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This issue of Pharmacology
Matters is focused to complement
a series of articles due for
publication in the British Journal
of Pharmacology (BJP) later
this year. The themed issue
entitled “Advances in Nutritional
Pharmacology”, edited by Cherry Wainwright, focuses
on the value of dietary components to cardiovascular
health:
Understanding the pharmacological mechanisms
by which nutritional elements confer their health
benefits enables us to keep the public informed,
but also aids in the identification of new targets
for drug development. In recent years there has
been significant progress in this field, for example
the identification of a receptor for niacin and the
subsequent development of selective agonists
as lipid lowering agents, the development of
new Vitamin D analogues and greater insight
into the mechanisms underlying the beneficial
cardiovascular effects of omega-3 fatty acids and
resveretrol. The themed issue on “Advances in
Nutritional Pharmacology”, aims to provide a
valuable and timely update on progress in these
areas. Cherry Wainwright
The value of good nutrition as preventive medicine is
crucial to health. We strongly suspect that our coverboy, Alessandro del Borro, had both diabetes mellitus
and hypertension.
[He may actually have had
Cushing’s syndrome, and overeating may have been
nothing to do with it, but that is only supposition.]
Much of this issue centres on cardiovascular protection
afforded by, amongst others, wine and beetroot.
Other chemicals originally considered to be nutritional
supplements, are now used therapeutically, for
example, folic acid is taken to prevent neural tube
defects in babies. The interaction of nutritional
supplements, and foods, and the effects they have on
therapeutic drugs is an area of mass media interest
and research. Examples include: grapefruit juice
and certain calcium channel blockers: warfarin and
vitamin K.
You will also find our regular meetings report, a profile
of Emily Davies, (in vivo short course participant)
and other articles of interest, including, ‘Preserving
Clinical Pharmacology in the NHS?’. All comments
and/or questions about any articles in this issue,
should be referred to the Managing Editor, hom@bps.
ac.uk.
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Eat Your Beets!

Andrew. J. Webb and Alexandra. B.
Milsom

Beetroot, regarded as a panacea by
the ancients, has long been considered
beneficial to the blood, the heart and
the digestive system (Grieve 1931). It
has been used as a herbal remedy for
constipation, a cure for bad breath,
coughs and headaches, and even as an
aphrodisiac (Nottingham 2004). Now a
recent study performed at Barts and The
London School of Medicine & Dentistry has
shown it can also lower blood pressure
(Webb et al, 2008).

Healthy subjects received 500ml beetroot
juice or an equivalent volume of water in
a cross-over study and had their blood pressure
monitored over a 24 hour period. A peak difference
in systolic blood pressure was achieved at 2.5
hours after ingestion in the beetroot juice arm of
the study with a drop of 10.4±3.0 mmHg compared
to the water arm of the study. Peak differences in
diastolic blood pressure and mean arterial pressure
were further observed at 3 hours after ingestion,
with changes of 8.1±2.1 mmHg and 8.0±2.1 mmHg
respectively. In addition to a reduction in blood
pressure, the study also showed that beetroot
juice could reduce platelet aggregation and also
protect against ischaemia-reperfusion induced
endothelial dysfunction (Webb et al, 2008).
These effects were attributed to nitrate, a
metabolite found at high concentration in
beetroot. Nitrate (NO3-) can be reduced to nitrite
(NO2-) by commensal bacteria in the oral cavity
and re-enter the stomach in the saliva (Lundberg
et al, 2004). Following ingestion of beetroot juice,
plasma nitrite levels increased over time and
correlated with the reduction in blood pressure.
This reduction was abolished if the subjects spat
out their saliva for the first 3 hours of the study.
Nitrite and nitrate are oxidative products of
nitric oxide (NO). In the cardiovascular system
endothelium-derived NO is a potent vasodilator
and plays a pivotal role in the control of blood
pressure (Moncada et al, 1991). The pathway of
nitrite reduction to NO has been attributed to
chemical acidification and a nitrite-reductase
activity of various endogenous proteins including
endothelial nitric oxide synthase (eNOS),
xanthine oxidoreductase, deoxy-haemoglobin
and –myoglobin, and certain mitochondrial
enzymes (Lundberg et al, 2008). A reduction in
NO bioavailability is thought to be a key event in
endothelial dysfunction, the presence of which has
been implicated in the pathology of cardiovascular
disease (Le Brocq et al, 2008). Constitutive NO
production in the vasculature by eNOS is also
reduced during hypoxia, a condition under which
the nitrite reduction pathway is enhanced. Indeed,
nitrite has been used successfully to protect
against ischaemia-induced tissue damage in a
number of ischaemia/reperfusion models (Sinha
et al, 2008).

cells (Furchgott and Zawadzki 1980; Ignarro et
al, 1987; Palmer et al, 1987), nitrite and nitrate
were viewed as inert end products of the NO
pathway. An indifference to nitrite and nitrate
was not however shared by our ancestors and
their historical role in medicine, explosives, and
food preservation make for a fascinating read
(Butler and Feelisch 2008). Pedanius Dioscorides
(40CE–90CE) in his five volume book, De Materia
Medica (a precursor to modern pharmacopoeias)
recommends the juice of beetroot (due to the high
potassium nitrate) combined with honey as a cure
for headache and earache. He also recommends
rubbing the roots and leaves on to the scalp to
prevent hair loss and on the loins for digestive
or procreative purposes (Gunther 1959). A recipe
from the medieval period suggests placing a mix
of potassium nitrate and arsenic sulphide under
the tongue for a sure treatment of acute heart
pain, cold in the hands and feet, and if one is
struck by evil. In the second half of the nineteenth
century amyl nitrite was the favoured treatment
for angina, however due to its volatile nature
it was replaced by chemically related but less
volatile compounds including glyceryl trinitrate
(GTN or nitroglycerin), interestingly a highly
explosive compound that is a key component of
dynamite. In the second half of the twentieth
century however, the use of nitrite and nitrate fell
out of favour. Animal studies reported a possible
link between dietary nitrate and nitrite intake
and the carcinogenic formation of nitrosoamines
- a stigmatism that has been the source of much
scientific debate (Butler and Feelisch 2008; van
Grinsven et al, 2006).
Trials have shown that diets rich in fruits and
vegetables reduce blood pressure and adverse
cardiovascular events. The greatest protection
against coronary heart disease afforded by a change
in diet is that associated with the consumption
of green leafy vegetables (e.g. spinach, lettuce)
(Joshipura et al, 1999). Such vegetables, also
including beetroot, commonly have high nitrate
content. The protective pathways involved in
a healthy diet are not fully elucidated and the
reduction of nitrate to nitrite and NO may play a
role in these beneficial effects.
The ability to increase NO bioavailability by
modulating the nitrate-nitrite-NO pathway could
offer a number of exciting therapeutic avenues in
the treatment of cardiovascular disease and other
pathological conditions associated with hypoxia.
Future research into this pathway will hopefully
elucidate whether secondary NO products (e.g.
nitroso/nitrosyl products) are involved and
whether this pathway is ubiquitous or tissue and
condition specific.

The medicinal remedies of the past may seem
humorous to us in the present but they may provide
a hint to the future. As one author summarised
the findings so eloquently, “Mother was right:
Eat your vegetables and don’t spit!” (Wink and
Following the discovery in the 1980’s that NO Paolocci 2008).
acted as a physiological messenger in mammalian
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Wine and Cardiovascular
Health Beyond Antioxidant
Properties
Ramaroson Andriantsitohaina, Pharmacist, PhD
is a Director of Research at INSERM, currently
working at the University of Angers, School of
Medicine, France

