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Abstract: This opinion piece argues that the collective
knowledge of drugs and medicines, their nature, formu-
lation and manufacture, their delivery and evaluation is
unique to pharmacy and it reasserts the fact that science
underpins the clinical use of medicines. It argues this
from a personal standpoint of an academic pharmaceu-
tical technologist and recounts examples from the
author’s own experience.
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My first professorial appointment was as a professor of
pharmaceutical technology, so I was heartened to discover
this journal devoted to this subject with its focus on hospital
pharmacy. This was my reaction partly because I have long
argued that pharmacists’ clinical activities are dependant
on what I deem to be our unique branch of science. In
whatever way one perceives and practices pharmacy our
collective knowledge of drugs and medicines, their nature,
their formulation and manufacture, their delivery and eva-
luation is surely unique amongst the health care profes-
sions. It is vital to assert this, not least as in some circles, in
the United Kingdom for example, the mantra is that the
“future is clinical.” It is as if science did not underpin the
clinical use of medicines! Some clinical pharmacy journals
appear to avoid the word “technology” which is part of the
known but false dichotomy in science generally between
fundamental and applied research. Pierre Joliot [1] the third
generation scientist of the Curie-Joliot family, argues that
the harmonious development of research implies a conti-
nuumof activities spanning fundamental and technological
programs and applications.

The activities of hospital pharmacists are less visible
to the public than those of other areas of the profession, so
it is vital that the work which is carried out in hospitals by

pharmacists is recognised. This is one of the imperatives
for practitioners to publish their work, that which has been
explored both for its intrinsic interest and to underpin best
clinical and pharmaceutical practice. As in all disciplines
research that is not published is hidden from view; pub-
lished work which solves problems or explores potential
issues alerts others to these topics. New techniques and
findings can be shared to stimulate further study. The
scope of pharmaceutical technology, as Professor Lagarce
[2] has opined, is indeed broad and it is to be hoped that
this will be reflected in the pages of this journal.

The community pharmacy sector in the United
Kingdom has lost its ability or willingness to make even
the simplest of preparations.1 The increasing complexity
of drug entities (such as monoclonal antibodies and pro-
teins) and formulations such as nanosystems, promising
technologies like 3D printing and a raft of others, indi-
cates that the technology underlying our profession must
address these new challenges. In this way hospital phar-
macy will retain its strengths especially as it can act
independent of industry, which for all its positive con-
tributions has been acting recently against patient inter-
ests by excessive charging of simple generics.2

Hence in an attempt to show the circle of hospital
pharmacy technology and its links there is perhaps a
place for generics pharmaceutical production (Figure 1).

Our capability and knowledge is especially relevant
in the promise of personalised medicine, which requires
not only in some cases genetic profiling, but having
delivery systems able to be tailored for each individual
or like group such as children [3]. Indubitably our clinical
future is entwined with the technological. In the UK there
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1 A prescription for a small quantity of 50:50 mixture of emulsifying
ointment and liquid paraffin in a Boots pharmacy came at a cost of
some £1500 from a so-called “specials” manufacturer owned by the
company.
2 The UK National Health Service has been subject to massive
increases in the cost of products such as hydrocortisone tablets:
whose pack price of 70p in 2008 rose to £88 in 2016. Annual NHS
spending on this alone increased from £522,000 to over £70million
in 2015. (see https:www.ft.com/content/742a04dc-c031-3143-8921-
9373dc5f1a46)
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has been considerable investment in and development of
pharmaceutical manufacturing units (PMUs) and many
have sophisticated facilities, but I feel that their research
and development activities have yet to receive more wide-
spread dissemination.

Reading papers published so far in the journal I have
learned of the complexities of topics of which I had only
a passing knowledge. This is exactly the purpose of the
literature! In these days of overwhelming information in
electronic databases, reviews published by experienced
pharmacists which may be based on literature research
brings together information from a wide variety of
sources and makes sense of it. Review articles are often
the most cited. I endeavored using past experience to
extract the essentials for students and new graduates in
the short volume entitled An Introduction to Clinical
Pharmaceutics [4] aiming to link aspects of technology
with clinical aspirations.

The review in the journal by Flamein et al. [5] details
the multiple factors in the administration of IV prepara-
tions – from flow behaviour and drug interactions to
particulate contamination. These topics are linked to
other disciplines and pursuits. In my own case both the
nature of flow of particulates in blood and their beha-
viour in vivo have been an interest for many years in

determining the fate of administered nanoparticles for
drug delivery. This single example of a paper demon-
strates the links between our various disciplines and the
need to read outside one’s own field to discover and
share new perspectives. Facing up to complex realities
is the role of the researcher. The review’s bibliography
led me to two papers, one on extravasation [6] and the
other on incompatibilities in parenteral nutrition [7]. It is
this aspect of publications that assists us all navigating
the maze of information available on each topic.
Serendipity and chance play their part in research as
well as in our careers. A recent paper on inkjet printing
was in a physics journal [8]. The physics of cancer and
technological and physicochemical approaches to treat-
ment are the areas that Niederhuber and Baker [9] of the
US National Cancer Institute have said have too long
been thought of as “tangential to the endeavour”. So
the clinical pharmacy-technology-science dichotomy is
not new. It is vital that some of the invention and exper-
tise in matters of pharmaceutical technology are
embedded in our hospitals. Hospitals are surely seen to
be the true clinical centres.

