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A from the chair

WORD

Welcome to the 2014 UKICRS Newsletter! As
always, this year’s edition is jam-packed with
interesting insights and articles to keep you
up-to-date with the latest and greatest in drug
delivery science here in the UK and Ireland ... and
occasionally further afield! Many thanks to Karl
and the rest of the newsletter team for all their
efforts. We trust that you’ll enjoy the read.
It’s been yet another bustling twelve months
here at UKICRS. The highlight of the year was
the UKICRS Annual Workshop & Symposium,
hosted by University College Cork in April 2014
and organised by committee members Katie
Ryan and Laura Mason. It was a huge success,
proving that high quality drug delivery science
is very much ‘alive and kicking’ here in the UK
and Ireland. Our commitment to encouraging
postgraduate participation, not only in oral and
poster presentations but also on the organising
team, has quickly established the UKICRS
Annual Symposium as a must-attend event
for the younger generation of drug delivery
and formulation scientists. Inspired, motivated
(and clearly with way too much time on our
hands), we’ve already started to plan next year’s
Symposium at The University of Nottingham.
Check the UKICRS website regularly for futher
information.

We’re especially delighted that the Controlled
Release Society’s Annual Meeting & Exposition is
finally coming back to the UK ... after an oh-solong eleven year absence. July 26–29 2015 – all
roads will be leading to Edinburgh, Scotland. Save
the date – we hope to see you there!
Finally, a big ‘thank you’ to all our sponsors and
members. Your continued interest, support,
participation and kind words mean we never
grow tired of working on your behalf. If you’re
not a member yet, join us today via the UKICRS
website (ukicrs.org). Membership is free, we don’t
bombard you with emails, and we even mail your
very own personal copy of the Newsletter. Really,
life doesn’t get much better than this!
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Gavin Andrews

unify
dissolution
analysis

Confidence means knowing the elements of your
dissolution analysis platform work together by
design, not by accident. Agilent’s industry-leading
technologies for dissolution testing are now available
as a one-source platform backed by comprehensive
service, training, support, and documentation.
Our Agilent Cary 8454 UV-visible diode-array
spectrophotometer and Agilent ChemStation software
with dissolution drivers allow you to seamlessly
access the full capabilities of the exceptional Agilent
708-DS and 709-DS Dissolution Apparatus. Whether
you require a flexible research solution or a robust
quality control package, look to Agilent for the tools
you need to perform essentially every UV-based
dissolution method.
Learn more about Agilent’s UV Dissolution platform at
www.agilent.com/lifesciences/uVdissolution
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DRUG
DELIVERY
Stays on Target

Imagine. You are a tiny, injectable
ball. Within your core you carry a drug
designed to treat a specific diseased
tissue. Leaving the syringe, you are
expelled past the deltoid and into a
vein, down which you travel through the
blood stream.
Bumping shoulders with red blood cells, platelet and white
blood cells, you navigate the blood plasma seeking your
target, all the time avoiding being eaten by macrophages
(the primary immune system) and protecting your cargo.
Upon arrival, you squeeze and eject this bio-active material
which binds to, and destroys, mutant cells. All healthy tissue
remains unaffected! A seemingly futuristic hypothesis? Well,
the advent of nano-technologies could soon realise this dream.
Targeted drug delivery has the possibility of treating only
diseased tissue compared to radiology which can have a
negative side effect on healthy organs. The challenge, however,
is how best to deliver a drug, such as a DNA fragment used in
gene therapy, to an unhealthy organ. One possible solution is
to base a transport system around a biocompatible polymer.
A team from the University of Rome Tor Vergata (Professor Gaio
Paradossi, Dr Ester Chiessi, Dr Shivkumar Ghugare, Dr Anka
Mateescu and Mr. Sharad Pasale), working in collaboration
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by Mark Telling and Emily Mobley

with ISIS scientists (Dr Mark Telling and Dr Victoria García Sakai),
is using neutron scattering to study the efficacy of constructing
such drug delivery vehicles from bio-compatible polymers.

hydrogel/microgel materials where the diffusive properties of the
solvent needs to be tuned. But how would the gel material squeeze
and release its cargo? The answer – add a small percentage of
N-isopropyl acrylamide which contracts when the temperature rises
above 33oC thus reducing the overall volume of the gel. Neutrons
have successfully demonstrated that water is indeed released
when the temperature of an acrylamide impregnated gel is raised.
Other research avenues currently being explored include how to
intentionally degrade the gel once the drug has been delivered, the
gel having to be broken down before entering the lymphatic system
and leaving the body as waste. To achieve this, the team have also
incorporated polymer-eating enzymes into the gel’s architecture.

The resulting construct is known as a hydrogel or microgel
depending upon size, the latter referring to micro/nano sized
(roughly) spherical particles. Both, however, are made by crosslinking the polymer chains in such a way that a lattice is formed.
When imagined in three dimensions this lattice network can
be thought of as plastic ‘sponge’, full of small holes. One biocompatible polymer currently showing promise for such assemblies
is poly(vinyl alcohol), a material already used for stitches in surgery
due to its thermal stability and tolerance to pH changes in our skin.

What about the future? When will such systems be ready for
human trial? “It is still very early days”, say Mark. “I see the
future fraught with trial and error, many more neutron studies
and a lot of inter-disciplinary research still needed to be done.
However, our work demonstrates proof-of-concept and the
potential for this type of drug delivery vehicle is very exciting.”

When immersed in water, a hydrogel or microgel will swell and retain
up to 99% of its weight in water once removed. Such behaviour has
important implications since any bio-active cargo will need to be held
in solution within the gel’s pores. This, however, poses questions.
How does the water, and hence the bio-active cargo, move in, out
and around the gel? Can it diffuse freely through the pores, or is it
trapped? Neutron scattering, in particular the technique of quasielastic neutron scattering, is being used to answer such enquiry.

References
1.

When asked, “Why neutrons?” Mark answered, “Quite simply
it’s because of the high neutron scattering cross-section of the
hydrogen atom. Here we have a material which when immersed in
water will largely consist of water molecules, thus hydrogen atoms,
since a gel retains up to 99% its weight in water. Neutrons are
strongly scattered by the hydrogen atom and the actual scattering
process itself is sensitive to how the hydrogen atom is moving.”

2.

Mark went on to add, “What we can do is play games. For example,
by systematically changing the number of cross-linked polymer
chains, we can see how pore size or gel rigidity impacts on the
movement, or diffusion, of the water contained within the material.
Another trick is to dip the gel in deuterium oxide, or D2O, instead
of water (H2O). Since the isotope deuterium has a very small
scattering response compared to hydrogen the neutrons hardly
notice it. Instead, the neutron ‘sees’ only motion associated with
the hydrogen atoms on the polymer chains. Replacing hydrogen
atoms with deuterium atoms to make certain parts of a material
invisible to neutrons is a process called selective deuteration. By
first looking at the water dynamics using H2O, then the motion
of the gel’s polymer chains using D2O, we can fit the results
together like a puzzle to see how the whole system behaves.”
Initial studies revealed that the water molecules bind to the polymer
before breaking away and diffusing, the rate at which the water
diffuses in the gel pores being cross-link dependant. Such
results will have a direct impact on the fabrication of future

Ghugare S. V., Chiessi E., Telling MTF., Deriu A., Gerelli Y., Wuttke J.,
Paradossi G. “Structure and Dynamics of a Thermoresponsive Microgel around Its Volume Phase Transition Temperature”, J. Physical
Chemistry – B, 2010, 114, 10285.
Ghugare S. V., Chiessi E., Cerroni B., Telling MTF., Sakai V., Paradossi
G. “Biodegradable dextran based microgels: a study on network
associated water diffusion and enzymatic degradation ” Soft Matter,
2012, 8, 2494.

Contact email: mark.telling@stfc.ac.uk
Article reproduced with permission from Mark Telling, Senior Research Scientist, ISIS, UK. Originally published online at: http://www.
isis.stfc.ac.uk/science/bioscience/drug-delivery-stays-on-target13606.
html. ISIS is a world-leading centre for research in the physical and
life sciences.It is owned and operated by the Science and Technology
Facilities Council. ISIS produces beams of neutrons and muons that
allow scientists to study materials at the atomic level using a suite of
instruments, often described as ‘super-microscopes’. It supports a
national and international community of more than 2000 scientists
who use neutrons and muons for research in physics, chemistry,
materials science, geology, engineering and biology.
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The Symposium 2014 Report
by Katie Ryan

T

his year’s annual UKICRS
symposium ‘Drug Delivery –
UnCorked’ was hosted for the
very first time in Cork at the
School of Pharmacy, University College
Cork (UCC) on April 10-11th 2014.
Almost 90 delegates attended the annual
symposium travelling from across the
Ireland, the UK and from as far as Egypt.
Thursday’s workshop featured industrial
exhibitors from Agilent, Anton Paar,
BARDS, BioPharma Process Systems, ISAC,
Particular Sciences, Stable Micro Systems,
Surface Measurements Systems. Each
exhibitor gave a short presentation about
their capabilities and latest technology
which were followed by a Q&A session.
Exhibitors were on-hand over the course
of the two days providing technology
demonstrations and answering delegates’
questions.
Friday’s symposium was formally
opened by Prof. Stephan Byrne, Head
of the School of Pharmacy, UCC. The
scientific session was opened by keynote
speaker Dr. Andy Lewis, Director of
Novel Drug Delivery Technologies at
Ipsen (France). His talk titled ‘Patient
focused peptide delivery’ highlighted
how the next generation of sustained
release peptide delivery technologies
need to provide additional patient
benefit (simpler administration, ready
to use presentations) in addition to the
need for sustained release. This was
followed by five short presentations from
postgraduate and postdoctoral delegates
including Waleed Faisal (Minia University,

Egypt), Hiteshri Makwana (University of
Nottingham), Éanna Forde (Royal College
of Surgeons in Ireland), Yiwei Tian
(Queen’s University Belfast), Elisabeth
Kastner (Aston University).
Following the poster viewing session
and lunch, the second keynote speaker
Dr. Marcus Brewster, Vice President and
Scientific Fellow at Janssen Research
& Development (Belgium) delivered
a presentation entitled ‘Designing
amorphous solid dispersions: use
of in silico tools and down scaled
automation’. The afternoon session
featured six more short presentations
from Rachel Evans-Hurson (UCC),
Vanessa Loczenski Rose (University of
Nottingham), Joanne Ramsey (Royal
College of Surgeons in Ireland), Edward
Mansfield (University of Reading),
Rosanne Raftery (Royal College of
Surgeons in Ireland), Meenakshi
Malhotra (UCC).
At the end of a lively and engaging
meeting conference chair, Dr. Katie Ryan
(UCC) called on Dr Gavin Andrews, Chair
of the UKICRS committee to conclude the
symposium and present the podium and
poster prizes. It was a clean sweep for
the University of Nottingham. Kuldeep
Bansal was awarded best poster prize
for ‘Synthesis characterisation and
application of novel amphiphilic block
copolymers’. Whilst Hiteshri Makwana’s
talk ‘Location! Location! Location! Sitespecific conjugation of recombinant
transferrin to polymers for applications in
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targeted
drug delivery’ was worthy of
best oral presentation. Although there
were only two prize winners on the day,
the symposium wouldn’t have been the
success it was without the posters and
oral presentations from all the partaking
delegates, not forgetting the exhibitors
and keynote speakers – thanks to you all!
We are looking forward to another great
meeting in Nottingham 2015.

Delegates

92

52% 48%

Oral presentations
2 keynote

Dr Marcus Brewster (Janssen, Belgium)
Dr Andy Lewis (Ipsen, France)

58

Exhibitors

11 postgrad/postdoc

Miss Hiteshri Makwana (University of Nottingham)
Dr Waleed Faisal (Minia University, Egypt)
Mr Éanna Forde (Royal College of Surgeons in Ireland)
Miss Elisabeth Kastner (Aston University)
Dr Yiwei Tian (Queen’s University Belfast)
Miss Rachel Evans-Hurson (University College Cork)
Miss Vanessa Loczenski Rose (University of Nottingham)
Dr Joanne Ramsey (Royal College of Surgeons in Ireland)
Mr Edward Mansfield (University of Reading)
Miss Rosanne Raftery (Royal College of Surgeons in Ireland)
Dr Meenakshi Malhotra (University College Cork)

42 England
11 N. Ireland
29 Rep. Ireland
0 Scotland
2 Wales
2 Other
Abstracts
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Income

9

£10,320

Dr. Gavin Andrews

Queen’s Univeristy Belfast
UKICRS Chairperson

Dr. Marcus Brewster

Janssen Pharmaceuticals
Keynote Speaker & President
Elect of the Controlled Release
Society (2014–2015)

Dr. Katie Ryan

University College Cork
UKICRS Symposium Organiser

10

Irene Mencia Castano and Rosanne
Raftery (Royal College of Surgeons
in Ireland)

Caoimhe Morris and Bridgette McGeever
(Queen’s University Belfast)

Sarah Smith and Edward Mansfield
(University of Reading)
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Hannah McMillan (Queen’s
University Belfast) explains
her research to Waleed Faisal
(Minia University Egypt)

Dr. Sinead Ryan (University College Dublin), Dr.
Caroline O’ Sullivan (University College Cork)
and Dr. Marie McGrath (GSK)

Cathy Potter (Queen’s University Belfast)
and John Gleeson (University College Dublin)

Michael Cook
(University of Reading)

Peter Morrison (University of Reading)
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Sandeep Kumar (Queen’s University Belfast)
and Luana Sasso (University of Nottingham)

Edward Mansfield
(University of Reading)

Dr. Abina Crean
(University College Cork)
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Rosanne Raftery
(Royal College of Surgeons in Ireland)

Gavin Andrews awards the
poster prize to Kuldeep Bansal
(University of Nottingham)

Meenakshi Malhotra
(University College Cork)

Hiteshri Makwana
(University of Nottingham)
picks up the prize for best
oral presentation
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Dr Dara Fitzpatrick, Dr Abina
Crean and Rachel Evans-Hurson
(University College Cork)

Low molecular mass organic gelators:
a focus on drug delivery and tissue
engineering applications
Kathryn J Skilling a,‡, Francesca Citossi a, ‡, Tracey D Bradshaw a, Marianne Ashford b,
Barrie Kellam a and Maria Marlow a
School of Pharmacy, University of Nottingham, University Park, Nottingham, NG7 2RD, UK, b AstraZeneca,
Alderley Park, Macclesfield ,Cheshire, SK10 4TG, UK, ‡ These authors contributed equally to this work
a

Introduction

In recent years low molecular mass organic gelators (LMOGs, molecules
having a molecular mass of ≤ 3000) have gained increasing interest as
alternative biomaterials to polymer derived gels, with potential applications
in drug delivery and tissue engineering. LMOGs can be defined as
molecules that in small amounts, (typically < 2 wt %), can gel water or
organic solvent and combinations thereof, in which the minor solid and
major liquid components form a three dimensional continuous phase.1 Gels
can be categorised based on whether the liquid phase is predominantly
aqueous or organic. Those gels that are mainly organic in nature (i.e.
gelator molecules in organic solvent) are termed organogels, conversely
gels that are aqueous in nature (though occasionally a small amount of
solvent is needed to solubilise the gelator molecule before addition of
water) are termed hydrogels. Gels can be also divided into two further
classes, chemical gels and physical gels. A chemical gel is classified both by
aggregation driven via the formation of strong covalent cross links between
gelator molecules, and by the end product being thermally irreversible.
Physical gels form a network structure from weak non-covalent interactions
and hence the gel is thermally reversible. Reversibility and relatively mild
gelation conditions make these gels ideal candidates for many applications
in industry.