Ramaroson
Andriantsitohaina

A number of epidemiological studies reported an
inverse relationship between alcohol consumption
and cardiovascular disease risk. Indeed, moderate
alcohol consumption, defined as 1 to 2 drinks
per day, is thought to increase survival in a
number of different population subgroups. The
minimum all-cause mortality occurs for middleaged and older individuals especially those who
are at increased risk for cardiovascular disease.
Although the beneficial effect of moderate alcohol
use appears to be independent of the complex
lifestyle confounders associated with alcohol
consumption, no randomized controlled trials of
alcohol have been performed with cardiovascular
events as the end point. Coronary heart disease
(CHD) risk decreases with increasing alcohol
consumption, but hypertension, cardiomyopathy,
atrial fibrillation, possibly hemorrhagic stroke,
and many noncardiovascular diseases are
associated with increased use [1]. Thus, high
intake of alcohol leads to increased morbidity
and mortality. Therefore, alcohol consumption
presents the U- or J-shape alcohol mortality
relation, a modest intake is beneficial and either
no intake or an increased intake is harmful. Also,
epidemiological evidence confirms an association
between moderate alcohol intake and a reduced
risk of CHD regardless of the type of alcoholic
beverage consumed [2, 3]. The lower risk of CHD in
moderate drinkers has been observed in a variety
of patient populations, including healthy adults,
patients with a history of myocardial infarction,
diabetic patients and in healthy postmenopausal
women. Light to moderate alcohol consumption
may also be protective against stroke and
peripheral arterial disease. On the basis of clinical
and experimental data, the favourable effect of
moderate intake of alcohol results in its action
on lipid profile, hemostatic parameters, and
reduction of inflammation markers.
St Leger et al. [4] first reported an inverse
relationship between red wine consumption
and mortality from ischemic heart disease in 18
different European and American countries. Since
then a greater reduction in cardiovascular risk and
greater vascular protection has been associated
with wine, and especially moderate red wine
consumption, compared with other alcoholic
beverages. It should be pointed out that other
studies have failed to see a major additional
protection associated with red wine compared
to other beverages [5-7]. Explanation for the
probable dominant effects of red wine on other
alcoholic beverages may be due to risk factor
patterns among drinkers, the pattern of alcohol
consumption or the presence of confounding life
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style. Red wine is more commonly consumed with
meals. Consumption of red wine may be a specific
marker for other lifestyle confounders. Indeed
subjects who drink wine tend to be of a higher
socioeconomic class, are more attentive to their
health, and have fewer cardiovascular risk factors
[8]. In this case the cardiovascular data with dealcoholized red but not white wine and studies on
isolated tissues or organs give decisive mechanistic
insights that strengthen the case already made
for randomized prospective controlled trials
with cardiovascular endpoints [9]. The first trial
should simply compare alcohol with red wine
with abstinence, for example in postinfarct
patients [10]. Nevertheless, the most probable
explanation for the additional benefit from red
wine consumption is linked to its components
comprising alcohol itself, which is present in up
to 15% of the volume of red wine, and red wine
polyphenolic compounds (RWPC) which represent
approximately 1.8 g/L of total polyphenol for a
typical commercial bottle of wine.
RWPC exert numerous effects including antioxidant
and free radical properties, anti-aggregatory
platelet and anti-thrombotic activities. Moreover,
RWPC are powerful vasodilators and contribute to
the preservation of the integrity of the endothelium
and inhibition of smooth muscle cell proliferation
and migration. All these effects of red wine might
interfere with atherosclerotic plaque development
and stability, vascular thrombosis and occlusion.
These properties of red wine might explain the
prevention of ischemic heart disease, stroke and
metabolic diseases in different experimental
models [11-13].
Red wine contains a wide variety of polyphenols,
which derives mainly from grape solids (skin
and seeds) and can be divided in two classes,
flavonoids and non-flavonoids. Flavonoids can
be divided into flavanols, flavonols (quercetin,
myricetin), anthocyanidins (cyanidin, delphinidin),
proanthocyanidins and condensed tannins.
The non-flavonoids compounds include stilben
(resveratrol), hydroxinnamic acids, phenolic acids
and other polyphenols like tannins. The detailed
mechanisms by which RWPC exert cardiovascular
protection have been described elsewhere.
As reviewed by Middleton [14], polyphenols exert
antioxidant activities. With regard to red wines,
they exhibit a stronger antioxidant capacity
than white wines. Polyphenols like catechin or
quercetin can directly scavenge reactive oxygen
species (ROS), such as superoxide, hydrogen
peroxide, or hypochlorus acid, which can be very
deleterious by damaging lipids, proteins and DNA.
Furthermore, polyphenols, quercetin particular,
can chelate metals like iron involved in free radicals
formation. Indirectly, RWPC can interfere with the
cellular detoxification systems, such as superoxide

dismutases, catalase or glutathione peroxidases [15, 16].
Beside, polyphenols can inhibit enzymes generating ROS as
xanthine oxidase and nicotinamide adenine dinucleotide
phosphate (NADPH) oxidase [17, 18]. Antioxidant potential
of polyphenols has been reviewed by Rice-Evans and
Miller [19], and among all the polyphenols, quercetin and
myricetin exert the most potent free radical scavenger
activities. RWPC may also reduce the LDL-peroxidation
both from experimental and clinical studies. RWPC may
help to reverse hyperlipidemia or alter the atherogenecity
of the LDL particle. The antioxidant effect on LDL is also
linked to increased expression of paraoxonase-1 gene [20].
This is in harmony with studies in hypercholesterolaemic
postmenopausal women with red wine complementation.
Indeed, consumption of red wine also reduce LDL oxidation
in human leading to limited plaque formation [21, 22].
Although many studies have shown inhibitory effects of
polyphenols including RWPC on LDL oxidation, there have
been an equal number of studies that showed a null effect
on this variable. Although there are contrasting view points
on the effects of polyphenols on LDL oxidation variables,
there is increasing evidence that these compounds possess
additional protective function including altering hepatic
cholesterol absorption, triglyceride assembly and secretion,
the processing of lipoprotein in plasma in order to improve
plasma lipid profile [23].
Inflammation plays an important role in cardiovascular
diseases and it starts with activation of circulating cells
such as leucocytes and endothelial cells. Activation of the
endothelium is marked by increased expression of adhesion
molecule-1 (VCAM-1), secondary to nuclear factor-kB
(NF-kB) transcriptional activity. RWPC act on different
pathways, involved in the release of inflammatory cytokines
and increased adhesion molecules. Indeed, red wine inhibits
NF-kB activation in peripheral blood mononuclear cells and
in human endothelial cells, resulting in down regulation of
VCAM-1. NF-kB signalling pathway can be evoked by oxidative
stress and is in turn inhibited by wine polyphenols including
resveratrol. Wine further limits monocyte migration into
arterial intima by inhibiting the expression of monocyte
chemotactic protein-1. Beside, RWPC components, quercetin
in particular, have been shown to inhibit cyclooxygenase
and lipoxygenase known to be involved in the release of
arachidonic acid leading to the release of cytokines by
inflammatory cells.
With regard to vascular protection, RWPC can act on different
cells including vascular smooth muscle cells (SMC) and
endothelial cells by mechanisms linked directly or indirectly
through their antioxidant properties. Several studies have
shown that RWPC inhibit proliferation, hypertrophy and
migration of vascular smooth muscle cells in culture [2426]. These effects might retard the appearance intimal
hyperplasia involved in the formation of atherosclerotic
plaque. The mechanism involved delayed cell cycle
progression, DNA strand breakage, decreased cyclin A and
subsequent inhibition of transcription factor expression. In
line with this property, administration of red wine in the
hamster reduces the neointimal hyperplasia associated
with a decrease of a protein implicated in the monocyte
recruitment in the vascular wall, which is one of the
mechanism observed in restenosis [27]. Oral administration
of RWPC reduces in-stent neointimal growth, lipid deposition
in association with its anti-inflammatory property in iliac
arteries from hypercholesterolemic rabbits [28].
In animals, several studies performed on isolated vessels
from different species like the aorta, the mesenteric or

