, 39.03 N and 37.03 N). In terms of Parafilm® penetration, needles 470, 520 and 680 μm in base width reached 
a 75%, 80% and 61% of insertion in terms of their original height, respectively. In any case, the force used to compress the 
needles did not lead to their breaking.

Conclusions: Single hydrogel-forming needles of 2 mm in height and increasing base width values were successfully 
manufactured. Both mechanical strength and insertion results suggest that needles of a medium base width would be ideal 
for skin penetration, as a higher insertion depth was achieved with the 520 μm-wide needles. This could be attributable 
to an optimal relation between needles’ height and base width. In general, these results show that it is feasible to prepare 
reproducible hydrogel-forming needles with variable base width, which are strong enough to be efficiently inserted without 
breaking. In addition, the aspect ratio of needles appears to be of significance in insertion studies, opening room for future 
studies, including the use of other skin models, in the development of single needles.
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INVESTIGATION OF DRUG SALT DISPROPORTIONATION 
USING ADVANCED ANALYTICAL TECHNIQUES

Amjad Abouselo1, Veeren Chauhan1, David J Scur1, Jonathan C Burley1 and 
Jonathan W Aylott1

1 School of Pharmacy, University of Nottingham, Nottingham, NG7 2RD, UK
2 School of Life Sciences, University of Nottingham, Nottingham, NG7 2RD, UK

Background: Formulation of active pharmaceutical ingredients (APIs) as salts is a proven strategy that has been implemented 
to augment solid dosage form properties, such as solubility, the rate of dissolution and purity. However, when salts are 
formulated into multi-component products, such as tablets, it is challenging to maintain the solid-state salt form during its 
manufacture and over the product shelf-life. This formulation instability can be attributed to salt disproportionation, which is 
the transformation of API salt to the less soluble free form. Salt disproportionation is influenced by interlinking multifactorial 
parameters, such as microenvironmental pH, hygroscopicity and buffer capacity. Bearing all these factors in mind, we have 
developed a simple novel analytical platform, consisting of optical screening and real-time dissolution Raman spectroscopy 
that can be used to investigate salt disproportionation and rapidly optimise formulation properties on a bench-top scale, prior 
to large-scale manufacture.

Methods: Temperature and humidity controlled optical microscopy was used to investigate excipients-induced 
disproportionation of pioglitazone hydrochloride. A physical mixture of the API and the excipients including citric acid, lactose 
monohydrate and calcium phosphate were prepared in 1:1 ratio. Optical tracking was used to identify transformations in salt 
crystal morphology. Raman mapping of the dissolution of API tablet was performed using a custom engineered flow cell, 
which permits monitoring of drug in acidic (pH 1.2) and basic (pH 6.8) buffer solution.

Results: The conversion of pioglitazone hydrochloride to the free base was found to change the salt crystal morphology 
from irregular block crystals to needle crystal. Optical screening highlighted the effect of some excipients including lactose 
monohydrate and microcrystalline cellulose (MCC) that have pH above the pHmax of the salt to induce disproportionation. 
In contrast, the salt mixed with acidic excipients was resistant to disproportionation. Raman mapping of salt tablet 
dissolution in basic media showed rapid and full conversion of the ionised form to the free base. However, in acidic pH media, 
disproportionation was not observed. This was attributed the pH of the media which was found to be below the pHmax of the 
salt.

Conclusions: Our findings demonstrating the utility of our optical screening and Raman spectroscopy analytical platform 
as simple, rapid and low sample size analytical techniques to investigate the effect of excipients and dissolution media on 
salt disproportionation in real-time. This methodology can be used to enhance our understanding of salt stability studies in 
development stage, that will pave-the-way for more stable and compatible multi-components formulations.  
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POLYMER-BASED NEEDLE ARRAYS FOR SAFER DRUG 
ADMINISTRATION

Ana Sara Cordeiro, Iman Hamdan, Ryan F Donnelly

School of Pharmacy, Queen’s University Belfast, BT9 7BL, UK

Background: Drug administration is often achieved through parenteral routes, including intramuscular and subcutaneous. 
These injection-based pathways present some important risks, related to needle-stick injuries, which may happen at all 
stages of the process, including at the moment of disposal of the sharp materials used. Similarly, the entire process has high 
associated costs for the healthcare services, both in terms of the material and human resources required and of the waste 
disposal. The use of polymeric needle arrays with self-disabling properties could help overcoming this issue and improve the 
safety of this type of drug administration. These needles may undergo in situ dissolution or, in other cases, swell inside the 
tissue due to fluid absorption, avoiding reinsertion. Importantly, this approach would also facilitate self-administration of drugs 
outside controlled medical environments, reducing risks and costs.

Methods: Dissolving needle arrays and drug reservoirs were prepared using aqueous blends of 20% w/w Gantrez® S-97 and 
the required amounts of metoclopramide hydrochloride or (-)-epinephrine. Once degassed, gels were cast into needle moulds, 
centrifuged at 3500 rpm for 15 min and dried at room temperature for 48 h. Similarly, hydrogel-forming needles without any 
drug content were cast from aqueous blends of 20% w/w Gantrez® S-97 and 7.5% w/w poly(ethylene glycol), with an additional 
cross-linking step, via esterification in an oven at 80oC for 24 h. Insertion of all needles was evaluated in different skin models 
using optical microscopy and optical coherence tomography (OCT). Recovery of the drug from MN arrays and reservoirs was 
quantified using UV-Vis absorbance.

Results: Drug-loaded dissolving needle arrays, containing 25 conical needles (5x5) each 1.2 mm in height and 0.5 mm base 
width, were efficiently developed from the polymeric blend previously described. In terms of needle insertion, about 85% of 
the needle height was inserted in Parafilm®, a validated skin model, and in neonatal porcine skin, as observed using OCT. In the 
case of the hydrogel-forming formulation, cylindrical needles with 7–8 mm length, 1 mm base width and a pointed tip were 
developed and showed complete insertion in Parafilm® (50 layers). This formulation also showed an adequate swelling profile, 
doubling its initial weight after less than 30 min of contact with PBS (pH 7.4). Furthermore, drug recovery from needle arrays 
and drug reservoirs was close to 100%, and dissolution was completed in less than 30 min upon immersion in PBS.

Conclusions: The preliminary results achieved allow us to predict the potential of these prototypes for efficient drug delivery 
into the skin. This may be possible through needle dissolution upon insertion in the skin, or through absorption of skin 
interstitial fluid by hydrogel-forming needles, leading to drug release from a reservoir placed on top of those needles. In 
any case, the needles developed in this approach are self-disposable and, therefore, may present an improved safety profile. 
Further studies will include the evaluation of drug permeation levels through neonatal porcine skin, and optimization of both 
strategies to achieve maximum drug loading, stability and release.
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DEVELOPMENT OF A NANOPARTICLE DELIVERY 
SYSTEM FOR THE PULMONARY DELIVERY OF PHENOLIC 
COMPOUNDS FOR LUNG CANCER 

Ashley G Muller, Satyajit D Sarker, Imran Y Saleem, Gillian A Hutcheon

School of Pharmacy and Biomolecular Sciences, Liverpool John Moores University, Liverpool L3 
3AF, UK

Background: Lung cancer is a malignancy that is both common and lethal, claiming a staggering 1.59 million lives in 2012. 
Current treatment involves chemotherapy where the chemotherapeutic drugs work by inhibiting the division of rapidly 
growing cells, characteristic of the cancerous cells. Unfortunately, the drugs also affect normal cells with rapid growth rates, 
such as hair follicles, bone marrow and gastrointestinal tract cells, leading to common side effects such as fatigue, nausea, 
vomiting, mouth ulcers and hair loss. The current treatments also require administration at a hospital by a qualified health 
professional using expensive drugs. All these elements contribute to making lung cancer therapy the most costly form 
of cancer to treat, costing the UK economy £2.4 billion a year. It is therefore paramount to develop treatments that are 
more efficacious and cost-effective. Several phenolic compounds have been shown to inhibit the growth of, and induce 
apoptosis in cancer cell lines.   However, these phenolic compounds have poor absorption and bioavailability resulting in 
inefficient treatment. Therefore, there is a need for a better delivery method to increase efficiency and reduce dosage. The 
aim of this project is to develop polymeric nanoparticles for use as a delivery system for these compounds. NPs prepared 
from polyglycerol adipate-co-ω-pentadecalactone (PGA-co-PDL),  can be delivered to the lungs within nanocomposite 
microparticles (NCMPs ) using a dry powder inhaler. 

Methods: Blank PGA-co-PDL nanoparticles (NPs) were synthesised via a modified water-in-oil-in water (w1/o/w2) double 
emulsion evaporation method. Phenolic compound-encapsulated nanoparticles were prepared in a similar manner with 5% 
and 10 % resveratrol, curcumin, or EGCG added in the first water phase. The blank- and phenolic-compound encapsulated 
NPs were assessed for their size and charge using a Malvern Zetasizer.  The NPs were exposed to Calu-3 lung cancer cells 
and assessed using an Alamar blue assay. The NPs were incorporated into nanocomposite microparticles (NCMPs) via spray-
drying using L-Leucine as a microcarrier. The NCMPs were characterized using a zetasizer to determine if the NPs were of 
an appropriate size once released from the microcarrier. The size of the NCMPs were ascertained using scanning electron 
microscopy. NCMPs were also assessed using a Next Generation Impactor (NGI) to predict where in the lungs they will deposit 
upon inhalation. 

Results: The blank and the phenolic-encapsulated NPs both had an average size  of between 200 to 300 nm and an average 
zeta potential of -10 to -20, before and after centrifugation. HPLC analysis revealed that the encapsulation efficiency was over 
90%. Scanning electron microscopy showed that the NCMPs were irregularly shaped with an average size of 1.9 µm. The NPs 
reduced the IC50 of the phenolic compounds by up to 85% as determined by the Alamar blue. assay .The PGA-co-PDL blank 
NPs alone had no effect with an overall cell viability of 80%.The phenolic compounds were released from the NPs in a sustained 
manner over 24 hr. Assessment of aerosolisation using a NGI, indicated the NPs would deposit in the bronchial-alveolar regions 
of the lungs.  

Conclusions: These preliminary findings suggest that NPs/NCMPs could be used to treat lung cancer by delivering phenolic 
natural products drugs to the lung.
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Background: Local delivery of pharmaceutically active agents (APIs) has been widely explored owing to the benefits 
associated with maximal drug exposure to diseased tissue, reduced side effects and hence the need of a lower dose. 
Osteoarthritis is a disease where local drug delivery into the articular joint, through intra-articular (IA) injection, has shown 
clinically significant benefit. However, with these commercial products there is still scope for improvement by preventing 
rapid drug clearance from the joint post-administration.  Hence, we have designed and evaluated formulations containing 
nanocapsules (NCs) loaded in a hydrogel to address this common limitation of rapid drug clearance, associated with IA 
delivery.

Methods: Hyaluronic acid (HA) coated NCs were prepared by a spontaneous emulsification technique. A model anti-
inflammatory molecule, dexamethasone (DXM) was incorporated into these NCs. The size and zeta potential of these NCs were 
determined by dynamic light scattering. A novel hydrogel prepared with fibrinogen (Fn) and HA was designed to entrap these 
HA NCs. In vitro release of DXM from NCs and the NCs loaded hydrogel was evaluated in phosphate buffer saline (PBS), pH 7.4 
and in simulated synovial fluid respectively. Further, DXM NCs and DXM NCs loaded hydrogels were tested in vivo in an antigen 
induced arthritic rat model to establish their efficacy versus a commercial Dexamethasone sodium phosphate injection (Kern 
Pharma, 4 mg/ml).

Results: HA NCs with a size of 250 ± 30 nm, polydispersity index (PDI) of 0.2 and Zeta potential of -15 ± -4 mV were obtained. 
Colloidal stability of these NCs was observed up to 2 weeks at 2–8 ºC. DXM was successfully entrapped in NCs with an 
entrapment efficiency of 46 ± 6 %. Approximately 96% of DXM was released from NCs within 24 h in PBS, while 75% was 
released in 48 h in simulated synovial fluid from the NCs loaded hydrogel. Synovial cross-sections obtained from arthritic 
rats after 4 weeks of treatment, have showed better response in the reduction of inflammation with NCs loaded hydrogel 
compared to the commercial DXM injection. 

Conclusions: DXM HA NCs and a DXM HA NCs loaded Fn-HA hydrogel were designed, evaluated in vitro and shown most 
importantly to be superior to the commercial product in an antigen induced arthritic rat model. 
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MICROFLUIDICS PRODUCTION OF NANO-SIZED LIPOSOMES 
FOR DRUG DELIVERY APPLICATIONS

Calvin Cheung, Wafa Al-Jamal

School of Pharmacy, Queen’s University of Belfast, BT9 7BL, Belfast, UK

Background: Liposomes as drug delivery systems have been very successful in recent years. Multiple liposome-based 
nanomedicine have been approved and commercialised. Despite intensive research efforts, translation into the clinics has 
been hindered by the limitation of conventional preparation methods. Microfluidic preparation of liposomes is advantageous 
over conventional preparation methods with its precise and well-defined mixing behaviour. More important, the preparation 
process is continuous and straight-forward to operate and scale-up. A new generation of microfluidic chip known as staggered 
herringbone micromixer (SHM) enables high throughput, great mixing efficiency and lower dilution factor of the final product. 

Methods: Lipid were dissolved in ethanol at suitable ratio and concentration. Liposomes were prepared by injecting the 
ethanolic solution of lipids and aqueous media into the corresponding inlets of the SHM. The total flow rate (TFR) and aqueous-
to-ethanol flow rate ratio (FRR) were controlled by syringe pumps. Collected liposomes were dialysed at room temperature 
overnight against the same aqueous media used for preparation to remove residual ethanol content. Size and size distribution 
of the liposomes were characterised by dynamic light scattering with Z-Average diameter and dispersity, respectively. 
Doxorubicin was loaded into liposomes using a pH-gradient loading method.

Results: We have demonstrated the capability of SHM to produce liposomes of customizable size for different lipid 
composition by simply changing the flow conditions during preparation. The concentration of liposomes can also be made 
comparable to conventional methods. PEGylated conventional formulations (DOPC, DSPC and DPPC) of the desired size of 
100nm in diameter and uniform size distribution were successfully prepared by SHM. The prepared liposomes were capable 
of encapsulating doxorubicin through remote loading by pH-gradient, and achieving encapsulating efficiency capable to 
traditional preparation methods.

Conclusions: We demonstrated the flexibility of the microfluidic technique to customise liposomes with comparable drug 
loading performances. This study demonstrated potentials of the microfluidic technique to accelerate clinical translation.
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DEVELOPMENT OF A BIOCOMPATIBLE SLA PRINTABLE 
RESIN FOR CONTROLLED RELEASE 3D PRINTED TABLETS 
- IDENTIFICATION OF SUITABLE PHOTOPOLYMERISABLE 
EXCIPIENTS AND PHOTOINITIATORS
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Background: 3D printing holds much promise and represents a fascinating tool for meaningful applications in pharmaceutics; 
the main advantage of 3D printing is the large design flexibility that allows the formulation of tablets with several dosages, 
geometries and, potentially, drug release profiles, with no need for different equipment. Different technologies, such as Fused 
Deposition Modelling (FDM), Powder Bed or Drop on Powder, Selective Laser Sintering (SLS) and Stereolithography (SLA) 
have successfully been exploited to produce solid oral dosage forms, although there remain significant limitations; one such 
limitation is the availability of safe excipients that deliver desirable characteristics making them suitable for clinical application.

Methods: Within 3D printing technologies, SLA was selected based on its advantages compared to other techniques. SLA 
is based on a photopolymerisation process that occurs when a UV laser hits a specific point of a liquid resin contained 
in a vat. There is no heating involved during operation and the use of liquid resin avoids flow property issues, typical of 
powders. Furthermore, SLA has the highest printing resolution among other technologies (up to 20 μm). However, the lack 
of photopolymerisable materials and their potential toxicity represent the main concern and limitation of SLA. The aim of 
this research, therefore, is to screen and identify suitable polymer blends and associated photoinitiators to enhance the 
clinical safety and efficacy of SLA printing of solid dosage forms. Safety profiling and potential incorporation of conventional 
excipients were the main considerations for inclusion criteria.

Results: Following the preliminary screening process, the reagents selected from a short list were: poly(ethylene glycol) 
diacrylate (PEGDA) as the main photopolymerisable compound, poly(ethylene) glycol (PEG) 300 from the pool of conventional 
excipients, riboflavin and triethanolamine as photoinitiator and co-photoinitiator, respectively. The role of different PEGDA 
molecular weights (250; 575; 700) in drug loading and drug release has been investigated, whilst vinyl acetate and 1-vinyl-2-
pyrrolidinone were used in an attempt to tune drug release profiles. Lastly, printability was explored through production of 
novel tablet designs.

Conclusions: Photocrosslinkable compounds have been identified and selected with the view to producing theophylline 
tablets with a range of dosages, sizes and shapes, coupled with examination of the impact of modifying parameters of the 
photopolymerisable resin on drug loading and subsequent drug release.
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Background: Oral delivery of a GLP-1 analogue for Type 2 diabetes will improve patient compliance compared to sub-
cutaneous injections. However, oral peptide delivery is challenging due to several physiological barriers, especially the poor 
intestinal membrane permeability. One approach to address the insufficient permeability of therapeutic peptides is to combine 
them with a permeation enhancer (PE). Clinical trials with oral peptide candidates have reported increased bioavailability by 
incorporating the PEs, salcaprozate sodium (SNAC) and sodium caprate (C10), but little is known about the way they physically 
interact. In this work, our objective was to compare the biophysical interactions between the marketed GLP-1 analogue, 
exenatide, with both C10 and SNAC.
 
Methods: Isothermal Titration Calorimetry (ITC) experiments were carried out on a VP-ITC micro-calorimeter at 37°C. The 
sample cell was filled with 2 mL of a 2–30 mM C10 or 20-60 mM SNAC solution and titrated with a 1 or 2 mM exenatide 
solution, respectively. Exenatide solution was added step-wise to the solution of surfactants in increments of 10 μL. Surface 
Plasmon Resonance (SPR) measurements were performed using a Biacore 3000 instrument. Three alternative research-grade 
sensors were produced: dextran-, biotin-, or a DNA- based biotin-capturing surface. Solutions with increasing concentrations 
of enhancers (10-40 mM) were passed over the exenatide bound to the sensor surfaces to study the binding affinities. Affinity 
Capillary Electrophoresis (ACE) was performed with a PA800 Plus CE equipped with a UV-detector set at 214 nm. The analyses 
were performed at -15 kV and 25°C with coated capillaries of 57 cm x 50 μm length. ACE analyses were based on measurements 
of mobility variations of exenatide upon addition of increasing concentrations of SNAC or C10 to the running buffer (up to 100 
mM).
 
Results: The molecular interactions between exenatide and the two PEs were characterized by ITC in water. The total 
concentration of enhancers had an impact on their interaction with exenatide. This could be due to a change in the 
conformational state of enhancers (from monomers to micelles). Overall, the interaction between enhancers and exenatide 
in water was weak, with no major differences between SNAC and C10. With SPR, binding was detectable in HBSS buffer, as 
indicated by a progressive rise in signal as increasing concentrations of enhancers (from 10-40 mM) passed over exenatide 
on the chip. The best results were obtained when biotinylated exenatide was bound to a streptavidin group linked to a DNA 
strand, with its complementary strand immobilized on the surface. Sensorgrams exhibited a “square wave” shape, characteristic 
of a binding kinetic with rapid dissociation and association rates. With ACE in a phosphate buffer, a weak interaction between 
exenatide and SNAC or C10 was confirmed, with a dissociation constant around 10 μM and 30 μM respectively. In bio-relevant 
media, the presence of bile salts in FaSSIF/FeSSIF reduced binding of both agents to exenatide (KD ≈ 100 μM), indicating that 
the interaction of C10 and exenatide is especially sensitive to the composition of liquids in the GI tract.
 
Conclusions: A variety of advanced analytical techniques were used to study binding between two PEs in clinical trials and 
exenatide. The interactions were weak for both agents and were influenced by enhancer concentrations. It was still weaker in 
more complex buffers likely to be present in the GI tract. This study suggests that the non-covalent interactions of these two 
PEs with exenatide are weak, non-selective and similar in nature.
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Background: Lopinavir is a protease inhibitor which has been suggested as a candidate drug for treatment of non-Hodgkin 
lymphoma. However, it is extensively and rapidly metabolized by CYP3A4 enzyme following oral administration. Thus, when 
given orally for HIV treatment indication, lopinavir is combined with ritonavir, another protease inhibitor, to reduce first-pass 
metabolism. Targeting drugs to the intestinal lymphatic system after oral administration can lead to high levels of drugs 
in mesenteric lymph and lymph nodes. Therefore, delivering lopinavir to intestinal lymphatics can improve the efficiency 
of treatment of lymphoma in patients with substantial involvement of mesenteric and retroperitoneal lymph nodes in the 
disease. Moreover, since intestinal lymphatics is one of the reservoirs of HIV virus, this approach can be also beneficial for 
treatment of HIV. Since lopinavir itself does not possess the physicochemical properties necessary for intestinal lymphatic 
transport, in this project we designed and developed prodrugs of lopinavir with high intestinal lymphatic transport potential.

Methods: The design of lopinavir prodrugs was based on our previously reported in silico model. This model combines 
8 physicochemical properties, including log D 7.4, Log P, polar surface area, freely rotating bonds, density, molar volume, 
numbers of H-acceptors and H-donors. The synthesis of lopinavir prodrugs began with the esterification of lopinavir and 
desired carboxylic acid. At the end of the reaction, mixture was purified by liquid-liquid extraction and flash chromatography 
with the mobile phase dichloromethane: tetrahydrofuran = 80: 20 (v/v). Human chylomicrons were isolated from plasma by 
means of density gradient ultracentrifugation. Chylomicrons emulsion was collected and the concentration of triglyceride 
was measured and diluted to 1mg/mL in Dulbecco’s phosphate-buffered saline. The tested compounds were spiked into the 
chylomicrons emulsion and the mixture was incubated for at 37 °C for 1 h. After incubation, chylomicrons were separated again 
by density gradient ultracentrifugation and top layer was collected and analyzed by HPLC. The tested prodrugs were spiked 
into rat plasma and FaSSIF + esterase. The mixtures were incubated at 200 rpm at 37 °C and 100uL sample was withdrawn at 15 
min, 30 min, 1, 2 and 4 h for HPLC analysis.

Results: Five lopinavir prodrugs were synthesized and identified by 1H NMR and 13C NMR. All synthesized prodrugs 
demonstrated high degree of association with human chylomicrons (from 30.5% to 49.9%), while the association of lopinavir 
itself was negligible (4.5%). All synthesized lopinavir prodrugs were stable (degradation half-life > 20h) in both FaSSIF + 
esterase and rat plasma.