Gelation by LMOGs

Gels are commonly formed by dissolving a low percentage (0.1 - 5 wt %) of
gelator molecule in an appropriate heated solvent. Upon cooling below the
temperature of gelation (Tgel) the affinity between gelator and liquid phase
decreases and the former self-assembles into a three-dimensional (3D)
entangled network of solid fibres, immobilising the liquid phase through
strong inter-molecular forces, allowing it to support its own weight without
collapsing. LMOGs appear to consist of completely different architectures
such as tapes, rods, fibres and sheets formed via hierarchical assembly of
the gelator molecules (Figure 1) and facilitated by weak physical molecular
interactions such as hydrogen bonding, π-π stacking, van der Waals forces,
electrostatic interactions and London dispersion forces.

Figure 1. The primary, secondary, tertiary and macrostructure of a self-assembled physical
network. Example hydrogen bonding between individual urea molecules represents the
primary structure. Under certain conditions e.g. change in temperature, pH, enzymatic
influence the gelator will self-assemble via non-covalent interactions into an ordered one
dimensional network, a secondary structure, represented here by an intertwined helical
structure, but may consist of micelles, tapes, vesicles etc. The tertiary structure signifies the
overall network; in this case a branching structure of elongated fibres. Reproduced with the
permission of Reference 28.

These non-covalent interactions are the key of self-assembling of gelator
molecules and for this reason, certain functional groups are often found in
gelator molecules:
• amides (RCONHR’) and ureas (RNHCONHR’) form complementary
hydrogen bonding interactions e.g. C=O---H-N
• long chain alkanes generate van der Waals forces and solvophobic
interactions
• nucleobases can form hydrogen bonds and π-π stacking interactions
• carbohydrates containing numerous O-H residues are capable of
hydrogen bonding
Besides the functional groups, also chirality represents a key factor in
gelation, with a large proportion of existing gelators containing at least
one stereogenic centre.2 Moreover, many processes are specific
triggers required for initiation of gel formation. Very often a
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simple process, for example a change in temperature (a heating-cooling
cycle), a change in pH, changes in solvent polarity or the use of an enzyme
to cleave a functional group could make the difference in gel formation.

LMOGs in drug delivery

As regards as the first strategy, the most utilised scaffolds for therapeutic
drug delivery are self-assembled peptide hydrogels.4 Vegners reported
one of the first examples of drug incorporation into a dipeptide conjugate:
adamantanamine derivatives were successfully loaded into Fmoc-LeuAsp hydrogels.5 More recently Zhang and his group used a commercially
available long chain peptide (RADA 16) and studied the release kinetics of
model drugs and proteins from these self-assembling peptide hydrogels.6
More recently, Stupp et al. encapsulated the hydrophobic drug
camptothecin into a self-assembled peptide: in vitro and in vivo tests
successfully showed the ability of these amphiphilic nanofibres to inhibit
tumour growth.7

In recent years, LMOGs have emerged as an alternative to previously
reported polymeric gels: properties including biodegradability and lack
of toxicity led to consideration of LMOGs as promising new carriers for
therapeutic agents.

The second strategy consists of synthesis of prodrugs that self-assemble
in water forming a hydrogel. The drug is then released via hydrolysis or
enzymatic degradation, releasing the active compound. In this way, drug
loading is markedly increased because each part of the gel contains drug
molecules and no excipients are used, thus there are no excipient-drug
interactions.3 The choice of gelation facilitating moiety is critical: several

Developing new drug delivery methods is paramount to improving the
therapeutic efficacy of drugs that are limited by poor solubility, low
bioavailability and short plasma half-life. Many strategies have been
investigated and used to overcome these problems including formulation
of drugs with delivery systems such as liposomes, micelles, emulsions, and
polymers.

Figure 2. Methods of physical
gelation of low molecular weight
gelators. A) The compound is
physically entrapped within the
gelator matrix (‘scaffold’) and
released from the gel via diffusion.
B) The drug can be covalently
conjugated to a functional group,
inducing amphiphilicity, this can
then self-assemble in situ and
release the drug via enzymatic
degradation. C) A functionalised
linker can be covalently conjugated to a therapeutic, following
enzymatic cleavage of part of the
linker the amphiphilic prodrug can
self-assemble. Reproduced with the
permission of Ref. 28.

Currently there are three strategies for drug delivery using LMOGs (Figure
2):
1. The compound can be physically entrapped within an inert gelator
matrix (defined as a “scaffold”) and then released from the gel via
diffusion or during gel degradation.
2. The therapeutic agent can be covalently conjugated to a functional
group, creating a prodrug with amphiphilic characteristics, this will
self-assemble and slowly degrade upon enzymatic cleavage
3. A functionalised linker can be covalently conjugated to a therapeutic,
following enzymatic cleavage of part of the linker the amphiphilic
prodrug can self-assemble.3

molecules that have been reported to gel can be used to synthesise selfassembled prodrugs such as amino acids, di- or tri-peptides, and fatty acids.
The most commonly used linkers in these prodrug syntheses are ester
bonds.8 Vancomycin was the first example reported in the literature of a selfassembled prodrug. It was converted into a hydrogelator by introduction
of a pyrene group to the C-terminal of the vancomycin backbone.9 More
recently Kim and co-workers have developed successful low molecular
weight hydrogelators based on the non-steroidal anti-inflammatory drug
ibuprofen, covalently bound to various dipeptides.10
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The third strategy was introduced by Vemula, another pioneering
author in self-assembled prodrugs. His group used paracetamol

to demonstrate the concept of enzymatically triggered prodrug-based
gelators. Amphiphilic derivatives of paracetamol were synthesised and
most of compounds formed hydrogels at low concentrations (0.4–1.5 %
w/v) by temperature switch. Also, in order to prove the effectiveness of
these hydrogelators in delivering drugs, a series of enzyme-mediated gel
degradation studies were performed showing that after 2 days of incubation
of paracetamol derivatives with lipase, the gels degraded forming a clear
solution, indicating paracetamol release from the prodrugs by hydrolysis of
the ester bond.11
Anticancer drugs have also been evaluated as LMOGs. Drug delivery
systems, such as hydrogels, can be employed to intratumorally release
these drugs reducing side effects associated with systemic treatment and
increasing in situ concentration. Xu and co-workers were the first to report
a triggered-enzyme synthesis of a supramolecular paclitaxel (marketed as
Taxol®) derivative hydrogel.12 According to structure-activity studies of this
antineoplastic drug, the compound was covalently bound to a phosphate
peptidic self-assembly motif through a succinic acid linker. In the presence
of an alkaline phosphatase enzyme, dephosphorylation occurred after few
minutes and transformed the precursor into a hydrogelator consisting of
a Taxol® derivative capable of self-assembly into nanofibres in aqueous
media. Moreover, this hydrogel preserved the antitumour activity of native
compound and was cyto-compatible. Inspired by this work, Yang et al.
used the same anticancer drug to synthesise a folic acid-taxol conjugate:
they chose folic acid as the terminal moiety because of its propensity to
form a stable tetramer; it was linked to Taxol® via a phosphorylated and
succinated tripeptide.13 The hydrogelator conserved the activity similar to
that of Taxol® when incubated with HepG2 cells. These encouraging results
demonstrate that folic acid can be used as a versatile molecule to synthesise
hydrogelators of hydrophobic drugs.14 Applications of organogels in drug
delivery are rare and limited particularly by presence of some organogel
components (i.e. toluene, vegetable oils, etc.) that can lead to irritation or
inflammation. However, there are some examples in literature. Leroux
and his group, pioneered the use of L-alanine based organogels for in situ
delivery. The same group successfully reported L-tyrosine based organogels
as scaffolds for in situ delivery of rivastigmine.15

LMOGs for tissue engineering

Hydrogels have been extensively studied in the field of tissue engineering:
they can be used as 3D structures for cell organisation, delivery vehicles
for bioactive molecules and as direct stimuli for tissue growth.16 However,
low molecular weight hydrogels are generally less stable than hydrogels
based on synthetic polymers and usually fail the preliminary screens for
an appropriate tissue engineering material. As such, there is a scarcity
of literature available regarding LMOGs and tissue engineering. Of the
information that is available, most refer to peptide based gelators; their
simple synthetic pathways, excellent gelation ability, increased mechanical
strength, good biocompatibility and ease of manipulation, make them
suitable platforms for cells culture. One of the first examples of a peptide
hydrogel utilised polymer gel knowledge to compliment the aggregation
of a small peptide (Tyr-Arg-Gly-Asp-Ser) to form a biospecific
photopolymerised PEG hydrogel (0.35 wt % peptide) that

facilitated the spreading of human foreskin fibroblasts cultured in vitro.17
Long chain peptides have been the focus of research to develop novel
scaffolds for tissue engineering. In recent years, Zhang’s group pioneered
use of long chain peptides as 3D scaffolds in tissue culture,18 placing
particular emphasis on cell encapsulation19 and stem cell differentiation.20
Stupp et al. represent another influential group that has reported the
use of long chain peptides for tissue culture. Some of the group’s early
work demonstrated the use of peptide based amphiphiles to direct cell
differentiation. Using the IKVAV (Ile-Lys-Val-Ala-Val) pentapeptide, it was
demonstrated that the artificial scaffold induced rapid differentiation
of murine neural progenitor cell (NPC) line into neurons.21 Very
recently Collier and co-workers published research demonstrating the
immunogenic response triggered by peptide based systems.22
In addition to the long chain peptides discussed above, short chain
peptide based hydrogels have also been extensively researched. Yang et
al. also reported a number of successful short peptide based gelators for
tissue engineering. One of the major problems with culture onto gels is
separating cells from gels post culture. Yang’s group created responsive
molecular hydrogels; short chain peptides with an adamantane capping
group, that could be converted back into solution upon application
of an external stimulus.23 In 2007, Liebmann reported one of the first
examples of an Fmoc dipeptide (Fmoc-FF) being utilised in cell culture;
he reported immobilisation of COS-7 cells, both in culture plates and
various microstructures.24 Other examples of peptide based hydrogels with
applications in tissue culture came from Schneider et al. who demonstrated
the use of β-heparin hydrogels in the homogenous encapsulation of stem
cells.25
Besides peptides there are also some examples of LMOGs that are capable
of acting as scaffolds for tissue engineering. Molecular gelators based upon
naturally occurring compounds such as saccharides were reported by
Yang et al.26 They developed a glycosylated molecule that could aggregate
following a heat-cool cycle; biocompatibility of the gels was demonstrated
together with suitability for many cell lines. Nucleobase derived gels
represent another recent example of low molecular weight hydrogelators
with applications in tissue engineering. In 2012, Rowan et al. reported a new
guanosine based gelator that not only gels in physiologically relevant salt
concentrations but also in cell medium at a low concentration (0.5 wt %).27

Conclusions

From all the examples reported it is evident that LMOGs may be used in
both drug delivery and tissue engineering. and there is the potential for
many new applications in the future.
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Laura Mason, UKICRS Committee Member and Chair of the
UKICRS Postgraduate Network, speaks to Clinova’s Arsalan
Karim about the highs and the lows of starting his own
global pharmaceutical company.
Tell us about Clinova?
Clinova is a UK-based pharmaceutical company focused
on researching, developing, manufacturing, licensing and
marketing over-the-counter products for a worldwide market. It
was founded in April 2006.
What is your current job role?
I am Director of Research and Development, and so it is my
role to identify niche markets and then develop the appropriate
product to meet the specific demands in these markets. As
such, I’m the inventor of six of our products and oversee the
intellectual property for the company.
Give us a quick summary of
your background?
Before founding Clinova, I held
R&D and business development
positions at Mertz, Grunenthal,
PDC Healthcare and Lundbeck.
I completed my undergraduate
studies from the School
of Pharmacy, University of
Portsmouth and completed my

postgraduate diploma in Therapeutics at the School of Medicine,
University of Newcastle.
At what moment did you decide “I’m going to start my own
company”?
I wanted to run my own company from when I was a very
young age. I had a few product ideas before deciding to study
Pharmacy to gain knowledge into pharmaceutical sciences
and insights into the pharmaceutical industry. It was during
my Pharmacy degree that I met the two cofounders of Clinova.
Initially, our lecturers thought we were unlikely to succeed, but
over time they saw our passion and commitment to our life goal.
Postgrads reading this might be thinking it’s impossible to
start a new pharmaceutical company. Where do you start?
There are three key attributes which are necessary to succeed
in business – passion, desire and commitment. With these, you
can do anything. Of course, a bit of talent also helps! With
the right training to understand the market, as we
acquired our Pharmacy degrees, everything is
achievable.
What was the
steepest learning
curve in the first
six months of
business?
We very quickly
learnt that a lot of

funding is needed in the pharmaceutical industry. This adds a lot
of risk to investing in the company, and we needed to put in a lot
of time to ensure success. The most important thing I learnt was
patience, and sticking with it when times were tough.
Was there ever a time when you thought you weren’t going
to succeed?
There were times when family and friends wished we had
“normal” stable jobs. However, I always believed that our big
opportunity was just around the corner.
How did the company establish itself in the market?
Our first marketed product came from recalling one of our
lecturers state “it’s not if, but when the next pandemic will
arrive”. We developed a disposable respiratory facemask
(Covaflu) designed to filter the majority of viral particles from
entering the lungs, thereby reducing airbourne transmission of
flu. We worked out of our bedrooms on mobiles and didn’t sell
anything for two years before the swine and avian flu pandemics
hit in 2009. When the pandemic began, companies that that had
been sceptical for the past two years finally invested, resulting
in significant sales. This money allowed us to invest in further
research and bring more products to market.

You can’t dismiss mergers as they are engrained in the
pharmaceutical industry. As a business owner you have to
be open to the right opportunities, and as a company we
collaborate with industry and academia and this is a key link in
developing a finished product.
How are you able to stay competitive in a world of big
companies?
Innovation. That’s our unique selling point and gives us a special
place in the market. I think ideas can’t always be expressed in
big pharma, but it’s what industry need to be successful. That’s
where smaller, more flexible companies hold their own.
What’s your top piece of advice for any budding
entrepreneurs?
Always look long term and commit to the sector you are
passionate and skilled in. It’s easy to give up and think changing
sector might be easier, but it’s always possible to overcome
difficulties and in the long-term you are best off working in
the sector you have the knowledge of. Remember the three
attributes I think you need to succeed in business – passion,
desire and commitment.

What has been your highlight to date?
The success of O.R.S. (oral rehydration salts) in the form
of soluble tablets. This product became one of the fastest
distributed product in the last 50 years and can now be found
in over 8,500 pharmacies and retail outlets, such as Asda, Tesco
and even Selfridges.
Has managing a company got any easier with experience, or
do you find yourself still learning?
I have gained a wealth of knowledge and experience, which does
make day to day work easier. However, there are always new
things to learn.
If you hadn’t started Clinova, what would you be doing?
I’d like to think that by persevering with product development
aimed at a focussed market that I’d have founded a company
eventually.
The pharmaceutical industry seems to be full of merger after
merger, do you think Clinova will end up down that route?

Cofounders of Clinova: Charles Ebubedike (L) and Arsalan Karim (R).

21

(______________)
ChIt-cHaT
><><><><>
with Mark Prausnitz

Has anyone inspired your scientific career and why?
There are two people who have probably played the biggest
influence in shaping my scientific career. The one who played
the biggest influence earlier in my life was my father. My father
is a chemical engineer who has spent his career teaching at UC
Berkley. He is now emeritus and has had a really nice career in the
field. He was a great example for me and I saw how a professional
life in academia doing research and teaching is a good one that can
allow us to do a lot of great things. So, I had a good role model in
him.
The other would be my PhD advisor, Bob Langer, who is well
known to this Society and has been a great role model and mentor
for many people in showing the kind of impact we can have with
drug delivery systems. It was inspirational for me to spend my PhD
working with him, to see the success he had and to try to emulate
that in some kind of way.