coronary artery show that RWPC are able to induce an
endothelium-dependent relaxation [29, 30]. The effects of
RWPC on the endothelium are mainly due to NO production
[30] although it can cause EDHF-mediated relaxations of
coronary arteries involving a pro-oxidant mechanism [31]. .
Endothelial NO release is associated with an increase of both
Ca2+ through an extracellular Ca2+-dependent mechanism
and tyrosin phosphorylation of intracellular proteins, leading
to the regulation of eNOS in endothelial cells [32]. Another
study has shown that RWPC may also promote the release
of endothelial NO through the redox sensitive PI3/Akt
pathway [86]. French red wines are among the most potent
to increase endothelial NO synthase mRNA, protein, and
activity in cultured human umbilical vein endothelial cells
[33]. Low concentrations of RWPC are sufficient to strongly
inhibit one of the most potent vasoconstrictor, endothelin-1,
release and transcription of prepro-endothelin-1 in bovine
aortic endothelial cells. Indeed, oligomeric procyanidins
inhibit endothelin-1 synthesis at concentrations similar to
those in some red wines, with some correlations between
the procyanidins activity of the wine varietal and longevity
[34]
One can advance the hypothesis that the beneficial
effects of wine and especially red wine partly rely on its
components among of which resveratrol, delphinidin and
quercetin appear to give most of the biological protection.
It has to keep in mind that all these molecules might act on
synergistic ways in addition to their antioxidant properties
by acting as an agonist to sirtuin [13], to oestrogen receptor
[35], on adenosine-activated protein kinase, NO synthase
[29] and endothelin-1 [34].
In summary, in vitro and in vivo experimental data
support epidemiological studies relating the beneficial
effect of moderate alcohol use (1-2 drink daily for men,
1 drink daily for women and the elderly) including red
wine on cardiovascular morbidity and mortality. Both
ethanol and RWPC components of red wine are potent
inhibitors of atherosclerosis process part of which can be
attributed via their antioxidant properties. Red wine may
promote the maintenance of a healthy endothelium and
inhibit atherosclerotic plaque formation, progression and
rupture. Although, the available evidence indicates that
red wine might be of therapeutic benefit for cardiovascular
protection, prospective controlled clinical trials are still
lacking. Thus, there is insufficient evidence to recommend
that abstainers initiate consuming red wine as a part of a
strategy to reduce cardiovascular risks at present.
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The market for dietary supplements is enormous, reaching
an estimated-$24-25 x 109 in the U.S. (Thurston, 2008), and
£335 x106 in the UK (Eberhardie, 2007). This is a remarkably
robust market for a wide variety of compounds that are
neither foods nor medicines, and it continues to expand.
Consumers often regard supplements as more “natural,”
or traditional and therefore safer than pharmaceutical
products—a conclusion that is often without merit. Dietary
supplements occupy unique positions in the U.S. and EU
regulatory schemes—positions that are often not well
understood by consumers. This misunderstanding can lead
to unfortunate consequences for individuals’ health.
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In the United States, dietary supplements
were defined in the 1994 Dietary Supplements
Health and Education Act (DSHEA) (www.fda.
gov/opacom/laws/dshea.html#sec3) as products
(other than tobacco) that:

spices would be excluded from this requirement,
and categorized as “Generally Recognized as
Safe” or GRAS). (Rados, 2004) They do not have
to undergo the extensive efficacy trials required
of pharmaceutical products.

•

Are intended to supplement the diet;

•

Contain one or more dietary ingredients
(including vitamins; minerals; herbs or other
botanicals; amino acids; and other substances)
or their constituents;

In contrast, dietary supplement manufacturers or
suppliers do not have to present any premarketing
safety or efficacy data to the FDA. Manufacturers
supposedly will have such data to present, but
are not compelled to do so before they sell their
products.

•

Are intended to be taken by mouth as a pill,
capsule, tablet, or liquid; and

•

Are labeled on the front panel as being a
dietary supplement.

This legislation also created an Office of Dietary
Supplements within the National Institutes of
Health, which is responsible for conducting and
coordinating supplement-relevant research within
the NIH. (ODS: http://ods.od.nih.gov/About/
about_ods.aspx ).
Similarly, in the EU, “food supplements” include
foodstuffs intended to supplement the normal
diet. The EU definition is more detailed about
the forms supplements may take than about
the actual content. It states that they are
concentrated sources of nutrients (vitamins and
minerals) or other substances with a nutritional
or physiological effect. These substances may
be marketed in capsules, pastilles, tablets, pills,
pastilles, sachets of powder, ampoules of liquids,
drop dispensing bottles, and other similar forms
of liquids and powders designed to be taken in
measured small unit quantities. (Eberhardie,
2007)
The US Food and Drug Administration (FDA)
is responsible for oversight and regulation as
specified in the DSHEA. In the US, supplements
are regulated as foods, not as food additives or
pharmaceuticals. This is more than a semantic
distinction, as this categorization determines the
extent to which manufacturers or suppliers must
test products before they may be offered to the
public.
Pharmaceutical products must undergo rigorous
testing to determine first, safety, and second
efficacy for the treatment of the particular health
condition for which they are intended. Further,
post-marketing surveillance is a source of ongoing
safety information.
Purveyors of new food additives, substances such
as colorants or preservatives, in contrast, must
present data to the FDA demonstrating the safety
of the compounds before they are added to the
public food supply (such a substance that has
been in long term safe use, such as salt, sugar or
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If there is any question about the safety of a
supplement once it is available to consumers, it
is the responsibility of the FDA to show that the
item is not safe when used as intended. This
requirement is very difficult if not impossible
to accomplish, since supplement marketers are
not required to report the results of any postmarketing surveillance, and thus the FDA must rely
on voluntary reports of adverse health events.
This lack of a surveillance requirement has
led to a situation in which adverse effects and
interactions between various supplements or
between supplements and pharmaceuticals are
discovered serendipitously. For example, St. John’s
Wort, a popular herbal product for treatment of
depression, can interact with oral contraceptives,
anticoagulants, and immunosuppressive drugs.
(ACSH, 2000.; Markowitz et al. 2003)
Similarly, there are concerns about the appropriate
regulation of supplements in the European Union.
The Medicines and Healthcare products Regulatory
Agency (MHRA. 2002) lists numerous areas of public
health risk associated with herbal medicines. The
European Food Safety Authority is responsible for
the safety of food supplements under EU Directive
2002/46/EC. This Directive specifies a ‘positive’
list of nutrients and sources. (Eberhardie, 2007)
There are further directives relating to traditional
herbal medicines—only those with a known
efficacy which have been used for 30 years, half
of which have been in the EU—are approved under
EU Directive on Medicinal Products for Human Use
(Eberhardie 2007; EC, 2004).
In both the EU and the United States, the
categorization of dietary supplements (or “food”
supplements) seems to be an obstacle to regulatory
clarity. In the U.S., regulating supplements as
foods means there is little oversight of safety or
manufacturing processes.
In the EU, the definition of food supplements
based on a description of their form rather than
content seems to make it difficult to determine
exactly which set of regulations should apply. As
Eberhardie (2007) notes, garlic may be sold as a
plant, a food, or an herb; it may also be produced
and sold as an herbal medicine.

An Introduction to
Parenteral Nutrition
Until there is clarification of how supplements should be
described, regulation will likely continue to be confusing,
and will not adequately protect the public health.
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This article looks at how nutrition can be provided
intravenously when a patient cannot be fed via the
gastrointestinal tract (GIT).
Parenteral nutrition (PN) is a means of providing food
intravenously when oral or enteral (tube) feeding is not
possible, or does not provide adequate nutrition, for
example in patients with Crohn’s disease or short-bowel
conditions who may suffer malabsorption. Total parenteral
nutrition (TPN) is the term used when the intravenous route
(i.v.) is the sole method of nutritional support. Indications
for TPN include:
• GIT obstruction (tumours, adhesions)
• Dysmotility e.g. scleroderma
• Gut ischaemia
• Complications of GI surgery
o enterocutaneous fistula
o anastomotic leak
o ileus – absence of peristalsis
Such patients must remain nil-by-mouth until the underlying
problem is resolved.
The National Institute for Health and Clinical Excellence
(NICE 2006) published guidelines on the provision of
nutritional support to adult patients, following consultation
with the British Association for Parenteral and Enteral
Nutrition (BAPEN). They indicate which patients should
receive PN and recommend daily requirements based on
weight, height, nutritional history and co-morbidity.
Energy (calories) provided by PN come from glucose, lipid
and amino acids, a typical regimen containing:
•

Glucose provides 4kcals/g and is available in a range of
concentrations from 5% to 50%. Solutions of 10% and
above are hypertonic and may need to be infused via a
central vein.

•

Lipid is calorie dense at 9kcals/g, a small volume
providing a high number of calories allowing PN to be
formulated in lower volumes than if dextrose was the
sole source of energy. Addition of lipid to PN reduces the
osmolality allowing peripheral administration and may
reduce the need for a central line. Lipid emulsions were
traditionally soya - oil based, consisting of long chain
fatty acids and providing essential fatty acids. Recent
formulations of mixed long and medium chain fatty
acids are thought to reduce liver complications (Grau
et al 2007). Newer developments of lipid emulsions
based on olive oil and more recently fish oils are being
marketed as “healthier alternatives” although there
is little evidence to support their improved beneficial
effects. Fish oils contain omega 3 fatty acids which
are thought to be immunomodulatory and may benefit
patients with cancer cachexia.