Conclusions: Lopinavir prodrugs showed high affinity to chylomicrons and good stability in simulated intestinal fluid, 
suggesting that they are likely to have substantial intestinal lymphatic transport when administered orally with lipids. However, 
high stability in human plasma suggests that conversion of prodrugs to lopinavir could be delayed. 
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Background: Pulmonary arterial hypertension (PAH) is a chronic, debilitating condition where therapy is designed to reduce 
symptoms and slow disease progression. Long-term treprostinil therapy administered subcutaneously by pump is designed 
to mimic and replace the loss of endogenous prostacyclin. Despite being beneficial, most patients experience serious pain at 
the injection site due to treprostinil interacting with prostacyclin receptors in the subcutaneous tissue, which can lead to the 
termination of treatment. Poly-acetals are known to be stable at physiological pH while degrading at slightly acidic conditions. 
Treprostinil is poorly soluble and has two hydroxyl groups that can be incorporated into a polyacetal mainchain. We have 
prepared a treprostinil polyacetal designed to (i) increase the solubility of treprostinil in the final dosage form, (ii) reduce 
injection site toxicity and (iii) release treprostinil in the diseased PAH lung tissue where it is thought there is a lower pH. 

Methods:  Treprostinil polyacetals were prepared by an acid catalysed ter-polymerisation reaction using a 1:1:2 molar ratio of 
poly(ethylene glycol) (PEG, 3400 g/mol), treprostinil (or its ethyl ester derivative) and triethylene glycol divinyl ether. Polymers 
were characterised by gel permeation chromatography (GPC, PMMA calibrants, DMF eluent, 70˚C) and 1H NMR. Degradation 
was examined by addition of TFA and monitored by 1H NMR. Polyacetal-treprostinil solutions (5 mg/mL) were prepared at 
pH 7.4, 5.5 and 1.0 in PBS and citrate buffer and 0.1M HCl, respectively. Aliquots (200μL) were incubated at 37 °C and at time 
intervals treprostinil released was isolated by liquid-liquid extraction and quantified by RP-HPLC. 

Results: Polyacetal-treprostinil copolymers were prepared with average Mw 17.4 kDa and 1.8 polydispersity index. NMR 
showed 9% treprostinil incorporation by weight (50% mole fraction).  The treprostinil polyacetals were freely soluble in water 
whereas treprostinil only has a solubility of 7.31 μg/mL. Trace treprostinil (< 5%) was released after 24 hr when stored at pH 7.4 
(37 ˚C). Complete degradation was observed almost immediately in pH 1.0. Approximately 11% treprostinil was released after 
24 hr at pH 5.5 (37 ˚C). 

Conclusions: Treprostinil can be used as a diol monomer to be incorporated into polyacetal copolymers, which are prepared 
by a ter-polymerisation using treprostinil, PEG and a divinyl ether. The resulting polyacetal is freely water soluble which will be 
an advantage for formulation. Only minimal degradation is observed at physiological pH while being accelerated at slightly 
acidic pH values that are expected in the PAH lung. Ongoing studies are being conducted to evaluate the activity of treprostinil 
when incorporated in a polyacetal and to optimise the treprostinil dose.  
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DESIGN, DEVELOPMENT AND EVALUATION OF SLA 3D 
PRINTED DRUG TRANSPORT CHAMBERS FOR IN VITRO 
PREDICTION OF DRUG ABSORPTION

Janki Dahya, Craig Russell
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Background: In vitro testing is a critical aspect in the process of formulation and development of pharmaceutical products 
and informs downstream in vivo animal based testing and clinical trials. Equipment currently used is extremely high-costing, 
delicate in nature, difficult to clean and inflexible in design. The aim of this investigation was to use 3D printed drug transport 
chambers in a proof of concept study in comparison with conventionally applied and widely accepted glass Franz cells. It was 
expected that similar data could be collected at a fraction of the expense and with a greatly enhanced usability. If successful, 
more advanced developments are planned to address further limitations in current technology available for ADME screening. 

Methods: Transport chambers were designed using Tinkercad, an online free to use CAD program, which interfaces with 
Formlabs software and the Form 2 SLA 3D printer. Tinkercad was used for the creation and design refinement throughout 
the project in response to findings, leading to the generation of an efficient model to be printed. In vitro comparative drug 
transport studies were conducted between 3D printed diffusion cells with optimized geometrics and conventional Franz 
cells. Experimental conditions remained consistent with incorporation of a dialysis membrane separating the donor and 
receiver compartments and phosphate buffered saline used as the transport medium. The drug transport of a model drug 
Allopurinol across the synthetic membrane was measured by taking aliquots from the receiver chamber at predetermined time 
points. These samples were determined via HPLC analysis using a method validated following ICH Q2(R1) for the detection of 
Allopurinol, followed by calculations of rate of flux and apparent permeability (Log Papp). 

Results: For the final design a print time of 11 hr 38 min, 2123 layers and 70.86ml of liquid resin was required to generate the 
high quality printed product. Although this represents a significant amount of time, the overall cost of production is incredibly 
low when compared to techniques utilized in glass manufacture. The final product was compared directly in drug transport 
assays with conventional glass Franz cells and results showed comparable findings with no adverse impact on drug stability 
or the 3D printed apparatus over the course of the investigations. Allopurinol is known to have complete intestinal absorption 
in humans based on clinical data published from existing formulations. This was shown to be the outcome predicted by both 
approaches as the Log Papp values were greater than the threshold for complete absorption which is a Log Papp of -6. As 
such the 3D printed diffusion cell model has been confirmed to produce comparative results for drug absorption and findings 
support further investigation of this application in this area.

Conclusions: The formation of an SLA 3D printed drug transport chamber has been shown to be successful. The novel 
application of this technology in the development of apparatus for ADME testing promises to offer significant improvements 
to existing commercial products, such as reduced costs, increased robustness and durability of hardware, flexibility of design to 
fit bespoke purposes and instant availability through print on demand capabilities. This study provides proof of concept for the 
application of SLA 3D printing of laboratory apparatus and paves the way for significant design and development. 
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3D PRINTED MICRONEEDLES FOR INSULIN TRANSDERMAL 
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Background: Microneedles (MNs) are an alternative approach for delivery drugs such as insulin that degrades in the 
gastrointestinal tract. They are composed by micrometric needles included in the same array, which depending on their size, 
they can pierce the stratum corneum and the epidermis without, however, stimulating nerves. Currently, polymeric MNs are 
made by moulding techniques using a range of materials. Here we present a fabrication technique called stereolithography 
(SLA) where MN patches of various designs are built in layer – by – layer manner.  The MN patches are made using a 
biocompatible resin followed by inkjet coating of the insulin formulations.

Methods: Pyramid MN were coated with 5:1 insulin: sugar (w/w) formulations using mannitol, xylitol and trehalose. The 
secondary structure of insulin was analysed by Circular Dichroism at 20ºC between 190 and 260 nm and its estimation was 
performed by CDSSTR method. Raman spectroscopy with a laser of 532 nm wavelength was used to study possible changes 
and interactions of insulin in the formulation.  In vitro studies were done using Franz diffusion cell and the amount of insulin 
permeated through the porcine skin was then analysed by HPLC. Diabetic mice were treated with 0.2 IU of insulin/array and 
monitored up to 4 hr after administration with a glucometer.

Results: Insulin:sugar formulations showed similar CD spectra to the native insulin with two negative minima around 210 
and 220 nm associated with α-helices and β–sheet, respectively. The percentage of α-helices predicted ranged from 53 to 
57%. Raman spectroscopy suggests significant water loss of the coated formulation and stronger H–bonding interactions. 
Approximately 80% of insulin was released in the first 2 min while 86–92% within 8 min. The rapid release profiles were 
obtained for all insulin carriers and no statistical difference was observed. Animal studies showed the MN arrays presented a 
remarkable steady state hypoglycemia effect very close to the subcutaneous one.

Conclusions: 3D printing is an advance technology that can be employed to fabricate MNs. The insulin integrity was found to 
be preserved by all carriers with high amounts of α–helix, with xylitol showing the optimum performance. The in vitro Franz cell 
diffusion studies and the animal trials demonstrated that insulin can be effectively delivered transdermally with a remarkable 
hypoglycaemic effect.
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TREATMENT OF OXIDATIVE DISEASES
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Background: The objective of the current study was to assess the feasibility of nose to brain delivery of melatonin (MEL) 
using a lipidic nanocarrier (LNCs) for treatment of oxidative diseases. This carrier was chosen owing to its small size and 
biocompatible nature.

Methods: Prepared using solvent-free phaseinversion temperature technique. Design of experiment was used to establish 
D-optimal mixture design to study the impact of individual and combined effects of three independent variables; X1 (Oil), X2 
(Surfactant), and X3 (Drug), on three LNCs responses; Y1 (particlesize), Y2 (Polydispersity index) and Y3 (Zeta potential). MEL-
LNCs were successfully preparedand characterized in terms of size, PDI and zeta potential.In-vitro drug release profiles and 
viscosity were assessed for the optimized LNCs.

Results: Results showed that all LNCs had a particle size ranging from 20–200 nm which was appropriate for intranasal 
permeability and brain targeting. They mostly exhibited narrow size distribution and a negative charge. They also exhibited a 
sustained release behavior.

Conclusions: LNCs were shown to be a promising delivery system for possible nose to brain delivery of MEL.
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THE INVESTIGATION OF PHASE SEPARATION USING ATOMIC 
FORCE MICROSCOPE FOR AMORPHOUS SOLID DISPERSION 
OF NAPROXEN AND EUDRAGIT® EPO 

Esther Jacobs , David S. Jones, Gavin P. Andrews, Yiwei Tian
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Background: Amorphous solid dispersions (ASDs) have been utilized for oral drug delivery in order to increase aqueous 
solubility of poorly water-soluble drugs. Despite the numerous advantages of ASDs, their use is limited due to stability issues. 
Like any amorphous system, recrystallization is inevitable. Atomic force microscopy (AFM) has been applied in a novel way 
to investigate the potential amorphous phase separation and recrystallisation of an ASD system containing Naproxen (NAP) 
and Eudragit® EPO (EPO), produced via hot-melt extrusion (HME). We aim to understanding the potential amorphous phase 
separation of this system and its impact to the crystallisation of NAP.

Methods: According to the phase diagram previous generated for NAP-EPO system, a number of solid dispersions were created 
by HME over a range of drug concentrations (10%w/w- 85%w/w) at 40°C below the melting point of NAP. The extrudates 
were initially characterised using differential scanning calorimetry (DSC) and x-ray diffraction (XRD). The experimental and 
theoretical glass transition temperatures (Gordon-Taylor equation) were compared and used to determine the extent of 
miscibility between the polymer and drug. AFM was then used to both image the topographic surface of the extrudate and to 
measure the surface roughness. In addition, the extrudates were also subjected to elevated humidity and then reimaged.

Results: Surprisingly, most of the ASDs produced via hot-melt extrusion at 40°C below the melting point of NAP were verified 
to be amorphous (≤60% w/w), however, above 65% the systems were crystalline. AFM was successfully used to generate 
topographic images and surface roughness data. There is a significant increase in the sample’s surface roughness when higher 
drug loading was used (at 60~65% w/w) indicating the presence of residual NAP crystalline on the surface. Such crystalline 
residual appeared to be in the region of submicron to nano-scale characterised by the AFM. The presence of submicron to 
nano-scale crystalline NAP was not captured in the DSC and PXRD methods highlighting the feasibility of AFM to rapidly 
exhibit the solid state of drug. The experimental Tg of these ASD shown gradually increased values (10%~60% DL) comparing 
to the GT predictions until the region of 60-60% where the Tg has suddenly dropped below the GT prediction. The abnormal 
drug-polymer interaction at this DL region has been highlighted in the literature and further investigation was conducted 
using AFM for samples at humidity conditions.

Conclusions: Overall, AFM has been shown to successfully generate images and relevant date on the different morphology 
of the extrudates. The AFM can also be used to access the abnormal drug-polymer interactions at ambient and high humidity 
conditions. The submicron to nano-scale amorphous phase separation and recrystallisation of NAP from ASD can be captured 
and characterised by AFM methods.
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AS INTESTINAL PERMEATION ENHANCERS IN RAT TISSUE IN 
THE USSING CHAMBER SYSTEM
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Background: Labrasol® ALF is a non-ionic surfactant excipient used in lipid-based formulations such as self-microemulsifying 
systems (SMEDDS). Labrasol® ALF has been shown to aid solubilisation and increase the oral bioavailability of active 
pharmaceutical ingredients. The aim of this study was to determine whether Labrasol® acts as intestinal permeation enhancer 
(PE) across rat colonic mucosae in Ussing chambers and to gain a better understanding of the influence of the different 
components of Labrasol® ALF. Intestinal PEs are used to aid the transport of poorly permeable molecules such as insulin and 
GLP-1 analogues across the intestinal epithelia. It does this by either opening the tight junctions between cells or fluidising the 
plasma membrane, or a combination of both. Labrasol® ALF comprises mono-, di- and triglycerides and mono- and di- fatty 
acid esters of PEG 8 and free PEG-8. Caprylic (C8) and capric (C10) acid are the main fatty acids present in Labrasol®. C8 and C10 
have previously been shown to act as intestinal PEs and are included in oral formulations which have reached human clinical 
trials. In this study we compared the effect of Labrasol® ALF with that of the glyceride and fatty acid esters of PEG 8 fractions.

Methods: Labrasol® ALF (caprylocaproyl polyoxyl-8 glycerides), PEG 8 (molecular weight 400) and the glyceride and fatty acid 
ester of PEG 8 fractions of Labrasol® ALF (all provided by Gattefossé) were tested in Ussing chambers using muscle-stripped 
rat colonic mucosae with a concentration of 8mg/ml for each agent on the apical side. For controls, mucosae were exposed 
to Krebs Henseleit buffer. Mucosae were maintained at 37oC and gassed with 95% oxygen and 5% CO2. The transepithelial 
potential difference (PD, mv) and short circuit current (Isc, μA) were determined and transepithelial electrical resistance (TEER, 
Ω) was calculated using Ohm’s law. The apparent permeability (Papp) coefficient of the paracellular marker [14C]-mannitol 
(0.1μCi/ml) was measured. Statistical analysis was carried out using one-way ANOVA with Dunnett’s post-hoc test

Results: Labrasol® ALF reduced TEER and increased the Papp of [14C]-mannitol over 120 min. These data indirectly suggest 
an induced opening of tight junctions, which facilitated the paracellular flux of [14C]-mannitol across the epithelium. The 
triglyceride portion of Labrasol® did not enhance permeation, but since it formed oil droplets it may not have been fully 
dispersed in the apical reservoir of the Ussing chamber. PEG 8 neither reduced TEER nor increased the Papp of [14C]-mannitol. 
The fatty acid ester of PEG 8 however, performed in a manner similar to Labrasol® ALF. The Papp of [14C]-mannitol after 
exposure to Labrasol® ALF was 2.5x105 cm s-1 compared to 2.7x105 cm s-1 when exposed to the fatty acid ester of PEG 8. 
This data suggests that the fatty acid components of Labrasol® ALF contribute to its permeation enhancement properties. It 
has been suggested that the medium chain fatty acid components of Labrasol® ALF are only effective following liberation by 
intestinal lipases in vivo. Studies are ongoing to examine this hypothesis ex vivo.

Conclusions: Labrasol® ALF can act as an intestinal permeation enhancer in isolated rat intestinal tissue and suggests that 
a tight junction opening mechanism is partly responsible. The fatty acid ester of PEG 8 also had permeation enhancing 
properties. Labrasol® ALF can justifiably be included in oral lipid-based formulations to aid the intestinal permeation of 
macromolecules. In vivo studies in rat intestinal instillations are planned to confirm this data.

29



44

INVESTIGATING THE ROLE OF CATIONIC EMULSIONS AS 
DEPOT EFFECT INDUCTOR IN THE INJECTION SITE AND 
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Background: Oil-in-water emulsion systems are well recognized for their activity as immunological adjuvants with MF59 being 
the first oil-in-water influenza vaccine adjuvant to be commercialized. The aim of this work was to consider the development 
of a cationic emulsion system based on the combination of MF59 and the cationic lipid 1,2-dioleoyl-3-trimethylammonium-
propane (DOTAP) and to investigate its biodistribution. 

Methods: DOTAP in chloroform was placed in a beaker and the volume allowed to evaporate to 200 mL, Tween (0.5%, w/w), 
Squalene (5.0%, w/w) and Span (0.5%, w/w) were added and vortexed for 1 min in order to provide a homogeneous feedstock. 
This primary emulsion was sonicated for 10 min (Bioruptor Plus) in order to reduce droplets size. Chloroform was let evaporate 
leaving the sample overnight under vigorous stirring. The size, PDI and Z-potential were measured with Zetasizer Nano ZS 
(Malvern Instruments Ltd). To investigate the biodistribution of the emulsion system, 3H-cholesterol (25 ng per dose) was 
added to the organic phase and 10% trehalose in TRIS buffer was used to maintain isotonicity. Groups of four females 5–6 
weeks old CD-1 were injected intramuscularly (i.m; 50 μL) into the left quadriceps. At time-various points (0, 1, 2, 3, and 4 days 
post injection (p.i.)) mice were terminated. Tissue from the site of injection, popliteal and inguinal lymph nodes, liver, spleen 
and carcasses were removed and the distribution of the emulsions evaluated.

Results: The droplet size within the emulsion system was approximately 100 nm in diameter with a unimodal size distributions 
and PDI below 0.15. The Z-potential values evidenced a cationic surface charge of approximately 40 mV. In terms of clearance 
from the injection site, more that 65% of the starting dose remained at the injection site 2 days p.i. with low levels (max 0.8%) 
being detected at the draining lymph nodes over the course of the study. The depot of emulsion at the injection site was 
also shown to promote a strong influx of monocytes, as tracked using pontamine blue staining. These results suggest that 
such emulsion systems promote immune responses through promotion of a depot at the site of injection and recruitment of 
monocytes.

Conclusions: Emulsion systems are well recognized for their adjuvant properties in vaccines formulations. Within this study we 
have investigated the biodistribution of the emulsions and demonstrate their ability to not only form a depot at the injection 
site but also to promote recruitment of monocytes to the depot.
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Background: Chitosan (CHT) is a biocompatible polymer that has been widely used as nanocarrier delivery system, due to 
its capability of bind, absorb and carry other compounds such as drugs, genes, peptides and proteins. The NanoAssemblr™ 
platform is an automated microfluidics-based system that eliminates user variability and is capable of reproducible and 
scalable manufacture of nanoparticles (NPs). The user can control parameters such as mixing ratio, flow rate, polymer 
composition and pH in order to fine-tune NPs size, PDI and encapsulation efficiency. The aim of the study was to manufacture 
CHT NPs using the NanoAssemblr™ bench-top instrument focusing on the influence of different parameters on NPs size.

Methods: CHT NPs were manufactured using the NanoAssemblr™ bench-top instrument (Precision NanoSystems, Inc., 
Vancouver, Canada), based on microfluidic mixing technology. CHT and TPP were dissolved in 1% Acetic Acid and water 
respectively at desired concentrations. Taguchi design L8 orthogonal array was constructed through Minitab 16 Statistical 
Software® (Minitab Inc., Pennsylvania, USA). It was composed of four variables (CHT and TPP concentration, CHT pH, flow rate/
flow ratio) set at two or four levels. This design was used to identify the important parameters that would influence the NPs 
size and PDI. A high signal-to-noise (S/N) ratio indicated the optimum conditions. Optimisation of the particle size and PDI 
was performed using the Taguchi’s ‘smaller-is-better’ criterion. The best formulation was then chosen to further investigate the 
influence of separately flow rate and flow ratio on particle size and PDI.

Results: Analysis of the results indicated particle sizes (108.90 ± 0.59 to 766.3 ± 65.64 nm) and PDI (0.243 ± 0.015 to 0.619 ± 
0.256). When the optimum conditions, based on the range, rank and S/N graph, for producing NPs according to the Taguchi’s 
‘smaller-is-better’ criterion in Minitab® 16 statistical software were performed, the measured particle size obtained was 70.56 
± 3.87 nm, which was lower than the minimum particle size of 108.9±0.59 nm prepared. Flow ratio and the related flow rate 
value is the factor with the largest range and corresponding rank (indicating the relative importance compared with other 
factors) was considered as the significant factor influencing the size. Results show that as flow ratio increases (CHT:TPP=1:1 
up to 3:1) particle size decreases gradually. A similar trend was observed when the flow rate increases from 0.32 to 1 mL/min. 
Nanoparticle size decreases gradually from 134.25 ± 1.72 nm (flow rate 0.32 mL/min) to 81.16±2.057 nm (flow rate 1mL/min).

Conclusions: The study reported the development and manufacture of nanometer size range CHT NPs with the 
NanoAssemblr™ microfluidics technology. Given the correlation between size and flow rate or flow ratio, it is possible to obtain 
NPs of desired dimensions according to the delivery system for which they are produced. Further studies will investigate the 
influence of these parameters on the encapsulation efficiency of drugs intended for pulmonary delivery.
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Background: Current therapeutics in the treatment of inflammatory joint disease aim at repressing pro-inflammatory 
symptoms with steroids, non-steroidal anti-inflammatory drugs (NSAIDs), and biologics. However, these therapies are fraught 
with side effects such as immune suppression, osteoporosis, and gastrointestinal problems, highlighting the need for new 
disease-modifying therapeutics. Additionally, intra-articular delivery of steroids and hyaluronic acid are common practice in the 
treatment of arthritic joint inflammation, albeit positive effects on pain scores are short-lived and moderate due to rapid loss 
of drugs from the joint cavity. Within this study, we aim to develop solid-lipid nanoparticles (SLNs) loaded with current anti-
inflammatory therapeutics for intra-articular delivery. We hypothesize slow release of such therapeutics from SLNs will result in 
improved drug efficacy in joint inflammation

Methods: SLNs were formulated using a hot-hot emulsion method. Briefly, Compitrol 888 ATO (5% w/v) is heated to 10° Celsius 
above the melting point (~85° C). Methotrexate is solubilized in DMSO (0.15% w/v) and slowly added to the molten lipid. Co-
surfactants Poly-oxamer 188 (1% w/v) and Tween 80 (1% w/v) are simultaneously added to a beaker of water heated to ~85° C. 
Once the drug is fully dispersed in molten lipid the lipid-drug mixture is added to the water-surfactant solution. This forms a 
microemulsion which is then homogenized and sonicated at ~85°C to produce a nanoemulsion. Nanoparticles then undergo a 
lyophilization process before being resuspended, sonicated, and characterized.

Results: Characterisation of the particle size was performed using dynamic light scattering (Zetasizer) and nanoparticle 
tracking analysis (Nanosight). Particles display a hydrodynamic size of 120nm (+/- 30nm). Zeta-Potential was measured 
at -9mV (+/- 2mV). Encapsulation Efficiency (43%) and Drug Loading (1%) was calculated using High-Performance Liquid 
Chromatography. Transmission electron microscopy has shown varied surface morphology.  Methotrexate efficacy is preserved 
during formulation process as confirmed by cell viability assays. Lyophilized nanoparticles were able to maintain size integrity 
for over 5 weeks when kept at 2–8° Celsius.

Conclusions: We have developed SLNs and aim to introduce them into animal models of joint inflammation. We hypothesize 
that they will enhance drug efficacy and ameliorate disease severity.
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Background: The need to improve current ineffectual antimicrobial therapeutics has reached a level of very high importance. 
A potential alternative to treat drug resistant bacterial infections is the use of antimicrobial peptides called bacteriocins. 
However, bacteriocins are susceptible to proteolytic cleavage and degradation both in vivo and in vitro. The aim of this work is 
to develop polymeric hydrogels to encapsulate, and effectively release these peptide drugs at the site of infection, preventing 
degradation and treating the infection. The bacteriocin nisin was used during this study.