What achievement in your career are you must proud
of?

O

There are two things, and they are the two things that drive a lot
of people in academia. The first is the students and the ability
to interact with a lot of great people that have done or are doing
research, like graduates and post-docs, but equally it is great
to interact with students in the classroom. It is very rewarding to
work with these smart people that are building their careers and to
influence it, at least in some way. It’s great to see their success and
then be able to share and enjoy that success with them.

n May 20th UKICRS committee
member Sion Coulman caught up
with Professor Mark Prausnitz at
the Third International Conference on
Microneedles in Baltimore. Mark is Head
of the Laboratory for Drug Delivery in
Georgia Institute of Technology and a
pioneer in microneedle technology for
drug and vaccine delivery. Sion got Mark
to share his thoughts on working within
the field of pharmaceutical sciences and,
importantly, whether he would rather be
in the sea or the swimming pool.
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Then the other is accomplishment in research and I’d say that
although we have worked on a few different research topics in the
lab, the area where I have been able to make the most impact is
with microneedles. We are having this interview here at the Third
International Conference on Microneedles, which has attracted
more than 200 people from 20-25 different countries. It has grown
into an area with a lot of different researchers from a diversity of
fields. These people are all making significant contributions and
companies are now starting to show real advances. It has been nice
to be involved with that from the early days and to influence the field
in some way, to meet all the great people who have come into the
field and to see the prospects for the technology to make a
real impact in medicine.

What publication are you most
proud of and why?
The publication that’s probably had the
greatest impact was a paper that we
published in 2010 in Nature Medicine.
It’s where we introduced our dissolving
microneeedles for flu vaccination. It’s a
collaborative study with Emory University
and we showed in detail how to make these
needles and then characterize the immune
response from them. That paper has attracted
a lot of attention, so I think it has had some
influence on the community. I think it has
opened some doors for us and it has enabled
us to now be in the late stages of translating
the microneedle patch technology into a
Phase 1 clinical trial next year.

Thinking more broadly, what is
currently the most exciting area of
drug delivery research for you?
I will answer this in terms of what is most
exciting to me. So I think the field of
pharmaceuticals has, of course, a strong
biological component and that relates to
the drug and its pharmacology. It also has
a significant chemical component and that
would be excipients, formulation and the rest
of what goes into a drug delivery system.
However, I also think there is an important
physical component and that is the basic
premise of our laboratory. Microneedles
would be one example of that, where the
physical component is a microneedle
structure. But we work on other things
too including the use of laser, ultrasound,
electrical fields and convective forces. These
physical inputs can help drive the drug to
go where it needs to go, either to enter the
body across some barrier or to be targeted
within the body to its intended site of action.
I think that you can use physical forces to
accomplish this, in addition to the chemical
and biological approaches that are more
traditionally taken.

If you could go back in time, is there
another subject you would study
in university or another career you
might have embarked on?

I think my nature is very consistent with being
an engineer. An engineer is someone who
is rooted in science, is interested in science
but at the same time is very much interested
in applying it in some way, in solving some
real world problems. If I look at myself, say in
comparison to other academics, the research
that we do is not as basic. It’s not addressing
so many fundamental questions in science
but is trying to leverage those fundamental
science questions that others have answered
and use them, in what we hope are clever
ways, to solve some real problems. So I could
have ended up in some other career that
might not be in pharmaceuticals and might
not be at the University, but I do think my
nature is to be in a scientific and technical
context and to be using that to solve some
real world problems.

What advice would you give a
budding academic in the drug
delivery field?
I think good advice that I’ve tried to follow
is to play to your strengths. There isn’t
necessarily a best solution to anything but
the best solution for any individual to work on
is the one that uses your individual strengths
and the strengths that are around you. I’m
in an engineering university so I leverage
engineering tools because those are the
facilities and expertise that are around
me and I can tap into that. We’re currently
working a lot on vaccines. Emory has an
excellent vaccine centre in Atlanta, the CDC
is in Atlanta and so I have tried to play to
those strengths by using those resources.
So I think the advice I would offer is to look
around you, see who is doing good things
around you and try to pick up on that and
figure out how you can leverage those other
resources to achieve the goals that you’re
after.

Mac or Windows?
Windows
Tea or coffee?
Probably neither!
Burger or fries?
Fries
Beach or mountains?
Mountains
Sea or swimming pool?
Swimming pool
Plane or train?
Plane ... there are no trains in America!
Television or book?
Computer
Einstein or Newton?
Newton
Polymers or lipids?
Polymers
Drugs or devices?
Devices
And a loaded question to finish –
hypodermics or microneedles?
Microneedles!

So, here’s the quick fire round …
Pen or computer?
Computer
Cycle or run?
Cycle
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Professor Mark Prausnitz is the Love Family
Professor of Chemical and Biomolecular
Engineering and the director of the Center for
Drug Design, Development and Delivery at the
Georgia Institute of Technology.

How to Draft a Collaborative Research Agreement
Martha Bair Steinbock, Deputy Assistant Administrator, Office of Technology Transfer,
U.S. Department of Agriculture, Agricultural Research Service, U.S.A.

ABSTRACT

A collaborative research agreement has five major parts: (1)
statement of objectives, (2) statement of work, (3) general
provisions, (4) budget, and (5) list of materials. This chapter
provides a step-by-step discussion of the issues that need to
be addressed in each part of the agreement, emphasizing the
importance of crafting an agreement that is mutually beneficial
and, above all, clearly written. Whereas all parts of any
agreement are important, for collaborative research agreements,
extra care should be taken in describing the objectives and work
of the collaboration, the research plan, and the mechanisms for
agreeing on changes in the research plan. Partnerships grow
and change; this invariably leads to the need for amendments.
Arguably, many of the best collaborative research agreements
need numerous amendments in order to reflect the evolving
needs of the parties involved.

1. INTRODUCTION
The objective of writing a collaborative research agreement is to clarify for both
parties what they are trying to accomplish together and to clearly set forth the
rules that will govern the collaborative effort. A good partnership must be mutually
beneficial, and an effective collaborative research agreement will help both parties
understand and accept mutual benefit as a goal. Of course, simply writing that an
agreement is mutually beneficial does not make it so. An effective agreement must be
based on an actual win-win relationship, one that is truly mutually beneficial. So to
start with, the concept of the collaborative research project must involve a research
project through which both parties benefit from the work that will be done.
A poorly written agreement can tear apart an otherwise harmonious relationship.
On the other hand, a well-written agreement, in which all parties understand their
responsibilities, will build and strengthen a productive scientific relationship. An
effective agreement will be clear both to the researchers doing the research work and
to the managers of both parties. And a well-written collaborative research agreement
can lay the groundwork for moving the results of research toward commercialization.
For the sake of simplicity and to facilitate discussion of the issues involved, the
chapter focuses on one scenario: developing a research agreement between a
National Agricultural Research System (NARS) government laboratory and a private
company. Many of the points made are equally valid for collaborative research
agreements between other types of entities.

2. PARTS OF AN AGREEMENT
Most collaborative research agreements have five general parts. The
agreements can be somewhat flexible in the terminology they use. The

names assigned to the sub-parts are not terribly important. What is important is that
the agreement covers each the following points:
1. statement of objectives
2. statement of work
3. general provisions
4. budget
5. list of materials
The first part of the collaborative research agreement is commonly called the
statement of objectives. This explains the overall setting of the agreement. It describes
what the parties want to accomplish together and why the collaboration is important.
The second part of a well-drafted collaborative research agreement is called the
statement of work. This may sometimes be called the research plan. It describes the
research that the parties propose to conduct and includes which approaches will be
undertaken and which methodologies will be used. Most importantly, this part of
the agreement specifies who is responsible for what and specifies the due dates for
completing each part of the research project.
The third part of an effectively written collaborative research agreement is called the
general provisions. These are sometimes known as the legal provisions. They cover a
series of important details, the mechanisms of collaboration, and the rules by which
the collaboration will be conducted.
The fourth part of an agreement is the budget. This part sets forth the resources that
each party needs and contributes to the collaborative research project.
For collaborative research agreements in which biological or other materials
(germplasm, plant parts, biotech components, and so forth) are passed from one party
to the other for use in the project, the agreement typically includes an additional
section called the list of materials. This section is often attached as an appendix
to the agreement. In some cases there may be more than one appendix, since the
materials being used and transferred may change over the course of the project.
In its simplest form, the list of materials should provide a unique name for each
item that is sent to the project, as well as the quantity of each item and the dates
those materials were transferred from one party to the other. By updating the list of
materials each time new materials are sent from one of the collaborating researchers
to the other, all parties are assured of having a current and complete list.

2.1 Statement of objectives

The statement of objectives should be concise and clear. Use terms that nonscientists will readily understand and avoid the excessive use of scientific jargon. The
statement of objectives should explain the real-world issues that the collaborative
research agreement will address. It should articulate both the what and the why
of the collaboration. When someone outside of the science community reads the
agreement, they should be able to tell why the parties believe it is important to
undertake the collaboration. In addition, the statement of objectives
should clearly specify the scientific goals of the collaboration. Care
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should be taken to differentiate long-term goals, which may happen years after the
agreement is completed, and short-term goals, which will be accomplished by the
end of the agreement.
Consider the following examples from two statements of objectives from actual
agreements:
•
Good: to develop, test, and evaluate transgenic tomatoes expressing the “N”
gene, which encodes for resistance to tobacco mosaic virus.
•
Not as good: to determine basic breeding biology, including ploidy levels of
a resistance biotype of Lolium.
The first one is quite well written. It clearly and specifically explains the objective.
From this clear statement, most readers will get a feel for what the agreement hopes
to accomplish.
The less well-written statement vaguely states the goal. Phrases like basic breeding
biology do not really mean much unless they are further defined, and terms like
ploidy level may not be well understood by the non-scientific community. Remember,
the goal of the statement of objectives is to set the stage for the agreement by clearly
stating what the parties hope to accomplish.

2.2 Statement of work

The next part of a well-written collaborative research agreement is what is often
referred to as the statement of work. This is by far the most important part of the
agreement. Sometimes, the statement of work is attached to the agreement as an
appendix. This is not to diminish its importance in any way. It is merely a convenience
to have this research plan slightly separated from the general body of the agreement.
The advantage of having it self-contained is that it will be easier for the scientists to
relate to it, and in the event of modifications to the work plan, it can be more easily
amended.
The statement of work contains the scientific objectives, methodologies, and
approaches. It should be broken down into subsections, with each section explaining
what “partner A” will do and what “partner B” will do, with the time frames and
benchmarks specifically laid out.
In drafting this section of a collaborative research agreement, the parties must work
together closely. The other parts of a collaborative research agreement can be initially
drafted by a technology transfer officer and/or intellectual property management
officer and then can be exchanged between the partners for review, comment, and
negotiation. But the collaborating researchers themselves should prepare a first draft
of the statement of work, which can then be edited by the technology transfer officer.
This is because the collaborating scientists are the ones who really understand
the complexity of what is to be undertaken, and it is the scientists who must fully
embrace the plan that is developed.
Within the statement of work, there should be a section stating the project’s scientific
objectives. With complicated or longer projects, there may be many objectives and
sub-objectives. In such cases, the use of a numbering or outlining system makes the
objectives clear and readable.
Each objective in the statement of work should be followed by a description of the
methodologies and approaches to be used to address the scientific questions involved.
Further, each objective must include very clearly what each partner (the institute
scientists and the company scientists) will be doing, separately and collaboratively.
This statement of responsibilities is perhaps the most critical element of a research
agreement because without a clear understanding of responsibilities, the
partners may have unrealistic expectations and become frustrated. If it

is unclear who will be doing each piece of experimentation, both parties may be
sitting back, waiting in vain for the other to produce something. It cannot be stressed
enough that it is very important to break down each of the scientific objectives of the
statement of work into tasks and clearly state who is responsible for each.
Another point to consider is to quantify the work that is to be done. It may not
be necessary to use exact numbers (for example, the types and replications of an
experiment or the number of test tubes you will be using), but do insert general
guidance about the size and scope of the collaborative research. For example, if you
are going to do a feeding study and will be using 30 mice per replication, state that in
the agreement. That way both parties will be clear as to the order of magnitude of the
data types that are to be generated and the level of resources needed for their part of
the work. Researchers often believe they understand what the other has in mind, but
without written descriptions, such assumptions often lead to misunderstandings.
For example, if an institute researcher says he or she will “field test” a new variety, he
or she may have in mind a half-hectare plot necessary to generate enough plants for
a publication, while the company scientist has in mind 100 hectares. So, be as clear
as you can about the sizes or numbers of replications and other quantifiable aspects
in the statement of work.
Another aspect that is very important is to build-in time frames and benchmarks.
Generally, you want to have built into the statement of work at least an indication of
when each party should have completed their responsibilities under each objective
or subobjective. Often researchers will object that time-frame specifics make them
feel pressured, but such a plan will help the collaborating scientists make progress
in an orderly fashion. It also helps prevent one party from having to wait for the
other and causing lost time. Time frames are important to make the experimentation
run smoothly and they help the partners garner the resources that will be needed to
move the project along.
Benchmarks are important to help measure work progress. They specify that at a
certain point both parties expect certain pieces of data to have been generated,
certain parts of the experiments to have been completed, or certain questions to
have been answered. You will want to write these goals as benchmarks. In a larger
agreement, with multiple objectives and multiple people involved, sometimes there
may be activities that will flow sequentially (one has to be completed before another
can begin). Other research may be occurring simultaneously in parallel experiments.
In these complicated situations, project-management software can be helpful when
preparing the statement of work.
A collaborative research agreement can grow to be a lengthy document. However,
you should not think that it is like a grant application that can be 20, 30, 40 or
more pages. A collaborative research agreement is not designed to convince an
outside party that the work is worthwhile, nor does it aim to show that either of the
collaborating scientists are high-quality researchers. Rather, it should clearly spell
out the respective research that the partners will be doing. So, a statement of work
should only be as long as it needs to be to ensure that both parties know what is
expected of them. A typical agreement will be 10–15 pages, and the statement of work
is often no more than two or three pages.

3. GENERAL PROVISIONS
The next part of a collaborative research agreement is the general provisions. This
is the body of the agreement that covers the how of working together and provides
mechanistic guidance to the scientists at the institute and at the company, as well
as to managers. Normally, an institute or an entity has a standardized set of general
provisions that has been reviewed by their legal counsel and that can serve
as a starting point for negotiating agreements. Each person studying this
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chapter should consider developing such template agreements. In the process of such
development of template agreements, a person can often begin to fully understand
which points are negotiable and which legal provisions are required by organization
policy or law. At the same time, collaborative research agreements should be as userfriendly as possible and avoid unnecessary stipulations.
There are a wide range of typical general provisions. These include a public
disclosure/ publication policy, which addresses how the parties will communicate
with each other and the outside world; reports; confidentiality issues; the important
issues of intellectual property management and technology transfer from the
institute to the company; regulatory approvals; indemnity and liability statements;
dispute resolution plans; and provisions for termination. This part of the agreement
should also spell out an amendment procedure and name the persons responsible for
the agreement, both managerially and scientifically, at the institute and the company.