•

Amino acid preparations provide nitrogen and are
necessary for plasma protein synthesis and cell
growth. They are available in a range of combinations
providing essential amino acids. Some contain higher
concentrations of specific non-essential amino acids
such as glutamine which becomes conditionally essential
and has been shown to improve morbidity in critical
care patients. (Novak et al 2002).
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•

Electrolyte requirements vary. Some patients
require sodium restriction, for example those
patients with oedema or renal failure; others
need supplementation of potassium and
magnesium to replace excessive GI losses.
The concentration of each electrolyte and the
ratio of phosphate to magnesium and calcium
are critical, as precipitation can occur if the
stability threshold is exceeded resulting in an
increased risk of thrombosis.

•

Micronutrients
o

Water soluble vitamins especially ascorbic
acid and B group vitamins are essential
in all PN regimens. They are prone to
photo and oxidative degradation so must
be protected from light and extremes of
temperature. Thiamine deficiency has
serious consequences and must be provided
before PN is commenced. It is required for
carbohydrate metabolism and deficiency
can cause neurological damage.

o

Lipid soluble vitamins A, D, E and K are
stored in the tissues. In patients with kidney
disease they can accumulate and may only
be required once or twice a week.

o

Trace minerals are cofactors for the
utilisation of protein, fat and carbohydrate.
Selenium is antioxidant and protects organ
function, zinc promotes wound healing,
and iron and copper prevent microcytic
anaemia.

Intravenous nutrition in the 1960s was provided as
separate infusions of dextrose, amino acid solutions
and lipid emulsions. This practice was superseded
in the 1990s when multi-chambered “all-in
one” bags were pioneered. These often contain
electrolytes but do not contain micronutrients.
A recent national alert advises that additions to
PN bags must not be made outside an aseptic
compounding unit (NPSA 2008). “All-in one” bags
have a long shelf life at room temperature but after
addition of the vitamins must be refrigerated and
used within a week. A range of multi-chambered
bags are available but these are not suitable for
all patients so those with specific needs can be
provided with a “bespoke” regimen.

Examples of typical PN patients’ requirements

1. Biochemical disturbance.
Significant unplanned weight loss, little or no
nutrition for a week or longer and specific atrisk groups can suffer a re-feeding syndrome if
nutrition is re-introduced too quickly. Intracellular
electrolyte shifts result in hypophosphataemia,
hypokalaemia and hypomagnesaemia which can
cause cardiac complications, muscle weakness
and respiratory problems and in severe cases
death. Refeeding complications are minimised by
introducing very low calorie regimens in at-risk
patients and by providing water soluble vitamins
especially thiamine prior to feeding. Patients
may require as little as 5-10kcals/kg/day if at
severe risk of re-feeding problems (NICE 2006).
This can provide difficulties for the pharmacist
in formulating a regimen with so few calories but
requiring additional potassium, phosphate and
magnesium, and it may be necessary to infuse
electrolyte solutions separately if stability issues
mean insufficient are provided by the PN.
2. Risk of sepsis is increased as PN is an ideal
substrate for bacterial growth. Monitoring
temperature, CRP and white cell count can
identify possible catheter-related infection
allowing PN to be stopped and early antibiotic
treatment instituted.
3. Thrombophlebitis with pain and redness
when infusing PN peripherally can be reduced
by applying a glyceryl trinitrate patch producing
vasodilatation. PN solutions with an osmolality
above 1000 mOsm/kg water must be infused into
a central vein.
4. Hypertriglyceridaemia is caused by infusing
too many calories from lipid. This is corrected
by reducing PN lipid concentration, changing
to a mixed medium / long chain triglyceride
emulsion or providing lipid-free PN. Short term
pharmacological treatment with a fibrate or statin
may be considered.
5. Metabolic complications can be improved by
reducing total energy provision. Overfeeding in
critical illness can cause:
•

hyperglycaemia
healing

•

hypercapnia - respiratory problem due to
excess carbon dioxide production

•

derangement of liver function tests (LFT) fatty liver, cholestasis

Complications of PN
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with

impaired

Daily requirement

Energy
(kcals)

Nitrogen (g)

Volume (ml)

Potassium
(mmol)

Male 60kg chronic kidney disease requiring
fluid restriction

1600

11

1000

zero

Male 90kg vomiting and diarrhoea
requiring additional fluid and electrolytes

2000

16

3000

100

Elderly 40Kg female
(low requirements)

1200

7

2000

40

wound

•

azotaemia - increased urea due to excess nitrogen

6. Fluid overload or dehydration – Biochemical markers
such as sodium and urea cannot be interpreted without
full clinical assessment. Fluid restriction may be desirable
for patients with cardiac or renal failure, and fluid from
intravenous medication such as antibiotics and analgesia
must be factored when deciding what volume of PN is
required. Fluid balance charts provide information on
oral or intravenous fluid intake versus losses from urine,
vomiting, diarrhoea, surgical drains and stoma (colostomy
or ileostomy). Blood pressure measurement and physical
examination can also help identify a dehydrated or fluid
overloaded patient.
Role of Nutrition Support Team (NST)
In hospital PN is often prescribed and monitored by a
multidisciplinary nutrition team comprised of a dietician,
pharmacist, doctor and nurses. Team members are specialist
in their own professional areas but have broad nutritional
experience and are able offer advice in their colleagues’
absence. They meet daily to review new referrals and
monitor existing PN patients as requirements can change,
and clinical improvement allows
increased energy and nitrogen
provision. In the early stages of
feeding daily blood electrolyte,
kidney and liver function monitoring
is required.
The
dietician
calculates
macronutrient (calorie, protein)
requirements based on the body mass
index (BMI), nutritional history and
whether the patient is critically ill or
in a recovery stage. The pharmacist
reviews drug therapy, as medication
such as diuretics and ACE inhibitors
may alter electrolyte requirements,
and is responsible for formulating a
stable regimen based on calculated
macronutrient,
micronutrient,
electrolyte and fluid requirements.
Specialist gastroenterology nurses
are responsible for intravenous
line placement, advice on line care
and alternative methods of enteral
feeding (nasogastric, nasojejunal
and gastrostomy tubes). The doctor
clinically examines the patient
and advises on avoiding metabolic
complications. Until recently the
doctor traditionally prescribed the
PN but recent legislation allows
specially trained pharmacists and
nurses to prescribe in their area
of expertise. Each member of the
team respects and considers the
opinions of their colleagues and this
team approach ensures all factors
are considered when formulating PN
regimens