Methods: Hydrogels were synthesized based on the Schiff base formation via the cross-linking of two functionalized 
polysaccharides; dextran functionalized with sodium meta (periodate) yielding aldehyde groups, and alginate functionalized 
with adipic acid dihydrazide and carbodiimide coupling agents EDC and S-NHS, yielding hydrazine groups. Dextran- aldehyde 
was dissolved in a solution of nisin, in a citrate buffer at pH4, and the alginate and chitosan was dissolved in PBS at pH 7. The 
two dissolved polymers were loaded into a double barrel syringe apparatus, cross linking and the formation of a gel took place 
in situ during injection though a 21 gauge needle into a mold. The composition of the gels were varied with a combination 
of alginate-hydrazine and glycol chitosan. Release from the gels was studied by submerging in biologically relevant media 
FaSSGF and FaSSIF (fasted simulated gastric fluid/ fasted simulated intestinal fluid), and at different time points, aliquots of the 
supernatant were analyzed by RP-HPLC. The stability of the hydrogels was also recorded based on their weight change over 
time giving swelling and degradation profiles. The cytotoxicity was assayed using the MTT assay on Human Embryonic Kidney 
(HEK293) cells. Activity of the released drug and gels was tested against Staphylococcus aureus.

Results: Hydrogel release studies showed that no nisin was released from dextran-alginate hydrogels into either FaSSGF or 
FaSSIF. Hydrogels containing glycol chitosan however showed release of nisin into FaSSGF. The percentile release of nisin from 
the gels changed depending on the concentration of glycol chitosan added. The highest release, ~40%, was achieved from a 
gel with 10% chitosan, 30% alginate, and 60% dextran. This result indicated that potentially the release could be controlled by 
incorporating glycol chitosan of different concentrations into the formulation, presenting a potential controlled delivery device 
for a bacteriocin therapy, and indicates potential electrostatic interactions between the bacteriocin and the hydrogel matrix. 
The gels did not exhibit a toxic effect on HEK293 cells in the MTT assay, and showed a zone of inhibition of 1.7 cm + 0.3 against 
S. aureus.
 
Conclusions: The combination of Dextran and Alginate formed a gel that was stable in biologically relevant dissolution media. 
By incorporating glycol chitosan into the gel preparation, release of Nisin was observed. The use of Nisin as a therapeutic 
has not yet been approved, however it may present itself as a potential alternative to combat clinically significant S. aureus 
infections in the future.
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Background: Currently spinal cord injury (SCI), a detrimental condition, lacks treatment capable of restoring limb function 
and sensation. Current strategies focus on alleviating the high inflammatory environment triggered as a result of injury using 
pharmaceuticals and physiotherapy. Understanding macrophage (MΦ) behavior and the roles of their sub phenotypes in 
SCI has suggested a method for controlling inflammation by modulation towards a pro-immunoregulatory subgroup (M2) 
using cytokine IL-4. Microparticles are widely reported as drug delivery methods for controlled and sustained release in 
pharmaceutical strategies. 

Methods: Particles were manufactured using a double emulsion (water in oil in water) method with 50:50 or 85:15 
(lactide:glycolide ratio) PLGA (52kDa). Release kinetics were tailored by: (i) incorporation of a PLGA-PEG-PLGA triblock modifier 
(TB) in different percentages and (ii) changing the total polymer (TP) percentage to alter particle surface thickness. Particles 
of differing surface thickness were manufactured using 10%, 15% and 20% TP using 500mg, 750mg, and 1g PLGA dissolved in 
5ml DCM respectively. Homogenisation speeds of 4000rpm and 9000rpm for 2 min were used for the primary and secondary 
emulsions in the double emulsion method. Total protein loaded was 10mg/ml for 1g polymer and 5mg/ml for 500mg 
polymer. Particles were characterised using scanning electron microscopy for surface topography and laser diffraction for size 
distribution. Total protein encapsulation efficiencies and protein release were analysed over 20 days using a micro BCA assay to 
detect total protein content.

Results: Poly lactic-co-glycolic acid (PLGA) microparticles (20-50 μm) were designed as a drug delivery mechanism for IL-4 
using various polymer parameters for controlled release. The protein release kinetics were analysed using lysozyme as a model 
protein in order to determine a suitable microparticle delivery system for 14 days of IL-4 delivery. Release results were reported 
as μg protein/ mg particles with a maximum of 10 μg/mg encapsulated. In a comparison of surface thickness the fastest release 
was observed for 10% TP 85:15 PLGA with a burst release of 2.5 μg/mg on day 1. Less burst release was seen for 15% TP 50:50 
PLGA. The slowest release occurred for 10% TP 50:50 PLGA with 1 μg/mg released by day 20. However, all thin surfaced particles 
showed release too fast and unsustained for this application. In a comparison of triblock percentages for 20% TP 50:50 PLGA, 
30% TB showed the fastest release with 10 μg/mg released by day 20. The slowest release was seen for 0% and 20% TB showing 
a small burst release of 1 μg/mg at day 1 and only reaching 1.5 μg/mg and 3 μg/mg respectively by day 20. 10% TB showed a 
burst release of 3 μg/mg at day 1 as for 30% TB but showed a promising sustained and continuous release to 6 μg/mg over 20 
days. 

Conclusions:  Thinner surfaced particles using 10% or 15% total polymer displayed protein release unsuitable for controlled 
release over 14 days with a fast burst release followed by minimal daily release. Particles made from 50:50 PLGA and 85:15 PLGA 
alone displayed release too slow for 14 day IL-4 delivery. Addition of a PLGA-PEG-PLGA triblock enabled release to be more 
controlled with less initial burst release and accelerated overall release in comparison to PLGA alone. Microparticles fabricated 
from 20%TP, 50:50 PLGA with 10% TB showed a release profile most suited to a 14 days of controlled release.
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Background: Vitamin C is a popular topically applied cosmeceutical due to its antioxidative, photoprotective, antiaging and 
antipigmentary effects. Typical concentrations of vitamin C required in topical preparations, in order to observe efficacy, range 
from 2 to 20% w/w. Nanostructured lipid carriers (NLC) have many features that are advantageous for cutaneous applications, 
such as increased chemical stability of their active cargo, high tolerability, and their smaller size ensures close contact with the 
stratum corneum with subsequent enhanced permeation of active ingredient. However a disadvantage of NLC dispersions can 
be the low drug loading achieved. The aim of this work was to produce a NLC formulation with a high vitamin C concentration 
(5%) and to evaluate permeation compared to a conventional cream of the same vitamin C concentration.

Methods: NLCs were prepared in mild temperature conditions by a modified solvent emulsification-evaporation method 
based on a water-in-oil-in-water double emulsion technique. An oil-in-water (O/W) cream formulation was prepared with the 
exact same composition of lipid and surfactant as the NLC dispersion, but with 0.5% thickener added. An infinite dose of the 
formulations was applied to a skin test site on the volar forearm of one human subject. After 1 hr of application, transepidermal 
water loss (TEWL) was measured, excess formulation removed and 12 sequential tape strip layers taken. Tape strip samples 
were extracted individually and vitamin C quantified by high-performance liquid chromatography (HPLC).

Results: Vitamin C loaded NLCs had average particle size of 271.3 ± 9.4 nm, polydispersity index of 0.242, zeta potential of 
-1.6 mV and encapsulation efficiency of 18.13 ± 4.84 %. Data from in vivo human skin (n=1) samples showed statistically 
significant (p<0.01) higher percentage of vitamin C permeation in tape strip layers 3 to 12 from NLC formulation compared to 
cream formulation. Vitamin C content was normalised to native level of urocanic acid, a natural moisturising factor found in 
the stratum corneum, which was simultaneously extracted from tape strips. Extraction efficiency of vitamin C from tape strip 
samples was 97.1%, with RSD of 2.2%. TEWL measurements after 1 hr also suggest NLC formulation to be more occlusive than 
O/W cream.

Conclusions: A novel NLC formulation with a high vitamin C concentration, suitable for topical application, was prepared. 
Despite the low encapsulation of vitamin C in NLC, NLC showed enhanced permeation of vitamin C compared to O/W cream. 
TEWL measurements suggest that this is due to the improved occlusive effect of the NLC. The NLC formulation is therefore 
promising for improved topical delivery of vitamin C. The percentage of vitamin C permeated into human stratum corneum 
was determined on an individual tape strip layer by layer basis. In future work, an in vivo clinical study will be carried out on a 
significant number of volunteers.
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Background: Most therapeutic peptides are susceptible to enzymatic degradation and are poorly permeable across the 
intestinal epithelial. This limits their use in oral formulations. Many delivery strategies have attempted to overcome these 
obstacles including the use of permeation enhancers, micro and nano-encapsulation, structural modifications and lipoidal 
vehicles. Lipid-based formulations (LBFs) are an effective strategy for delivering poorly soluble small molecules. Excipients 
used in such formulations may have the capacity to enhance intestinal permeability. Labrasol® (Gattefosse, France) is one such 
lipoidal excipient. In this study, we hypothesized whether ad-mixing of medium-chain fatty acid (MCFA) permeation enhancers 
with Labrasol®) could potentiate transepithelial flux of a poorly permeable macromolecule (fluorescein isothiocyanate dextran 
4 kDa [FD4]) across rat intestinal mucosae mounted in Ussing chambers. 

Methods: Low concentrations of sodium caprate (C10), sodium undecylenate (C11:1), and sodium laurate (C12) were 
combined separately with Labrasol® (1 mg/mL) and added to the apical side of stripped rat colonic mucosae mounted in 
Ussing chambers. Passage of FD4 (2.5mg/mL) across the mucosae was measure by sampling from the basolateral chamber 
every 20 min for 120 min. Samples were analyzed using a spectrofluorimeter (Ex. 490 nm/ Em. 525 nm) to generate an apparent 
permeability coefficient (Papp). Transepithelial electrical resistance (TEER) was measured throughout the experiment. At 
the end of each experiment the capacity of tissue to produce a transient inward short-circuit current (∆Isc) in response to 
the cholinomimetic, carbachol (CCh) (0.110 mM) was used as a measure of maintenance of secretory function. Tissues were 
removed from the Ussing chambers and processed for histology.

Results: C10, C11:1, or C12 combined with Labrasol® increased the Papp of FD4 to values typically seen with higher 
concentrations of MCFAs or Labrasol® alone. For example, combination of C11:1 (0.5 mg/mL) with Labrasol® (1 mg/mL) 
increased the Papp of FD4 by 10- and 11-fold over the respective individual agents at the same concentrations where no 
enhancement was evident. The increased enhancement ratios seen with the combinations were associated with some 
perturbation in intestinal histology and with an attenuation of carbachol-stimulated inward Isc.

Conclusions: Combining three MCFAs separately with Labrasol® increased the Papp of FD4 to values greater than those seen 
for MCFAs or Labrasol® alone. Ultimately, this may permit lower concentrations of MCFA to be used in combination with other 
excipients in oral formulations of poorly permeable molecules.
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TWO-LAYER MICRONEEDLE SYSTEM FOR SUSTAINED 
TRANSDERMAL DRUG DELIVERY 
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Background: Painless and controlled delivery is highly sought after for long duration treatments. However, a limitation of 
current extended release systems is that they require injection of polymeric microparticles or possibly surgical implantation of 
devices into the body. These painful and invasive procedures are generally not able to be self-administrated by patients and, 
therefore, are limited to use in hospitals or clinics. Here, we want to introduce a painless, easy to handle microneedle (MN) 
patch drug delivery system. This patch consists of hydrophobic, biodegradable tips entrapping drugs inside and a hydrophilic, 
dissolving supporting baseplate. After insertion into the skin, the dissolving baseplate will provide strength to facilitate the 
complete insertion of the tips into the skin, readily dissolve in the skin interstitial fluid and thus leave tips inside the skin. The 
biodegradable tips left in the skin will then act as a drug depot. With slow degradation of the material, the tips will provide 
sustained release of their cargo.

Methods: Polycaprolactone (PCL) was used as the tip material, poly(vinylpyrrolidone) (PVP) as dissolving baseplate material 
and Nile Red as model drug. PCL and Nile Red were dissolved in 2,2,2-trifluoroethanol (TFE) and PVP was dissolved in water. 
Two-layer MNs were fabricated by three steps. First, drug was loaded. Nile Red and PCL solution was poured into the MN 
mould with a filter paper (retention:20 µm) and centrifuged in a swinging bucket rotor at 5000 rpm for 3 min. Then, excess 
drug solution was removed. TFE was then applied to wash the drug to the tip part of the needle at a speed of 5000 rpm for 30 
min. Finally, PVP solution was poured into the mould and centrifuged at 3500 rpm for 15 min. After dried overnight at room 
temperature, MN patches were peeled off carefully.

Results: Implantable two-layer MN patches were successfully fabricated with Nile Red and PCL in the tips, and PVP forming the 
baseplate. The conical-shaped needle has a length of 1.2 mm and a base radius of 0.6 mm. After insertion the MN patch into pig 
skin for 1 h, the baseplate totally dissolved and presented a watery look while the tips remained inside the neonatal porcine 
skin.

Conclusions: The two-layer microneedles were successfully developed. As the baseplate, PVP could successfully dissolve in the 
body fluid after insertion. PCL was selected as the main polymer for microneedle tips to sustain deliver of its cargo. This patch 
showed promising penetration properties. This easy-to-use, less invasive delivery system has the potential to delivery long 
duration treatment.
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Background: Protein based pharmaceuticals are one of the most rapidly growing class of clinical therapeutics to treat cancer, 
inflammatory disease and neurological disorders. Due to the propensity of proteins to form aggregates their quality, safety 
and efficacy can be compromised. Hence, the challenge facing the biopharmaceutical industry is the development of a stable 
protein formulation that reduces or prevents protein aggregation. One of the main strategies presently used to inhibit protein 
aggregation is the addition of stabilizers (sugars, surfactants and co-solvents). However, the choice of a compatible stabiliser 
highly depends on the nature of the protein and hence the selection of the stabiliser and the concentration for a specific 
protein can be an exhaustive process. Thus, there is an urgent need for the development of novel methods to prevent protein 
aggregation which may be broadly applicable to a wide range of proteins at low concentrations and that are also relatively 
economical, biocompatible and biodegradable. To address this challenge we have evaluated for the first time the ability of a 
low molecular weight nucleoside gelator to inhibit protein aggregation.        

Methods: The nucleoside based hydrogels of proteins were prepared by firstly dissolving low concentrations (0.3–1.25% w/v) 
of the gelator (N4-octanoyl-2’-deoxycytidine) in different pH buffers with the aid of heat and then cooling to 37 ⁰C.  Model 
proteins (lysozyme and beta-lactoglobulin) were incorporated into the hydrogels at a concentration of 3% w/v and allowed 
to cool at room temperature. Aggregation of proteins was induced by a pH trigger (lysozyme-pH 12.2, beta-lactoglobulin-pH 
4.6). The protein aggregation was evaluated in the presence of the nucleoside hydrogel by turbidimetric, microscopic and 
spectroscopic methods (e.g fluorescence spectroscopy with 8-Anilino-1-napthalene sulfonic acid (ANS)) and compared with 
appropriate controls of protein and hydrogel alone.    

Results: Lysozyme and beta-lactoglobulin formed aggregates (confirmed by microscopy) at pH 12.2 and pH 4.6 respectively 
and gave turbid solutions. However, a decrease in turbidity was found in the presence of gelator when compared to the 
protein solution alone suggesting the absence of aggregates in the presence of gelator. Similarly a decreased ANS fluorescence 
intensity was observed for protein in the hydrogel when compared to the aggregated protein solution.  ANS fluoresces 
only when bound to the hydrophobic sites exposed upon protein aggregation. Microscopy confirmed the absence of the 
protein aggregates in the nucleoside hydrogel and this further confirms the inhibition of protein aggregation. From the 
characterisation methods, it was evident that the inhibition of protein aggregation by the low molecular weight nucleoside 
gelator was concentration dependent. Protein aggregation was inhibited to a greater extent by a gelator concentration of 
1.25% w/v for lysozyme and 0.3% w/v for beta-lactoglobulin.

Conclusions: We have shown for the first time that the low molecular weight nucleoside based gelator (N4-octanoyl-2’-
deoxycytidine) is able to inhibit protein aggregation.  Hence this gelator has potential to solve protein aggregation, identified 
as one of the most important formulation challenge of biotherapeutics, and thus contribute to protein therapeutic efficacy and 
safety. 
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Background: Localized chemotherapeutic approaches to treat cancer have many advantages compared to systemic therapy 
such as increasing efficacy and decreasing side effects. The local release of chemotherapy is particularly important for 
central nervous system disorders such as glioblastoma multiforme (GBM), the most aggressive form of brain tumours. In this 
disease, the blood brain barrier impairs the achievement of effective drug concentration in the tumour site after systemic 
administration. Therefore, the current standard of care for GBM shows limited success and a very poor prognosis with high 
incidence of recurrence. A new drug delivery system that controls the release of chemotherapeutic drugs in situ could 
represent a great advance in this research area. Moreover, the combination of nanoparticles and hydrogels can be more 
effective in combat the cancer cells that cannot be resected during surgery due to the infiltrative characteristic of this tumour 
since this combination can provide a more sustained release of both nanoparticles and free drug over time.  

Methods: Mesoporous silica nanoparticles (MSN) were synthesized following the liquid crystal template method using a 
cationic surfactant as template. Then, MSN were loaded with a fluorescent molecule (Safranin-O) or the chemotherapeutic 
drug temozolomide (TMZ) and subsequently surface functionalized via disulfide bonds with polyethylene-glycol (PEG) as a 
redox-responsive molecular gate. The nanoparticles were characterized by different techniques such as thermogravimetric 
analysis, powder X-ray diffraction, dynamic light scattering, N2 adsorption-desorption porosimetry and scanning electron 
microscopy. The release of both Safranin-O and TMZ from the gated nanoparticles was measured by fluorescence, UV-vis 
spectrophotometry and HPLC detection. The designed nanoparticles were incorporated into thermosensitive injectable gels 
and their release was measured by Nanoparticle Tracking Analysis using a NanoSight NS300 equipment. 

Results: MSN with a surface area of 1060 m2/g and an average pore diameter of 2.1 nm  were synthesized, loaded with TMZ  
or Safranin-O and functionalized with PEG through disulfide bonds forming gated materials that are responsive to a redox 
stimulus. After functionalization the nanoparticles increased in size from 150nm to 180nm in average while the zeta potential 
was kept at around -20 for the functionalized and non-functionalized nanoparticle. The molecular gates on the surface of 
the nanoparticles prevented the release of both Safranin O and TMZ in the absence of reducing agents. Upon the addition of 
glutathione, an antioxidant present in high concentrations intracellularly, the particles released their payload. Moreover, after 
the incorporation in thermosensitive hydrogels, both MSN and drugs were released in a sustained manner.

Conclusions: The novel drug delivery system developed here presents a controlled release of both drugs and nanoparticles 
and represents an advance in the localized therapy approach for GBM. Future experiments will evaluate the material in GBM 
cell lines.     
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Background: Resveratrol and naringin are naturally occurring flavonoids; they gain increasing research interest widely as anti-
inflammatory, anti-oxidant and anti-carcinogenic effects, etc. However, the in vivo biological effect of both the drug appears 
strongly limited by its poor oral bioavailability, due to limited solubility and higher metabolization, which restricts their clinical 
application. In addition to the individual therapeutic effect, may enhance the therapeutic effect upon by combination delivery 
of said drugs.

Methods: In this context, an attempt was made to encapsulate the drugs within the core and lipid layers of nano-liposphere to 
improve its skin delivery, photostability, biocompatibility and pharmacodynamic efficacy.

Results: The developed system was characterized and evaluated for Micromeritics, surface charge, spreadability, rheology, 
morphology, skin transport characteristics, skin compatibility anti-inflammatory effect, and further cellular uptake and cell 
cytotoxic studies also were considered. The results revealed an improved performance vis-à-vis the conventional Diclofenac 
cream. 

Conclusion: Thus, the developed lipid-based vesicular system of resveratrol and naringin is unique for topical delivery.
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Background: The production of liposomes with high protein encapsulation efficiency is difficult as it requires the preservation 
of the functional capabilities. Proteins are difficult to load as traditional liposome production techniques provide little process 
control. Microfluidics technology is an alternative manufacturing technology. It offers the ability to overcome problems 
associated with process control, heterogeneity and batch-to-batch uniformity associated with the production of liposomal 
medicines. Having previously explored microfluidics optimal parameters [1], this knowledge was used to determine the 
encapsulation efficiency of proteins using microfluidics; the effect of lipid and Ovalbumin (OVA) concentration is investigated.

Methods: Liposomes were prepared using the microfluidics NanoAssemblr™ (Precision Nanosystems, Vancouver, Canada). 
Lipids are injected into one port whilst phosphate buffered saline (aqueous phase) containing OVA protein (0.1- 0.25 
mg/ mL) was injected into the other. Four liposomal formulations were produced composed of phosphatidylcholine (PC), 
1,2-dimyristoyl-sn-glycero-3-phosphocholine (DMPC), 1,2-dipalmitoyl-sn-glycero-3-phosphocholine (DPPC), or 1,2-distearoyl-
sn-glycero-phosphocholine (DSPC) combined with cholesterol at a 2:1 wt/wt ratio. A 3:1 flow rate ratio (FRR) and 15 mL/min 
flow rate was selected and lipid concentration varied (0.5- 4 mg/mL).  The size, polydispersity index (PDI) and zeta potential 
(ZP) of all formulations were measured using the Zetasizer Nano ZS (Malvern Instruments, Malvern, UK).  The liposomes were 
purified (solvent removal) using the KrosFlo Research Iii TFF system (Spectrum Labs, California, USA). A MicroKros® 70kD hallow 
fibre cassette was used. The amount of OVA entrapped was quantified using an Agilent 1100 Series HPLC (California, USA). All 
samples were ran at 280 nm, for 20 min using a C18 column (i.d. 150 X 4.6 mm) from Phenomenex (Macclesfield, UK).  

Results: Changing the concentration of OVA between 0.1 mg/mL and 0.25 mg/mL has no significant impact on liposome 
size for all four formulations. All formulations with and without OVA are less than 150 nm in size, with the zeta potential 
approximately -15 mV. In terms of protein loading, the transition temperature of the lipids also had no notable impact, 
with PC:Chol entrapping 39 ± 2% OVA,  DMPC:Chol (38 ± 2%) for DPPC:Chol (37 ± 2%) and DSPC:Chol (35 ± 5%) (starting 
concentration of 0.1 or 0.25 mg/ mL of OVA). Whilst protein concentration was not shown to impact on liposome attributes, 
initial lipid concentration was shown as important in forming OVA encapsulated liposomes. The size of particles vary 
considerably across all four formulations depending on initial lipid concentration with vesicle sizes decreasing with increasing 
lipid concentration. For instance, a difference of 351 nm is observed when comparing PC:Chol formulations produced at 0.5 
mg/mL compared to 4 mg/ mL initial lipid concentration. The same was also observed for DSPC:Chol liposomes.

Conclusions: The results show microfluidics is a functional alternative for encapsulating protein into liposome, with the lipid 
hydrocarbon length and concentration both influencing the amount of encapsulation. Identification of these main parameters 
allows a more regulated design space to meet the encapsulation requirements for a whole host of liposomal medicine.
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Background: Calix[4]resorcinarenes belong to a class of cyclic oligomers and can be prepared readily and in high yield 
from the acid-catalysed condensation reaction between a resorcinol with an aromatic or an aliphatic aldehyde. Calix[4]
resorcinarenes possess a hydrophobic pocket for host-guest interaction with organic molecules. These hydrophobic-
hydrophobic interactions can be exploited in the solubilisation of hydrophobic drugs.