3.1 Publications

Public disclosure is a crucial part of any research agreement. Science is driven by
the need to publish, and scientific careers depend on such publications. Public
disclosure, including publication in patent literature, keeps innovation going. The
phrase public disclosure is a broad term that includes many types of disclosure of
research results. Public disclosure can include any form of public dissemination
of research results: articles, abstracts, poster sessions, both informal and formal
seminars, talks, information posted on the Internet, and grant applications. Most
organizations that enter into collaborative research agreements will want to put some
limitations on the right to public disclosure. Such a delay in public disclosure may be
necessary to ensure that patent applications can be filed for discoveries made under
the agreement.
A publication clause should protect the interests of both parties. Generally, there is
a statement that both parties reserve a right to review and comment on all public
disclosure by the other party. Typically, a specific time frame (usually 60 or 90 days) is
set up for such a review. Often there is also a provision written into the collaborative
research agreement stating that one party requires the other party to delay public
disclosure of project-derived information for a specific length of time to allow for
patent preparation or exclusive use by the other party. The bottom line is that a wellwritten agreement should clearly state all such limitations of public disclosures.

3.2 Confidentiality

Another aspect of the general provisions involves confidential information,
sometimes called confidential business information, or CBI. It is important for the
collaborative research agreement to differentiate between two types: (1) confidential
information that a party brings into the project and that predates the agreement,
and (2) confidential information that is generated under the agreement and that the
parties generated while working together and conducting project experiments. A
collaborative research agreement should specify how both types of information are
to be handled by the parties.
For information that is created by one of the parties prior to or outside the scope
of the agreement, you may find it helpful to use the terms commonly found in a
confidentiality or nondisclosure agreement. Like any confidentiality agreement,
these clauses should specify a time limit during which the information is to be kept
confidential. Typically, such time limits are between two and five years after the end
of the collaboration or from the point the information is generated. If the parties have
an earlier signed nondisclosure or confidentiality agreement, that document may
simply be referenced in the collaborative research agreement or the collaborative
research agreement can state that it replaces the confidentiality agreement. The
confidential treatment of information generated under the project will
be closely tied to the treatment of intellectual property (IP) and tangible

property.

3.3 Intellectual property

Perhaps the most important section of the general provisions deals with the
intellectual property and tangible property (TP) provisions. This section is important
because what motivates most collaborative research is the potential for gaining
access to such IP/TP as may be created under the collaborative research agreement.
For an institute, working with a company is an effective way to transfer technology.
Many believe that it is the most effective and efficient way for research results to move
from the laboratory, through a development process by the company partner, and
finally into the marketplace. Without such provisions, the benefits of collaboration
may be lost.
The first step in drafting this section is to clearly define IP and TP rights. IP rights
are rights under various types of statutory protection. These IP rights include the
intangible property rights obtained from:
•
•
•
•
•

issued patents and patent applications
plant variety protection (or a breeder’s rights) applications and granted
certificates
copyrights (including software)
trade secrets
trademarks and service marks

TP rights are the second broad class of property rights. These include ownership
rights in various classes of biological materials, germplasm, databases, business
plans, research plans and protocols, laboratory notebooks, and the like. They involve
the ownership of things that one can touch, see, taste, smell, and hear.
The second step in dealing with IP/TP issues is to establish who owns what. The
collaborative research agreement should clearly state that all IP/TP contributed to
the collaborative research, but predating the project, should be owned by the party
who contributed its use to the project. This is why there should be a clear inventory
of all IP/TP that either party contributes to the project.
For example, if the company has a genetic construct or a genomics database that the
collaborators will use, then whether or not these contributions are covered by a filed
or issued patent or some other sort of statutory protection, these contributions need
to be clearly identified in the agreement. Similarly, if the institute brings germ-plasm
lines, a site-specific promoter, or a transformation vector into the project, these too
should be identified and documented in the agreement.
In this way, collaboration can be promoted because each party recognizes and
acknowledges the other party’s ownership of the contributed materials. After
establishing an inventory (in the list of materials) of the IP/TP that is brought into
the project, the next step is to clearly establish how the ownership of new property
discovered under the project (new IP/TP) will be determined. In a typical collaborative
research project there is the potential for three classes of new IP/TP:
•
•
•

New IP/TP that is solely discovered by the institute researcher
New IP/TP that is solely discovered by the company researcher
New IP/TP that is jointly discovered by the institute researcher and the
company researcher

In collaborative research, many of the discoveries fall into class three. A well-written
collaborative research agreement will address how and by whom the ownership
determinations are to be made in cases in which the IP/TP is discovered
by one party or the other.
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Globally, patent laws differ. Under the patent laws of nearly all countries outside the
United States, inventorship is determined by whomever files the patent first (and
has been involved in the discovery process). In the United States, inventorship is
determined by first-to-invent and ownership follows inventorship, that is, ownership
goes to whoever files first. This is the so-called first-to-file approach. It is therefore
necessary for a collaborative research agreement to address the matter of ownership
determination, or refer to the national laws of the partners.
Normally, inventorship is determined when the patent attorney talks with the
researchers. If a patent is being sought in the United States, great care must be taken
to include on the patent application only the actual inventors (those researchers who
make the creative, intellectual contributions to the discovery). If someone who is not
an inventor is named as an inventor on the patent application, this will prevent the
issuing of a legitimate U.S. patent.
In a first-to-file country, the rules for the determination of actual inventorship are
different. As in a first-to-invent country, ownership follows inventorship. So, whoever
files first will be listed as the inventor and as the owner. Clearly, it is important to
understand the rules of the country in which the patent filing is taking place. Yet it
must be remembered that if the new IP/TP is to be protected in the United States (and
other first-to-invent countries), regardless of where the research takes place, the rules
of first-to-invent apply to all patent filings.
In general, if only employees of the institute are listed as inventors, then the institute
owns the invention. If only employees of the company are listed as inventors, then
the company owns the invention. However, if at least one employee of the institute
and one employee of the company are listed as inventors, then the invention is jointly
owned by both the institute and the company. Regardless of whether the patent
filing is in a first-to-invent country or a first-to-file country, it is important to address
the matter of patent ownership in a well-written collaborative research agreement.
However, equally important than patent ownership are the rights that are granted
under the patent.
A key part of the IP provision is what the agreement is actually promising in terms
of the granting of licensing rights, or the “grant.” Normally, the parties enter into a
collaborative research agreement in order to obtain access to the discoveries that flow
from the collaborative project.
The scope of the grant must be considered very carefully. For example, if the scientists
are conducting mer research and are seeking a technology for disease resistance, it is
possible that the technology may apply to other plants as well. Thus, the collaborative
research agreement should be clear that the grant is for a license for mer only (or for
some other agreed-upon subset of plants). This will be a key point in the negotiation
of the agreement. Normally, one party will want a very broad grant of rights and the
other party will keep trying to narrow the grant.
The next thing to consider is whether the grants will be for an option to a license or
an actual license. There are pros and cons to both approaches. Granting an option,
with a preset fee structure, is sometimes all that will be requested, because such an
option allows both parties adequate time to thoroughly evaluate the invention before
signing an actual license. On the other hand, one party may strongly prefer a direct
grant of a license, with the business licensing terms clearly spelled out, because this
reduces the amount of uncertainty.
Granting an option normally makes a great deal of sense because it is very difficult
to predict what IP/TP will be generated. Further, it is difficult to predict the value of
such new IP/TP. Therefore, agreements that give a direct grant of a license
and fully spell out the license terms can lead to a gross miscalculation of the

new IP/TPs worth, either undervaluing it or overvaluing it. If the IP/TP is overvalued,
this would likely act as a disincentive for future development of such IP/ TP. If the new
IP/TP is significantly undervalued, this may act as a block on the future relationship
of the parties because one party has been treated unfairly.
With either approach, the collaborative research agreement should include time
frames during which the party who receives the option to a license must decide
whether it wishes to execute its option and take a license. The option grant should
not be open ended. This will allow another licensee to be sought if the collaborating
party does not wish to develop and market the new IP/TP.
Likewise, it is important to specify the license grant’s level of exclusivity. Is the license
(or the option to a license) for an exclusive license or a nonexclusive license? Is the
license exclusive by country or region? Is the license limited by crop? By product? By
time? Or, is the license more general? Most companies (and many other collaborators
as well) will want some sort of exclusivity in their license (or option to a license). It
may be adequate for such a collaborating partner to have an exclusive right for some
specified time period, or for a certain well-defined field of use, or for a certain licensed
territory, or for a combination of these. Most organizations are reluctant to put their
resources into an agreement if the organization is not assured of an exclusive license
because their competitors may also seek a license.
The negotiation of the grant of intellectual property is a key part of the collaborative
research agreement. Take time to think it through clearly and come up with a solution
that meets the needs of both parties.

3.4 Amendments

The last part of the general provision section is the amendment process. Strong
partnerships grow and change; therefore, agreements need to be amended. In fact,
many of the best collaborative research agreements need constant amendments. It is
not unusual for a collaborative research agreement to be amended as often as every
six months or every year. This is because the researchers often identify dynamic,
new opportunities that the partners want to explore together. Thus, a well-written
agreement can be amended so that the statement of objectives, the statement of
work, and the budget reflect the new needs.
All amendments should in writing and signed by the proper authorities as an
appendix to the agreement. Guard against informal amendments that may sneak
in as the project gains momentum and the researchers become excited. If they are
not written down, such amendments can lead to disputes and litigation. So make
it clear to everyone that all significant changes in the research must be written and
appended to the agreement.

3.5 Termination

All agreements should have a specific date upon which the cooperation ends.
Termination clauses may be added that stipulate when and under what conditions
each party may elect to terminate the agreement before the end date. The end date
may be extended through the amendment process, if both parties agree. This is
common in successful collaborations.

4. BUDGET
The fourth section of a well-written collaborative research agreement is the budget.
There is a tendency to view this as the most important section because it documents
the funding that the parties contribute. This, however, is an improper emphasis.
While it is true that public sector agricultural research is grossly underfunded, and
therefore funds obtained from collaborating partners have an extremely
important place in the overall research budget, collaborative research
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should never be viewed principally as a way to raise revenues. Collaboration is much
more than that. Concentrating only on research funding overlooks both the use of
the agreement as a means of technology transfer and as a way to build an intellectual
synergism that can result when researchers collaborate.
Developing the budget must begin with a clear statement of work. This will help
determine for the collaborators the amount and the timing of the resources required
for the collaborative project. This is the starting point. There must be enough
funding to undertake the project without detracting from other projects that are
already underway.

Broadband Acoustic Resonance Dissolution Spectroscopy
(BARDS) is a revolutionary new technology for formulation and
dissolution characterisation.

Staff time should be considered, as well as tangible resources (such as space and
equipment that will be required to support the project). For example, if one partner
will need to recruit graduate students, technicians, or other personnel, then salary
and benefit costs for the new staff must be included. Also, do not overlook in-kind
contributions that a collaborating partner may be able to provide. A company, for
example, may have very specialized equipment, expertise, formulation technology,
or access to facilities that would be extremely costly for an institute to procure on its
own. The value of such in-kind contributions should be noted in the budget.

An instrument with ground breaking applications in blend
uniformity, counterfeit determination, stability testing, drug
sphere profiling and batch variability analysis.

The budget for a collaborative research agreement should be absolutely clear as a
research budget and be totally separate from any sort of licensing revenue that might
be projected. The budget should also specify when the payments will be made and
clearly indicate when the contributed in-kind resources will be provided.

5. LIST OF MATERIALS
The final section of a collaborative research agreement is the list of materials. As with
the budget, this section provides a clear listing of the TP that each party provides to
the project. This is critical because all such materials were developed outside of the
project and are owned by one partner or the other. They are not new TP that will be
divided according to the granting clauses. Rather, materials that are included in the
list of materials are fully owned by one of the collaborators. Sometimes items listed
in the list of materials have IP rights associated with them; sometimes they do not.
In truly collaborative research, the list of materials may have to be amended on a
regular basis. This will require the agreement to be amended easily (as noted above).
A well-written collaborative research agreement, the list of materials will dynamically
respond to the emerging needs of the researchers.

6. CONCLUSION
Collaborative research agreements can be extremely beneficial to both partners.
No single entity ever has adequate money, resources, and intellectual capacity to do
all the research it might want to do. Forming partnerships can be an effective and
economical way of accessing resources. Collaborative research agreements, moreover,
are often the first step in establishing longer-term partnerships. They can be effective
technology transfer tools, as well. The benefits are much more than monetary.
Taking the time to think through and discuss the terms of the collaborative research
agreement helps foster communication between partners and sets the project on a
path for success. Indeed, good partnerships spur creativity and help innovation to
serve the public welfare.
Lastly, it should be said that writing and negotiating a collaborative research
agreement might seem like a very difficult process. In fact, a first attempt to write
such an agreement usually is difficult. The good news is that each time one does it,
the process gets easier.
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The iGC Surface Energy Analyzer (SEA) is a huge advance in inverse gas
chromatography (iGC) technology. The heart of the SEA’s innovation is its unique
variable injection manifold system*, which generates solvent pulse sizes of the
greatest precision and range – accurately producing isotherms at unprecedentedly high and low sample surface coverages with a 1:4000 injection volume ratio.
This allows for the accurate mapping of surface energy heterogeneity distributions, amongst other parameters. *patent pending
Additional options include a film/monolithic sample holder and background
humidity control.

The DVS Advantage automatically records organic and water sorption isotherms quickly, dynamically and accurately. The Advantage also offers greatly
expanded functionality with optional modular features
• Modular Color Video Microscope for qualitative sample data.
• Dual Fiber-Optic Probe Adaptors for coupling with Raman/NIR spectrometers.
• Modular Coil Sample Pre-Heaters (large and small for temperatures up to 150°C)
• Modular Expandable Manifold for use with large-sized samples.

The DVS Intrinsic combines unrivalled baseline stability with fast
and accurate humidity and temperature control. The Intrinsic is also
lightweight and compact, weighing only 22kg (48.5lb) with a bench
top footprint of 0.1m2 (1ft2).