pharmacist uses specialist knowledge on product availability
and stability issues to formulate and produce a worksheet
allowing compounding of the regimen.
In recent years the role of a nutrition support pharmacist has
become more clinical as pharmacists with appropriate training
can now prescribe licensed medicines. PN is an unlicensed
product and hence cannot be prescribed independently.
However a supplementary prescribing partnership between
a doctor and pharmacist allows management of a PN patient
to an agreed clinical management plan. A prescribing
nutrition support pharmacist spends a significant part of the
day reviewing patients. This involves ordering and reviewing
a range of blood tests and using supplementary prescribing
skills to adjust the formulation. Licensed medicines
which can be prescribed independently by the pharmacist
include anti-emetics, fluids, vitamin preparations and acid
suppression drugs. Specialist pharmacists must keep their
knowledge up to date by literature review and attending
study days or national conferences. They may be involved
in training other pharmacists and health professionals in
aspects of nutritional support. Many pharmacists find being
part of a multidisciplinary team an enjoyable and fulfilling
role. It provides opportunity to improve knowledge base and
consider not only pharmacological issues but other aspects
of patient care.
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Improved nutrition helps the body
fight infection, reduces muscle loss
and aids wound healing. Providing
PN can be a complicated process
as standard feeds often need daily manipulation. Once PN
macronutrient requirements are decided by the NST, the
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The Importance of
Nutrient-Gene Interactions
in Health:
an example from the
micronutrient selenium.
“Leave your drugs in the
chemist’s pot if you can
heal the patient with food”
(Hippocrates)
The involvement of nutrition
and the role of specific
nutrients in health maintenance
and disease prevention and
treatment has been the
subject of centuries of debate
and research. The pioneering
work
of
pharmacologists
Garrod, Williams and Pauling,
at the turn of the 19th century,
identified the therapeutic
use of substances native to
human physiological chemistry to support health
and, more recently, nutritional pharmacology
has witnessed the discovery of
many potential roles for several
nutrients
(e.g.
vitamins,
minerals, amino acids and
fatty acids) (Bland, 2008). In
parallel, nutritional science has
defined many of the necessary
constituents of an adequate
diet in terms of both macro- and
micronutrients.
Nutritionists
have demonstrated that the
feeding of identical diets to two
different individuals or to the
same individual under different
circumstances can give rise to different metabolic
and even clinical effects. For example, on an
identical energy intake one individual may become
obese whereas another does not. Additionally,
different individuals have varying requirements
for micronutrients to maintain optimal health.
A major challenge to modern
nutrition and to nutritional
pharmacology is to understand
the basis for differences in
nutrient requirements between
individuals and ethnic groups,
and the role of nutrients
as therapeutics in order to
achieve
optimal
health
and
or
treatment
of
disease. This requires an
appreciation not only of
the traditional links between
nutrients and endocrine status,
but also of the less well-defined
links between nutrition/intake
of specific nutrients and gene expression.
In response to this, a new science, Nutrigenomics,
has been developed in order to study nutrientgene interactions. It allows researchers to
examine how alterations in nutritional status
affect single parameters or biochemical pathways
and to investigate how genetic factors influence
nutritional requirements (Fig 1).
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The ability to define the interactions between
nutrients and gene expression will enable scientists
to explore at the functional and mechanistic
levels how nutrients affect gene expression and
subsequent cell function and physiology, and to
identify individuals with particular needs. In a
broad sense, this entails understanding how the
role of nutrients in health and metabolism are
linked to biochemical events that lead to gene
expression. As shown schematically in Fig. 2, this
can be reduced to two inter-linked processes: the
influence of nutrient intake on gene expression
and protein synthesis, and the influence of
gene expression on nutrient requirements. In
specific terms, it involves addressing important
fundamental questions: which genes, particularly
those involved in the control of metabolism, growth
and differentiation are regulated by nutrients; how
do nutrients regulate the expression of specific
genes; and how is the expression of specific gene
products involved in metabolism and channelling
of nutrients? Potentially, the expression of any
gene can be regulated at different steps between
its transcription and synthesis of the final active
protein product. In addition to regulation of
transcription itself, many genes are regulated posttranscriptionally during the processing, transport
and translation of the mRNA. It is important to
emphasize that nutrients may alter the amount
of functional protein expressed by a specific
gene through a range of transcriptional, posttranscriptional and post-translational mechanisms
(Fig. 3) (Hesketh et al., 1998; Clarke, 2004).
In this article, the micronutrient selenium (Se) is
used as an example of how the intake of this trace
element affects gene expression and how genetic
factors influence Se metabolism and how this
relates, potentially, to nutritional requirements
for Se and optimal health. Se is an essential
micronutrient for human health and low Se intake
has been linked to a number of diseases including
cardiovascular disease (e.g. Keshan disease)
and cancer (e.g. colon and prostate cancer).
It is, therefore, important to understand the
interactions of sub-optimal Se intake with gene
expression and genetic factors, and subsequently
the link between Se intake and susceptibility to
disease. Se exerts its biological function through
selenoproteins that contain Se as the amino acid
Seleno-cysteine (Sec). The incorporation of Se
occurs  during  mRNA  translation and specific UGA
codons are recognized not as stop signals but for
insertion of Sec from selenocysteine-tRNA; this
requires specific sequences in the 3’untranslated
region (3’UTR) of the mRNA that form stem-loop
structures (SECIS). The best characterized
selenoproteins are the glutathione peroxidases
(GPx 1, 2, 3 & 4) which prevent the formation
of reactive oxygen radicals and protect the cell
against oxidative stress; thioredoxin reductases
(TR 1, 2 & 3) which play a key role in the modulation
of the cellular redox state; deiodinases (IDI 1,
2 & 3) which are involved in thyroid hormone
metabolism; and selenoprotein P (SEPP) which
has a key function in the transport of Se to extrahepatic tissues.

The pattern of selenoprotein expression is the functional
outcome of dietary Se intake. Potentially, both Se intake
(nutrition) and genetic
factors
(e.g.single-nucleotide
polymorphisms
(SNPs)) could influence this pattern.
Animal and cell culture studies have shown that Se intake
influences the level of activity of several selenoproteins
and in some cases induces changes in mRNA levels for
selenoprotein genes. However, the effect of Se intake
on selenoprotein gene expression is different within and
between tissues. A hierarchy of effects exists such that
synthesis of some proteins is maintained more than others
(Fig. 4) (Bermano et al., 1995; Hesketh, 2008). The 3’UTR of
selenoprotein mRNAs appear to play
a role in determining this hierarchy.
Translational efficiency studies
showed that the efficiency of the 3’
UTRs in permitting Sec incorporation
is similar in normal Se conditions
but, when Se is limiting, the 3’
UTR of GPx 1 is less efficient than
the 3’ UTR of GPx 4. The different
sensitivity of the 3’ UTRs could
explain the differential effect that
Se deficiency has on GPx 1 and GPx
4 activity and mRNA levels, stability
and translation (Bermano et al.,
1996). As changes in the pattern of selenoprotein expression
are directly related to the physiological and functional
effects of modifications in Se intake, it is important to obtain
a clear picture of how all the selenoproteins respond to
altered Se intake. Further studies are, therefore, needed to
understand the precise mechanism involved in selenoprotein
gene regulation by Se. The ability of the different transcripts
to bind the proteins necessary to form the Sec incorporation
complex are likely candidates.
Selenoprotein synthesis and functional activity is the
result of the combined influences of Se intake and
the genetic information in selenoprotein genes. When
considering the role of Se intake and genetic factors in
determining susceptibility to disease, the major questions
are whether there are common genetic variations and if
they are functional per se, or only in combination with
dietary factors. Several SNPs have been discovered in
selenoprotein genes that could potentially influence the Se
intake required to achieve optimal functional activity and
consequently optimal individual Se requirements. When
Se intake is limiting, it is possible that genetic variations
may induce differences in the ability of selenoproteins to
function and therefore compromise their ability to protect
cells from oxidative stress or affect thyroid hormone and Se
metabolism (Hesketh, 2008). In particular, a SNP in the 3’UTR
region of GPx 4 (rs713041) has been found to have functional
significance: homozygous CC individuals were found to
differ from TT homozygotes in the level of lymphocytes
5’lipoxygenase metabolites (Villette et al., 2002). Reporter
gene studies in which the two variants of the 3’UTR were
linked to the IDI coding region and transfected into colon
cancer cells (Caco2), have shown, under both Se adequate
and Se deficient conditions, that the C variant produced a
higher level of deiodinase reporter activity (Bermano et al.,
2007). Moreover, two association studies have shown that
the variant T is associated with a lower risk of colon cancer
and ulcerative colitis (Bermano et al., 2007; Qatatsheh et
al., 2005). Taken altogether, the data collected from several
studies have suggested that this mutation has functional
consequences and it is linked to changes in GPx 1 and GPx
4 expression as well as possibly inflammatory changes and
cancer susceptibility (Hesketh, 2008).
The reported experiments are a small example of the
work carried out to date and that contributed to the
increased understanding of the interaction between the
micronutrient Se and selenoprotein gene expression (for a