Methods: In this study calix[4]resorcinarenes derived from octanal and pentanal have been fabricated with the aim of further 
functionalizing the calix[4]resorcinarenes with anionic groups on the upper rim as a solubilising agents for model hydrophobic 
drug. These anionic groups which will be derived from carboxylic acid will confer solubility on aqueous media and will 
provide further opportunity for non-covalent interactions with guest molecules. Products characterization was carried out 
using 1H NMR and FTIR. Nano aggregate formation was characterized in an aqueous environment using photon correlation 
spectroscopy. The surface activity of all compounds was determined using a torsion balance. By using photon correlation 
spectroscopy the hydrodynamic diameter and polydispersity was measured. Drug loading and release studies have been 
conducted by using hydrophobic drug compounds such as propofol and prednisolone at two different temperatures.

Results: In this study a novel Calix[4]resorcinarene has been prepared, which has the potential to act both drug delivery system 
and enhance the solubility of some poor-water-soluble drug via grafted carboxylic acid groups on the upper rim. The 1H NMR 
spectrum was acquired as a solution in d6-D2O and showed characteristic signals at 6.7 ppm (proton on an aromatic ring) and 
4.55 ppm (methylene group bridging two aromatic rings). The surface tension of the water was reduced from 0.07 Nm-1 to 0.05 
Nm-1 at high concentration. The drug loading data for those compounds with propofol showed that increasing the excipient 
concentration resulted in increasing drug loading while with prednisolone increasing the excipient concentration resulted 
in increasing drug loading. The data showed that the compounds were capable of solubilising propofol drug up to 40 mg/ml 
and 2 mg/ml with prednisolone. The drug release data showed that 11% being released after 7 h for propofol and lower drug 
release rate with prednisolone.These studies can give an indication of supramolecular formation in bulk solution. The data 
showed that the compounds were able to solubilise both of the drugs.

Conclusions: In this study, a series of calix[4]resorcinarenes functionalized with different aliphatic aldehyde at the lower rim 
and carbonic groups at the upper rim have been synthesised successfully by flowing various procedures. This study highlights 
the properties of polycarboxylated calix[4]resorcinarenes, relevant to their use as drug solubilising agents. The solubility of 
hydrophobic drugs improved by hosting them within the hydrophobic cavity of these compounds, indicating the enormous 
potential of these molecules as novel drug solubilisers.
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Background: Pancreatic cancer is the 4th most aggressive cancer in the Western world. An estimated 426,000 people were 
diagnosed with pancreatic cancer globally in the year 2015 alone. The age range of pancreatic cancer mostly happens in 
the 65-75 year age group.  Nanoparticles (NPs) with easily modified surfaces have been considered widely in recent years. 
Nanoparticles which can work as drug delivery systems have huge potential for the treatment of different kinds of cancer such 
as pancreatic cancer. Silver nanoparticles are the most significant nanoparticles used in foods, drugs and other industries. 
Silver nanoparticles may eventually extend the treatment of various diseases. Their extremely wide surface area permits the 
coordination of a huge number of ligands. The study of silver nanoparticles applicable to human treatments is widely under 
investigation in assessing potential efficacy, laboratory and animal studies, toxicity, and costs. However, use of silver coated 
iron oxide has not yet been reported for pancreatic cancer therapy.

Methods: In this report, we focus on the design, synthesis, and characterization of hybrid iron oxide-silver core-shell 
nanostructures, which maintain strong magnetism and surface Plasmon resonance (SPR) for use as multimodal drug delivery 
vehicles. HNP was characterized by coupled plasma-optical emission spectroscopy (ICP), UV-Vis spectrometer, photon 
correlation spectrometer, Transmission electron microscopy (TEM) and laser. Drug quantification was achieved using by reverse 
phase high performance liquid chromatography (HPLC) using a fluorescent detector. 

Results: This research proposes to design and fabricate novel drug delivery systems, based on iron oxide nanoparticle coated 
with silver for cancer treatment. We successfully synthesized and characterized HNP with different instruments. After laser 
irradiation at 1064 nm for 60 seconds, we demonstrated that the nanoparticles reduce the risk of surrounding tissue damage 
because the laser beam only focuses on the treated area and the temperature will not increase outside the laser beam. Inside 
the laser beam temperature changes up to 20 degrees were observed. Bisnaphtalimide spermine (BNIPDSpm) (pancreatic 
cancer drug) was attached on HNP surface. the amount for drug loading and releasing quantified using HPLC. We successfully 
loaded the drug in HNP over than 90% in ratio 10:1. In drug release studies, rising temperatures resulted in increased the 
amount of drug releasing over 65% in the first 1 hr.     

Conclusions: This study highlights the potential of these technologies for drug delivery, further work is underway to assess 
their thermally responsive nature and in vitro characteristics.  
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Background: Delivering proteins through the oral route as therapeutics or vaccines poses a plethora of challenges due to the 
extremely degradative environment found throughout the gastrointestinal tract. In order to achieve a significant clinical effect 
such as an effective immune response, the protein must be protected in a delivery system in order to reach at the target site. 
Here, we show the manufacture of both liposomes and niosomes as protein delivery vehicles produced by microfluidics. A 
number of microfluidic manufacturing parameters are tested to produce the delivery systems such as the ratio of aqueous to 
organic phase (flow rate ratio) and the total flow rate of the phases through the chip. Following microfluidic production sample 
purification by a high- throughput technique – tangential flow filtration was used. The liposomal and niosome delivery systems 
are characterised by loading efficiency, physicochemical attributes and the protein structural integrity was analysed post 
production.

Methods: Liposomal formulations were prepared by microfluidics using lipids dissolved in methanol; 1,2-dipalmitoyl-sn-
glycero-3-phosphocholine (DSPC) and Phosphatidylserine (PS) in combination with Cholesterol. Niosome formulation was 
produced in the same manner utilising the surfactant 1-monopalmitoyl-rac-glycerol (MPG) in combination with cholesterol 
and phosphatidylserine.  Model antigen Ovalbumin (OVA) was added in the aqueous phase for encapsulation. Following the 
manufacture of the protein loaded delivery systems, tangential flow filtration (KR2i Spectrum Labs) was used as a scale up 
method for sample purification. Physicochemical attributes were then measured using Dynamic Light Scattering (DLS), protein 
loading efficiency was quantified using Pierce ™ BCA Protein Assay Kit (Thermo Scientific). Finally, the structural integrity of the 
loaded protein was analysed using Circular Dichroism (CD). 

Results: The neutral liposomal formulation DSPC:Chol (10:5 wt/wt) was shown to have the highest encapsulation efficiency 
(~30%’ 1 mg/mL starting conc), while the more anionic liposome and niosome formulations of DSPC:Chol:PS (10:5:4 wt/wt) and 
MPG:Chol:PS (5:4:2 wt/wt) showed ~20%. Microfluidic production parameters such as Flow Rate Ratio (FRR) and Total Flow Rate 
(TFR) could be adjusted to optimize the loading and physicochemical attributes, with FRR 3 and 5:1 and total flow rate speeds 
between 10 and 20 mL/min showing particles with monodisperse populations all below 100 nm. Finally, circular dichroism 
analysis showed the ovalbumin protein maintained its structural integrity after manufacture through microfluidics and sample 
purification using TFF. 

Conclusions: The results show the ability of microfluidics to produce both liposomal and niosomal formulations loaded with 
protein in a scalable manner. By adjusting the production parameters, the loading efficiency and physiochemical attributes of 
the formulations shown can be optimized to manufacture protein loaded nano-scale delivery systems for oral administration. 
Furthermore, a high-throughput technique (TFF) for sample purification can be utilized to purify these formulations on a large 
scale, while the structural stability of the protein was shown to remain intact after the whole manufacturing process.
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Background: The continued relevance and biomedical application of chitosan are due to its safety and mucoadhesiveness. 
Mucoadhesive delivery systems are desirable to extend the bladder residence time of loaded drugs. In recent years, 
maleimide and acrylate-functionalised delivery systems are being explored for transmucosal application due to their superior 
mucoadhesive features relative to thiolated drug carriers. Methacrylated drug carriers have not been explored for enhanced 
mucoadhesiveness. In this work we have synthesised methacrylated chitosan with a variable degree of modification (LMeCHI 
and HMeCHI) and evaluated their pH sensitivity, mucoadhesiveness, and safety in comparison to chitosan (CHI), for intravesical 
use.

Methods: Products were characterised using 1H Nuclear Magnetic Resonance (1H NMR), Fourier Transform- Infrared and UV-
Vis spectroscopy. 1H NMR and ninhydrin test quantified the methacrylate grafting density on chitosan. Turbidimetric analysis 
of samples evaluated their resistance to pH changes in the biological fluid. The mucoadhesiveness of fluorescein sodium in 
the presence of the mucoadhesive polymers was evaluated using artificial urine flow-through techniques and fluorescence 
microscopy. MTT assay was used to study their UMUC3 malignant cell antiproliferative features.

Results: There was a broad correlation in the methacrylation extent of LMeCHI and HMeCHI obtained with both methods. 
Turbidimetric analysis (λ = 400 nm) revealed that the turbidity of HMeCHI solution remained unchanged from pH 3 to 9 while 
that of CHI and LMeCHI increased rapidly after pH 6, inferring that the stability of the drug carriers in biological fluid may be 
improved by methacrylation. The degree of methacrylate conjugation had a profound influence on their mucoadhesiveness. 
The polymers are presented in order of increasing mucoadhesion: FITC-Dextran < FS/CHI< FS/LMeCHI < FS/HMeCHI. Based on 
MTT assay, the UMUC3 cell antiproliferative effect of the unmodified and modified chitosan solutions (6.25 - 200 µg mL-1) was 
not significantly different, confirming the biocompatibility of our novel mucoadhesive polymers. Methacrylation of chitosan 
did not compromise its biocompatibility with bladder cancer cells.

Conclusions: Methacrylated chitosan is a safe drug carrier for intravesical delivery with superior mucoadhesiveness relative to 
chitosan. This result suggested that the degree of methacrylation can be tailored for desirable physicochemical properties of 
methacrylated chitosan.
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Background: Glioblastoma multiforme (GBM) is the most deadly and aggressive malignant brain tumour of the central 
nervous system in adults. Current conventional methods of treatment include surgical resection combined with adjuvant 
radiotherapy or chemotherapy, are mainly unsuccessful. For these reasons, there is an urgent need to develop new methods 
and understand the complex behaviour and microenvironment of glioblastoma tumours. Therefore, we here investigated the 
use of 3D biomaterials such as hydrogels in order to create an artificial scaffold that can mimic the tumour microenvironment 
in vitro and can be used as targeted drug delivery system for the treatment of GBM.

Methods: Hyaluronan (HA) is one of the main extracellular matrix components creating a microenvironment favourable for 
migration, proliferation and invasiveness of malignant cells. In this work, we modified the carboxyl groups of HA by crosslinking 
with adipic acid dihydrazide (ADH) in order to improve the mechanical properties of the hydrogels. Self-supporting HA-ADH 
hydrogels were obtained with different degrees of crosslinking. The degree of modification of HA was determined by 1H-NMR. 
The effect of the degree of crosslinking on the microstructure and porosity of the hydrogels was evaluated by Scanning 
Electron Microscopy (SEM). The swelling behavior of the hydrogels in PBS at 37° C was studied in order to characterize the 
response of the samples within an aqueous environment. In vitro degradation of hydrogels was performed by incubating the 
hydrogels with hyaluronidase solution (10 U/mL) in order to ensure the integrity of the scaffold upon exposure to enzymes 
found in vivo. Moreover, oscillatory rheology was used to characterize the viscoelastic properties of the hydrogels. In previous 
years, a lot of interest has been placed on the local delivery of chemotherapeutic drugs in the tumour resection cavity, using 
implantable or injectable systems with sustained drug release characteristics. In this study, doxorubicin (DOX) was loaded 
during the gelation process and the drug was diffused through the hydrogels. The release profile of the hydrogels was 
monitored as a function of time and the efficacy of DOX was investigated against glioma cells. Furthermore, hydrogels were 
loaded with a chemokine and biological experiments were performed in order to study further the interactions and behaviour 
of glioma cells in the 3D network.

Results: The SEM images indicated that the structure and the diameter of pores were mainly correlated with the crosslinking 
density of the hydrogels. From the swelling studies, it can be concluded that % swelling degree is dependent on the 
crosslinking density. The degradation profile of the hydrogels is consistent with results obtained from the swelling studies. The 
increased % swelling degree of the less crosslinked hydrogels reflect their higher rate of degradation in PBS. The results from 
oscillatory rheology indicated that the moduli of the hydrogels were close to that of the central nervous system. Regarding the 
drug release studies, the doxorubicin release from the HA-ADH hydrogels varies between the different crosslinking densities. 
Preliminary biological data shown that glioma cells can proliferate and migrate into the hydrogels.

Conclusions: HA-ADH hydrogels were prepared at four different crosslinking densities in order to identify the crosslinking ratio 
that has the optimal mechanical properties for adhesion and migration of glioma cells.
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Background: The use of an organic layer, such as octanol or decanol, on top of an aqueous layer can be used to incorporate an 
absorption step into a dissolution experiment. Unionised drug can partition from the aqueous layer into the organic layer, thus 
mimicking the absorption step in the small intestine. This allows the dynamic dissolution process incorporating dissolution, 
supersaturation, absorption and precipitation to be observed simultaneously.

The aim of this study was to assess the release of five formulations of the weakly basic drug itraconazole (Sporanox oral 
solution and capsules, three hypromellose acetate succinate (HPMCAS) amorphous solid dispersions containing LMP (low 
acetate content), MMP (medium acetate content) and HMP (high acetate content) grades respectively) using a biphasic 
assay with a pH shift on the inForm dissolution platform. In addition, the effect of an elevated gastric pH on itraconazole 
concentrations was evaluated. 

Methods: Initially, samples were introduced into 36 mL of an acetate phosphate buffer at pH 2 or pH 4.5 in a cylindrical vessel. 
The pH was monitored using an in situ pH probe and was maintained to ± 0.1 pH unit. After 30 min, 4 mL of 10 x concentrated 
FaSSIF V2 was added and the pH of the aqueous media was increased to pH 6.8 using 0.5 M NaOH to mimic the transition into 
the upper small intestine. Decanol (40 mL) was added at this stage to simulate absorption of drug in the small intestine. Drug 
concentration in both layers was determined every 120 seconds by two in situ multi-wavelength fibre optic UV probes. The 
duration of the experiment at pH 6.8 was 3 hr. All experiments were carried out in triplicate at 37oC. The stirring speed of the 
paddles in the vessel was set at 100 rpm.   

Results: Ranking itraconazole concentration in the organic layer after 3 hr was as follows: Sporanox Liquid > Sporanox 
Capsules > LMP > MMP > HMP ~ Itraconazole API. This corresponds to warnings in the Sporanox SmPC which states that drug 
exposure is greater with the oral solution than with the capsules. The dissolution results from the HPMCAS formulations were 
mostly controlled by the pH at which the polymers dissolve.  With an elevated gastric pH, itraconazole concentrations were 
markedly decreased after 4 hr in the organic phase for Sporanox capsules (29.50% ± 3.96 vs 1.14% ± 0.61). This corresponded 
to a warning in the capsule’s SmPC about impaired absorption when gastric acidity is reduced. Sporanox liquid was found to 
be much less affected (57.46% ± 1.38 vs 39.08% ± 6.72) by the elevated gastric pH. Release of itraconazole from the HMPCAS 
formulations was not significantly affected by the raised gastric pH.  

Conclusions: Biphasic dissolution experiments are a simple method to incorporate an absorption step. This small-scale 
dissolution test acts as a convenient method to screen different prospective formulations. This method highlighted potential 
problems associated with certain formulations when administered to patients with an elevated gastric pH. 
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Background: Pepsins are gastric digestive proteinase enzymes, belonging to the family of aspartic proteinases, and are native 
to the gastric system of most mammals. The active-site cleft of pepsin is predominately hydrophobic in nature and as a result 
pepsins are well known to preferentially cleave peptide bonds between large hydrophobic or aromatic amino acid residues. 
The preference of pepsin to cleave hydrophobic amino acids has led to an interest in the screening of small hydrophobic 
molecules as potential inhibitors for the proteinase enzyme. Clofazimine (CFZ) is a hydrophobic molecule, with significant 
antimicrobial potential against various Gram-positive pathogens. Most notable is the potential of CFZ in the treatment of 
Clostridium difficile infections (CDI). Despite the potential of CFZ in the treatment of CDI, its erratic solution behaviour in the 
gastrointestinal system limits its clinical use. In this study the natural tendency of pepsin to bind hydrophobic molecules is 
exploited as a method to overcome the poor solubility of the drug substance in gastrointestinal like media, as a means to 
deliver CFZ for the treatment of C. difficile.

Methods: The effect of pepsin on CFZ solubility was determined in pure water as well as in fasted state simulated gastric fluid 
(FaSSGF) through non-sink condition dissolution experiments. The molecular docking program AutoDock 4.2.3 and AutoDock 
tools v 1.5.4 were used for molecular docking studies. The solution stability of the CFZ-pepsin complex was characterised using 
a combination of circular dichroism, MALDI-TOF mass and fluorescence spectrometry. The strength and duration of the CFZ-
pepsin interaction were determined using isothermal titration calorimetry. The in vitro activity of the CFZ in the presence of 
pepsin was then analysed against C. difficile.

Results: Pepsin was found to significantly increase the solubility of CFZ in FaSSGF. When the concentration of pepsin in the 
media is increased, a proportional increase in the amount of CFZ in solution is observed. This relationship is linear in the 
concentration range 0.1 – 0.7 mg/mL pepsin and corresponds to a molar ratio of 1 pepsin molecule to 4 molecules of CFZ. 
Molecular docking simulations have been employed to show that pepsin actively binds CFZ. This reversible binding interaction 
of CFZ to the active site of pepsin appears to have no effect on the structure of the digestive enzyme, but solubilises the drug 
for up to 5 hr in situ. Bioactivity assays carried out against C. difficile have shown that the CFZ-pepsin complex retains its 
antimicrobial activity. A physical mixture of pepsin and a CFZ salt show enhanced activity versus C. difficile in vitro compared to 
the salt alone.

Conclusions: Pepsin is a digestive protein present at relatively high concentration in the human gastric system. In the past 
small hydrophobic drug molecules, including; curcumin, niclosamide, tolvaptan, dazidzein and genistein have been alluded 
to as potential inhibitor for pepsin. Such binding interactions, provided they are reversible, may also provide a natural carrier 
mechanism for hydrophobic compounds in the gastrointestinal system. CFZ reversibly binds to pepsin at a ratio of 1 pepsin 
molecule to 4 molecules of CFZ. This binding interaction allows for a substantial increase in CFZ solubility in the harsh 
conditions of the gastric system, while also enhancing the in vitro bioactivity of CFZ. Whether this will translate into enhanced 
in vivo activity for the drug remains to be seen.
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Background: Clofazimine (CFZ), is an antimicrobial drug that is currently recommended for the treatment of leprosy. CFZ 
is also known to exhibit good in vitro activity against most Gram-negative bacteria species, most notably Enterococcus 
faecium, Staphylococcus aureus and Clostridium difficile. In the past, the clinical use of CFZ has been greatly limited due 
to its poor aqueous solubility. However there is a consensus that, if its aqueous solubility could be improved, then CFZ 
could be repurposed to help combat antimicrobial resistance. In the pharmaceutical industry, salt formation is the most 
commonly applied technique for enhancing the solution behaviour of poorly water soluble drugs. Despite the advantages 
of salt formation very little attention has been historically paid to the process by which salt forms are selected, resulting in an 
overwhelming preference for hydrochloric acid salts of drugs on the market. In this study, the optimal solid form of CFZ was 
selected based on its solubility and supersaturation in water and, more importantly, in a gastrointestinal-like environment. This 
should maximise the potential of the resulting solid form increasing absorption in the gastrointestinal tract and thus improve 
the bioavailability of the drug.

Methods: Slurry experiments of CFZ and various acidic coformers were preformed to identify of new salt forms via powder 
x-ray diffraction. The new solid forms were examined for enhanced supersaturation potential in water and in a gastrointestinal-
like media, where their performance was compared with the commercial formulation of the drug, Lamprene®. Salts with 
enhanced solution behaviour in FaSSGF had their long term stability tested as well as their bioactivity against S. aureus. Salts 
forms which showed superior stability, solubility and activity to the commercial drug formulation were fully characterised 
using a combination of spectroscopic techniques, including X-ray diffraction, solid-state NMR and FTIR.

Results: CFZ slurried in each of the acidic solutions showed a change in the crystal structure via powder X-ray diffraction 
(PXRD). These solid forms were isolated and their supersaturation behaviour was determined in solutions of deionised water 
and in fasted state simulated body fluid (FaSSGF). All of the new solid forms showed superior solution behavior compared 
to the parent drug and the commercial product, Lamprene®. However only four of these solid forms showed enhanced 
supersaturation profiles in FaSSGF. Supersaturation in the FaSSGF was limited by a conversion into the hydrochloric salt of CFZ, 
which crystallised from solution due to the common ion effect. The solid forms which showed improved solution behaviour in 
the gastric environment and adequate long term stability were then examined in fasted stated simulated intestinal fluid media 
and screened for activity against S. aureus.

Conclusions: Novel solid forms of drugs are of value provided that, compared to the existing solid forms, their physicochemical 
properties are more favourable. For many drugs, solubility and dissolution rates are properties that will determine the drug 
bioavailability in vivo and thus, being able to manipulate these properties is of great importance. Of the seven salts of CFZ 
identified here, three were selected for further characterization based on their solubility and dissolution rates in simulated 
gastric fluid. These three salts of CFZ also showed enhanced bioactivity in vitro against S. aureus compared to the free base 
(CFZ F I). Thus supersaturating delivery systems can improve the solubility and antimicrobial activity of CFZ in vitro but whether 
this is sufficient to enable the antimicrobial potential of CFZ in vivo remains to be seen.
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Background: Surfactant choice is known to have a great effect on how efficacious the dispersion of carbon nanotubes.  
Sodium dodecyl sulfate (SDS) and Sodium dodecylbenzenesulfonate (SDBS) are both standards used within the carbon 
nanotube field but both are toxic to the human body and are therefore unsuitable for dispersion of carbon nanotubes for 
biological purposes. Other surfactants that could be used include lysophospholipids. 1-myristoyl-2-hydroxy-sn-glycero-3-
phosphocholine (MPC) was investigated to see whether it could be used to disperse carbon nanotubes, at what concentrations 
and how it compares to the other surfactants. Therefore each surfactant was sonicated at concentrations ranging from 0.1 to 1 
mg / mL with a constant concentration of 0.1 mg / mL of carbon nanotubes.

Methods: Carbon nanotubes were dispersed with three different surfactants at 4 separate weights of 1, 3, 5 and 10 mg of 
surfactant to 10 mL of distilled water and 1 mg of carbon nanotubes at 20 °C. Sonication was undertaken using the Bioruptor® 
Plus at power level L which equates to 130 W. Sonication took place over 60 cycles of 60 seconds on and 15 seconds off. Once 
sonication was complete, the dispersion was centrifuged for 150 min at 40, 000 G at 17 °C. Samples were then analysed using 
UV – Vis spectroscopy and Photoluminescence (PL).