Collaboration between academic pharmacy groups
and hospital units can, in my own experience stimulate
both. While my interests have been mainly in the field of
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Figure 1: The circle of present and possible activities centered on hospital pharmacy laboratories and associated departments, highlighting
the importance of exploratory research, investigating for example excipient properties and potential dose forms for precision medicine
and the importance of disseminating investigative work as discussed in the text.
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surfactants and nanosystems it has been difficult to resist
what might be thought of as tangential interests. The
following examples are, by their nature, personal “histor-
ical” accounts which by necessity are UK-biased. Two
colleagues (Allan Baillie and Anne Mendelow) and I in
Strathclyde had contact with a dermatologist in a local
hospital and we became interested in contact dermatitis
and its evaluation by patch testing. We were first sur-
prised to find an absence of quality control of the skin
test formulations prepared in the hospital, and this led to
a short paper on the influence of formulation optimisa-
tion. Reactions to test patch application were routinely
estimated visually (e.g. +++/++/+/-). Technological
approaches were applied to achieve greater quantitative
data, using both skin-reflectance techniques [10] and
infra-red thermography [11]. A typical result is shown in
Figure 2.

For many years my “education” continued not only
through my postgraduate students and postdoctoral fel-
lows or in the library, but at the table of the UK
Committee on Safety of Medicines and its Sub-
Committee on Chemistry Pharmacy and Standards
(CPS). Overall a fascinating time that led me to examine
back in our laboratory some of the issues that arose. One
of the first (circa 1973) at the very start of my regulatory
apprenticeship was a technological matter concerning
digoxin tablets. A milling problem at Wellcome
Laboratories resulted in a long period during which
Lanoxin® digoxin tablets contained larger drug particles:
their bioavailability was thus compromised. Patients sta-
bilised on doses of these had serious toxicity problems
following on the reintroduction of the normal milling
process. Our study of a range of the UK and other

National Standard digoxin samples, showed that even
these varied widely in their dissolution rates because of
their different particle characteristics. This so-called
“digoxin affair” led to the first dissolution tests intro-
duced in the British Pharmacopoeia.

In 1983–4 the much vaunted and indeed ingenious
osmotic pump formulation of sodium indomethacin
(Osmosin®) caused in some patients not only pain but
perforation of the gastro-intestinal tract. The single exit
for the release of drug resulted in localised high concen-
trations of drug and the osmotic salt. The tablets had an
adhesive tendency and this led us to measure this aspect
of a large range of coated tablets to (porcine) oesopha-
geal tissue using a simple apparatus. A second case was
with emepronium bromide used for nocturnal enuresis
was different: it caused oesophageal ulceration. The
drug molecule has surfactant properties which would
have been a contributing factor. We found that the coated
tablets literally exploded releasing the core of pure drug
as seen in Figure 3 (a,b) along with results on a range of
tablets. Such simple experiments should not be dis-
missed: they might nowadays be used to quickly identify
counterfeit products with similar appearance but differ-
ent surface and bulk properties.

How do we ensure more effectively that pharmacy
graduates see and recognise in this complex mix of
drugs, medicines, systems that function optimally and
sub-optimally, the multitude of issues of modern formu-
lations, biosimilars, monoclonal antibodies, interactions,
“targeting” nanotechnologies, the toxicity and bioactivity
of some excipients, such as the multiple actions of sur-
factants? Would they readily see the connections between
the fact that Suggamadex terminates the pharmacological
action of rocuronium [12] and that 2-hydroxypropyl-β-
cyclodextrin is valuable in Niemann-Pick disease [13].
Would the use of simple capsules of insulin crystals
used in a clinical trial reported recently in a study of
the oral absorption of insulin [14] seem to them to be
somehow odd, as I thought it was. We know that the
cyclodextrin Suggamadex by enveloping the neuromus-
cular blocking agent ends its action at the close of a
procedure. It has also has been found to reduce the
incidence of anaphylactic reactions to the anaesthetic.
We know that 2-hydropropryl-β-cyclodextrin binds cho-
lesterol and thus reduces the abnormal cholesterol levels
in the disease in question. Both are examples of excipi-
ents as actives, a field full of promise.

The value of research is not measured by its cost.
Literature research itself can unravel many mysteries of
drug treatment. It alerts us to analogies and links to our
basic knowledge. It assists us all in teaching the next

Figure 2: A thermographic image after application of four patches to
the back of a patient. The quantitative colour image chart is not
shown here. (For details see reference [11]).
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generation of practitioners. The educational role of hos-
pital pharmacists will be strengthened by research and
publication and being at the interface of technology and
clinical practice. We complete the circle when this com-
bines to optimise patient care. No one can seriously
doubt that the pharmaceutical and analytical technolo-
gies at our disposal are fundamental enablers of clinical
excellence and progress. I trust that Pharmaceutical
Technology in Hospital Pharmacy will be an important
vehicle to realise this ambition.
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