more comprehensive review of the literature see Hesketh,
2008). A major challenge still remains and it involves a more
comprehensive understanding of how genetic variations in
all selenoprotein genes, combined with Se intake, influence
selenoprotein function, its downstream targets and
susceptibility to disease.
It is very important to address this issue as the association
between Se status and disease in different populations has
identified Se intake as a potential public health problem.
Nutrigenomics provides ways, via mechanistic and SNP
analysis studies, to tackle issues related to nutrient-gene
interactions and health and, in the future, more studies in
this field will prove the original statement of Hippocrates
and the concepts of Garrod, Williams,
and Pauling to be correct, especially if
the right dose of the right nutrient is
used for the right patient.
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Increased oxidative stress in vascular diseases
leads to endothelial dysfunction and reduced
nitric oxide (NO) bioavailability. Epidemiological
evidence suggests that diets containing high
amounts of natural antioxidants afford protection
against cardiovascular disease (CVD). Although the
potential health benefits of isoflavones contained
in soy products and other polyphenols contained
in red wine, tea and dark chocolate have been
the focus of recent research, supplementation
trials have largely reported only marginal health
benefits. The molecular mechanisms by which soy
isoflavones (genistein, daidzein, equol) afford
protection against oxidative stress in CVD remain
to be investigated in larger scale clinical trials.
Studies in animal models and vascular cells have
established that isoflavones increase endothelial
nitric oxide synthase (eNOS) activity and activate
the Nrf2-Keap1 defence pathway, leading to
an upregulation of detoxifying and antioxidant
genes. We here review recent advances in our
understanding of mechanisms by which dietary
isoflavones activate eNOS and Nrf2-Keap1
mediated antioxidant gene expression.
Cardiovascular diseases (CVD) such as coronary
heart disease, hypertension, atherosclerosis
and diabetes are associated with increased
generation of reactive oxygen radicals (ROS) and
compromised endogenous antioxidant defenses
[1-3]. CVD is more common in men than agematched pre-menopausal women [4;5], and the
loss of cardiovascular protection after menopause
has been attributed to estrogen deficiency [6].
Differences in the regulation of blood pressure and
vascular reactivity between males and females
have been investigated extensively, with estrogen
implicated in the protective effects of gender on
the vasculature [7] and expression of longevity
associated genes [8].
Epidemiological basis for isoflavone
supplementation trials
The preferential affinity of genistein, daidzein
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and equol for estrogen receptor (ER) β [9;10]
has precipitated studies of their vascular actions
with minimised risk for stroke and breast cancer
associated with prolonged hormone replacement
therapy (HRT) [11;12]. In addition to reported
antioxidant properties of the phenolic group
in their steroid structure [13], estrogen and
isoflavones activate intracellular kinase signaling
pathways and gene transcription [4;5] and inhibit
NAD(P)H oxidase superoxide production [14;15].
The current interest in the health benefits of
isoflavones is largely based on epidemiological
observations that an increased intake of soy
isoflavones is associated with a lower incidence of
CVD in Far Eastern populations [16]. Soy products
contain significant amounts of the isoflavones
genistein and daidzein, and plasma concentrations
of genistein can reach 4μM in Japanese consuming
a traditional soybean rich diet [17;18].
Initially the Framingham Offspring Study
highlighted a favourable cardiovascular risk profile
in postmenopausal women receiving isoflavone
supplements [19], however, the American Heart
Association subsequently attributed health
benefits of isoflavones to the high content of
polyunsaturated fats, fiber, vitamins, minerals and
low content of saturated fat in soy products [20].
Several of the randomized trials included in the AHA
prospective analysis were unfortunately based on
small cohorts receiving varied anti-hypertensive
therapy and/or isoflavone formulations. More
importantly, many of these clinical trials failed
to consider that only 30-50% of the population
are able to metabolise daidzein to equol (‘equol
producers)’ [21], which may have affected the
metabolic fate, bioavailability and efficacy of
isoflavone supplements. In postmenopausal
women receiving synthetic alternatives to
estrogen, arterial stiffness was found to be lower
in ‘equol-producers’ compared to ‘non-producers’,
however, soy supplementation had negligible
effects on vascular function [22]. Notably, in this
study endothelial reactivity was highly variable
at baseline and following soy supplementation in
both ‘equol-producers’ and ‘non-producers’.
Rapid non-genomic actions of isoflavones in
vivo
Physiological concentrations of isoflavones evoke
acute endothelium-dependent increases in forearm
blood flow [23-27] most likely mediated via NO
[28]. A recent study in healthy postmenopausal
women has shown that feeding an isoflavone
enriched/low fat meal increases endotheliumdependent relaxation in vivo [29]. Our previous
studies in rodents established that feeding a
soy isoflavone deficient diet from conception
and throughout adult life (10-12 months) leads
to elevated blood pressure and endothelial
dysfunction in male offspring [30;31]. Endothelial
dysfunction in soy deficient adult male rats was
associated with decreased glutathione and mRNA
levels for MnSOD, and both vascular reactivity
and blood pressure were restored to normal
values upon refeeding an isoflavone rich diet for

4 months [30]. Since feeding a balanced isoflavone diet to
younger rats for up to 4-6 months has marginal benefits
for endothelial function [32], supplementation may only
modulate vascular function in aged animals or subjects with
CVD.  We recently reviewed the evidence that isoflavones
can also evoke rapid endothelium-independent relaxation of
arterial rings in vitro involving modulation of ion channels
[4,5]. Thus, in addition to acutely stimulating endothelial
NO production [5], isoflavones, xenoestrogens and estrogen
antagonists can directly modulate vascular smooth muscle
tone by inhibiting L-type Ca2+ channels or activating Maxi K+
channels [33-35].
Acute activation of eNOS by isoflavones
We have previously reported that the dietary isoflavones
genistein, daidzein and equol (1-100 nM, 2 min) rapidly
stimulate endothelial NO production at basal cytosolic Ca2+
levels [28]. It is worth noting that higher concentrations
of genistein (>10 µM) inhibit tyrosine kinase activity [36],
and thus any vascular actions are likely to reflect nonselective inhibition of kinase activity. Our experiments
with human umbilical vein endothelial cells established
that the daidzein metabolite equol induces eNOS Ser1177
phosphorylation via activation of ERK1/2 and PI-3 kinase/
Akt and independent of estrogen receptors [28]. Similar
studies in bovine aortic endothelial cells have implicated
PKA in eNOS phosphorylation [37].
Genomic actions of isoflavones: activation of the Nrf2Keap1 defence pathway
Increased generation of ROS and accumulation of oxidized
LDL in the vessel wall is linked with hypertension and CVD
[38]. Under physiological conditions, ROS are eliminated
efficiently by intracellular antioxidant defence systems [39],
yet oxidative stress occurs when ROS production exceeds
the capacity of antioxidant defences. The redox sensitive
transcription factor nuclear factor-erythroid 2 (NF-E2-related
factor 2, Nrf2) serves as a key regulator of cellular defences
against oxidative or electrophilic stress [40-44]. Nrf2 forms
heterodimers with small Maf proteins with subsequent
binding to the antioxidant/electrophile response element
(ARE/EpRE) in the promoter region of antioxidant and phase
II detoxifying enzymes leading to gene transcription. Keap1
(Kelch-like ECH-associated protein 1) negatively regulates
Nrf2 by targeting it for proteasomal degradation [45] .
Oxidative or electrophilic stress induced alterations in the
Nrf2-Keap1 complex prevent proteasomal degradation,
enabling newly synthesized Nrf2 to accumulate in the
nucleus and activate ARE-mediated gene expression[46].
Although few studies have addressed the molecular targets
of dietary isoflavones in vascular endothelial and smooth
muscle cells, non-genomic and genomic mechanisms of
action include activation of intracellular kinases and
eNOS, inhibition of NAD(P)H oxidase and transcriptional
activation of phase II defence and antioxidant genes such
as heme oxygenase-1 [4;5;47]. HO-1 protects cells against
oxidative stress by degrading the pro-oxidant heme to
biliverdin, which is subsequently converted to the radical
scavenger bilirubin[48;49]. Since Nrf2-null mice exhibit an
increased susceptibility to oxidants [50], this transcription
factor may serve as potential target for dietary isoflavones
[4;5]. As summarised in Figure 1, we hypothesize that
generation of NO, O2- and peroxynitrite in endothelial cells
(and other vascular cell types) in response to isoflavones
may lead to Nrf2/ARE mediated transcriptional activation
of antioxidant genes [47]. Under physiological conditions,
low concentrations reactive oxygen and nitrogen species
generated in response to isoflavones may serve as
important ‘second messengers’ to activate intracellular
signaling pathways linked with the induction of phase II and
antioxidant defence genes [47;51].