Results: Results show that the MPC and SDS are similarly matched in how efficacious they were at dispersing the carbon 
nanotubes. This was shown from the spectroscopy data by investigating the peak heights at known wavelengths for the 
carbon nanotubes in question with the peak height known to be proportional to the carbon nanotube concentration. For 
example, MPC had a maximum peak height at 566 nm of 0.227 ± 0.092 and SDS had a maximum peak height of 0.195 ± 0.069. 
SDBS was shown to be significantly (p<0.0001) more efficacious at dispersing the carbon nanotubes under these conditions 
with a maximum peak height at 566 nm of 1.069 ± 0.028. This is due to the benzene ring being present and interacting with the 
carbon nanotubes surface to create π – π bond interactions. This greatly increases the ability of the SDBS to disperse the carbon 
nanotubes individually.  The PL data also confirmed a good isolation of major carbon nanotube chiralities (small bundles) in the 
MPC dispersion and this compares well to the PL data of the SDS and SDBS dispersed carbon nanotubes.

Conclusions: MPC was shown to be a valid surfactant for carbon nanotube dispersion and is comparable to SDS and is 
therefore recommended for biological uses.  SDBS is significantly more efficacious and is therefore recommended for non-
biological use and this is due to the benzene ring creating π – π bond interactions with the benzene rings of the nanotube 
surface.
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Background:: The translation of liposomal medicines from research and development to the clinical setting has been hindered 
due to the absence of scalable manufacturing procedures. Recent advances in down-stream processing has the potential to 
promote the transition of liposomal products from the lab to market. It has been hypothesised that the Micofluidizer can be 
used to produce small unilamellar vesicles in a controlled size range while meeting the criteria required for liposomal medicinal 
products, and also offering the opportunity for upscaling and GMP compliance.

Methods: Three formulations were prepared with a goal of mimicking parameters used in clinically available AmBisome®: F1 - 
SoyaPC/ cholesterol (74: 26 mol. %), F2 - SoyaPC/ DSPG/ cholesterol (53: 21: 26 mol. %), F3 - SoyaPC/ DSPG/ cholesterol (53: 21: 
26 mol. %) plus Amphotericin B (9: 1 drug-to-lipid mol. ratio). Each formulation was synthesised using the traditional thin film 
method and were hydrated with 7.5% sucrose. Resultant MLVs were passed through the Microfluidizer (M-110P) at 30k psi for 
up to 10 passes. The effect of pass number on liposomal size, PDI and charge was analysed using DLS while drug entrapment 
was determined using HPLC.

Results: Here we show that Microfluidizer processing can reproducibly homogenise multilamellar vesicles (MLVs) until a 
minimum size is reached, typically after 5 passes (P5). F1 expressed a significantly reduced size (44 ± 1 nm) and PDI (0.2 ± 
0.04) after P5. DSPG incorporation showed similar results - F2 was reduced from 900 ± 105 nm to 49 ± 3 nm at P5. A significant 
reduction in PDI from 0.7 ± 0.2 to 0.3 ± 0.03 was also observed and the surface charge was reduced from -75 ± 8 mV to -51 ± 3 
mV. Entrapment of amphotericin B in F3 increased the minimal vesicle size compared to F2. The initial size of F3 was 1095 ± 156 
nm which was reduced to 151 ± 1 nm after P5, the PDI decreased from 0.7 ± 0.1 to 0.3 ± 0.01 and surface charge was reduced 
from -60 ± 3 mV to -56 ± 4 mV. Furthermore, drug entrapment was significantly improved after the first pass, increasing from 35 
± 0.1 % to 92 ± 0.8 %. Entrapment remained equally high after subsequent passes. 

Conclusions: Microfluidizer processing of MLVs offers a highly reproducible method for the production of size-controlled 
vesicles with a homogeneous size distribution. In addition, this technique can maximise entrapment of the lipophilic drug, 
amphotericin B, within vesicles. The potential to apply this method to large-scale manufacturing and compliance with GMP 
regulation can enable increased commercialisation of liposomal medicines. 

51



66

DEVELOPMENT OF HYDROGELS FOR PROTEASE-
CONTROLLED RELEASE IN CHRONIC WOUND HEALING

Rebeca Obenza-Otero, Emanuele Russo, Weng Chan, Giuseppe Mantovani, Mischa 
Zelzer

School of Pharmacy, University of Nottingham, NG7 2RD, UK

Background: Enzymatic dysregulation is associated with many pathological states such as inflammatory diseases and 
cancer. This altered expression of enzymes can be used as a trigger for obtaining spatio-temporal controlled drug release 
from enzyme-responsive (ER) materials, allowing more efficient disease-targeted therapies. Chronic wounds are typically 
characterised by an overexpression of proteases (mainly elastase and MMPs) in comparison with healthy tissue. This offers the 
opportunity to exploit the use of ER materials for selective delivery of therapeutics to the chronic wound bed. In this project 
we aim to obtain ER hydrogels that can modulate the release of therapeutics by taking advantage of the increased activity of 
proteases in the wound environment in order to promote chronic wound healing.

Methods: Peptide sequences were synthesized by solid phase chemistry. ER and non-responsive (non-ER) hydrogels were 
prepared by Michael-type addition crosslinking of  multifunctional PEG-maleimide polymers with a protease-cleavable peptide 
or a model dithiol, respectively. Hydrogels were characterised by SEM, rheology and NMR and the mesh size was determined 
via the swelling ratio. The hydrogels’ suitability as drug delivery systems was assessed via the encapsulation and release of 
fluorescent dextrans. ER properties of synthesized peptides before crosslinking and peptide-crosslinked hydrogels were 
evaluated by measuring the increase in primary amines (fluroescamine assay) and degradation (HPLC/MS) after exposure to 
elastase. 

Results: A soluble peptide sequence was designed and characterized by HPLC and MS as enzyme responsive cross-linker for 
a polymer hydrogel. The ability of the target enzyme (elastase) to cleave the peptide sequence was confirmed by the increase 
in free primary amines generated after enzymatic degradation and the appearance of cleaved peptide fragments by HPLC-MS. 
Hydrogel formation from 4-arm PEG based polymers cross-linked either with the model cross-linker or the peptide sequence 
(ER cross-linker) was confirmed by NMR and rheology, showing pH-dependent gelation kinetics, with slower gelation at 
lower pH. SEM imaging and measurement of swelling ratios showed that porous hydrogel networks with mesh sizes in the 
nanometer range were obtained. Elastase-controlled hydrogel degradation was observed when incorporating the peptide into 
the hydrogel network. The potential of these hydrogels for drug delivery was evaluated by the encapsulation and release of 
fluorescent dextran, displaying a sustained release profile after an initial burst release. 

Conclusions: Elastase-cleavable peptides have been synthesised with cleavage by model elastase being confirmed, verifying 
the suitability of the sequence to be used as crosslinker for the elastase-responsive hydrogels preparation. Dithiol and 
elastase-cleavable peptide crosslinking with PEG maleimide provides hydrogels with nanometre sized meshes that were able 
to encapsulate fluorescent dextrans, showing the potential as drug delivery vehicles. Additionally, the elastase-controlled 
degradation of hydrogels was demonstrated, offering the potential of the use of these materials for elastase-controlled delivery 
systems.
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Background: Over 75% of new chemical entities emerging from drug discovery programs are low solubility 
biopharmaceuticals. Their insolubility makes dosing and administration difficult. Liposomes are attractive drug delivery 
systems for formulating low solubility drugs. While several liposomal drugs are presently marketed, liposome production is 
commonly a multi-step processes that requires significant process development to scale up production through preclinical 
and clinical development. Here, we demonstrate a reproducible, continuous flow microfluidic platform to control the 
nanoprecipitation of liposomes to allow rapid tuning of liposome size and drug loading, and reduce process development 
associated with increasing the scale of production.

Methods: Two liposome formulations of the hydrophobic photosensitizer verteporfin were produced as model systems and 
scaled up in batch volume by an order of magnitude. A process for nanoprecipitation of liposome and simultaneous drug 
loading was initially developed at bench scale, on a system designed for rapid formulation optimization at volumes between 
1 mL and 15mL. A Soy-PC/cholesterol/DSPE-PEG formulation was optimized by systematically varying the flow rate ratio (FRR) 
between the aqueous and organic phases at the input of the microfluidic mixer, and their total follow rate (TFR). Optimized 
formulation parameters were also used to produce a DMPC/Egg-PG formulation that more closely resembles commercially 
available formulations. Both formulations were transferred directly to a larger system designed for producing pre-clinical 
batches between 10mL and 1000mL.

Results: Liposome size decreased asymptotically with increasing TFR and FRR. As a consequence of conserved microfluidic 
geometry between the two manufacturing systems, optimized reagent concentrations, TFR (2:1) and FRR (12 mL/min) were 
transferred directly from bench scale to larger scale and nanoprecipitation conditions were conserved. Hence, physical 
characteristics and encapsulation efficiency were found to be identical between formulations produced on the two systems. 
This reduces the burden of process development commonly encountered when scaling up traditional liposome production 
methods.  Encapsulation efficiency was ~ 80% for both formulations at both scales of production. Soy-PC based liposomes 
were 35 nm in diameter with a polydispersity index (PDI) < 0.1. DMPC/Egg-PG liposomes were 30 nm in diameter with PDI < 
0.1.

Conclusions: A proof of concept for scaling production of two liposomal formulations of verteporfin was demonstrated using 
a scalable microfluidic platform. A soy-PC formulation and a formulation similar to commercial Visudyne were used. For both, 
parameters optimized at small scale were transferred one-to-one to a larger system capable of up to 1L without redeveloping 
or re-optimizing the process. Larger batches are suitable for larger scale pre-clinical studies. Liposome size, a narrow size 
distribution and high encapsulation efficiency were maintained upon scale up. Thus, this microfluidic platform substantially 
reduces the burden of scale up development, which will accelerate the advancement of liposomal or other nanomedicine 
formulations through the drug development process.
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Background: Non-ionic surfactants are used extensively to enhance the permeability of cell plasma membranes and increase 
(trans)cellular transport. Previous studies attribute enhanced epithelial permeability by non-ionic surfactants to increased 
membrane fluidity or/and to formation of channels (pores) in the plasma membrane.  However, the consequences of the 
changes in membrane fluidity can extend to changes in cellular function and ultimately toxicity. The non-ionic, amphipathic 
surfactant composed of polyoxyethylene esters of 12-hydroxystearic acid (e.g. Solutol HS15, Kolliphor® HS15) is used in various 
pharmaceutical applications including formulation of emulsions, nanoparticles, and as the primary component of permeability 
enhancing formulations.  The present study focuses on deciphering the succession of cellular events occurring in response to 
exposure to Solutol HS15 in Caco-2 cells as an in vitro model of intestinal epithelia. Emphasis is placed on investigating time-
dependent responses (5–240 min) to obtain mechanistic information into surfactant responses. 

Methods: Plasma membrane fluidity was assessed using the Laurdan probe, and membrane integrity using the LDH release 
assay.  Internalisation of FITC-dextran 4000 was employed to measure plasma membrane permeability. CellTox green was 
used to study nuclear membrane permeability. Intracellular Ca2+ levels were measured using epifluorescent microscopy 
using the FLUO-4 probe. The MTS assay and JC-1 probe were used for measures of metabolic activity and mitochondrial 
membrane potential, respectively. ROS levels were monitored using the CM-H2DCFDA probe and caspase-3/7 activation using 
the CellEvent caspase-3/7 detection reagent. Nuclear morphology and permeability was observed using Hoechst 33342 and 
propidium iodide double staining. 

Results: The study reveals that exposure to conditions which achieve a significant increase in cell membrane fluidity 
and permeability to a model drug (FITC-dextran 4000) - at concentrations of 0.1-50.0 mM - produced almost immediate 
redox and mitochondrial effects, manifested as an increased NADH pool, increased ROS levels, and hyperpolarisation of 
mitochondrial membrane potential. Apoptosis was triggered at an early time point and relied upon an initial mitochondrial 
membrane hyperpolarisation as a crucial step, leading to subsequent depolarisation of the mitochondrial membrane 
potential and caspase-3/7 activation. Inhibition of mitochondrial hyperpolarisation by carbonyl cyanide 4-(trifluoromethoxy) 
phenylhydrazone (FCCP) prolonged cell survival, delayed the onset of metabolic reduction by the mitochondria, and inhibited 
caspase-3/7 activation. The apoptotic cell death pathway appears to be triggered at a time point prior to the emergence of 
significant cell membrane permeabilisation and substantial cellular membranes’ damage by the surfactant, i.e. loss of plasma 
membrane integrity, nuclear membrane permeabilization, and perturbations in calcium homeostasis - indicators of a necrotic 
process.  

Conclusions: We propose that the rapid cellular response to exposure to a model non-ionic surfactant is triggered rapidly via 
a surfactant-induced increase in plasma membrane fluidity; a phenomenon akin to the membrane-regulated stress response 
which follows membrane fluidisation by heat shock, and consequent cellular death by apoptosis. This has a relevance to other 
non-ionic surfactants, which have been suggested to mediate their increases in cell membrane permeability via membrane 
fluidisation.
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Background: Poly (lactic-co-glycolic acid) (PLGA) is a synthetic polymer that has been widely studied and used in the 
fabrication of microparticles (MP) for the controlled and sustained release of drugs. PLGA is attractive due to its biocompatible, 
biodegradable and non-toxic properties. The single emulsion oil-in-water (O/W) evaporation method is often used for the 
preparation of MP, but with many processing variables present, it is difficult to predict the size of particles products. Particle 
size is a significant characteristic as it determines the profile of the drug release and dictates the routes of administration (e.g. 
topical or injection). Taguchi design is a statistical technique used to optimize parameters with complex interrelationship and 
its design protocol attempts to identify controllable factors that minimize the effect of “noise” (i.e. uncontrollable factors). 
Taguchi design makes use of orthogonal arrays (OA) to analyze many parameters with few experiments. The aim of this study 
was to use Taguchi design to explore the effect of 10 processing parameters on particle size using the solvent evaporation 
technique and generate a computational optimal model to produce 10-100 μm drug-loaded MP for topical controlled drug 
delivery.
   
Methods: Drug-loaded PLGA microparticles were fabricated using an established solvent evaporation method. Taguchi 
Level 12 2^10 OA design (12, 2 and 10 represents number of experiments, levels and factors respectively) was implemented 
to investigate the influence of 10 process parameters on a response (i.e. particle size), namely: concentration of poly (vinyl 
alcohol) (PVA), molecular weight of PVA, concentration of PLGA, type of solvent (i.e. dichloromethane, ethyl acetate), 
concentration of PVA in hardening bath, stirring/mixing speed, ratio of organic/aqueous phases, emulsification rate, duration of 
speed and time for evaporation.
Particle size (X50 value) was measured using SympaTec laser diffraction particle size analyzer (SympaTec GmbH, Germany) with 
morphological/topographical analyses assessed using scanning electron microscopy (SEM). Total loading efficiency, quantity 
and release profiles of the fabricated MP were also characterized using a number of in vitro tests in order to assess their 
potential as novel drug carrier for drug delivery applications. Twelve experimental trials involving 10 parameters at higher and 
lower levels were generated by design-expert software (Stat-Ease, USA).
   
Results: The design analysis showed that all parameters significantly influence the particle size of the fabricated MP with 
exception of the concentration of PVA in the hardening bath. The results from this study showed that application of Taguchi 
design can determine the best combination of process parameters that can provide the optimal response condition which is 
smallest microparticle size. The results obtained from the drug loading parameters and in vitro release characterizations were 
promising given the purpose of the study.
   
Conclusions: The prepared drug-loaded PLGA microparticles were characterized for the particle size and the experimental 
results were found to be in good correlation with the predicted data analyzed by the Taguchi design. This will allow for the 
generation of a computational model for 10-100 μm microparticle production for topical controlled drug delivery and suggests 
that Taguchi design could be exploited in the initial design of a wide range of drug incorporated carrier manufacturing 
applications.
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Background: Development of an oral insulin formulation having adequate bioavailability will be revolutionary in the 
treatment of diabetes. Glycosaminoglycan-binding Enhanced Transduction (GET) peptide system is being exploited for various 
drug delivery applications particularly nucleic acids, enzymes, antibodies, transcription factors and protein delivery. In recent 
years, Cell Penetrating Peptides (CPPs) have emerged as potential transepithelial vectors for efficient intracellular delivery of 
large variety of therapeutic cargoes including anti-diabetes peptides e.g. insulin, GLP-1, and exendin-4. Therefore, the GET 
system has potential for delivering insulin and enhancing transcytosis through intestinal membranes. This project aims to 
exploit GET peptides (named PLR) and derivatives to promote the intracellular transduction of insulin and subsequent release 
into the systemic circulation.
   
Methods: Insulin was labelled with NHS-Fluorescein (F-INS) and complexed with GET peptide (PLR) to form Insulin-GET 
nanocomplexes (NCs) for delivery. We tested transepithelial delivery and stability of these insulin-GET NCs in Transwell 
Caco2 monolayer transcytosis assays (human colorectal carcinoma cells). We assessed permeation and internalization by cell 
monolayers, transcytosis, release (during and post-delivery), and additionally insulin recycling through these cells was also 
studied using different insulin secretion regulators and serial multiple drug delivery. The functional activity of this NCs was also 
tested using insulin-reporter cells (cells with a luciferase transgene which is regulated by signaling triggered by active insulin).
 
Results: Transcytosis efficiency of insulin-GET NCs (F-INS-PLR NCs) across the Caco-2 cell monolayer was >22 fold greater than 
the insulin (F-INS) alone. Additionally, insulin/PLR complexes continued to release from cell monolayers post-transfection, 
giving insight into insulin recycling with cells acting as an insulin depot for sustained release. Similarly serial multiple loading of 
cells with these NCs leads to accumulation within cells, enabling cells to act as insulin depot. The results of the stability studies 
showed that both the GET system and insulin-GET NCs are stable to degradation by proteolytic enzymes and that these NCs 
remain intact even after being translocated inside cells. Functional activity studies revealed that insulin-GET NCs are sufficiently 
biologically active to induce a pharmacological response.

Conclusions: This study demonstrates that insulin/PLR complexation greatly enhances the absorption of insulin in an intestinal 
model, thereby making this combination a potential system for oral insulin delivery. GET-peptide based systems are promising 
and powerful tools for overcoming low permeability of cargoes; formulation of these particles aiding protection from the harsh 
gastrointestinal environment and ultimately enhancing insulin absorption and bioavailability are now under investigation.
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Background: Prostate cancer (PC) is the most common cancer in men. Approximately 44,000 men are diagnosed with prostate 
cancer each year in the UK alone. The serine protease, prostate specific antigen (PSA) is clinically the best serological marker 
for PC, as PSA levels are elevated in PC. Moreover, PSA has been exploited as a therapeutic target in advanced PC patients. 
L-377202 prodrug, developed by Merck, was in phase II Clinical trial for patients with metastatic hormone-independent PC. 
It consists of doxorubicin (Dox) conjugated to a PSA-cleavable peptide that can be selectively hydrolyzed and activated by 
enzymatically active PSA at the tumour site. It is mainly used to reduce the systemic toxicity of Dox, specifically cardiotoxicity. 
In the present work, Dox-PSA prodrug selectivity, cytotoxicity and cellular uptake were assessed in different PC cell lines.

Methods: A series of androgen-dependent and independent PC cell lines, which represent different stages of PC, were 
evaluated for their PSA expression levels by western blotting and RT-qPCR. Free PSA levels in LNCaP and C4-2B cell lysates and 
supernatants were also quantified by ELISA. Dox-PSA prodrug cytotoxicity was determined in PSA positive and negative 2D 
and 3D PC models. Drug-DNA binding assay was used to assess Dox-PSA prodrug selectivity. Cell uptake was evaluated by flow 
cytometry and confocal laser scanning microscopy.

Results: Dox-PSA prodrug demonstrated dose- and time-dependent toxicities in PSA-expressing PC cells, whereas in PSA-
negative cells toxicity was minimal. On the contrary, free Dox exhibited dose-dependent toxicities in both PSA-positive and 
negative cells, suggesting that Dox-PSA prodrug was effectively activated by PSA. Prodrug selectivity was also supported 
by drug-DNA binding assay which showed that as opposed to Dox, Dox-PSA did not interact with DNA. Cellular uptake and 
trafficking studies revealed a time-dependent accumulation of cleaved Dox in the cell nuclei of PSA-positive cells, supporting 
the notion that Dox-PSA was being efficiently cleaved by PSA, prior its trafficking to the nucleus.

Conclusions: Our results showed that Dox-PSA prodrug was selective towards PSA-secreting cells. Dox-PSA was cleaved by 
enzymatically active PSA, and exerted its cytotoxic activity both in 2D and 3D PC models. Drug-DNA binding and uptake 
studies revealed a time-dependence uptake of Dox-PSA, which was localized in the cytoplasm at earlier time points and, upon 
PSA hydrolysis, gradually accumulated in the cell nuclei. 
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Background: The oral route is the most popular and convenient drug delivery route. However, despite its many advantages, 
it also presents a number of disadvantages and challenges. Many drugs are not suitable for delivery via the oral route due to; 
first pass metabolism; less than ideal properties required for successful delivery; and side effects of treatment. Additionally, 
oral drug delivery relies heavily on patient compliance. Polymeric sub-dermal implants are an alternative delivery system that 
can achieve targeted and effective delivery with lower drug concentrations. Consequently, they may minimise side-effects of 
therapy while increasing patient compliance. There are many applications where a device like this could be of value, including: 
treatment of Human Immunodeficiency Virus (HIV); oncology; or diabetes management. This project aims to develop implants 
made from biodegradable and biocompatible polymers in which the rate of drug delivery is controlled both the implant design 
and configuration and rate controlling polymeric membranes.

Methods: Implant design: Implants were designed using computer-aided design (CAD) software and printed using an 
Ultimaker3 3D printer equipped with Poly (lactic acid) (PLA) and Poly (vinyl alcohol) (PVA) filaments. Implant characterisation: 
The prepared implants were characterised using environmental scanning electron microscopy (SEM) and digital microscopy 
and the mechanical properties were assessed using a texture analyser. Drug release from the designed implants was observed 
using methylene blue as a model hydrophilic compound. Rate controlling membrane: Poly(caprolactone) (PCL) and PCL-
Poly(ethylene glycol) (PEG) films were prepared by solvent casting. Their degradation rates were determined and their 
properties were characterised using a variety of techniques, including: ATR-FTIR; DSC; and mechanical testing.

Results: Polymeric implants can be easily designed and quickly produced using these methods. Implant design has an effect 
on the release rate from the designed implants. As a result of changing the drug releasing window surface area, drug release 
was extended from 2 days to over 30 days. The addition of PEG to PCL films to create PCL-PEG blends did not have a significant 
impact on the degradation rate of the PCL films.

Conclusions: These results show that it is possible to control the rate of drug release from an implant by changing the implant 
design. Future work will focus on further developing and improving the implant design and developing and attaching the 
designed PCL-PEG polymeric membranes to create a long acting implant with defined release properties.
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Background: In recent years, a trend of fewer novel antimicrobial agents and increased antibiotic resistance has been 
observed, which has caused a significant burden in global health care. A substantial proportion of infections (~80%) are caused 
by surface attached bacterial biofilms, which pose a much greater challenge in treating than their planktonic counterparts due 
to a profile of increased tolerance to antibiotic dosing. Biofilm forms commonly require 10 to 1000 times the concentration of 
antibiotic to achieve bactericidal action compared to more susceptible free-floating, liquid planktonic forms. Phenylalanine-
phenylalanine (Phe-Phe) peptides have attracted interest over the past decade due to their ability to self-assemble into 
nanotubular structures that can be utilized as drug delivery platforms.  Their potential in the drug delivery field as a targeted 
release nanoparticle is highlighted by several advantages; tube-shaped nanoparticles possess high adherence rates to target 
cells due to their large surface area, resistance to degradation by macrophages leading to increased circulation times, and cell 
internalization mediated by their high aspect ratio.