The GenRH-A is the world’s most flexible instrument for relative
humidity (RH) generation, easily coupling to your characterization
systems to deliver precision RH levels from 0 to 98% at ambient
room temperatures with ±0.8%RH control.
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S

ince the dawn of the chemical industry, pharmaceutical
manufacturing has continued to operate virtually unchanged through
the use of large batch reactors. Chemicals are thrown into a vessel,
mixed for a certain time and then emptied once the reaction is complete.
There is a reluctant mind-set, adopted by many, due to the pharmaceutical
industry being highly regulated. This is a principal reason that the majority
of the pharmaceutical companies still operate under batch conditions and
remain batch focused.
Despite batch manufacturing being a tried and tested method,
pharmaceutical companies still face many difficulties during scale up of
lab scale processes to pilot plant. For example, heat transfer is difficult to
control within a large vessel. Heating is controlled by a jacketed system on
the exterior of the vessel hence, the larger the vessel becomes, the less heat
can penetrate from the outside. The application of different processing
conditions such as mixing and heat transfer within batch reactors can lead
to variations in local supersaturation and therefore, differences in product
attributes. On top of all these problems, batch systems are typically large
and majorly contribute towards a company’s plant footprint. It is hoped that
the adoption of continuous processing will contribute towards a greater
understanding of and enhance the ability to predict the outcome of primary
and secondary industrial processes. The implementation of continuous
manufacturing will involve not only product synthesis and formulation but
also secondary processes such as packaging and supply chain.
It is also anticipated that continuous processing will lead to

reduced operating costs, an outcome that will greatly improve the success
of pharmaceutical companies within the current financial climate1 and it
will also provide an opportunity to deliver better medicines in a qualified
environment. Continuous processing has interested the pharmaceutical
industry and over the last decade continuous manufacturing has enticed
academia with research consortia existing in UK and US.
The manufacturing of pharmaceuticals involves numerous unit processes
and is ultimately dependant on the compound of interest. At present, many

Figure 1. Schematic of a continuous oscillatory baffled crystalliser.
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of the unit processes involved in the manufacture of pharmaceuticals are
inherently continuous. However they are operated in a batch mode with
crystallisation, spray drying and tableting processes as typical examples.
Other unit processes, including granulation and drying, are naturally
batch. However, research has been focused towards continuous operation
and this has led to new technologies being developed for continuous
processing. End-to-end continuous pharmaceutical manufacturing would
combine all unit processes into a single stage, from synthesis through
to final formulation. Very recently, Mascia and co-workers successfully
demonstrated end-to-end continuous manufacturing of a medicinal
product i.e. from synthesis of the active pharmaceutical ingredient
through to the production of tablets of the antihypertensive drug aliskiren
hemifumarate.2
Micro-reactors technology has been extensively evaluated as a continuous
synthesis platform for primary manufacturing. It has been suggested that
approximately 44% of synthetic reactions could be conducted by means of
a micro reactor. The small-scale nature of micro reactors means that only
small quantities of product can be created fro a single reactor, however
operating multiple reactors in parallel can compensate for this. Innovations
in micro reactor design have allowed complex continuous chemical
reactions to be developed using this technology. One such example is
a two stage process, involving hydrogenation, for the manufacture of
intermediates involved in the manufacture of atorvastatin.3 The high
surface to volume ratio of micro-reactors provides excellent heat transfer
properties in contrast to batch methods. Other reactor designs include
spinning disk reactors, which are suited for volatile reactions.4
One of the major challenges of manufacturing pharmaceuticals
continuously is the crystallisation stage, which acts as both a separation
and purification process. Tubular reactors/crystallisers and their modified
adaptations have been the subject of extensive research. One such modified
example is the continuous oscillatory baffled crystalliser (COBC), which
has been successfully used by Lawton and co-workers as a continuous
crystallisation platform. An example can be observed in Figure 1.5 Another
alternative to new continuous crystalliser equipment is to modify existing
batch stir tank crystallisers to generate a crystalliser cascade. At present the
technology for pharmaceutical manufacturing exists, however it requires
optimisation. The major advantages of stir tank reactors/crystallisers are
their adaptability and product lead-time reduction. It should be noted that
batch processes still have an important role in this approach.
Another major area of development for continuous manufacturing
involves the formulation and development of new medicines. Specific
physico-chemical properties of drugs, such as poor solubility and therefore
limited bioavailability, necessitate improvements in performance. The
development of new dosage forms and the delivery of personalised
medicines are examples of how this may be achieved, and continuous
manufacturing may play a key role in such developments. A number
of techniques are available to the pharmaceutical industry to improve
the oral bioavailability of poorly soluble drugs, such as the production
of amorphous solid dispersions. From a continuous manufacturing
perspective, the initial stages of formulation are normally

Figure 2. GEA ConsigmaTM 25 continuous manufacturing system (Reproduced with
permission from Elsevier). 1 – powder feeding system; 2 – twin-screw granulator; 3 – fluid
bed dryer; 4 and 5 – the post-processing area of granules including sieving process; 6 and
7 – blenders for the addition of extragranular excipients; 8 – tablet press at the end of the
system.

Hot-Melt Extrusion (HME) and Twin-Screw Granulation (TSG). These
offer the possibility to obtain an amorphous solid dispersion using a
homogeneous mixing performance. The outcome is a shaped product,
such as pellets or granules, with your desired properties. For example,
granules of reduced particle size and increased physical strength would
lead to better compressibility properties.6 Nowadays, one of the main
applications of the technologies is the manufacturing of amorphous solid
dispersions of poorly soluble drugs. The main advantage of HME and TSG
is the excellent mixing achieved by the co-rotating twin-screws due to their
intermeshing mixing capacity. Application of these processing techniques
can dramatically reduce the manufacturing cost, in terms of equipment,
space and personnel required. An example of a continuous manufacturing
plant set-up is the ConsigmaTM 25 depicted in Figure 2.7
Spray drying is another cutting-edge technology used to obtain a fine
dry powder, this time by the atomisation of a solution and the formation
of small droplets that are subsequently dried. This technique is able
to produce solid particles of a specific size that can be controlled by
optimisation of the processing parameters applied. Other potential
applications of this technique are the production of amorphous solid
dispersions, the coating of beads or the production of modified release
formulations.8
Tableting is the latter stage of the manufacturing process, where
components have already been processed and blended. A viable method
for continuous manufacturing is 3D-printing. This involves the use of an
extruded product, previously manufactured by HME (see Figure 3) and
therefore could enable the production of tablets with low drug
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content in a continuous manufacturing framework.
However converting unit operations to an end-to-end continuous process
not only reduces the manufacturing cost but may help to better characterise
the process i.e. using Process Analytical Tools (PAT) can ensure high quality
product. The implementation of PAT is critical to the success of continuous
manufacturing. As per FDA guidelines “PAT is a system for designing,
analysing, and controlling manufacturing through timely measurements
(i.e., during processing) of critical quality and performance attributes of
raw and in-process materials and processes, with the goal of ensuring final
product quality”.9 A key goal of PAT is to ensure increased understanding
and control of the manufacturing process, thus enabling a predefined

Figure 3. Extrudate obtained by HME using a Thermo® Process 11 twin-screw extruder.

quality in the product at the end of the process. Implementation of PAT
tools can enhance process understanding and provide a way for continuous
improvement of the process and development of a risk mitigation strategy.
PAT tools can be classified into four categories including (i) multivariate
tools for design, data acquisition and analysis (ii) process analysers (iii)
process control tools and (iv) continuous improvement and knowledge
management tools.9 There have been significant improvements in process
analytics in the last decade, which are primarily due to the driving
factors of enhanced productivity and quality. Qualitative and quantitative
information during continuous process can be obtained using process
analysers including spectroscopic tools such as Infrared (IR), near infrared
(NIR), Raman and ultraviolet (UV), imaging techniques such as PVM
and also particle size distribution, shape and count using Focused Beam
Reflectance Measurement (FBRM) and Mastersizer. Critical quality
attributes (CQAs) can be obtained by mining the rich data obtained from
process analytics. And this data can then inform process control strategies,
which can be applied to develop a robust process in a shorter time
period.10-12
The selection of “the right” process analytics and implementation at “the
right stage” in the development and manufacturing is essential

to ensure better process understanding and high product quality.13 With
an increasing range of PAT available, continuous manufacturing provides
a route to accelerate the production of a high quality and lower cost drug
product.
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o paraphrase Baz Luhrmann, ‘If I could offer you
only one tip for the future, sunscreen would be it.
The long-term benefits of sunscreen have been
proved by scientists, whereas the rest of my advice has no
basis more reliable than my own meandering experience’
[Luhrmann, B (1999) “Everybody’s free (to wear sunscreen)”
EMI Records]. With this in mind, I will now attempt to
dispense some gems of wisdom on making the transition
from undergraduate to postgraduate study.

Key differences

There are some key differences between your undergrad and postgrad
experiences. Chief among them is that a postgrad position is neither
a job, nor a pure studentship; it’s an odd mix of both. There are plenty
of horror stories of PhD students sleeping under their desks, not
having a weekend since starting, and holidays being a long distant
memory. Manage your time well, and you should never encounter
this yourself. Occasionally, an experiment may run for seven days or
over a weekend, but if it does, make sure to give yourself enough time
to relax. However, a postgraduate project requires dedication and no
small amount of determination.

Choosing a project

Getting this right is vital. You could live in the perfect city, work with
the most interesting and entertaining people, but if you project doesn’t
blow your dress up you’ll struggle to stay motivated. You need to find
something you can stick with, which will excite you on the good days
and give you something to aim for on the bad days. The project doesn’t
have to have anything to do with your undergraduate studies or for
that matter where you hope to end up. A postgraduate qualification
is training. It is designed to teach you the requisite skills to be an
excellent researcher adaptable to many fields, not seal your fate.

Choosing a supervisor

Photo: Carrick-a-Rede ropebridge, Northern Ireland

Choosing a supervisor is as vital as choosing a project. It could be
the most interesting project under the sun, but if you can’t gel with
your supervisor, you’re adding on another layer of difficulty to what
is already going to be a challenging few years. Your supervisor will be
your greatest critic, and simultaneously your saving grace when you’ve
been stuck in a rut for weeks, nothing has worked, and you’ve decided
to quit and open a bakery in that shop–to–let you passed on the street
on your way to University in the morning. It’s their responsibility to
help you grow as a scientist and push you to consistently improve. This
will come in the form of scribbled notes, or a long talk, depending
on their style. Supervisors get to run a lab because they do excellent
science, not because they are a people person. However, those
two are rarely mutually exclusive, and if you are lucky and
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choose well you’ll find one who can do both. Communication is vital;
you should invest the time in the first few weeks or months of you PhD
into finding out how you best work together, this will save you a lot of
time and effort in the long run. Your supervisor doesn’t have to be your
best friends, but the relationship doesn’t have to be purely professional
either; lab nights out will be a nice time for coming together as a
group.

Choosing a place to live

Title: Folding Graft Copolymer with Pedant Drug Segment for Co-Delivery
of Anticancer Drugs

This can be tricky. How much you enjoy a place to live is only partly
about location. The rest is whom you are with. Picking a place to live
can be difficult, because most of the time you will have to do it on
first impressions. If you’re moving university between your undergrad
and postgrad, take the time to ask around and get other peoples
impressions. The pace of life may vary, and each place has its own
character. Cities are like shoes. You don’t want the biggest, flashiest
pair; you want the pair that fits.
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Abstract: A graft copolymer with pendant drug segment can fold into
nanostructures in a “protein folding-like” manner. The graft copolymer
is constructed by directly polymerizing g-camptothecin-glutamate
N-carboxyanhydride (Glu(CPT)-NCA) on multiple sites of poly(ethylene
glycol) (PEG)-based main chain via the ring open polymerization. The “purely”
conjugated anticancer agent camptothecin (CPT) is hydrophobic and serves as
the principal driving force during the folding process. When exposed to water,
the obtained copolymer, together with doxorubicin (Dox), another anticancer
agent, can fold into uniform nanocarriers for dual-drug delivery. Equipped with
a PEG shell, the nanocarriers displayed good stability and can be internalized by
a variety of cancer cell lines via the lipid raft and clathrin-mediated endocytotic
pathway without premature leakage, which showed a high synergetic activity
of CPT and Dox toward various cancer cells. In vivo study validated that the
nanocarriers exhibited strong accumulation in tumor sites and showed a
prominent anticancer activity against the lung cancer xenograft mice model
compared with free drugs.

Working with people

Get to know the people you will work with. As much as your mum
loves hearing about your studies, the people in your lab are your
brothers in arms. They understand what you are going through when
your assay fails to work ... again. You’’ll need to support each other
when things get tough, and celebrate with things to right. You should
be given a counsellor when you start, or if you aren’t, seek a willing
mentor. Not for academic purposes, but to help you navigate your
PhD personally. They’ll be your first port for call for advice on how to
handle stress, or flagging motivation, and will be invaluable.

Have a hobby

‘Nanodaisies’ Deliver Drug Cocktail
to Cancer Cells

Do something with your hands. I can’t stress how important it is to
have something to do with your hands. Build something, or make
something you can use. Bake bread, carve something from wood, pick
locks (your own), or learn to paint / draw. The satisfaction you’ll derive
from having produced something tangible with immediate results will
help in the long run after a long, frustrating and sometimes fruitless
day in the lab. Some cities offer workshops freely available to use,
replete with power tools and materials. Simply turn up, pay for the
cost of what you use and have at it. Having something to do to unwind
will keep you in the right balance for work vs. personal time. You can
do master’s in 10 months, but you can’t do it in 12.

Alejandro Zaffaroni (1923–2014):

Bioentrepreneur who revolutionized drug
delivery and screening

Conclusion

Postgraduate study can be tough, but it is also immensely rewarding.
You’ll get out what you put in, and you will learn a lot about yourself.
The best solid advice I can give is to enjoy it, you’ll not find work like
it anywhere else, it’ll challenge you on a daily basis, and above all
else, you’ll be doing what you love.
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Alejandro Zaffroni, founder of the ALZA Corporation in 1968 and drug
delivery pioneer, died on 1 March 2014 at the age of 91. Read more in
Nature, 508, 187 (10 April 2014) – https://tinyurl.com/p6excbe

UK pharmaceutical sector:
Some facts and figures

Share of sales of top 100 prescription medicines
by nationality of company. Source: IMS Health
World Review Analyst 2013

•

67,000 people, including 25,000 in highly-skilled
research and development

•

£5 billion per annum trade surplus, greater than
any other industrial sector in the UK

•

Invests ~ £13 million per day in R&D, more
than any other sector, and representing 28% all
expenditure on R&D in UK businesses

•

Of the top 50 global pharmaceutical companies,
37 companies have sites in the UK employing
52,000 staff

Top 20 products in England, by prescription volume
(Pxs), 2012. Source: The Information Centre, NHS,
‘Prescription Cost Analysis: England’, 2012
BNF chemical name

Therapeutic area

No. prescriptions
(thousands)

Simvastatin
Aspirin
Levothyroxine sodium
Omeprazole
Ramipril
Paracetamol
Amlodipine
Salbutamol
Lansoprazole
Bendroflumethiazide
Metformin HCl
Co-Codamol
Colecalciferol

Cardiovascular
Cardiovascular
Endocrine

42,646.547
31,433.979
26,676,534

Gastro-intestinal
Cardiovascular
CNS
Cardiovascular
Respiratory
Gastro-intestinal
Cardiovascular
Endocrine
CNS
Nutrition and
blood
Infections
Cardiovascular
CNS
Cardiovascular
Cardiovascular
Cardiovascular
Imm. products &
vaccines

25,758.255
23,836.913
21,935.096
21,624.901
20,406.786
18,966.550
17,272.568
16,727.556
15,215.611
14,477.086

Amoxicillin
Bisoprolol fumarate
Citalopram HBr
Atorvastatin
Furosemide
Atenolol
Influenza
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14,397.766
14,062.097
13,651.020
12,754.437
12,357.829
11,454.157
10,821.288

Article by Gizmodo: reprinted with permission.
http://gizmodo.com/soviet-doctors-cured-infections-with-viruses-and-soon-1587311881