associated with an upregulation of ARE-regulated genes,
implicating the Nrf2/ARE pathway in atheroprotection
[52-55]. Studies in cultured endothelial cells have shown
that laminar flow, but not oscillatory flow, stimulates
Nrf2/ARE mediated expression of antioxidant genes.
Moreover, recent studies in mice in vivo suggests that Nrf2
is activated by ‘atheroprotective’ flow, with activation
affected differentially in atherosclerosis-resistant and
atherosclerosis-susceptible regions of the mouse aorta
[56]. Thus, an upregulation of antioxidant defences in
regions exposed to ‘atheroprotective’ flow may serve as
a protective mechanism against transient increases in
oxidative stress. As pre-menopausal women have a lower
incidence of CVD compared to age-matched men, this
raises the question whether cross-talk between shear stress
and estrogen (or isoflavones) activated pathways in part
accounts for the lower incidence of CVD in pre-menopausal
women which is lost after the onset of menopause due to
estrogen deficiency.
Future perspectives
The molecular mechanisms by which isoflavones upregulate
antioxidant gene expression in vascular cells certainly
merits further investigation. Our ongoing studies of the
actions of isoflavones on endothelial cells, isolated arterial
rings and arterial blood pressure in vivo [28;30] have
identified eNOS and the Nrf2-Keap1 pathway as a potential
therapeutic targets for dietary isoflavones. However, it is
worth noting that isoflavones and other polyphenols may
also combat oxidative stress by modulating redox sensitive
gene transcription via other transcription factors such as
NF-κB [57].
Figure 1
Transcriptional activation of redox sensitive genes by
isoflavones via the Nrf2–Keap1 defence pathway. Isoflavones
and other polyphenols activate intracellular kinase cascades,
leading to the acute activation of eNOS and NO release
and/or generation of reactive oxygen and nitrogen species.
Increased NO, ROS or peroxynitrite levels will modify
cysteine residues on Keap1 leading to nuclear accumulation
of the redox sensitive transcription factor Nrf2. Nrf2 binds
to the antioxidant response element (ARE) or electrophile
response element (EpRE) in the promoter region of target
genes (e.g. phase II defense and antioxidant enzymes NQO1,
HO-1). Induction of other antioxidant genes such as MnSOD
may involve rapid phosphorylation of ERK1/2 and I-κB and
translocation of the p50 subunit of NF-κB to the nucleus
and transactivation of MnSOD expression.
Isoflavones have emerged as potential alternatives to HRT,
yet there are still conflicting reports on their benefits for
cardiovascular health [20]. Nevertheless, postmenopausal
women supplemented with genistein for 6 months
exhibit significant improvement in glycemic control and
endothelial function compared to a placebo group [58].
These investigators emphasized that an individual’s preexisting metabolic status may affect responses to isoflavone
therapy. Future, large-scale clinical studies evaluating
the health benefits of isoflavones will need to consider the
ability of intestinal bacteria to metabolize daidzein to equol
as well as an individual’s metabolic status. As studies in
rodent models have shown that dietary isoflavones increase
the expression of eNOS and antioxidant genes [30], further
clinical studies of the effects of dietary isoflavones on gene
expression in the vasculature are warranted. In summary,
cardioprotective actions of dietary isoflavones may reflect
their ability to stimulate NO and ROS production (Figure 1),
leading to the upregulation of antioxidant gene expression
via the Nrf2/ARE/EpRE defence pathway.

Estrogen, isoflavones and shear stress
Exposure of the endothelium to laminar shear stress is
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BPS Media Update

The mission of the External Affairs committee is to foster on behalf of the Council all matters of external relations with
international federations of pharmacology, national learned societies and  committees as well as industry. Specific aims are
to encourage publicity and press coverage of pharmacology in order to advance the discipline and promote understanding
of pharmacology across society.
In 2009 the Society proposes to support speakers at forthcoming science festivals which have large audiences and also
receive substantial press coverage - the Cheltenham Science Festival, one of the largest in UK with an audience of 20,000
and with other members of the Bioscience Federation, the British Association for the Advancement of Science, which
concentrates on the public discussion of developments across the many different fields of science. The Society is working
with a PR company (see report below) to identify at forthcoming meetings, speakers and areas of research suitable for press
releases to the media.
Anthony Davenport,
President External Affairs Committee

Media Relations Report, BPS Winter Meeting (16-18 Dec 2008)

The media coverage achieved from the 2008 BPS Winter Prof Christine Mummery, a UK researcher formerly at The
Meeting in Brighton was extremely pleasing, with stories University of Nottingham but now at Leiden University in the
appearing in both trade and specialist publications and on Netherlands, proved excellent at describing her research in
major international news websites.
lay terms. Once a release was agreed, a copy was sent to
Prof Mummery’s host institution and, at her request, to Stem
The brief was to produce a pre-conference press cells for Safer Medicines (SC4SM), as it referenced them,
announcement followed by three press releases, one for and they were grateful for the notification.
each day of the conference. Dr Mick Bakhle again proved
invaluable in helping to advise which subject areas might The release was picked up by the major US news outlet
prove most newsworthy.
CNN, which was running a special programme on stem cells
Two presentations were selected for consideration for day close to Christmas and requested an interview with Prof
one of the conference – Dr Stephen Poole and Prof Luke Mummery. A very positive piece on Prof Mummery’s work
O’Neill. Both academics were interviewed and it was subsequently appeared on the CNN website a few days
decided to issue a release about Dr Poole’s research into the after the conference ended, which mentions the BPS Winter
Northwick Park drug trial, while Prof O’Neill’s work on Toll- Meeting. The website receives an average 35 million page
like receptors was included in the advanced press notice.
views a day.
The presentation selected for the second day of the
conference was Dr Nick Finer’s research on anti-obesity
drugs and his call for their wider use by GPs in order to
reduce the need for surgery in later life. The final day’s
press release highlighted Prof Christine Mummery’s research
on embryonic stem cells and how they might be used in drug
testing.
Dr Stephen Poole’s, (National Institute for Biological
Standards and Control), press release received initial
interest from Kate Devlin, Medical Correspondent
at
the
Daily
Telegraph,
The
British
Medical
Journal, which ran a page lead in the news section of the
January 3 edition. The release was also carried by the
Pharmaceutical Journal, as well as several medical / science
websites.

The conference also received additional media attention
after the Press Association singled out the research of Dr
James Dear, from Edinburgh University, who was presenting
at the conference. The story was carried by several Scottish
newspapers.
Press coverage can be viewed in the Media section of the
BPS website.
As always, a huge thank you must go to Dr Mick Bakhle for
his help and guidance in identifying possible stories from
the conference and teasing out the strongest and most
appropriate angles.
Anna Muir and STEHM Media

Dr Nick Finer,
Consultant in Obesity Medicine at
Addenbrooke’s Hospital, received extensive online coverage,
the press release was picked up by the Daily Telegraph and
was published online on 16 December. It is worth noting that
the Daily Telegraph website is visited by about 20 million
people a month. The press release was also carried by USA
Today online, resulting in widespread, positive exposure for
the BPS and the Winter Meeting.
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Meetings Report

After the earliest start to cold weather for a long
time, a winter’s week in Brighton was probably
not one that many BPS members looked forward
to, despite the promise of a rich programme. On
arrival, spirits were rapidly raised by the aerobatic
display put on by the huge starling colony on the
wrecked West Pier, and the warm welcome in the
Hilton courtesy of the huge infra-red heaters in
the meeting rooms.
Robin Hiley
Vice President
(Meetings)

The Clinical Section perhaps reflected the nation’s
gloom by following the Specialist Registrars’ Session
with a debate about the death of the discipline.
David Back’s Lilly Lecture showed that defeatism
was not appropriate by his brilliant exposition
of the way in which clinical pharmacology can
markedly enhance the effectiveness of therapy as
shown by his work on drug interactions
in HIV. Sadly, in view of the quality of the
talks, the symposia on Tuesday morning
were thinly attended, especially in
the first session, which did not reflect
well on the Society, especially to those
speakers who were non-members
- the question of start time is clearly
something we will have to think about.

Wednesday was Young Persons’ Day, and
was enhanced by the presence of 21
posters presented by undergraduates
nominated to present results by their
institutions [pic 1]. Members were
Pic 1:
very
supportive of these fledging
Shahmime Guul & Mike Curtis
pharmacologists, and the feedback that
has reached me has been very positive.
Other young pharmacologists were
recognised by the awards of prizes, all
of which were hard fought [pg 17, pic
3]. Symposia on Obesity (appropriate
on the day of the Official Dinner) and
using Receptor Structure/Function
Studies in Drug Design, were followed
by Andrew Kicman’s Tocris Lecture on
Anabolic Drugs in the Gym. He led us
through the bizarre Pharmacological
abuses people subject themselves to
Pic 2: Peter Hicks, Mandy MacLean
in order to reach a single end and the
& Grame Henderson
efforts by his and other labs to catch
them out.   The Official Dinner was noteworthy
for the inpressive range of the talent rewarded by
the Society’s prizes more than by the food, and
the Society’s Photographer obtained evidence of
Arthur Weston’s intentions towards the referees
who kept asking him to get out his K+-selective
electrode. Arthur’s Gaddum Lecture [pg 17, pic
2] the next day was entertaining, informative and
revealed a deep love for his subject. He showed
how K+ channels, long championed by him while
overshadowed in many other’s minds by those
flashier cellular citizens, the Na+ and Ca2+channel,
are central to vascular regulation.
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On Thursday lunchtime, Anne Stephenson gave the
lecture in memory of Gary Price. She thoughtfully
presented views on the possibility of regulating
receptor trafficking to therapeutic ends.  Thursday
morning’s symposia were of the same outstanding
quality as those on the previous days, covering the
major topics of Cys-loop receptors, Cytokines and
Depression, and Stem Cell Therapy in the Heart
and the Society was fortunate to gather together
so many excellent speakers.
Jeff Aronson, our President had to miss the
meeting through ill-health. His recovery was no
doubt hastened by the good wishes sent by many
members from the meeting, but possibly also by
the absence of so many clinical pharmacologists
from the wards. Mandy MacLean was also unable
to say a final goodbye, beyond those said at the
Dinner [pic 2] as she also was struck down on
Thursday morning and had to head back early
to Scotland. This left your new Meetings Vice
President having to call the last survivors away
from the wine bar to review the final posters,
while contending with   an amplifier that had
clearly been used to generate voices on children’s
cartoons. The meeting survived all these glitches,
thanks to the unstinting efforts of the BPS staff.
The success of this meeting is largely due to
Mandy MacLean, who put together the first-rate
programme and will be a hard act to follow.
She has presided (or is it vice-presided?) over a
series of wonderful meetings and this last is likely
to remain one to beat for many years to come.
We all owe her a great debt for safeguarding the
vibrancy of our scientific meetings.
Next year, to try to make it easier for members
to attend, and to gain a bit of shelter from sea
breezes, the Winter Meeting returns to London,
to the Queen Elizabeth II Conference Centre in
Westminster, using what used to be a ministerial
suite. Can the pigeons of the City of Westminster
put on a display to beat that of Brighton’s
starlings?
Come and see.