Methods: In this work, the activity of Phe-Phe peptide nanotubes was investigated against planktonic Staphylococcus aureus, 
Staphylococcus epidermidis, Escherichia coli and Pseudomonas aeruginosa and evaluated using surface viable counts. The 
activity against S. aureus and E. coli biofilm was evaluated using the MBECTM assay. Scanning electron microscopy (SEM) was 
used to visualize the nanoparticles and the treated biofilms. The mechanism of action was investigated by using the membrane 
localizing fluorophore NPN. Mammalian cell cytotoxicity was evaluated using LIVE/DEAD and MTS assays against NCTC clone 
929 cell lines. 

Results: NH2-Phe-Phe-COOH demonstrated the most potent activity against both planktonic (liquid, free-floating) and biofilm 
forms of bacteria, possessing minimal cell toxicity. 5 mg/mL peptide nanotubes demonstrated a 6.25 log10 reduction in colony 
forming units per ml (CFU/ml) against planktonic S. aureus and a 5.4 log10 reduction in CFU/ml against S. aureus biofilm. SEM 
images showed bacterial membrane damage had occurred and this was supported by a bacterial membrane permeability 
(NPN) assay.

Conclusions: To our knowledge, this is the first study to demonstrate the activity of Phe-Phe peptide nanotubes against 
biofilms. Considering previous work, we can conclude that this type of nanoparticle has dual antimicrobial and drug delivery 
capabilities. The architecture of these peptide nanostructures mean antibiotics could be potentially encapsulated within 
the hollow hydrophilic pores of Phe-Phe nanotubes, or within their hydrophobic phenylalanine walls to provide synergistic 
antibiofilm action, ultimately leading to improved therapy at lower antibiotic concentrations.
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Background: The use of peptides represents a novel approach to enhance wound healing. Inherent antimicrobial activity, 
increased biocompatibility and tunable biodegradability render peptides more suitable for application to the chronic wound 
environment than currently administered synthetic materials. Uncontrolled local inflammation and the presence of infectious 
pathogens may result in the development of chronic non-healing wounds, leading to increased patient morbidity and the 
failure of standard therapies such as antibiotics. The chemical versatility of the peptide motif enables antimicrobial, pro-
angiogenic and anti-inflammatory activity to be built into a peptide capable of self-assembling into a hydrogel structure. Such 
multifunctional properties overcome limitations with existing topical therapies, which fail to address a profile of increased 
inflammation and microbial load, with reduced angiogenesis that combine to prevent healing. A therapeutically active 
hydrogel network has the potential to be employed as a dressing, where the hydrogel is applied to the wound and conforms to 
its shape, whilst providing a moist environment and enabling gas exchange at the wound site.

Methods: A series of peptide structures were synthesized based on a diphenylalanine-dilysine sequence (FFKK), which was 
previously shown to gelate and provide antimicrobial properties. A non-steroidal anti-inflammatory drug was conjugated to 
confer the desired anti-inflammatory properties. Peptide gelation was examined via vial inversion assays and Scanning Electron 
Microscopy (SEM). Bacterial susceptibility assays were performed against clinically relevant pathogens to assess antimicrobial 
activity and biocompatibility was determined via in vitro cell culture assays.

Results: Vial inversion assays demonstrated the formation of peptide hydrogel at a concentration of 1.0 % w/v and above and 
the fibrous network was confirmed via SEM imaging. Clinically significant Log10 reductions in the growth of Gram-negative 
Pseudomonas aeruginosa and Gram-positive Staphylococcus aureus was observed at higher concentrations employed.

Conclusions: Multifunctional ultrashort peptide hydrogels demonstrate potential as wound healing products. Peptide 
hydrogel dressing products may resolve issues in the case of chronic wounds which fail to heal, for example, diabetic ulcers. 
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Background: Calix[4]resorcinarenes are cyclic oligomers which have found applications in supramolecular chemistry and 
are useful building blocks for the synthesis of capsules, cavitands, carcerands, etc. The preparation of calix[4]resorcinarenes 
was first reported in the late 19th century from the acid catalysed cyclocondensation between an aldehyde and resorcinol to 
yield the corresponding cyclic tetramer calix[4]resorcinarene. This condensation can be achieved using a protic acid catalyst, 
a Lewis acid or in basic medium for resorcinols that bear an electron-withdrawing group. Isolation and purification of calix[4]
resorcinarenes can be difficult because synthesis can deliver different conformations. In theory, four diastereoisomeric 
compounds are possible based upon the relative configuration of the substituents on the methylene bridges: all cis (rccc), 
cis-cis-trans (rcct), cis-trans-trans (rctt) and trans-cis-trans (rtct). Saccharides have been used as water-solubilizing moieties on 
calix[4]resorcinarenes. So-called calixsugars are based on a calix[4]resorcinarene bearing mono- and oligosaccharides fixed 
to the upper rim and the lower rim of the rccc conformer. These systems form in stable 1:1 complexes with guests in water.
In this study conformational isomers of tetraglycosylated calix[4]resorcinarenes have been fabricated with the initial aim of 
confirming the conformation of the major and the minor conformation isolated from the reaction and the Lewis acid catalysed 
conditions used in its synthesis.

Methods: Resorcinol was reacted with different glycosylated benzaldehyde using aluminium(III) chloride as Lewis acid 
catalyst to give the corresponding tetraglucosylated calix[4]resorcinarene as a mixture of conformational isomers. Structural 
characterisation was carried out using standard methods. 1H and 13C Nuclear Magnetic Resonance Spectroscopy experiments 
were used to tentatively assign the structure of each conformer isolated by comparison with other calix[4]resorcinarenes 
reported in the literature.

Results: The 1H-NMR spectra of the crude calix[4]resorcinarene glycoside resulted by using aluminium(III) chloride as a catalyst 
shows the presence one or two isomers depending on the position of the aldehyde glycosides used. The crude isomeric 
mixture of calix[4]resorcinarene glycosides was fully acylated using butyric anhydride to give the fully protected calix[4]
resorcinarene glycosides. The conformational isomers of calix[4]resorcinarene were separated using chromatography to give 
either one major or two compounds, one major and one minor isomer

Conclusions: Studies are ongoing to determine the structure of each isomer separated of tetraglycosylated calix[4]
resorcinarene by Xray crystallography.
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Background: Organometallic compounds in medical applications is a growing body of research where Re(I) containing 
compounds have been studied and identified as potential anti-cancer agents and imaging agents due to their advantageous 
intrinsic properties. The aim of this study is to contribute towards finding novel drug leads. The synthesis of a novel tridentate 
ligand (N(SO2)(2-nap)dienH, 98% yield) derived from diethylenetriamine (dien) moiety and the naphthyl group attached 
to the terminal nitrogen through a sulfonamide, and secondly, the net neutral fac-Re(CO)3L complex by treating fac-
[Re(CO)3(H2O)3]+ with N(SO2)(2-nap)dienH (71% yield) will be discussed.

Methods: The compounds have been characterized by X-ray crystallography, elemental analysis, 1H NMR, FTIR, UV-Visible and 
fluorescence spectroscopy. The in vitro cytotoxicity activity of the two compounds was studied using human normal lung 
fibroblast cells (MRC-5) and non-small cell lung cancer cells (NCI-H-292).

Results: The [Re(CO)3(N(SO2)(2-nap)dien)] complex shows a pseudo octahedral geometry with the terminal nitrogen of the 
ligand being deprotonated upon binding to the metal. This arrangement is confirmed from the 1H NMR spectra of the two 
compounds. As a result of complexation, the terminal NH signals appear as two signals orienting towards (endo-NH) and away 
(exo-NH) from the CO ligands. The two chelate rings of the Re complex reported here have the same (λλ) chirality. The peak at 
870 cm-1 in the FTIR spectrum of the free ligand was observed to be shifted to lower frequency (861 cm-1) upon complexation. 
The high energy band between 200–300 nm in the absorbance spectrum of the ligand has shifted to shorter wavelength in 
the spectrum of the metal complex and on excitation at 280 nm in methanol, emission was observed at 333 nm for the ligand 
and 340 nm for the [Re(CO)3(N(SO2)(2-nap)dien)] complex. Both compounds show enhanced fluorescence intensities which 
has been quenched in the spectrum of the complex in comparison to that of the ligand. Illumination of Allium cepa bulb cells 
incubated with the compounds generated weaker fluorescence images with epifluorescence microscope as a result of higher 
accumulation of the compounds at cell walls and nuclei. The in vitro cytotoxicity activity of the two compounds studied using 
human normal lung fibroblast cells (MRC-5) and non-small cell lung cancer cells (NCI-H-292) reveal that the [Re(CO)3(N(SO2)
(2-nap)dien)] complex is more toxic than the ligand towards NCI-H-292 lung cancer cells.

Conclusions: The promising photo physical properties and cytotoxicity results of the novel synthesized compounds indicate 
that these compounds may be good candidates to be utilized as potential cell imaging agents as well as anticancer drug leads.
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Background: The rapid transit of drug formulations through the upper gastrointestinal tract does not always allow enough 
time for drug absorption through the stomach and upper small intestine, resulting in low bioavailability and drug efficacy for 
drug substances which are mainly absorbed through these regions. Helicobacter pylori is a stomach-residing bacterium, able 
to establish chronic colonisation. The adherence of the bacterium on the gastric epithelium is mediated by outer membrane 
proteins, called adhesins, which display specific binding affinity for glycan receptors expressed there. The aim of the present 
research is to develop novel gastric-targeted drug delivery systems, by coating nanocarriers with bacterial adhesins. In 
order to achieve that, the recombinant expression and purification of the bacterial adhesins is required, followed by their 
characterisation. Once the most appropriate targeting moieties are determined, they will be utilised for the development and 
assessment of drug delivery nanocarriers.

Methods: Recombinant protein expression in Escherichia coli was employed for the production of bacterial adhesins, which 
were purified with affinity and size-exclusion chromatography. The adhesins were characterised with a range of techniques, 
including mass spectrometry and X-ray crystallography, while dynamic light scattering and enzyme-linked immunosorbent 
assay were used for the characterisation of the adhesin-coated nanocarriers.

Results: The adhesins BabA, BabB, SabA, SabB and LabA were expressed, with LabA expressing with the highest yield 
of approximately 40 mg/L, compared to the yield of the other adhesins – approximately 1 mg/mL. Stability studies, by 
determining the melting temperature (Tm) of the proteins, showed that LabA was the most thermally stable of all, with a Tm of 
46 oC close to neutral pH, which is found on the gastric epithelium. For these reasons, LabA was chosen for further structural 
and binding characterisation. LabA protein crystals were obtained and the three-dimensional structure of the protein was 
described. However, binding of the adhesin to the ligand reported in the literature has not been reproduced and protein 
affinity to different receptors is being investigated with the use of glycan arrays. On the formulation end, BabA-coated particles 
maintained their binding to the ligand of BabA. However, BabA is very susceptible to degradation by pepsin, so the PEGylation 
of nanoparticles has been employed to test protection of BabA towards pepsin digestion and the viability of the BabA-coated 
nanocarriers in the gastric environment.

Conclusions: The recombinant expression and characterisation of a few different H. pylori adhesins has been carried out, 
however the most appropriate candidate for the coating of the particles has not been determined yet. The design and 
assessment of targeted drug delivery systems viable in the gastric environment is our next step.
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Background: The intranasal route is useful for the delivery of drugs to the brain via the blood brain barrier and/or the 
olfactory nerve. The purpose of this research was to investigate drug carriers for nasal administration by optimising the 
formulation of mucoadhesive polymeric microparticles. Chitosan (low, medium and high molecular weight) and trimethyl 
chitosan (TMC) were selected due to their biocompatibility, mucoadhesiveness and non-toxicity. Two important parameters 
for nasal application are particle size, where the diameter should be above 10 μm to prevent inhalation to the lungs, and 
mucoadhesiveness. Mucoadhesion can be evaluated by measuring changes in charge that occur upon bonding due to electron 
transfer between the polymeric system and the mucus membrane epithelium. 

Methods: The microparticles were prepared by spray drying. Solutions (0,5% acetic acid) of high, medium and low molecular 
weight chitosan and mixtures with TMC were prepared at concentrations of 0,5%, 1% and 2%. The solutions were spray-
dried and solid microparticles were obtained. The size and morphology of the microparticles were determined by SEM 
analysis. Moisture content was determined using thermogravimetric analysis. The charge and the mucoadhesive properties 
were evaluated using a mucin particle method, developed by Takeuchi et al. In brief, the mucin powder (Mucin type II) was 
suspended in phosphate buffer (pH 6.5) at a concentration of 1% w/v. Then, 1ml of this suspension was mixed with different 
volumes (1, 2, 3 and 4 ml) of a suspension of MPs 0.1% in phosphate buffer (pH 6.5) under mild magnetic stirring (200 rpm) and 
the Zeta potential of the mixtures was evaluated. All experiments were performed in triplicate.

Results: Microscopic analysis of the chitosan MPs showed that they had a very different size range (5.06 um-29.87 μm). 
The particles were spherical, with a rough and wrinkled surface. As usual in spray dried chitosan formulations, the moisture 
content was shown to be relatively high, with a range between 4.8 and 10.7%. The optimal parameters to prepare MPs with 
the appropriate size (>10 μm) for nasal drug delivery were determined. The mucoadhesion test showed that the charge of the 
microparticles, correlating to the bond strength between the mucin particles and the MPs, was proportional to the chitosan 
concentration in the mixtures, changing from negative to positive with the addition of higher quantities of the MP suspension. 
The molecular weight of the chitosan did not make a significant difference in the bonding between the MPs and the mucin 
particles. The prepared MPs containing TMC and LMwCh in different ratios were less mucoadhesive compared to LMwCh MPs.

Conclusions: Chitosan microparticles were successfully prepared by spray drying. The molecular weight of chitosan did not 
make a significant difference in the mucoadhesive properties of the microspheres, while the addition of the TMC reduced the 
mucoadhesion.
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Background: Maintenance of a normal vaginal microbiota is critical for vaginal health. Sexual intercourse, hormone deficiency, 
and use of antibiotics and contraceptives can easily disturb the population of beneficial bacteria, leading to a loss of protective 
lactobacilli species (which produce lactic acid), an increase in pH, and onset of vaginal infection. There is interest in developing 
vaginal ring products for long-acting administration of lactic acid. However, lactic acid is not compatible with silicone 
elastomers, the most common material for fabrication of vaginal rings. Here, we investigate the potential for controlled release 
of a lactic acid prodrug from a silicone elastomer vaginal ring. DL-lactide is a cyclic dimer of lactic acid, and, in the presence of 
water, this solid compound hydrolyses to lactic acid.

Methods: The kinetics of DL-lactide hydrolysis were studied. Matrix-type silicone elastomer (DDU-4320) rods containing DL-
lactide (11% w/w) were prepared by reaction injection molding (80°C, 3 min). In vitro release testing of individual rods (n=8) 
placed in a 0.2% v/v solution of Tween 80 was performed over 10 days, with half of the replicates having their release media 
changed daily and the other replicates cumulating the drug release. The amounts of DL-lactide (LT) and lactic acid (LA) released 
were quantified by reverse phase HPLC. The pH of the release medium was also monitored over the release period.

Results: The rate constant for hydrolysis of DL-lactide at 37° C was 0.05658 days-1. DL-lactide was released from the matrix-
type silicone elastomer rods continuously over the 10-day period. Day 1 daily release values where between 14.7 and 25.2 mg 
while Day 10 values ranged from 0.2 to 0.5 mg. Hydrolysis of DL-lactide also occurred in the release medium, as evidenced by 
the detection of lactic acid. pH of all replicates was substantially lowered over the release period from pH 4.19 on Day 0 to an 
average pH of 2.75 on Day 1. On Day 10, replicates with the release media changed daily had an average pH of 3.49 and the 
other replicates, cumulating drug release had an average pH of 2.46.

Conclusions: Matrix-type silicone elastomer rods containing 11% w/w DL-lactide provided in vitro release of DL-lactide and 
rapid conversion via hydrolysis to the monomeric lactic acid. The lactic acid thus produced led to reduced pH in the release 
medium. This proof-of-concept study demonstrated that sustained delivery of DL-lactide from a silicone elastomer vaginal ring 
may be helpful in lowering elevated pH in the vagina associated with bacterial infection, and could easily be incorporated into 
more advanced multi-purpose prevention technology (MPT) rings offering HIV prevention and/or contraception.
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Background: The pyrazolo[3,4-d]pyrimidine (p[3,4]p) nucleus is an adenine isostere, and can therefore mimic adenine in 
the catalytic sites of many oncogenic kinases which act on ATP. For these reason p[3,4]p has received growing attention as 
a scaffold for the combinatorial synthesis of drug candidates, particularly in targeted anticancer therapy based on protein 
kinase inhibitors. Many p[3,4]p derivatives act as nano-molar inhibitors of both the cytoplasmic tyrosine kinases SRC, 
ABL1 and FYN, and of the serine-threonine kinase SGK1. In addition, this family of compounds also showed an enhanced 
antiproliferative profile against several cancer cell lines. Although these molecules are readily soluble in DMSO and other 
organic solvents, limited solubility in water adversely affects their bioavailability and efficacy. Thus, in order to avoid the 
use of toxic organic solvents for in vitro and in vivo tests, several strategies have been sought to improve the aqueous 
solubility and pharmacokinetics of p[3,4]p derivatives such as formation of complexes with cyclodextrins, encapsulation into 
liposomes, formulation with albumin into nanoparticles and synthesis of prodrug derivatives. However, one of the simplest 
and most promising methods is to create an amorphous solid dispersion where the drug is molecularly dispersed in an inert 
carrier, typically a hydrophilic polymer, such that the resulting stabilised amorphous drug shows a higher water apparent-
solubility compared to the crystal form. Accordingly, we have previously developed a novel miniaturized printing technology 
as a screening method to evaluate drug-polymer blends, requiring typically only about a sixth of the amount of active 
pharmaceutical ingredient (API) for evaluation compared to conventional methods.

Methods: Here we report, for the first time, an efficient inkjet 2D printer-based screening process to identify the best polymeric 
carriers for aqueous solubilization of different p[3,4]p derivatives at minimal sample amounts. We demonstrate a complete 
miniaturized and fast analytical route to determine hit polymer/drug formulations and validate this approach in a standard 
cytotoxicity screening. The applied amount of drugs used in the reported strategy ranged from 5–10 µg per formulation which 
were dispensed by an inkjet 2D printer into a 96-well plate and analyzed by means of a UV-vis multi-plate reader directly into 
the printed multi-plate. 

Results: The selected polymer/drug formulations with high water solubility demonstrated improved cytotoxicity against a 
human lung adenocarcinoma cancer cell line (A549) compared to the free drugs. We attribute the enhanced efficacy to the 
improved apparent-solubility of the drug molecules achieved via this methodology. 

Conclusions: This novel miniaturized method showed promising results in terms of water solubility improvement of the highly 
hydrophobic pyrazolo[3,4-d]pyrimidine derivatives, requiring only few µg of each drug per tested polymeric formulation. In 
addition, the reported experimental evidences may both facilitate future drugs combination adoption in the field of kinase 
inhibitors and dosage of drugs with different nature and/or mechanisms of action in one single formulation. 
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Background: Crystal engineering plays an important role in the processing of pharmaceutical raw materials by improving 
material attributes and possibly the efficacy of the final dosage form. Particle engineering using excipients can improve drug 
crystal habit, and thereby influence the packing, flowability, compressibility, dissolution and sedimentation properties of 
pharmaceutical powders. Different techniques such as spherical agglomeration, spray drying, use of habit modifiers, use of 
additives, and the development of nanocrystals are used to modify crystal habit. In this work, the solvate crystal of an API was 
desolvated creating pores and ridges on the crystal, thereby increasing the surface area without compromising the crystallinity. 
The model drug used for this particular work is clozapine base (CPB), 8-chloro-11-(4-methylpiperazin-1-yl)-5H-dibenzo-[b,e]
[1,4]diazepine. CPB is described as an atypical antipsychotic agent because it is effective in the treatment of both positive and 
negative symptoms of schizophrenia and has low extrapyramidal side effects.

Methods: The crystallization of CPB in the absence and presence of excipients was performed at a 600 mL scale in a 1 L LabMax 
Automated Reactor (Mettler Toledo). Nucleation and %-desupersaturation were monitored in situ via ATR-FTIR (iC10 (Mettler 
Toledo)). The dissolution of API-excipient composite powder samples (which had been previously desolvated by heating to 120 
°C for 6 hr) was performed under sink conditions with a maximum CPB solution concentration, [CPB]max, of 4.25 mg/L (versus 
the corresponding equilibrium solubility, [CPB]eq, of 13 mg/L) in de-ionised water (1000 mL) at 37 ± 1 °C. 

Results: In the absence of excipients, an induction time of ca. 510 min was observed for the CPB-MeOH solution; this 
reduced to ca. 36, 30, 20 min in the presence of dispersed Microcrystalline cellulose (MCC), Chitosan (CHT) and Dextran (DEX) 
respectively, indicating that heterogeneous crystallisation occurs with these excipients. It was the CPB-MeOH solvate that 
crystallised heterogeneously from MeOH in the presence of all excipients, as confirmed using PXRD.  An understanding of 
hydrogen bond complementarity suggests that the hydrogen bond formed between a CPB molecule and the hydroxyl group 
on an excipient surface can last long enough to allow for the formation of a CPB-MeOH nucleus on the excipient surface 
thereby facilitating heterogeneous nucleation. The plate-like habit of the CPB-MeOH solvate crystals was transformed to one 
containing pores or ridges upon heating of the CPB-MeOH-excipient composites to 120 °C for 6 hr; this is likely due to the 
progressive evacuation of methanol solvent through the interlayer planes or channels at high temperature, which occurred 
without unduly compromising the crystallinity. Dissolution of desolvated CPB-MeOH crystals was 3 to 5 fold greater after 5 min 
and also after 1 hr than that observed for anhydrous CPB. This enhanced dissolution of the desolvated CPB crystals is likely due 
to the increase in their surface area that occurred during the high temperature desolvation process.  

Conclusions: A new MeOH solvate of CPB has been identified using SCXRD. The plate-like habit of the CPB-MeOH solvate 
crystals formed in the presence of all three excipients was deformed to one containing pores and ridges in the desolvated CPB-
MeOH crystals produced upon heating the isolated composite solids. These pores and ridges increased the available surface 
area for dissolution, thus leading to a ca. 3 to 5-fold increase in the extent of dissolution of the desolvated CPB-MeOH crystals 
relative to normal anhydrous CPB crystals after 5 min and also after 1 hr.
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Background: Most of the currently available peptide drugs are administered parenterally, decreasing patient compliance. 
Alternative routes of administration such as oral, pulmonary and buccal delivery are currently under investigation to increase 
patient compliance. The main advantages of buccal delivery include easy and painless administration, direct drainage into 
systemic circulation, thus avoiding both first-pass metabolism and food effects. Previous studies have shown that surfactants 
and bile salts are effective permeation enhancer for transbuccal delivery. In this study the potential of the secondary bile salt 
sodium deoxycholate (DC) and its glycosylated derivative, sodium glycodeoxycholate (GDC), as permeation enhancers for 
transbuccal delivery was investigated. 