I

n the Soviet Union, western antibiotics
couldn’t make it past the Iron Curtain.
So Eastern Bloc doctors figured out how
to use viruses to kill infectious bacteria.
Now, with antibiotic-resistant bugs vexing
doctors, that eerie yet effective method
might come our way. In post-antibiotic world,
infection cures you!
The technique actually dates back thousands
of years, in a very rudimentary form: people
observed that the water from certain rivers
could cure infectious diseases like leprosy and
cholera. In the early 20th century, scientists
figured out that these waters contained
very specific types of viruses, which killed
the bacteria that caused the infections. No
bacteria, no infection.
You already know this from high school
biology (of course), but a virus works by
injecting its DNA into a living cell, hijacking
the cell’s replication machinery to make more
viruses. When the cell can’t hold all those
replicated viruses any more, it explodes,
releasing the baby viruses to continue the
cycle again—and of course, killing the cell.
Bacteriophages are a type of virus that
targets, you guessed it, bacterial cells. Starting
in the 1920s, scientists in both the U.S. and
Georgia (the country, not the Peach State)
began purifying bacteriophages and using
them to treat bacterial infections. But right
around WWII, western medicine latched on to
the miraculous power of antibiotics, leaving
the Soviet Union to perfect what’s now called
“phage therapy.”
Fast forward to today. Western medicine’s
(over)reliance on antibiotics has led to the
evolution of new superbugs that can resist

even our most powerful bacteria killers. And
as Nature reports, that’s got researchers
looking into phage therapy:
In March, the US National Institute of
Allergy and Infectious Diseases listed phage
therapy as one of seven prongs in its plan
to combat antibiotic resistance. And at the
American Society for Microbiology (ASM)
meeting in Boston last month, Grégory Resch
of the University of Lausanne in Switzerland
presented plans for Phagoburn: the first large,
multi-centre clinical trial of phage therapy for
human infections, funded by the European
Commission. And there are some serious
benefits to phage therapy. While antibiotics
work indiscriminately, killing both the disease
causing bacteria and the healthy, necessary
bacterial bystanders, each type of phage is
precisely targeted to one very specific type of
bacteria.
The downside is, if a doctor doesn’t know
exactly which species of bacteria is infecting
a patient, he or she must create a cocktail
of many different types of phages to ensure
effectiveness. But compare that to traditional
antibiotics, which can wipe out all of the
healthy, normal bacteria in a patient’s gut
and leave an open playing field for the really
nasty, antibiotic-resistant bacteria that are
usually crowded out by the benign bugs. That
can lead to some vicious, sometimes lifethreatening complications when the bad bugs
take over.
“Antibiotics are a big hammer,” microbiologist
Michael Schmidt of the Medical University of
South Carolina in Charleston told Nature. “You
want a guided
missile.” And phage
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therapy could be just that type of weapon.
And with a near-limitless supply of different
phages (no two identical phages have ever
been identified), bacterial resistance isn’t such
a problem: if a bug develops resistance to
one type of phage, researchers can just add
different phages to the cocktail.
There are, of course, drawbacks. Isolating,
purifying, and storing phages is a much
more finicky and time-consuming process
than producing traditional antibiotics. And
then there’s the most practical of concerns:
money. Since phages occur naturally, and
their therapeutic use is nearly a century old,
it would be incredibly difficult for a drug
company to patent a phage therapy cocktail
as intellectual property.
Indeed, the U.S. Supreme Court ruled last
year that naturally-occurring genes cannot
be patented, a law which would likely extend
to phages. Like it or not, pharmaceutical
companies are unlikely to invest in a therapy
when they cannot ensure they’ll make that
money back with a patent-protected product
that can’t be copied by the competition.
Still, there is hope that phage therapy – which
is still widely used in Russia, Poland, and
Georgia – could make its way west. Nature
reports that the European Union has kicked in
$5.2 million into the research on Phagoburn,
which will begin limited human trials in burn
victims starting in September.
Who knows? Maybe someday, your doctor will
cure you by infecting the thing that’s infecting
you – with a virus that comes from Russia
with love.

From

ACADEMI A
INDUSTRY

To

A

and back again

t 18, having a flair for science and influenced
by a physics teacher (her husband was a
pharmacist), I decided to study pharmacy.
Following visits to several schools of pharmacy,
I finally settled on The University of Manchester,
my northern roots shining through! A job in
hospital pharmacist seemed to be on the cards,
until friends convinced me that a career in the
pharmaceutical industry would be more exciting. My
industrial training was in the lab and pilot plant
designing and manufacturing medicines (practical
problem solving - still a true passion) and where
my tutor at the time advised me to do PhD in drug
delivery. I then spent the next three years at
Nottingham and then went on to do further research
in tissue engineering at the Massachusetts
Institute of Technology. One of my strengths
(or weaknesses?) is that I am interested in
so many aspects of science, and
therefore I decided in the early
90’s to go back to industry
where I spent the next 20 years
developing medicines and people.
These still remain my goals in
academic life now that I’m back
at the University of Nottingham –
working on medicines of the future
and helping develop the next
generation of pharmaceutical
scientists.
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espite advances in drug delivery via novel routes of administration,
the oral route still holds high appeal because of its lower cost,
ease of administration and patient acceptance/ compliance.
However, setbacks of this route including drug degradation in the gastrointestinal tract (GIT) and first-pass metabolism in the liver leading to low
bioavailability, has pushed research in the direction of delivery via other
non-invasive transmucosal routes such as rectal, vaginal, ocular, nasal/
pulmonary and the buccal/ oral cavity; with emphasis on oral/ buccal cavity
[1]. The oral cavity is lined with stratified squamous epithelia covered by a
mucus layer (figure 1).

Figure 1. A schematic diagram of the human buccal epithelium highlighting possible
barriers to buccal drug delivery, adapted [2].

A basement membrane separates the epithelium from the supporting
connective tissues called the lamina propria which is rich in blood
vessels that empty into the jugular vein [2]. Below this is the submucosa.
Physiologic opportunities for transbuccal drug delivery include easy
accessibility, large expanse of smooth muscle and a relatively immobile
mucosa when compared with that of the GIT [3], direct access to the
systemic circulation (leading to high bioavailability) due to its high
vascularisation, and by-pass of first-pass metabolism in the liver;
substantial blood flow rate through the oral cavity vasculature which yields
a somewhat constant & predictable drug concentration to the blood stream;
and compared to the GIT, the oral cavity has lower enzymatic activity, a
narrower pH range (5.8 – 7.6) maintained by saliva which is less mobile
with less mucin/ enzymatic activities and practically no proteases [1, 3]. The
major barriers to buccal drug delivery are posed by the stratified nature of
the epithelium (40 - 50 cell layers), and membrane coating granules (MCGs)
present in the upper one-third of the epithelium which empty their lipid
contents into the paracellular spaces there by inhibiting drug permeation;
since drugs have been reported to permeate the buccal mucosa

via the paracellular route [3].
One area of continuous concern is the availability of effective in vitro
methods to assess buccal drug delivery which are reproducible and
representative of in vivo expectations. Currently available in vitro methods
involve the use of either excised animal buccal tissue mounted on diffusion
(Franz cell-like) chambers, or the application of buccal cell cultures. Some
setbacks with employing animal tissues include the low reproducibility due
to inter-animal variations, difficulty in ensuring and maintaining viability
of dissected tissue, limited availability of suitable animal models, as well
as cumbersome and non-standardised methods of tissue preparation [4].
Buccal cell cultures can be utilised to overcome some of these challenges
since there is high consistency and reproducibility when cells of a
homogeneous population are used, and mass production can be achieved.
However, inherent setbacks of cell culture including: being time consuming
and requiring high sterility, the need to control lipid composition and
stratification, inability to attain the same level of stratification (number of
cell layers) as seen in vivo and phenotypic changes from donor organism as
number of sub-cultures increase, must be addressed [4].
At present, commercially available buccal cell culture models include
the TR146 cell line (a continuous cell line derived from a neck node
metastasis of a buccal squamous cell carcinoma), reconstituted human oral
epithelium (RHOE) which are modified cells derived from the TR146 cell
line showing higher differentiation than the TR146; and Epioral™ tissues
which are reportedly the most developed of the available buccal cultures.
However these models have not still achieved the level of stratification and
differentiation expected in vivo, they are focussed on adults, and have high
cost implications. Therefore, there is still a need for development of culture
methods that can produce buccal cell cultures that closely resemble human
buccal mucosa, including models for paediatric transbuccal delivery, using
simple techniques that can be reproduced in any laboratory. The objective
of this work therefore was to investigate the TR146 cell model with the
larger aim of comparing the differentiation process of the cells with the
anatomical make up in both paediatrics and adults.

Experimental

Growing TR146 cells purchased at passage 4 from Public Health
England, were maintained (according to suppliers instructions) on 75cm3
T-flasks in Hams-F12 media fortified with 10% fetal bovine serum, 2mM
glutamine, and antibiotics; incubated in 5% CO2 at 37⁰C.
Media change occurred every 2-3 days, cells were sub-cultured
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at 80 - 95% confluence using trypsin/EDTA and passages 6–9 were used
for all experiments. Cells were grown on 48 well plates, collagen coated
microscope coverslips and 6 - well transwell inserts either in normal media
or in media fortified with increasing concentrations of calcium chloride. For
all experiments, normal media was used as a negative control. Experiments
were carried out in replicates of three or six, and results reported as a mean
± standard deviation, where possible. Light microscopy and transepithelial
electrical resistance (TEER) were utilised for cells on solid and permeable
supports respectively.

Results and Discussion

Cell proliferation on T75 flasks (figure 2) showed a progression from
about 95% confluence on arrival with cells exhibiting distinct intercellular
boundaries, to cells which had lost their morphology, become nonadherent and assumed a liposome-like shape upon trypsinization. Onward,
the cells adhered to the solid support, assumed epithelial morphology
and had begun replicating and forming small, then larger colonies. By
5 days post-passage, monolayer formation was completed and onward
stratification, as observed by the indistinct intercellular junctions due to
overlapping of stratifying cells was seen. As expected, cells exhibited the
stratified squamous epithelial characteristics of their buccal origin.
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Figure 3. Representative light microscopic Day 2 images (10x magnification) of TR146
cells cultured on 48-well plates in media fortified with increasing calcium chloride
concentrations, with normal (uncalcified) media as control (n=3). A – 0.3 mM Ca
(control); B – 0.6 mM Ca; C – 1.2 mM Ca; D – 2.1 mM Ca; E – 4.2 mM Ca; F – 8.4 mM
Ca; G – 16.8 mM Ca; H – 33.6 mM Ca.

F

Figure 2. Light microscopy (10x magnification) showing proliferation pattern of TR146 cells
grown in normal media on 75cm3 T-flasks from receipt, sub-culture, until confluence and
stratification. A – on arrivel; B – after passaging; C – 24 h post-passage; D – 48 h postpassage; E – Confluence; F – Stratification

Effect of calcium ion on cell proliferation
On 48 well plates (figure 3) cells were observed to grow faster and appear
healthier at concentrations between 1.2 mM and 2.1 mM Ca - better than
the control. Increasing Ca concentrations to 8.4 mM showed slower
growth rates and less healthy cells, while concentrations of 16.8 mM and
above resulted in cell lysis. Ca ion is a mediator for many cell processes
including cell adhesion/ attachment, however at high concentrations, it has
been implicated in cell death due to initiation of oxidative stress [5]. Cao
et al [6] reported cell death when cells were exposed to media
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Figure 4. Representative light microscopic Day 2 images (10 x magnification) of TR146 cells
cultured on collagen-coated microscope coverslips in media fortified with increasing calcium
chloride concentrations, with normal (uncalcified) media as control (n=2). A – 0.3 mM
Ca (control); B – 0.6 mM Ca; C – 0.9 mM Ca; D – 1.2 mM Ca; E – 1.5 mM Ca;
F – 2.1 mM Ca.
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to current flow when a potential difference is applied between the formed
cell layer and the culture medium [7]. TEER values in normal media
(figure 5) were seen to peak at about 250 Ωcm2 on day 14 in culture, fall,
and subsequently attain 250 Ωcm2 on day 34. TEER values are expected to
increase with age of culture and reach a plateau; with a significant fall in
TEER associated with destruction of the cell layer and possible cell death
[8, 9]. However, the later increase in the observed TEER values indicate
the formation of tighter layers [9]. Such fluctuations have been reported
in literature [8, 9]. It has been hypothesized that subsequent increase in
TEER values may coincide with completion of stratifying layer formation
and expression of desmosomal proteins. Immunohistlogical assays will
be necessary to validate this hypothesis. In calcium fortified media (figure
6) TEER values were more steady and increased with age of culture. The
addition of calcium to culture media is expected to enhance cell-to cell
adhesion and therefore increase TEER values. However there seemed to be
no significant difference between the different calcium ion concentrations.

Conclusion
Figure 5. TEER measurements for TR146 cells grown on 24 mm transwell inserts in normal
media. Results are the mean of single measurements of 6 different transwell inserts (n=6).

Increasing extracellular calcium concentrations enhanced proliferation
of TR146 cells grown on well plates and microscope cover slips, with
optimum concentrations at about 1.5 mM Ca. Immunohistological assays
will be required to correlate observed TEER values with the expression of
desmosomal proteins and occurrence of stratification, with the intent of
developing a buccal culture with cell layers representative of that seen in
humans in vivo.
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Logic puzzle

The UKICRS 5k Fun Run was held yesterday. Determine
the shirt colour and hometown of each of the top
runners, and match each to their finishing time. No option
in any category will ever be used more than once.
1.
2.
3.
4.
5.

Hexadecimal sudoku - £100 prize!
Same as a normal sudoku but with the
numbers 0-9 AND the letters A-F, giving 16 values
to fit into a 4x4 grid. A £100 prize is up for
grabs for the first correct solution received
by UKICRS. Simply complete the Sudoku, take
a photo, and send the photo along with your
name to ukicrs@gmail.com. UKICRS decision is
final. Sorry, but the competition is not open
to UKICRS Committee or Graduate Network
members.
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The contestant in the maroon shirt finished 2 minutes
before the contestant in the indigo shirt.
Mathew finished sometime after the competitor in the cyan
shirt.
The competitor in the lime shirt finished 1 minute after the
runner in the maroon shirt.
Greg finished 1 minute after Eduardo.
Kelly wore the lime shirt.
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ersonalised Medicine may
be a term we have heard
of before, but what does it
actually mean?

It is therefore necessary that industry should focus R&D efforts on
developing a method to accurately scale solid oral dosage forms.

“The core definition of personalised
medicine is using an individual’s
specific biological characteristics
to tailor therapies to that person,
including drugs, drug dosage and other
remedies’ M. Swan, 2009.” 1

by stating that:

This is not a new concept. In fact,
back in 2003, Dr Allen Roses, VP
of genetics at GSK highlighted the
need for individualised therapies

One way of providing personalised doses, which overcomes the difficulties
associated with splitting tablets, has been proposed by Green et al. and
Solomon and Kaplan (Figure 1).7,8 This method involves manufacturing
tablets that have a ‘drug free’ layer present, through which tablet splitting
will occur. This means that accurate splitting of a tablet can be achieved not
just by a pharmacist, but by patients themselves. The tablets can be taken
whole, or subdivided to provide a select number of varying doses. Although
this method provides a relatively easy way to ensure patients are receiving
the correct dose, there is still only a certain number of different doses
which can be administered. Further improvements would be a method to
select any desired dose to fit a patient’s needs.

“The vast majority of drugs - more than 90 per cent - only work in 30 to 50 per
cent of the people,’ and ‘I wouldn’t say that most drugs don’t work. I would say
that most drugs work in 30 to 50 per cent of people. Drugs out there on the market
work, but they don’t work in everybody.” 2
The traditional business model, within the pharmaceutical industry,
is based around the discovery and development of blockbuster drugs.3
However, the recent expiration of patents on a number of these drugs,
combined with decreased R&D productivity means that a change in
strategy is required. With the emergence of drugs such as trastuzamab
and gefitinib, which target very specific patient groups,4 perhaps industrial
focus will now begin to turn towards personalised medicine.
In order to be able to supply a patient with a dose tailored specifically
for their own needs, it is essential that there is a viable method of
manufacturing the required dose. Without such a method, the cost of
manufacture increases and personalised medicine quickly becomes
unsustainable. Tailored liquid dosage forms are easily administered
through the use of measuring cups and spoons, but there are many
substances which are unsuitable for liquid oral dosage forms.5 There is
currently no suitable method for tailoring solid dosage forms. Splitting of
tablets would only provide a small number of variable doses and
also leads to unacceptable weight differences in the fragments.6

Figure 1. Tablets manufactured with ‘drug free’ layers. Reprinted with permission from Elsevier. International Journal of Pharmaceutics, Vol 404, Oral drug delivery in personalized
medicine: Unmet needs and novel approaches, Klaus Wening, Jörg Breitkreutz, 1-9, 2011,

Wening et al.,5 have demonstrated the use of a twin-screw extruder,
equipped with a cutting tool, in the production of varying sustained release
doses of their model drug carvedilol. Different diameters of extrudate with
varying drug loading could be produced, which were then cut into tabletlike slices. Figure 2 shows the cylindrical extrudate and tablet-like slices.
The ability to vary both the diameters of the extrudate and the drug
loading of the formulation allow for varying solid doses to be
easily manufactured. While this is a step in the right direction for
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available GBT and highlights the benefits associated with optimisation of
this technology.