Methods: The toxicity of DC and GDC was tested on TR146 cell line using MTS (3-(4,5-dimethylthiazol-2-yl)-5-(3-
carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium) assay. Fresh porcine buccal mucosae obtained from an abattoir 
were used for permeability studies. Excess connective tissue was removed from porcine samples using surgical scissors and 
scalpel. The buccal epithelium was trimmed to ~500 µm thickness using an electrical dermatome. The tissue was mounted in 
Ussing type diffusion chambers and the transepithelial electrical resistance (TEER) was recorded over 180 min. The effect of 
5 and 10 mM of DC and GDC on the apparent permeability coefficient (Papp) of the paracellular hydrophilic molecule, [14C]-
mannitol, was measured. At the end of the flux period, the tissue was stained with haematoxylin and eosin (H&E) to assess 
damage.

Results: Based on the MTS assay, the IC50 of DC was 1.10 mM while GDC had an IC50 of 1.86 mM. Therefore 5 and 10 mM 
were selected for ex vivo studies using fresh porcine buccal mucosae. [14C]-mannitol had a basal Papp of 7.2 ± 5.3x10-7 (n=13) 
in porcine buccal mucosae. At concentrations of 5 mM neither of the tested bile salts induced a significant increase in [14C]-
mannitol permeability. At 10 mM, a significant increase in [14C]-mannitol permeability was observed for GDC (Papp = 52.8 ± 
6.3x10-7, n=7), but not DC (Papp=37.8 ±2.4x10-7, n=6). The histology of the tissue showed that neither 5 nor 10 mM DC and GDC 
caused any major damage to the tissue.

Conclusions: GDC appears to be a promising candidate to be incorporated into a buccal delivery device for macromolecules. 
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Background:: Cannabidiol (CBD) is a non-psychoactive phytol-cannabinoid which has been shown to have 
immunomodulatory properties at high concentrations and therefore has potential therapeutic potential in the treatment of 
auto-immune diseases. CBD has limited bioavailability following oral administration due to its high lipophilicity and extensive 
first-pass metabolism. Long chain triglyceride-based formulations have potential to increase the systemic bioavailability of 
CBD by facilitating the intestinal lymphatic transport. High concentrations of CBD in the lymph nodes and lymph fluids are also 
likely to contribute to the enhanced immunomodulatory effect of the drug. 

Methods: Long-chain triglyceride (sesame oil) and long-chain fatty acid (oleic acid) 12 mg/ml solution of CBD were chosen 
as lipid-based formulations in this work, and were administered by oral gavage to rats at a dose of 12 mg/kg CBD. Plasma 
pharmacokinetics and intestinal lymphatic system distribution were assessed. The blood samples were taken at predetermined 
time points for 12 hr following the administration, and the mesenteric lymph nodes (MLNs) and lymph fluid were collected at 3 
hr post-administration. The concentrations of CBD were determined by means of a validated HPLC-UV method. 

Results: The area under curve (AUC) of plasma CBD concentration following administration of sesame oil formulation was 0.82 
± 0.30 h*µg/mL, and after oleic acid formulation administration 0.68 ± 0.07 h*µg/mL (mean ± SD). The CBD concentrations in 
lymph fluid at 3-h time point post-administration of sesame oil and oleic acid formulations were 13.83 ± 7.95 µg/mL and 10.04 
± 5.59 µg/mL, respectively (mean ± SD). CBD concentrations in MLNs at 3-h after sesame oil and oleic acid formulations, were 
2.97 ± 0.69 µg/g and 1.51 ± 0.57 µg/g, respectively. Although the AUC and Cmax after oral administration CBD in sesame oil 
and oleic acid were not different statistically, a consistent tendency to higher AUC and Cmax, as well as higher variability was 
noted for sesame oil formulation. The concentration of CBD in MLNs following administration in sesame oil was significantly 
higher than following administration in oleic acid.

Conclusions: Both sesame oil and oleic acid formulations efficiently deliver CBD to the intestinal lymphatic system. Sesame 
oil formulation has higher efficiency in targeting CBD to the lymphatics, but also leads higher variability. The reasons for high 
variability in intestinal lymphatic targeting should be a subject for further investigation.
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Background: Induction of labour, i.e. starting labour artificially, is often needed in the presence of unfavorable cervix. 
Prostaglandins are the most commonly used agents in cervical ripening and inducing labour, which also cause uterine 
contraction and require close monitoring of patients in hospital. Isosorbide mononitrate (ISMN) has gained considerable 
attention in the application of cervical ripening. Unlike prostaglandins, the use of ISMN allows cervical ripening to occur 
without uterine contractions, thus might be suitable to be performed in an outpatient environment. This study focuses on 
evaluating the potential for controlled release of ISMN from silicone elastomer vaginal rings over 14 days, with the aim to 
develop a ring device for cervical ripening and induction of labour in an outpatient setting.

Methods: Reservoir-type silicone elastomer vaginal rings comprising an ISMN-loaded core and a mon-medicated sheath were 
manufactured using injection-molding technologies. Rings with different core-lengths, excipients in the sheath (5%, 10% 
and 20% sucrose) or orifices in the sheath were prepared. DSC testing and in vitro release testing were performed on the ring 
devices.  

Results: For the rings without sucrose and the rings with orifices in the sheath, a relatively large amount of ISMN was released 
on Day 1 (7.2 and 10.3 mg, respectively), i.e. ‘burst effect’, and slower release was observed in the following days with Day 11 
release 4.4 and 5.1 mg, respectively. In the contrast, no burst effect was observed for rings containing sucrose in the sheath. The 
daily release of ISMN for rings containing 5%, 10% and 20% sucrose kept increasing from Day 1 (4.6, 4.2 and 3.9, respectively), 
which reached the maximum on Day 8 (5.2, 6.0 and 7.9, respectively), and started decreasing thereafter. All cumulative ISMN 
release versus time profiles were linear, indicating a permeation-controlled release mechanism. The addition of up to 10% 
sucrose didn’t significantly affect the release rate of ISMN. There is no significant difference in the ISMN release rate for rings 
without sucrose and the rings with 5% and 10% sucrose. Compared with three types of rings, the ring containing 20% sucrose 
and the ring with windows in the sheath had faster release rates, which were 6.37 and 6.29 mg/day.

Conclusions: Vaginal rings which can deliver ISMN at a constant rate were successfully developed in this study. The release rate 
of ISMN from the ring devices can be adjusted by the core-length, sheath compositions (the addition of excipients) and novel 
ring designs (orifices in the sheath). These vaginal ring devices which could enable controlled administration of small amount 
of ISMN vaginally might be potentially useful for cervical ripening in an outpatient environment, offering greater maternal 
satisfaction and lower costs. 
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Background: Process Analytical Technology (PAT) framework consists of designing and developing continuously controlled 
of critical attributes during the process in order to ensure desired product quality. Tight process control offered by PAT 
is recommended to implement in continuous manufacturing process such as Hot Melt Extrusion (HME).This technology 
offers several advantages such as process intensification, solvent-free and easy to scale- up/down. The understanding of 
process parameters influence upon the critical quality attributes of the final product can prove to be complex, that’s why the 
implementation of multivariate analysis would be huge beneficial for the establishment of suitable PAT tools. Concerning 
the development of PAT tools for HME process, suitable techniques are mainly non-destructive such as Raman spectroscopy. 
The aim of this work was to demonstrate the application of in-line Raman spectroscopy as a PAT tool during formulation 
development of API named Ramipril (RAM). Because of his thermo-sensibility, RAM formulation by HME process represents a 
challenge.

Methods: Polymer/ plasticizer and drug were premixed using a mortar and pestle. HME was performed using a 10mm co-
rotating, full intermeshing twin-screw extruder (Rondol Technology Ltd, France). In-line Raman Spectra were collected with a 
Raman Rxn1 spectrometer (Kaiser Optical Systems, USA) provided a custom made HME immersion optic probe connected into 
the die head of the extruder. HPLC was performed in order to quantify drug content and highlight RAM degradation. While, 
LC-MS was used to identify RAM impurity. Raman spectral data analysis was performed using SIMCA (version 14.1, Umetrics, 
Umeå, Sweden).

Results: RAM and its main degradation product named Ramipril-Diketopiperazine (RAM- DKP) were characterized by HPLC 
and LCMS analyses. These results will be used to validate Raman data obtained during process. Raman regions with interests to 
characterize drug content and RAM degradation were highlighted for this study. REGION 1 (950 to 1050 cm-1) was selected to 
represent the variation of RAM content in the formulation and REGION 2 (1150 to 1250 cm-1) was selected in order to highlight 
RAM-DKP. Principal Component Analysis (PCA) was performed for REGION 1 resulting PC 1 versus PC 2 scores plot with main 
clusters of scores oriented along PC1 (R2=94%). When the REGION 2 was used to identify the RAM degradation, another PCA 
scatterplot may be obtained. High level of degradation was observed on the negative side of PC1 (R2=72.4%) while low level 
degradation was observed on the positive side. Finally, when both regions were gathered (950 to 1250 cm-1), a PCA scatterplot 
with two main components was obtained. Level of RAM-DKP was oriented along PC1 (R2=50.1%). While, RAM content was 
observed along PC2 (R2=45%).

Conclusions: In this study, in-line Raman spectroscopy as PAT tools has been implemented in order to determine drug content 
and highlight degraded product during HME process. When REGION 1 was selected for PCA model, the variation in drug 
content was successfully separated into groups, whilst the PCA model based on REGION 2 of the Raman spectra has been 
shown to separate the level of RAM degradation for extruded samples. Finally, after both region gathered, PCA defined well the 
system with equivalent score for PC1 and PC2 corresponding to RAM-DKP and RAM content, respectively.
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Background: Aliphatic polyesters have gained a broad interest for biomedical application, mainly due to their biocompatibility, 
biodegradability and low toxicity. Access to these polymeric materials is provided through the ring-opening polymerisation 
(ROP) of cyclic esters, and growing these into large macromolecular frameworks provides enhanced control over polymer 
characteristics. The biodegradability and physical properties of aliphatic polyesters prepared by the ROP of lactide can be 
easily controlled by the variation in the composition and structure of the repeating unit, flexibility of the chain, presence 
of polar groups, molecular mass, crystallinity and orientation. ROP of lactide enables a high control of the final molecular 
weight of the subsequent polymer; whereby a linear relationship between monomer conversion and final molecular weight 
is yielded, resulting in a narrow polydispersity index (PDI). The selection of the catalyst is of upmost importance to promote 
the thermodynamically favourable ring opening of the monomer over transesterification and other side reactions. Tin octoate 
[Sn(Oct)2)] is a standard catalyst used in the ROP of lactide, but despite being tolerated by food agencies, should be avoided 
for biomedical applications due to toxicity concerns in the metallic residues of the reactions, which can also have a detrimental 
effect on the performance of the final polymer. These reasons have driven scientists to explore new catalysts for ROP reactions, 
enabling safer, more appropriate formulations to be applied in the medical field. Consequently, here we explore the catalytic 
activities and kinetics of 1,5,7-Triazabicycle[4.4.0]dec-5-ene (TBD) and 1,8-Diazabicyclo[5.4.0]undec-5-ene (DBU), two basic 
organocatalysts. Modification of the monomers may be introduced to achieve desired functionalities of the resulting polymer. 
Here, the monomer tert-Butyl (2-oxo-1,3-dioxan-5-yl)carbamate (referred to as CT2) was synthesised to enable introduction of 
a BOC-protected monomer to the polymer chain. We hypothesized that following deprotection of the BOC group, the amine 
group would become activated, and permit the conjugation of suitable chemotherapeutic drugs for the future application of 
the polymers as drug loaded nanocarriers for tumour treatment.

Methods: Here we report an efficient, controlled method for the ring opening polymerisation of lactide and CT2, using 
poly(ethylene glycol) methyl ether (mPEG) as the initiator, producing co-polymers with drug conjugation points scattered 
throughout the polymer backbone. The polymerisation was carried out at room temperature, under “fume hood” conditions, 
utilizing medically-friendly catalysts as opposed to traditional metal based catalysts. Dynamic light scattering (DLS, Zetasizer 
Nano ZS, Malvern Instruments Ltd) was used to analyse particle size of the self-assembled nanoparticles.

Results: Complete polymerisation was achieved within 15 minutes, producing co-polymers with narrow PDIs and predictive 
molecular weights dependent on the monomer-initiator starting ratio. We have shown the ability of these copolymers to self-
assemble into nanoparticles with the z-average of 50 – 100 nm, depending on monomer ratios.

Conclusions: Optimal reaction conditions have been achieved for the ring opening polymerisation of lactide and CT2, 
resulting in a replicable protocol whereby the reaction kinetics have been controlled, with reduced side reactions, providing 
exquisite control over the final molecular weight and polydispersity of the resultant polyester. The inclusion of a monomer 
bearing a potential anchor point enables the ability for future biologically relevant functionalization, such as the introduction 
of chemotherapeutic agents.
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Background: Lipid liquid crystalline (LLC) nanoparticles offer potential advantages in the field of drug delivery. The internal 
structure of these nanoparticles may adopt a multitude of different structures, with the two most common structures 
being recently considered for drug delivery are the cubic and hexagonal assemblies, observed in cubosome and hexasome 
nanoparticles respectively. The hexagonal phase consists of orderly packed lamellar cylinders; this increases the hydrophobic 
area within the particle, comparatively to liposomes, creating an increased incorporation of hydrophobic ‘guest’ drug 
molecules; while the water channels between the internal lamellar cylinders could be expected to allow the encapsulation of 
hydrophilic molecules. The aim of this study is to optimise the production and formulation of LLC nanoparticles as a vehicle for 
delivery of hydrophilic and hydrophobic compounds and to assess their potential for drug delivery. 

Methods: Lipid liquid crystalline phase nanoparticles were fabricated from high purity glycerol monooleate (CithrolTM HP) 
and a range of high purity Synperonic TM PE products with different molecular structures (produced by Croda International 
Plc). Physicochemical characterisation included particle size and distribution measurements by dynamic light scattering 
(DLS, Zetasizer Nano ZS, Malvern), and cryo-TEM (JEOL TEM-2100 Plus Electron Microscope at 200kV) morphology analysis. 
Fluorescent model drugs (inc. Nile Red, Fluorescein and Riboflavin) were incorporated to assess the utility of hexasomes 
for drug delivery was achieved during the fabrication of the nanoparticles; free dye was separated on a PD10 column. Dye 
incorporation and release profiles were analysed by spectroscopy.

Results: Initially, particle size analysis (as examined by DLS) confirmed the presence of nanoparticles with a ~100 nm – 1 
μm size range, with an average hydrodynamic diameter falling between 100–300 nm. Despite this variability in size, some 
formulations exhibited a polydispersity index below 0.2. Polarising light microscopy confirmed the presence of a repeating 
internal structure. These techniques were used to screen: i) series of formulations prepared from a range of a synperonic, GMO 
and water mixtures,  ii) formulations prepared using different of synperonic with different molecular structures, expanding 
upon 1-2 found within the literature, iii) a variety of production protocols. The encapsulation of dye, as confirmed via 
fluorescence spectroscopy, had no significant effect on the particle characteristics. Cryo-TEM analysis affirmed the presence of 
hexasome particles, with visible multiple angle orientations of the hexagonal phase, allowing us to discern hexasomes from 
cubosomes. The presence of hexagonal macrostructures and liposomes was also observed.  Future studies will include small/
medium angle x-ray scattering in order to gain greater insight into the internal phase.

Conclusions: Hexasome particles were formed with z-averages ranging from ~100 to 300 nm dependent upon formulation 
and production. Dyes encapsulation was achieved, with later release being observed.
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Background: Poly(glycerol adipate) (PGA) is a biodegradable, biocompatible polymer synthesised by reacting glycerol with 
divinyl adipate in the presence of Novozym 435. The pendant secondary hydroxyl group on the polymer backbone can be 
modified with a range of amino acids and the fluorescent dye carboxyfluorescein using a Steglich Esterification. Work has 
been undertaken here to explore the enzymatic degradation of PGA and the effect of the modifications on the degradation 
behaviour. This degradability is of interest as it will provide an indication of the way in which the polymer will behave in the 
body, the release of drugs from PGA formulations and the in vivo safety.

Methods: Six enzyme preparations were investigated; pancreatin, pepsin, lipase and trypsin were selected to represent the 
gastrointestinal tract and elastase & esterase for the lung microenvironment. Eight variations of PGA, including PEGylated PGA, 
amino acylated PGAs and PGA with carboxyfluorescein were studied. Initially the effect on nanoparticle size and polydispersity 
index after the addition of enzymes, relative to a buffer control, was measured by Dynamic Light Scattering (Zetasizer Nano ZS, 
Malvern Instruments Ltd). Following this, the release of carboxyfluorescein, conjugated to PGA, was studied in the presence of 
lipase, esterase and elastase. Polymer nanoparticles and enzyme were incubated in a dialysis membrane with a 3500 Da MWCO 
for 96 hours and regular samples taken, which were then analysed by fluorescence spectroscopy (Cary Eclipse Fluorescence 
Spectrophotometer, Agilent Technologies). Finally, the degraded polymer was analysed by FTIR (Fourier-Transform Infra-Red 
Cary 630 Spectrometer, Agilent Technologies) and NMR (Bruker 400 MHz spectrometer) in deuterated acetone and deuterated 
water to determine the structural changes.    

Results: A change in size was seen by DLS for the majority of polymers and enzymes studied; it has been suggested that 
an increase in particle size is indicative of degradation. The modified polymers appeared to change size at a different rate 
and to a different extent than the unmodified PGA in the majority of cases, suggesting it may be possible to alter the rate 
of degradation to align with the required release profile. The release of carboxyfluorescein from PGA-Carboxyfluorescein 
conjugates was found to be significantly higher in the presence of lipase than with buffer alone. The release appeared to 
be consistent across three repeats and reached a plateau after 72 hours. FTIR analysis of the polymer incubated with lipase 
showed the disappearance of the ester bond within PGA and between PGA and carboxyfluorescein and the appearance of 
carboxylic acid bonds. It was possible by NMR to observe the breakdown of the polymer backbone and the release of both free 
carboxylic acid and Carboxyfluorescein-PGA dimers.

Conclusions: PGA was found to undergo enzymatic degradation in the presence of a range of enzymes. This degradation 
could be exploited for the sustained release of a drug conjugated to the polymer. Furthermore, these results suggest it may 
be possible to tune the degradation using modifications to the polymer in order to obtain the desired breakdown and release 
profile.
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ELECTROSPRAYED COMPOSITE SCAFFOLDS FOR RELEASE 
OF SIPONIMOD TO AUGMENT BONE REGENERATION

Ziad Sartawi, Grainne Fullen, Christian Waeber, Katie. B. Ryan

School of Pharmacy, University College Cork, Cork, Ireland

Background: Critical bone defects require surgical intervention to achieve optimal healing outcomes. Autologous bone 
grafting (The current gold standard) is associated with morbidity and supply issues. Sphingosine 1-phosphate is a bioactive 
lipid that has shown interesting effects with regards to the bone regeneration process. In particular, the promotion of 
osteoblast proliferation and differentiation, as well as supporting vascularization. The aim of this work is to develop an 
alternative implantable material that approximates the osteogenic nature of autologous bone grafts by focusing on improving 
osteoconductivity and osteoinductivity. The 3-dimensional porous structure, interspersed with collagen foci for cellular 
attachment and interaction, will more closely mimic endogenous extracellular matrix. 

Methods: Solutions of PLGA, collagen, and siponimod were prepared in hexafluoroisopropanol. Using a SprayBase® apparatus, 
solutions were extruded under the influence of high voltage to produce microparticles, results were assessed morphologically 
using scanning electron microscopy (SEM). Particles were combined in a physical mixture with a porogen (250-300µm NaCl), 
compressed using a 6-mm die & press, followed by gas foaming with CO2 under 800 PSI. Complete scaffolds were leached 
to remove porogen, and air dried. Loading efficiency and in vitro release were investigated using HPLC, hydrophilicity 
was determined by deionized water contact angle. Porosity was indirectly determined by measuring the volume of water 
infiltrating pores of the scaffolds. Ongoing studies include texture analysis, and cytocompatibility assays with the osteoblastic 
cell line hFOB and primary human endothelial cells.

Results: SEM images showed the preparation of electrosprayed microparticles imbedded in a network of fibres, this was 
evident over the range of polymer concentrations investigated (1–4.5% w/w). Following compression and porogen leaching, 
SEM and effective pore volume were in agreement with no difference in measured pore diameter or volume for different 
formulations. In vitro release of siponimod showed controlled release (≈7% of initially loaded siponimod (Result of two 
independent experiments)) over 10 days. There was no change in deionized water contact angle, indicating no change in 
hydrophilic behaviour.  

Conclusions: Using electrospraying to produce microparticles is a simple and effective fabrication technique. It results 
in efficient drug loading and controlled release in vitro, it remains to be seen whether the pattern of controlled release is 
maintained with higher concentrations of siponimod. The low concentration of collagen did not alter hydrophilic behaviour 
of the scaffolds or the observed release pattern. Ideally this will lead to an alternative implantable material that is more readily 
available than autologous bone grafting, while maintaining elements of osteoconductivity and osteoinductivity.
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DEVELOPMENT OF A STAR-POLYPEPTIDE MICRORNA 
DELIVERY SYSTEM WITH THERAPEUTIC APPLICATIONS IN 
CYSTIC FIBROSIS

Rachel Gaul1,2,3,4,6, Robert Murphy3,5, Alice P. McCloskey1,2,4, Chiara De Santi6, Joanne M. 
Ramsey1,2,3,4, Andreas Heise3,4,5, Catherine M. Greene6, Sally-Ann Cryan1,2,3,4,7

1 School of Pharmacy, 2 Tissue Engineering Research Group, 3 Translational Research in Nanomedical Devices 
(TREND), 5 Dept. Pharmaceutical and Medicinal Chemistry, RCSAI, Dublin, Ireland; 4 CÚRAM, Centre for Research in 
Medical Devices, NUIG, Galway, Ireland. 6 Lung Biology Group, Dept. Clinical Microbiology, Education & Research 
Centre, Beaumont Hospital, RSCI, Dublin, Ireland; 7 Trinity Centre for Bioengineering, Trinity College Dublin, Ireland

Background: Cystic fibrosis (CF) is an inherited disorder caused by a mutation in the CFTR gene and characterised by 
progressive lung damage due to cycles of infection and inflammation. Recent studies have discovered miRNAs, which are 
important in CF inflammation. Of particular interest are miRNAs that regulate TLR signalling such as miR-146a which targets 
IRAK1 and TRAF6, reducing inflammation. In order to translate miRNA-based medicines to the clinic safe, effective, delivery 
systems are required. Novel star-shaped polypeptides are promising vectors capable of forming nano-polyplexes with nucleic 
acids. Herein, the role of miR-146a in CF is investigated for its therapeutic potential and star-polypeptides are evaluated for the 
first time as miRNA carriers to prepare innovative miRNA-nanomedicines for CF.

Methods: Levels of miR-146a, TRAF6, and IRAK1 gene/protein expression were measured in CF and non-CF bronchial epithelial 
cell lines by qRT-PCR and western blot. We delivered miR-146a to CF bronchial epithelial (CFBE) cells using Ribojuice™ 
and assessed the effect on IRAK1 protein expression. Pharmaceutical characterisation including size, surface charge, and 
complexation efficiency was conducted on star-polyplexes. Uptake of the polyplexes was assessed using High Content Analysis 
(HCA) and the effect of the star-miR146a polyplexes on IRAK1 protein expression was investigated.

Results: The levels of IRAK1 and TRAF6 gene and protein expression are significantly higher in CF versus non-CF bronchial 
epithelial cells while miR-146a expression is significantly lower in CF versus non-CF bronchial epithelial cells. IRAK1 levels in 
CFBEs decreased by 50% when miR-146a was delivered using Ribojuice™. Pharmaceutical characterisation indicates that stable 
star-polyplexes can be formed in the region of 200 nm. HCA results demonstrate cellular uptake of the star-polyplexes which 
are also capable of producing a 40% reduction in IRAK1 protein.

Conclusions: Results indicate that a relationship may exist between miR-146a, TRAF6, and IRAK1 in CF with miR-146a a 
promising candidate for a miRNA based nanomedicine.
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A THREE RING CIRCUS: STANDARDISING MECHANICAL 
TESTING OF VAGINAL RING DOSAGE FORMS

Clare F. McCoy1, Peter Boyd1, Diarmaid J. Murphy1, R. Karl Malcolm1, Wendy Blanda2, 
Patrick Spence2, Brid Devlin2

1 School of Pharmacy, Queen’s University Belfast, BT9 7BL, UK
2 International Partnership for Microbicides, Silver Spring, MD, USA

Background: There are currently no international standards regarding mechanical testing and properties of vaginal rings. 
The FDA’s Center for Drug Evaluation and Research recently published non-binding recommendations regarding vaginal drug 
product specification that include mechanical testing. In accordance with these guidelines, we report the development of a 
series of mechanical protocols aligned to ISO 8009:2014 (“Mechanical contraceptive – reusable natural and silicone rubber 
contraceptive diaphragms – requirement and tests”) to aid evaluation and comparison of IPM’s 25 mg dapivirine (DPV) matrix 
ring against a range of marketed vaginal ring products.

Methods: Based on the methodology described in ISO8009, various custom mechanical tests and test apparatus were 
designed and developed by Queen’s University Belfast. Three marketed vaginal ring products (NuvaRing®, Femring® and 
Estring®) were evaluated alongside three batches of IPM’s 25 mg DPV ring, one batch of 200 mg DPV rings and one batch of 
200–320 mg DPV+levonorgestrel (LNG) rings. All rings were evaluated for weight, cross-sectional diameter, outer diameter 
(OD), hardness (Shore A and Shore M), mean tensile extension, 28-day static compression, 1000-cycle compression and twist 
during compression testing. 

Results: IPM’s 25 mg and 200 mg DPV rings recovered 90–100% of their original OD following 28-day static compression. 
Femring® was the only product to recover 100% of its original OD. During tensile testing, the 25 mg DPV ring batches endured 
mean tensile loads of 68–69 kg before fracture compared to 14 kg, 28 kg, and 71 kg for Nuvaring®, Femring® and Estring®, 
respectively. On completion of 1000-cycle compression testing, the 25 mg DPV rings, 200 mg DPV rings, 200-320 DPV-LNG 
rings and Femring® showed no visible signs of deterioration and returned to 100% of their original OD. By comparison, the 
Nuvaring® devices were visibly deformed and recovered only 80% of their original OD. 

Conclusions: ISO8009 was used as a framework to develop a series of mechanical tests for vaginal ring devices. The results 
indicate that IPM’s 25 mg DPV, 200 mg DPV and 200-320 mg DPV-LNG ring formulations exhibit similar mechanical properties 
and performance to the commercially available rings.  
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DENSITY-MEDIATED DRUG RELEASE FROM MELOXICAM-
LOADED DRUG DELIVERY DEVICES PRODUCED BY 
ADDITIVE MANUFACTURING

Nicole Welsh, Karl Malcolm, Peter Boyd
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Background: Droplet deposition modelling (DDM) is a form of 3D printing that fuses droplets of molten polymer to create 
each layer, providing exquisite levels of control over an object’s design and morphology. Such manipulation allows properties 
including density, geometry and surface area to be manipulated in ways that have been unthinkable using conventional 
thermoplastic processing techniques. Here we utilise the DDM process to produce meloxicam (MLX) loaded devices using 
water-soluble polyvinylpyrrolidone (PVP).

Methods: Placebo and drug-loaded devices (pentagonal prism: length (base to point) 10.0 mm; height 5.0 mm) were 
fabricated by Arburg Plastic Freeforming – a proprietary DDM process, using a hydrophilic PVP loaded with 2.5% w/w 
Meloxicam (PVP-2.5M). Using the DDM process, placebo devices of 50 to 90% matrix density were produced to access the 
impact of density on dissolution rate. PVP-2.5M devices of 50 and 90% matrix density were fabricated using DDM. Devices were 
evaluated for in vitro drug release over 90 min in 60% acetonitrile in water and assessed for thermal characteristics.

Results: For DDM printed placebo devices, there was very significant correlation between decreasing mass and PVP dissolution 
rate. The user can control sample mass through manipulation of the devices matrix density (%). HME and DDM converted 
MLX into two degradation products as established by HPLC and confirmed by H1 NMR. MLX release from PVP-2.5M devices 
with a matrix density of 50 and 90% was 0.21 and 0.17 mg respectively over period of release. Total release of MLX and related 
substances from devices with a matrix density of 50 and 90% was 4.75 and 6.66 mg. 

Conclusions: DDM printing on an Arburg Freeformer has been shown to create water-soluble drug delivery devices with a 
range of densities and has provided a new potential to increase the rate of dissolution and subsequent drug release rate.
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USING ULTRASHORT LIPOPEPTIDE C12OOWW-NH2 AS 
ANTIFUNGAL AGENT TO TREAT FUNGAL KERATITIS 

Alyaa A. Albadr1,², Raghu Raj Singh Thakur¹, Brendan Gilmore¹, Garry Laverty¹

1 School of Pharmacy, Medical Biology Centre, Queen’s University Belfast, Belfast, UK
2 Biology Department, Faculty of Science, Basra University, Basra, Iraq

Background: To investigate antifungal properties of a lipopeptide (C12OOWW-NH2) against different types of fungi. Seven 
isolates of Candida species and one isolate of Aspergillus niger were used that are the common cause of fungal keratitis of the 
eye. The haemolytic activity and ocular cell viability was also investigated. 

Method: The antifungal activity of lipopeptide C12OOWW-NH2 was examined by minimum inhibitory concentration (MIC) 
and minimum fungicidal concentration (MFC) for eight fungal isolates, which belong to Candida (two isolates of albicans, 
dubliniensis and glabrata, one isolate of  parapilosis) and Aspergillus niger.  Serial dilutions from the main stock solution of the 
lipopeptide (4000 μg/mL) were prepared in a range of 2000 to 7.812 μg/mL. The inoculum size has been adjusted according 
to optical density 0.14–0.16 at 530 nm which corresponds to 1.5–5x10⁶ CFU/mL for Candida isolates, and 2-3x10⁴ CFU/mL 
for Aspergillus niger isolates. The haemolytic activity and cell viability were used to evaluate the toxicity of lipopeptide The 
haemolytic activity was done spectrophotometrically at 540 nm by measuring the release of haemoglobin from fresh equine 
red blood cells. MTS assay using immortalized cells derived from human retinal pigment epithelial cell (APRE-19) were used to 
determine cell viability. A range of peptide  concentrations 2000-–7.812 μg/mL were examined to test the cytotoxicity. 

Results: The MICs for C12OOWW-NH2 against four species of Candida (two isolates of albicans, dubliniensis and glabrata, one 
isolate of  parapilosis) ranged between 7.81and 15.62 μg/mL. Except for the filamentous fungus Aspergillus, where the MIC was 
31.25 μg/mL. The MFCs for Candida species were ranged from 15.62 to 31.25 μg/mL, while the MFC for Aspergillus niger was 
62.50 μg/mL. The lipopeptide had haemolytic activity within the concentration range 2000 to 31.25 μg/mL. However, between 
the concentration 15.65 and  7.81μg/mL, the percentage of haemolysis of the equine blood cells  was less than 5%. Notably, 
even the concentration of 31.25 μg/mL had a significant toxic effect, but the percentage of haemolysis was less than 40%. 
According to cell viability test, the retinal cells showed > 80% cell viability after 24 or 48 hrs of incubation with the lipopeptide 
at the concentrations 62.50–7.81 μg/mL, therefore, results didn’t show any significant (p≥0.05) cytotoxicity compared to control 
(non-treated). The safe concentrations of peptide (31.25, 15.62 and 7.81 μg/mL) obtained from cytotoxicity test were observed 
to be similar with the tested concentrations of MIC and MFC. 

Conclusions: This  study was performed to exploit the antifungal properties of ultrashort lipopeptide C12OOWW-NH2
 against 

some fungal isolates that caused fungal keratitis. It was found that lipopeptide had antifungal activity against different types of 
Candida species and Aspergillus niger. Moreover, the lower concentrations of this peptide were non-toxic on ocular cells.
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OPTIMISATION OF PLGA-PEG NANOPARTICLES FOR 
TARGETED DRUG DELIVERY IN INFLAMMATORY BOWEL 
DISEASE
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Background: Inflammatory bowel diseases (IBD) such as Crohn’s disease and ulcerative colitis affect up to 5 million people 
worldwide. Despite advances in treatment, many of the best available therapies are administered systemically leading 
to adverse side-effects which significantly impact patient quality of life. Nanoparticle (NP)-based drug delivery vehicles 
represent an innovative strategy for targeted drug delivery in IBD. Evidence in animal disease models have shown that orally 
administered NPs exhibit size-dependent preferential deposition in inflamed intestinal tissue over healthy, facilitating drug 
delivery to the site of disease. NP size is therefore a key consideration in the design of delivery vehicles which aim to permeate 
the intestinal epithelial barrier. To investigate the effect of NP size on transport it is essential to develop NPs of reproducible 
and uniform sizes. In this study we aimed to prepare and characterise poly(lactic-co-glycolic acid)-polyethylene glycol (PLGA-
PEG) NPs of three defined sizes for future size-based transport studies.

Methods: NPs of three defined sizes were prepared via solvent dispersion method by variation of PLGA-PEG concentration. 
Particle size, polydispersity and zeta potential analysis was performed via dynamic light scattering and Laser Doppler 
Electrophoresis techniques. NP morphology was assessed using transmission electron microscopy. Size-distribution analysis of 
NPs was carried out by differential centrifugation. In addition the suitability of lyophilisation for recovery of NPs was explored. 
The stability of lyophilised NPs and NPs stored as aqueous dispersions, at 4°C, was evaluated over a 12 week time period. 

Results: Increasing PLGA-PEG concentration resulted in an increase in NP size, generating NPs of ~100, ~300 and ~600 nm 
in size. Statistical analysis of NP size for batches formulated at each polymer concentration revealed the reproducibility of 
the solvent dispersion method (p > 0.05). Differential centrifugation of NPs was found to facilitate a reduction in NP sample 
polydispersity. All NPs displayed zeta potential values >-22 mV, indicating colloidal stability. Storage of NPs at 4°C as an 
aqueous dispersion was found to be superior for maintenance of physical stability for up to 12 weeks for further applications.

Conclusions: The results of this study suggest that solvent dispersion is an attractive and reproducible method for the 
preparation of NPs of defined sizes. NP uniformity and stability are critical to ensure consistent parameters for definitive in 
vitro analysis. Future work will focus on transport studies of different NP sizes in in vitro disease models of the intestinal barrier. 
Understanding the impact of size on the passive targeting ability of NPs is fundamental to the design and development of oral 
nanomedicines for IBD.
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PREPARATION OF MULTI-COMPONENT COMPLEXES FOR 
ENHANCED PHYSICOCHEMICAL PROPERTIES OF CLASS II 
DRUG ALBENDAZOLE

Alice Culkin, Dr Shu Li, Prof Gavin Andrews
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Background: Approximately 60–70 % of APIs are estimated to be insufficiently soluble in aqueous media, hence leading to 
suboptimal bioavailability once administered. It is therefore of great interest to improve the aqueous solubility of these poorly 
soluble compounds.  By synthesizing multi-component complexes (MCCs) of API excipients, the physicochemical properties 
of the drug may be altered. Moreover, the formation of MCCs may be more desirable than amorphisation, as it could improve 
the solubility and bioavailability of the API without compromising its thermodynamic stability. Presented in this work is the 
preparation of MCCs containing albendazole, a class II antiparasitic that has been recently reported to show anti-cancer 
capabilities due to its ability to impair the formation of microtubules.

Methods: Albendazole was mixed with benzoic acid and processed using different techniques, including solvent evaporation, 
physical mixing and liquid-assisted grinding (LAG). Complexes were formed with differing molar ratios of albendazole 
to benzoic acid, 1:1, 2:1, 3:1 and 1:2. Acidified methanol was used as the solvent (1:99 mL of HCl:MeOH) in both solvent 
evaporation and LAG. The complexes thus formed were then analyzed and characterized using a variety of techniques, 
including PXRD, thermal analysis (DSC and TGA) and spectroscopic analysis (FT-IR and NMR spectroscopy).

Results: Albendazole and benzoic acid were examined to melt at 199.19 ± 0.2 °C and 124.92 ± 0.3 °C, respectively. Different 
thermal data was obtained for each method of synthesizing the MCCs. Physical mixing resulted in a single melt at 108.5±2.3 
°C for all ratio s. Solvent evaporation from acidified methanol resulted in three thermal events at 66.0 ± 2.1 °C, 108.7 ± 1.5 °C, 
and 154.8 ± 5.8 °C, respectively, for the 1:1, 2:1 and 3:1 ratios. Liquid-assisted grinding produced a single melt at 97.6 ±2.7 °C. 
These thermal events were all unique and suggested the formation of new complexes when compared to that of the starting 
materials. NMR spectroscopic analysis on the crystals obtained from solvent evaporation indicated hydrogen bonding through 
a downfield shift of the aromatic protons. FT-IR spectroscopy suggested that albendazole dimers were splitting up into 
monomers, giving rise to a new peak at 1751 cm-1 in the carbonyl region. The PXRD patterns were also unique to those of the 
starting materials, giving rise to new peaks at x, y, z° 2θ, respectively. Aqueous solubility studies showed an increased solubility 
of albendazole in the form of these complexes.

Conclusions: A novel multi-component complex was produced with differing ratios of albendazole to benzoic acid; a eutectic 
with a melting point lower than that of both parent components was produced after liquid-assisted grinding and solvent 
evaporation. This complex was then shown to result in an increased solubility of BCS class II drug albendazole.
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Diseases that originate in the back of the eye can cause permanent loss of vision if left untreated. In practice, such untreated 
diseases are the root cause in the majority of blindness cases, age-related macular degeneration (AMD), diabetic retinopathy 
(DR) and uveitis for example. Furthermore, worldwide estimates approximated that 30-50 million people are affected by AMD. 
Diseases of the front of the eye, such as glaucoma, corneal neovascularisation (CNV) and corneal fungal keratitis, can also 
cause blindness. For example, glaucoma is the considered to be the second leading cause of blindness, affecting more than 
60 million worldwide. In this presentation, we will present Re-Vana’s two proprietary sustained-release platforms (OcuLiefTM 
and EyeLiefTM), which offer delivery of both small and large molecules with a wide range of physicochemical properties. 
The technologies are comprised of photosensitive polymeric materials that are selectively photocrosslinked to provide 
tailored release profiles for a wide range of therapeutics in the treatment of various ocular diseases. The platforms are both 
biodegradable and biocompatible in nature. 

82



97

FORMULATION OF POLOXAMERS-BASED 
THERMORESPONSIVE HYDROGELS FOR OCULAR DRUG 
DELIVERY

Karim Soliman, Pooja Matthew, David Waite, Raghu Raj Singh Thakur
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Background: A combination of a broad-spectrum antibiotic (levofloxacin) and an anti-inflammatory agent (dexamethasone) 
is effective in treatment of several conditions in the anterior segment of the eye such as post-ocular surgery infections, 
conjunctivitis, and blepharitis. Several antibiotic/anti-inflammatory combinations are commercially available as eye drops 
which suffer from short-term action as a result of precorneal drainage. On the other hand, in situ gelling systems combine 
the merits of accurate dosing and patient convenience of eye drops, in addition to prolonged residence time associated 
with ocular gels. The present study aimed at investigation of the thermoresponsive and rheological behaviors of different 
combinations of poloxamers. The in vitro release of levofloxacin/dexamethasone combination from the optimized formulation 
will be inspected.

Methods: The study involved preparation of different mixtures of poloxamers 407 and 188 in concentration ranges (5– 0% 
w/w) using cold method. The viscosity of different poloxamers combinations was measured across temperature range of 
10–40°C using controlled stress/controlled rate rheometer which was operated in flow mode. Furthermore, the rheometer 
was operated in oscillatory mode with a linear temperature sweep of 25–50°C, and the sol-gel transition temperature was 
determined as the temperature at which the storage and loss moduli intersect. Possible interactions between dexamethasone, 
levofloxacin, and poloxamers were investigated using differential scanning calorimetry (DSC) and fourier-transform infrared 
(FT-IR) spectroscopy. Mucoadhesive forces were measured using texture analysis. In vitro release of the selected formulation 
was performed in phosphate buffer saline (pH 7.4) at 37°C.

Results: The optimum poloxamers combination was composed 25% w/w poloxamer 407 and 5% w/w poloxamer 188, where 
this mixture exhibited sol-gel transition temperature of 32.9 ± 0.06°C and loss modulus-to-storage modulus ratio of 0.28 ± 
0.02 at physiological temperature. DSC and FT-IR did not detect any interaction between levofloxacin, dexamethasone, and 
poloxamers. Incorporation of 0.5% w/v levofloxacin and 0.1% w/v of dexamethasone in the optimum poloxamers combination 
demonstrated approximately 40% in vitro release of both drugs in a time span of 4 hr.

Conclusions: The combination of 25% w/w poloxamer 407 and 5% w/w poloxamer 188 is the optimum poloxamers 
combination with respect to its rheological, thermoresponsive, and in vitro drug release properties. This formulation has the 
potential to undergo in vivo testing in animals to assess the concentration of the drugs in the aqueous humour.
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Background: Background: The incidence of bacterial resistance to antibiotics is a major concern worldwide. The use of silver 
ions is well-established against wide range of antibiotic-resistant bacterial strains. In contrast, the stability and antimicrobial 
activity of silver nanoparticles are questionable. This study aims at formulation of stable chitosan-silver nanocomposite (CSN) 
films, and investigation of their potential bactericidal activity.

Methods: 
• CSN films were developed by conjugated in-situ reduction using sodium borohydride followed by solvent casting. 

Different formulations having different chitosan and silver concentrations (ppm) were prepared by adopting response 
surface statistical methodology.

• The formation of silver nanoparticles was investigated by identifying specific surface plasmon resonance (SPR) peaks in 
wavelength range of 380–450 nm. 

• Energy dispersive spectroscopy (EDS) was run to identify the presence any elemental contaminants.
• In-vitro release of silver ions from CSN films was assessed at pH 5.5 and 6.8 using atomic absorption spectroscopy.
• Then antibacterial activity of all the nanocomposites was tested in-vitro against S.aureus (ATCC # 6538), P. aeruginosa 

(ATCC # 9721) and 2 clinically isolated strains of methicillin-resistant S. aureus (MRSA). Marketed dressings i.e. Aquacel Ag®, 
Bactigras®, Kaltostat®, and Quench® cream were used as positive control, while the pure chitosan film and aqueous silver 
nitrate solution loaded disc were used as negative control.

Results: 
• All the formulations exhibited particular SPR peaks aligned at wavelength range of 414-424 nm indicating the formation of 

silver nanoparticles. 
• EDS analysis confirmed the presence of silver and elemental components of chitosan without identification of any 

contaminants.
• CSN films retarded the in-vitro release of silver ions relative to nanocomposite solutions, with higher in-vitro release 

profiles at pH 5.5.
• CSN films were significantly effective against S. aureus (p < 0.001), P. aeruginosa (p < 0.001) and MRSA (p < 0.05). The 

formulation prepared using 2% chitosan, 1.5 mM silver precursor, and 13.3 mM sodium borohydride exhibited the highest 
antibacterial efficacy against all the tested strains.

• Conclusions: The fabricated CSN films exhibited higher antibacterial activity relative to relevant commercial products. 
These films may act as potential candidate to overcome the antibiotic resistance of MRSA.
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Background: Background: The current study was aimed to provide a compelling rationale to develop alternative modalities for 
the site-specific controlled delivery of anticancer drug (oxaliplatin) to avoid untoward effects, decrease dosing frequency and 
increase patient compliance. Carboxymethyl chitosan (CMCh) and polyvinyl alcohol (PVA) were selected due to their excellent 
solubility, swelling and biocompatibility properties. A pH-responsive hydrogel was fabricated which can bypass the acidic 
environment of stomach and release the drug at colonic pH (7–7.5).

Methods: Hydrogels were prepared by free radical polymerization and characterized through FTIR, DSC, TGA, XRD and SEM. 
Swelling and drug release studies were performed at pH 1.2, 6.8 and 7.4.The cytotoxic potential of crude drug (oxaliplatin), 
unloaded and drug loaded hydrogels was investigated by performing MTT assay against HCT-116, MCF-7 and Vero cell lines. 
Oral tolerability study was performed following MTD method in healthy rabbits to evaluate the in-vivo biocompatibility.

Results: 
• Hydrogels exhibited pH dependent swelling behavior being higher at pH 7.4 than pH 1.2. 
• Drug loading was increased with increasing feed ratios of CMCh, CS1-CS3 (61.3% to 64.9%) and PVA, PK1-PK3 (73.7% to 

82.8%) respectively
• Similarly drug release was also increased with increasing feed ratios of CMCh, CS1-CS3 (68.12% to 76.39%) and PVA, PK1-

PK3 (77.01 to 86.45%). 
• Blank hydrogels exhibited more than 95% cell viability hence proved to be cyto-compatible, while crude drug as well as 

drug loaded hydrogels depicted dose dependent cytotoxicity. 
• OXP and drug loaded hydrogels exhibited high activity against HCT-116 (73.72% and 66.87 cell viability) as compare to 

MCF-7 (77.62% and 73.48% cell viability) respectively.  
• The hydrogels suspension was tolerable upto 3800 mg/kg of body weight. 
• 3600 mg/kg was considered as MTD. No hematological or histopathological abnormalities were found in rabbits when 

compared with control group. 

Conclusions: The swelling and extent of drug release was precisely controlled by varying the concentration of both polymers. 
The extent of swelling and drug release of the hydrogel can be tailored by changing the pH of media. MTT assay suggest that 
the blank hydrogels displayed good cyto-compatibility towards Vero cell lines. Drug-loaded hydrogels exhibited low inhibition 
efficiency against Vero cells, while against MCF-7 and HCT-116 a high growth inhibition was displayed. The acute oral toxicity 
confirmed biocompatibility of the hydrogel suspension in rabbits and proved to be safe. We can anticipate that CMCh/PVA 
hydrogels hold great promise for its utilization as a carrier in anticancer drug delivery.
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