Figure 2. Extrudate prior to (left) and after (right) cutting. Reprinted (with permission from
Elsevier) from the International Journal of Pharmaceutics, Vol 395, Novel delivery device
for monolithical solid oral dosage forms for personalized medicine, Klaus Wening, Jörg
Breitkreutz, 174-181, 2010.

manufacturing of these tablets, the equipment still needs to be stopped and
the die plates changed in order to vary the size of the solid dose produced.
Although this is facile, when compared to conventional tablet press
machinery, a further improvement would be the use of a technique which
does not require this down time.

All techniques discussed demonstrate novel ways in which to implement
manufacture of varying solid dosage forms. The technique applied
for developing tablets with ‘drug free’ layers is unlikely to require any
drastic changes to current manufacturing procedures. However, the other
techniques discussed will involve changing the manufacturing process
somehow. The technique applied by Wening et al.,5 with the use of a twin
screw extruder requires a little more specialist knowledge of the equipment
and would be more suited for use within a manufacturing plant. In
comparison, both the EHD DOD method developed by Elele et al.,9 and
the 3D printing technique of Roberts et al.,10 are relatively easy to use and
could potentially be installed within hospitals and pharmacies. This could
allow healthcare providers to select a dose from a pre-programmed setting
on the printer, and deliver the medicine direct to the patient without long
waiting times, which also combats any problems associated with reduced
shelf life of pharmaceutical products. Should this technology be installed

Elele et al. have demonstrated a method of producing varying
pharmaceutical doses using electrohydrodynamic drop-on-demand (EHD
DOD) encapsulation of drugs.9 Solutions of ibuprofen and griseofulvin
were used as model compounds and a method developed to enable printing
of droplets of these solutions onto freeze-dried porous polymer films.
The dose can be tailored to individual patient needs by cutting or scoring,
allowing flexibility in the dose, and can be administered in capsules or by
folding the film and sealing it together.
The process starts with the polymer film and is then printed with a solution
of the desired API in a specific pattern. This is then covered with a nonporous barrier film to produce the dosage unit. In their results, Elele et al.,
have demonstrated that this method provides a novel way of producing
varying doses of a drug using a modified method similar to inkjet printing.
Conventional ink-jet printers create an environment of high temperature
and high shear, however this method overcomes the incompatibility and
allows for the printing of solutions of poorly water soluble drugs that
exceed the normal viscosity range of conventional inkjet print heads.
Building on the idea of using printing technologies, Roberts et al. have
demonstrated that 3D printing presents a novel, inexpensive method of
formulation for controlled release bilayer tablets.10 Guaifenesin, used in the
treatment of respiratory tract infections, was used as a model compound
and the final product compared with commercially available guaifenesin
bilayer tablets (GBT). The printer operates at room temperature and
produces tablets by means of extrusion of a feedstock paste onto a movable
stage. Multiple layers of the paste are deposited onto the stage in order to
build up a 3D tablet containing a specified dose of guaifenesin. Figure 3
shows a schematic and a photograph of the printer used in this research.
The tablets produced were tested for uniformity of weight, thickness,
hardness and friability and all satisfied the specifications listed in the
U.S. Pharmacopoeia XXIV. The results obtained from this work
showed that the printed GBT were comparable to commercially

Figure 3. The 3D printer used by Roberts et al. Reprinted (with permission from Elsevier)
from the International Journal of Pharmaceutics, Vol 461, Desktop 3D printing of controlled
release pharmaceutical bilayer tablets, Shaban A. Khaled, Jonathan C. Burley, Morgan R.
Alexander, Clive J. Roberts , 105-111, 2014.

within healthcare facilities, this would have a huge impact on the supply
chain. The need for a centralised warehouse for distribution is completely
removed, allowing for reduced inventory and the need for transportation
is also removed, both of which save on costs. These improvements
demonstrate some of what can be achieved through innovative manufacture
of personalised medicine.
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5 THINGS
TO STOP DOING
if you really want to finish that paper
David
by
Keers
Your data may be able to speak
for itself but it is incapable
of writing the subsequent paper
(if it could, it probably would
have finished itself a long time
ago!). Here are five things that
you need to stop doing immediately
if you want to become someone who
no longer relies on incessant
questions and endless internet
searches but instead has the
ability to brag to friends and
relatives – and even that stranger
at the party – about how you
completed your piece of published
work.

Nip those excuses in
the bud

1

We all have those days, we get it,
life is busy and writing is hard
work sometimes. Still, excuses
never inspired anybody, never
changed anything and never made
dreams become reality. Your
goals, whatever they may be, do not
die on their own. You suffocate
them with excuses and other things
that you consider to be of higher
priority. Let’s be honest we are

Strathclyde Institute of Pharmacy & Biomedical Sciences
University of Strathclyde, Glasgow, UK
E: d.keers90@googlemail.com

all good at it … no not sticking to
deadlines but procrastination.
Therefore you need to stop
browsing social media, pairing
your socks and going for those
extra-long showers.

Stop trying

2

Take the words of the famous
Jedi Master Yoda ‘Do or do not.
There is no try’. You need to stop
the “trying” and have more “doing”
when you are writing. Trying leads
to excuses and failure whereas
doing will always give results.
It may not always be the refined
result that you want but it is
still results. According to the
great queen of Philanthropy,
Oprah Winfrey, ‘Doing the best at
this moment puts you in the best
place for the next moment’.

moment. Besides it’s only a first
draft, everyone requires a first
draft before they get to the final
product that is why it is called a
draft. It’s rough and needs ironed
out. Take into consideration
Walt Disney, who created some
of the most iconic characters
in existence. He was fired from
one of his jobs for lacking
imagination and creativity, yet
did that stop him generating one
of the most imaginative, creative
and profitable franchises ever … I
think not. So, let that be a lesson
to all those who take what people
say with a heavy heart, because
it is up to you how you shape your
future and the opinion of one
person may not be the general
consensus.

Quit the junk

Stop worrying what other
people might think

3

Don’t let the inner critic make
you doubt yourself. There is no
reason to. This is your work, your
dedications
and hard work
got you
to this
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4

Sorry but it has to be said.
Call it tough love if you want
but over dosing on sugar and
caffeine makes more people go
mad in espresso filled rages of
exasperation and frustration
than anything else that you could
do. Instead of reaching for a

snickers just grab some fruit or
non-processed nuts and instead
of going for that third cup of
steaming caffeine filled goodness
that is coffee why not go for a
fruit infusion or a smoothie.
There are various studies that
show the impact of fruit on brain
health. For example, a study
completed at Tufts University in
the US showed that the consumption
of fruit protected the brain from
oxidative stress and may improve
your short-term memory, as well
as the effects of age related
conditions such as Alzheimer’s
disease or dementia.1

Realise Rome wasn’t
built in a day

5

Thinking you can write your paper
in a day is just going to lead to
disappointment and more work in
the long run. You need to plan,
write then read and rewrite all of
which is good to do when feeling
fresh and rested. Hours of sitting
in front of a computer attempting
to write will not accomplish
anything useful. Break it down
into chunks of approximately 60 to
90 minutes, and then have a break.
Always remember to leave yourself
questions or ideas that you would
like to continue with when you
begin to write again.2 Remember
fundamentally that writing is what
it is. Some forms of writing are
easier than others but try not to
look at it as a chore.
No matter what you put your mind
to, the important thing to be
aware of is setting yourself
realistic goals and push yourself
outside your comfort zone. In the
words of Christopher Columbus:
“You can never cross the ocean

unless you have the courage to lose
sight of the shore.”
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Drugs
Generic name

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

“You can never cross the ocean unless
you have the courage to lose sight of
the shore.” Christopher Columbus
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16
17
18
19
20

Aripiprazole
Esomeprazole
Adalimumab
Rosuvastatin
Fluticasone/
salmeterol
Etanercept
Duloxetine
Infliximab
Filgrastim
Glatiramer
Insulin glargine
Rituximab
Tiotropium
bromide
Sitagliptin
Emtricitabine/tenofovir/efavirenz
Insulin glargine
Bevacizumab
Pregabalin
Oxycodone
Epoetin alfa

Sales Q4 2013
($000)
1,602,329
1,536,435
1,461,861
1,333,502
1,247,330
1,189,844
1,064,186
994,020
854,508
851,351
839,691
746,766
726,057
700,941
679,418
675,461
650,208
624,774
585,482
503,493

Data: http://www.drugs.com/stats/top100/sales

Nanotech, Drugs and Rock and Roll: Tiny
Advancements with a Big Impact
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N

anotechnology promises
to revolutionise our future
in more ways than one;
but is it humanly possible to
appreciate the true dimensions of
nanoparticles? There is a world
of intricate structures that exist
beyond our perception leading to
the most bizarre of concepts - with
a nanometre often defined as being
one billionth of a metre; 100,000X
smaller than a human hair or the
diameter of 3 atoms[1]. Do these
comparisons provide any useful
understanding of nanostructure
characteristics other than the
fact that they are really small? Another puzzling thought would be on the
decision to make a category of technological and scientific advancements
solely based on size, as the word ‘nanotechnology’ suggests. Although size
may be a common property within this category there is great diversity in
relation to all other aspects. It may be proposed that the prefix nano- is
somewhat of a buzzword luring the reader in to find out more about the
mystery of nanotechnology. In fact, there is more than meets the eye at the
nano-level as materials begin to behave and interact differently to how they
are in our perceivable world. This has enabled the development of new
materials and technologies; in a way that was never possible before.
Nanoparticles express different arrangements of atoms at their surface,
as a result, innate chemical and physical differences become apparent.
This in turn alters thermodynamic and electrical properties, reactivity
(i.e. as a catalyst), and magnetism as we know it [2]. When these particles
are applied in the biological microenvironment, in terms of their use as
nanomedicines, these size-related characteristics greatly influence stability,
as well as their interactions and distribution within the body. For example,
when gold is brought down to the nanoscale it appears red and its melting
temperature is greatly reduced from 1063 °C to 327 °C (at a nanoparticle
diameter of 2 nm), while the surface charge of gold nanoparticles influence
biodistribution and efficacy when administered as a cancer treatment [3 - 5]

Figure 1: Scanning Electron Micrograph of the original nanoguitar taken by D. Carr and
H. Craighead [6] ©1997. Reprinted with permission from Professor Craighead.

The world’s smallest guitar

The world’s smallest guitar was originally developed in 1997 by Prof.
Harold Craighead and his PhD student, Dustin Carr, at the Cornell
Nanofabrication Facility (USA), as a non-functional but equally impressive
‘nano-guitar’ (Figure 1). This structure measures 10 µm (rather than
nanometres) in length, holding 6 strings, each being 50 nm in diameter.
To put this ‘in perspective’ the total size scales up to that of a single red
blood cell. It was carved from crystalline silicone in a process known as
electron beam lithography which has a resolution of 10 nm allowing for the
creation of intricate structures [6]. In 2003, Lidija Sekaric and her team at
Cornell University reached that magical moment whereby they were able
to successfully strum the 150 nm strings of a newly developed nano-guitar,
which was roughly 5x larger than the original. This was possible by striking
the strings with a laser from an atomic force microscope (AFM), therefore
acting as a plectrum (playing a guitar with laser beams? Nanotechnology
couldn’t possibly get any more rock ‘n’ roll!). The sound produced is 17
octaves higher than that which blasts from the average guitar which means
that even after amplification, the sound produced is not audible by the
human ear [7]. However, using the process of sonification, whereby the
vibrations made from plucking the strings is converted into an auditory
output; the tuneable nanostructure was finally accepted as a functional
guitar [8].
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Currently, life-changing nanotechnologies are being developed which
promise to revolutionise the fields of electronics and communication,
textiles, agriculture, environment and medicine. This may appear
overly optimistic on the basis of introducing a bacteria-sized banjo, but
researchers in nanotechnology have more in mind than just fun and
games. In fact, although this application is very entertaining and shows
off the group’s ability to synthesise impressive nanostructures, it actually
demonstrates working Nano-Electromechanical Systems (NEMS);
hence the term nano-guitar. NEMS could allow for the production of
electromechanical circuits that are both smaller and faster, as well as being
more economically and energy efficient; resulting in a wide-scale significant
improvement in engineering and science technology [9].

Current problems with chemotherapeutic
medicines

Nanoparticles in medicine, or nanomedicines, are envisaged to become
cancer-seeking missiles that get to the core of the tumour where they
unleash their potent but controlled destruction. Chemotherapeutics and
radiotherapy have revolutionised cancer treatment which has helped save
and prolong the lives of millions but at the same time there is a major
impact on patient quality of life. It becomes difficult to avoid envisions
of concentration camps in response to learning of the administration of
Bendamustime (similar to mustard gas) for the treatment of cancer. As
current therapeutics predominantly consisting of an attack of chemical
warfare on the patient’s immune system, body and well-being, as well as
other issues with tumour multidrug resistance, alternative, more efficient
treatment mechanisms are essential to move on from this intense therapy
and nanoparticles could hold the key.

Drug delivery systems and lessons to be
learned from nature

Figure 2: Possible design of a liposomal drug delivery system with both diagnostic and
therapeutic features. Reprinted with permission from Elsevier[13].

virus for inspiration but most commonly in the field of gene therapy [10].

It may be surprising to hear that minute drug delivery systems are all
around us and always have been. They are essential for our existence and
also detrimental to our survival, but importantly they have been highly
conserved throughout evolution due to their great success. Drug delivery
systems may be in the form of the red blood cell; a highly efficient system
for transporting oxygen to energy requiring tissues throughout the body, or
synaptic vesicles, which play a role in the trafficking of neurotransmitters
from one neuron to the receptor of a neighbouring neuron. However, the
most triumphant nanoparticulate delivery system, which potentially dates
back to the origin of life, has to be the virus. Viruses have successfully
mastered the art of crossing membranes, a real headache for researchers
within the field of drug delivery systems. The ease at which viruses can
evade our highly developed immune systems, passing through numerous
barriers (organ, vessel, lymphatic, blood-brain, tissue, cellular and organelle
membranes) is something that has to be admired. They ultimately gain
success in transfecting their genetic information through the nucleus, in to
the heart of a single cell, while overcoming numerous defences. One key
factor of viral success, when compared to blood cells, is that rather than
being highly specific to an individual, viruses are an entity of their own with
an ability to infect us all, even across different species and through
all domains of life. This is why a great deal of research looks to the

A second system with routes a little closer to home include liposomes:
self-assembling phospholipid vesicles. Upon their discovery, liposomes
were initially recognised as model for understanding cellular membranes.
This was their only use until the realisation that they could be loaded
with substances and administered as therapeutic agents. Since then, a
number of commercially available liposomal delivery systems exist while
others are in clinical trials. Most of these liposomes are used to deliver
chemotherapeutics but there are also those which are used to tackle severe
fungal and viral infections [11]. As with many advances in technology,
lessons can be learned from nature and this has been the key to the
development of drug delivery systems.

The future of nanomedicine takes a multimodal approach

These technologies can be utilised even further in the emerging field of
‘theranostics’ which visualises nanomedicines from a multi-modal view
point combining both diagnosis and therapy in a single drug delivering
system (Figure 2). This may be in the form of a paramagnetic core which
gains imaging properties from being synthesised at the nanoscale (i.e.
quantum dots) which would allow for the observation of disease over time
and could be important for the selection of optimal treatment regimens. A
second compartment containing a drug would allow for the administration
of high drug doses while eliminating adverse reactions and systemic
toxicity. Disease seeking receptors, such as antibodies, on the surface of the
delivery system will control drug targeting directly to the site of pathology.
The release of the drug may also be promoted in a controlled manner upon
introduction to an environmental stimulus such as a change in temperature
or pH (these are often altered in disease states), or activation through
ultrasonic waves [12]. This multimodal approach could provide
new options for the treatment of cancer, genetic conditions,
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cardiovascular disease, antibiotic resistance and biofilm formation, to name
only a few.

Conclusions

Although the term ‘nanotechnology’ covers a wide and diverse group of
technologies it is apparent that there is something intriguingly different
about materials synthesised at such a small scale. Some of the major issues
in society such as improvements in electromechanical circuits, biosensors
and drug treatments may be dependent on the nano-factor. Although
improvements in these areas are already being observed, understanding
of the full potential is just being uncovered. Knowledge and research in
nanotechnology has increased exponentially over the past 20 years (Figure
3). Therefore, it may be that the so-called nanotechnology revolution could
arise in the not-so-distant future.
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UKICRS Symposium 2015
15–17 April 2015 · University of Nottingham
The 2015 UKICRS Symposium will be a joint
conference with Nanofar (Erasmus Mundus Joint
Doctorate in Nanomedicine and Pharmaceutical
innovation) and will be held at the School of
Pharmacy, University of Nottingham. The UKICRS
and Nanofar have started to plan an exciting
scientific programme aimed at developing knowledge
and providing a forum for researchers to showcase
and advance their work.

The programme will consist of a one day
nanomedicine/drug delivery workshop; keynote
lectures from both industry and academia; and
contributed talks and poster presentations.
There will also be many informal opportunities
for exchange of ideas. The organising committee
welcome you to attend and help shape the future of
drug delivery in the UK, Ireland and Europe.
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Crystallography and Controlled Release –
Where’s The Link?
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A

fter contributing to no less
than 29 Nobel Prizes (10 in
physics, 18 in chemistry, and
the 1962 Nobel Prize in Physiology or
Medicine won by Watson, Crick and
Wilkins for determining the structure
of DNA), there is no doubting the
overall role of crystallography in the
progression of science over the last
100 years. In fact, the importance of
crystallography has been recognised
by the United Nations, who have
declared 2014 as the International Year
of Crystallography (www.iycr2014.org),
marking the centenary of William
Henry Bragg and William Lawrence Bragg’s pioneering work in the field.
Crystals are everywhere, from gemstones to cosmetics, and from teeth to
electronics. But why should we, in the pharmaceutical industry, care? How
does crystallography specifically relate to controlled release?

X-ray diffraction

A hundred years on from the breakthrough made by the father-and-son
team of W.H. Bragg and W.L. Bragg, X-Ray diffraction is a key technique
in solid-state science. So, how does it work? A crystal is a highly-ordered
lattice, in which molecules and atoms are arranged in regular arrays. An
incident beam of X-Rays will be diffracted by the electrons in the system,
allowing an accurate model of the electron density within the structure to
be built [1]. From here, precise locations of each atom in the structure can
be described in terms of the unit cell (the smallest repeating block which
makes up the lattice).

Polymorphism

Polymorphism is the ability of a substance to exist in more than one
distinct crystalline form, i.e. the same molecules are present, but the
three-dimensional packing arrangement differs (Figure 1) This can affect a
vast array of physicochemical properties, some of which (such as stability,
solubility, dissolution rate and bioavailability) are very important in the
pharmaceutical industry [2]. X-Ray diffraction is one of the
principle analytical techniques used when determining which

polymorph of a substance is present, and the precise arrangements of the
molecules within crystals of different polymorphs.

Co-crystals

One major contribution of crystallography to the world of pharmaceuticals
is the development of co-crystals. This has helped with what has become
a common problem in modern pharmaceuticals – poorly soluble APIs.
With the efficacy of any drug largely hinging on properties such as its
solubility and dissolution rate, co-crystallisation is being considered
more and more in an attempt to improve such properties. There have
been a number of cases where co-crystallisation has been successfully
used to improve the physicochemical properties of APIs. The melting
point of AMG517 (a vanilloid receptor 1 antagonist) was modified by cocrystallisation with sorbic acid [4]. Two poorly soluble APIs (exemestane
and megestrolacetate) had their solubilities improved by co-crystallisation
with maleic acid and saccharin, respectively [5]. The solubility of a crystal
in a given solvent is determined by two factors: the balance of the attractive
and the repulsive forces within the crystal, and the attractive forces between
the crystalline substance and the surrounding solvent molecules. In order
to increase solubility, one must either decrease the attractive forces holding
the crystal together or increase the attractive forces between solute and
solvent. Forming co-crystals of a poorly soluble API has the potential to
influence both these factors, and hence greatly improve solubility. Analysis
of co-crystals via X-Ray diffraction can show the precise structure of the
lattice (including interatomic distances), and hence provide information on
the attractive and repulsive forces within the structure.
The stability of 2-[4-(4-chloro-2-fluorophenoxy)phenyl]pyrimidine-4carboxamide was improved by co-crystallisation with glutaric acid [6]
with the co-crystals showing greatly reduced water sorption in high levels
of humidity. These co-crystals also exhibited an intrinsic dissolution
rate 18 times higher than that of the API on its own, and increased oral
bioavailability in dogs by three times.

Polymer-drug conjugates for controlled
release
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This is an area in which much progress has been made in recent years [7].
The idea of incorporating drugs into polymer-drug conjugates

is appealing for a number of reasons associated with drug delivery. Once
again, this is seen as one route to solving the problem of poorly soluble
APIs, as the solubility of drugs can be vastly improved upon conjugation
with a water-soluble polymer. The solubility of the polymer can also dictate
the rate and duration of drug release, allowing the desired concentration to
be reached and maintained without the large variations seen via periodic
administration (and hence reducing the possible issues of unfavourable
side effects or toxicity). The ability to target the pharmacological site of
action through the use of targeting moieties is also a big draw – particularly
for anticancer drugs which often find their use limited by toxicity to vital
organs away from the target site [7].
Crystallography can further contribute to this area of pharmaceutical drug
delivery, as the structure and properties of the polymer backbone can be
altered by inducing the polymerisation from different polymorphs. If the
polymer obtained from one polymorph has more polar sites available
for hydrogen bonding, for example, then this polymer should be able to
encapsulate more API than the equivalent polymer obtained from another
polymorphic form of the monomer.

increasing rate, the importance of crystallography in the pharmaceutical
industry doesn’t look like diminishing any time soon.
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Conclusion

Crystallography has come a long way over the past 100 years, and is very
important in many industries, including the pharmaceutical industry. Its
contributions to the industry in terms of structure determination and the
understanding of the physicochemical properties of materials cannot be
underestimated, and with co-crystallisation being employed at an ever-

Six days ago, astronaut Mark Watney
became one of the first people to walk
on Mars.
Now, he’s sure he’ll be the first person
to die there.
After a dust storm nearly kills him and
forces his crew to evacuate while thinking
him dead, Mark finds himself stranded and
completely alone with no way to even signal
Earth that he’s alive – and even if he could
get word out, his supplies would be gone
long before a rescue could arrive.
Chances are, though, he won’t have time
to starve to death. The damaged machinery, unforgiving environment, or plain-old
“human error” are much more likely to kill
him first.

Figure 1. Comparison of the order present in polymorphs, solvates, salts and co-crystals,
and amorphous materials. A and B – polymorphs; C and D – polymorphs of solvate, salt,
cocrystal or complex E – amorphous. Reproduced and adapted with permission [3].

But Mark isn’t ready to give up yet. Drawing
on his ingenuity, his engineering skills –
and a relentless, dogged refusal to quit – he
steadfastly confronts one seemingly insurmountable obstacle after the next. Will his
resourcefulness be enough to overcome the
impossible odds against him?
Available at all good book stores.
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10000

Amoxycillin
Tinidazole

1000 Telaprevir
Ibuprofen

Typical single dose (mg)

100

Levofloxacin
Raltegravir
Ritonavir
Celecoxib
Pregabalin
Caffeine (1 small cup coffee)

Sildenafil
Adalimumab
Duloxetine
Etanercept
Esomeprazole
Aripiprazole
10 Ezetimibe
Oxycodone
Naltrexone
Estradiol valerate
Nictotine (1 cigarette)
1 Lorazepam
Roflumilast
Filgrastim
Buprenorphine
Levonorgestrel
0.1 Salbutamol
Digoxin
Beclomethasone dipropionate
Interferon beta-1a
Levothyroxine

0.01 Ethinyl estradiol

Did you know ... that the single dose range for pharmaceutical drugs administered to humans extends over
5 order of magnitude, from 10 mcg for some ultra-low dose estrogens to multiple gram quantities for certain
penicillin drug products? Representative drug dose examples are provided in the graphic.
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APSPHARMSCI
2014 Conference

UKICRS are once again organising three scientific sessions on the
theme of ‘Biomaterials’ at this year’s APS Pharm Sci Conference,
which takes places 8 – 10 September 2014 at the University of
Hertfordshire, Hatfield, UK. The draft programme for the UKICRS
sessions on Tuesday 9 September is provided below.

Biomaterials I

Session 1: Charied by Dr Maria Marlow (UKICRS)
10.35 am – 12.05 pm
Prof Mogan Alexander; School of pharmacy, University of Nottingham,
‘Surface Chemistry of Polymers for Controlling Stem Cells’
Dr Matthew Dalby, Institute of Molecular, Cells and Systems Biology,
University of Glasgow, ‘Nanoscale Control of Stem Cells’

Biomaterials II

Session 2: Chaired by Dr Andrew Parker (UKICRS)
2.15 pm – 3.50 pm
Dr Andy Lewis; Biocompatibles,
‘Embolisation devices from biomedical polymers for intra-arterial
occlusion and drug delivery in the treatment of cancer’
Dr Charlie Parkison, GSK Healthcare,
‘Application of biomaterials in oral care’

Biomaterials III

Session 3: Chaired by Dr Sion Coulman (UKICRS)
4.20 pm – 5.50 pm
Prof Molly Stevens, Biomedical Materials and Regenerative Medicine,
Engineering Department, Imperial College, London,
‘Designing materials for regenerative medicine and biosensing’
Prof Kevin Shakesheff, Advanced Drug Delivery and Tissue Engineering,
School of Pharmacy, University of Nottingham, ‘How the pharmaceutical
sciences are impacting on the translation of regenerative medicine’
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REFERENCING

MADE EASY

the Mendeley way
by Karl Malcolm

B

ack in 1984 – when Van Halen were
‘jumping’, the AIDS virus was discovered,
and the Bhopal chemical disaster in
India killed more than 8,000 people – the first
commercial reference management software
was released for sale. Originally developed by
Ernest Beutler and his son, Earl Beutler, in 1982
through their company Research Information
Systems, it was originally offered for the CP/M
operating system before being ported to DOS
and then Microsoft Windows and later the Apple
Macintosh.
How times have changed. According to Wikipedia
(http://en.wikipedia.org/wiki/Comparison_of_
reference_management_software), there are
now 29 different reference software packages
available, each offering a bewildering array of
advanced features and functionalities to make
it ever-so-simple to manage our references
and automatically generate our bibliographies.
Writing a thesis or journal publication has never
been easier! (Hmm, if only we had the software
to take our data and produce the finished article
with the single click of a button ...)
Here, we take a quick look at one of the new
kids on the block. Mendeley was first released
in 2008, and, recently acquired by Elsevier, is
gaining market share from the more traditional
offerings such as RefWorks and EndNote.
For anyone still undecided about referencing
software, we recommend you give it a trial run.
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2

4
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3

Figure 1. The Mendeley desktop window. 1 – Toolbar ; 2 – Navigation panel; 3 – Filter panel ; 4 –
Main library panel ; 5 – Details and notes panel.

What is Mendeley?

Mendeley is a free reference manager and
academic social network that can help you
organize your research, collaborate with others
online, and discover the latest research. Think
of it as iTunes for your references.
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What can I do with Mendeley?

• Create, organise and annotate a fully
searchable database of your papers
• Automatically extract metadata from
imported PDFs
• Easily generate bibliographies in Word using
an installed plugin
• Find relevant papers based on what you’re
reading

How do I install Mendeley?

Mendeley is available for Mac, Windows and
Linux operating systems. Go to www.mendeley.
com and click the green ‘Sign up & Download’
button. For iOS and Android versions, check out
the relavent app store.

Figure 3. Options for importing and adding items to your Mendeley library.

Getting started

With the Mendeley software installed on your
computer, the next task is to add some journal
papers. Most likely, you already have a folder
on your computer where you store pdf files of
papers. If so, the easiest way to import them
into Mendeley is to select ‘File’ and then ‘Add
Folder’ from the top menu bar. Where possible,
and depending upon the quality of each pdf
file, Mendeley will automatically import the files,
extract their metadata (i.e. paper title, journal
title, page numbers, year of publication, etc),
and then place this metadata in the ‘Details’
panel (Figure 1, Section 5). Occassionally, you
may need to edit these details manually.
Of course, there are other ways to add files,
including adding an individual file (File / Add

Figure 2. Options for importing and adding
items to your Mendeley library.
Files), dragging a file on to the Mendeley
window, and watching for changes in one or
more folders (File / Watch Folder). You can
also add an entry manually (File / Add Entry
Manually), which is particularly useful when you
have a DOI or PMID number for a publication,
but don’t have an electronic version of the
published pdf. A large number of journals

Figure 5. The Mendeley citation toolbar in Mac OS X.
and databases also offer the option to add
references (and the accompanying pdf file) to
you library using a special link on the webpage.
Similarly, you can download and install a
browser bookmarklet (a small plugin) which
will automatically generate new entries from
a growing seclection of websites, including
PubMed, IEEE and Google Scholar.

Creating bibliographies

So far, all we’ve done is create a centralised
library, a one-stop shop to access, read
and annotate all your electronic papers and
references. However, Mendeley’s party trick
is that, using the information contained in this
library, it can instantly and automatically create
journal-specific, fully-formatted bibliographies
directly within your Microsoft Word documents.
To enable this feature, you must first install the
Mendely Word plugin. In the menu bar, go to
‘Tools’ and click ‘Install MS Word Plugin’ (Figure
4).

Figure 4. Installing the Word plugin from
within the Mendeley application.
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Once installed, you should see a new citation
toolbar in Microsoft Word (Figure 5), which you
can use to choose a citation style, insert or
edit citations and bibliographies. Use the View /
Toolbars menu to hide or show this toolbar. You
can also insert citations from the Script Menu in
the Mac OS menu bar.
With the toolbar visible, open a new Word
document, and begin drafting your text. At the
appropriate locations within the text, select
the ‘Insert or edit citation’ button in the toolbar,
and select the relevant item(s) for citation; a
reference number or authors+year citation,
depending on the journal citation style selected,
will automatically be added to your text. Once
the first citation is added, you can also insert
the bibliography section simply by scrolling to
the appropriate location in your document and
selecting the ‘Insert Bibliography’ button.

Anything else I need to know?

Mendeley comes pre-installed with reference
styles for many common journals. If your
preferred journal style is not available, you can
easily install it. In the toolbar, select the pulldown menu and click ‘More styles’.
Mendeley will automatically refresh and
renumber your citations and bibliography as you
continue to edit your Word document. It does
all the hard work leaving you to get on with the
writing!
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