Details of all BPS meetings can be found at
www.bps.ac.uk

BPS Diploma

Jill Darton from GlaxoSmithKline completes the BPS
Diploma in Advanced Pharmacology
The BPS developed the BPS Diploma in Advanced
Pharmacology in 2006, following a request by members to
provide training opportunities for research scientists who
lacked a formal education in Pharmacology. There was much
discussion whilst we designed a course that was feasible
in terms of time for students, from both industry, and
academia. In addition, we wanted the workshops to provide
interactive teaching, enabling students to build upon
their experience through a course of topics learnt in the
workshops. After much discussion, we agreed to a course
that involved attendance at six cutting edge workshops, two
communications to the Society, and a dissertation. We now
have 40 registrants in various stages of the Diploma.
Jill Darton from GSK is our first candidate to complete
the Diploma. She followed a pathway that took her just
under 2 years and consisted of attendance at the following
workshops: General and Advanced Receptor Theory; Drug
Discovery and Safety Pharmacology; Statistics; Ischaemiareperfusion Injury; Molecular Biology Techniques in
Pharmacology and Pharmacokinetics. She gave an oral

communication
entitled,
‘Inhibition of gastric acid
secretion
by
different
mechanisms
of
action
in the conscious gastric
fistula rat’, and a poster
communication
entitled,
‘Potency and selectivity
of GSK1325831A, a small
molecule ghrelin receptor
agonist.’ Her dissertation
on ‘Evaluation of the clinical
Sue Brain and Jill Darton
and cost-effectiveness of
Herceptin in the treatment
of early and late stage breast cancer’, was supervised by Dr
Martin Lennard from the University of Sheffield.
The BPS formally presented Jill with her Diploma on the
occasion of the dinner at the Winter Meeting in Brighton.
I am sure everyone will join me in congratulating Jill on
being the first student to obtain the Diploma and wish
her all the best for her career in a new post at GSK.
SD Brain, Vice-president Academic Development

Biotechnology YES: A Contestant’s Perspective
Two members of the British Pharmacological Society’s
Younger Members Committee recently celebrated
their success at the 2008 Biotechnology YES (Young
Entrepreneurs’ Scheme) competition. Biotechnology YES
is an entrepreneurial competition aimed at enhancing
understanding of the importance of scientific research
to the commercial sector among life scientists. Scientific
innovation is a valuable contributor to the economy,
especially in turbulent times such as a recession. Scientists,
however, rarely think beyond the confines of the laboratory
and about the potential commercialisation of their research.
Biotechnology YES aims to change this.
Throughout the UK, heats are held at which postgraduate
and postdoctoral life scientists are given three days of
expert tuition from leading figures, on the various aspects of
business that are required to establish a viable and profitable
company. The topics include business planning, finance,
intellectual property, marketing strategies and operational
aspects. The three days culminate in a Dragons’ Den-style
competition, in which contestants are required to present a
realistic business plan for a hypothetical bioscience product
to a panel of potential investors. The top 3 teams from each
heat are then sent to the illustrious London final to compete
for a £1000 prize.
This year 73 teams from all around the UK entered the
competition. Follix, the brainchild of a team of University
of Manchester PhD students (consisting of BPS committee
members Annie Geraghty and Tom Longden, along with
their colleagues Leon Adams, Alexandra Hughes, and Laura
Roberts) won the Central Regional heat with their microsphere
platform technology. According to their business plan,
Follix would use this technology as a vehicle to deliver and
retain a hair-removal cream at the hair follicle. Following
investment, this initial product would be sold throughout
Europe to raise capital for further research and development

of
the
company’s
pipeline
products.
The Central Regional
heats were held at the
renowned Old Trafford
football
stadium,
home of Manchester
United, after which the
winners were invited
to the London finals.
This year’s final was
held at the Marriott Annie Geraghty and Tom Longden (3rd
Hotel County Hall on the from left), along with their colleagues
banks of the Thames, Leon Adams, Alexandra Hughes, and
overlooking the Houses Laura Roberts
of Parliament. After a
day of intense competition, the winners were announced
and Ovega, from Reading University, took the top prize
with their plan for healthier Omega 3-enriched cooking
oils. Follix were proud to take the Syngenta prize for ‘Best
plant science-based business plan’, especially as they were
a team of physiologists and pharmacologists!
The competition was an exciting and very memorable
experience for all the Follix team. Not only did we make
friends and have great fun, but the competition also raised
awareness of the importance of thinking about scientific
research from a business perspective and highlighted some
previously-unconsidered career options for the entire team.
If we could enter again next year we certainly wouldn’t
hesitate!
The competition is open for entry all year round and more
information is available at www.biotechnologyyes.co.uk.
Thomas Longden, University of Manchester
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Jeff Aronson,
President, BPS

Pharmacologists in the
Oxford Dictionary of
National Biography

The original Dictionary of National Biography was a typical Victorian enterprise. It was first edited by Sir
Leslie Stephen, Virginia Woolf’s father, and later by Sidney Lee, and was published in 63 volumes between
1885 and 1900 (www.oup.com/oxforddnb/info/prelims/intro/intro1/#history). Several supplements were
subsequently published under the general editorship of Christine Nicholls, in collaboration with, on different
occasions, Sir Edgar (‘Bill’) Williams, Lord Blake, and Sir Keith Thomas. In 1992 it was decided to overhaul the
dictionary completely, and Colin Matthew, Professor of Modern History in Oxford, was given the task of editing
the new edition. Colin, a much respected scholar, whom a colleague described as ‘one of the few wholly
irreplaceable people in [Oxford] University’, died suddenly and unexpectedly in 1999 and was replaced by
Brian (now Sir Brian) Harrison of Corpus Christi College. After the second edition had been published in 2004,
Lawrence Goldman, another Oxford historian, took over as editor. Entries in the Dictionary are constantly
being added, as eminent people die and become eligible for inclusion.
A search of the current on-line edition of the dictionary (The Oxford Dictionary of National Biography;
http://ezproxy.ouls.ox.ac.uk:2117/index.jsp) reveals 26 individuals to whom the main description
‘pharmacologist’ is given. They are listed in Table 1. Although only one is described as a clinical pharmacologist,
five others are described as physicians and pharmacologists. Two were born in the 18th century (the Oxford
English Dictionary records the first use of the word “pharmacologist” in 1728), 12 in the 19th century, and
12 in the 20th century (if one includes 1900 in that century). The list includes three women, Edith Bülbring,
Marthe Vogt, and Eleanor Zaimis, and two Nobel prizewinners, Henry Dale and John Vane.
Table 1. Pharmacologists in the Oxford Dictionary of National Biography
Name

Dates

Description

Blaschko, Hugh [formerly Karl Felix Hermann]

1900–1993

biochemist and pharmacologist

Brunton, Sir Thomas Lauder, first baronet

1844–1916

physician and pharmacologist

Bülbring, Edith

1903–1990

pharmacologist and physiologist

Buttle, Gladwin Albert Hurst

1899–1983

physician and pharmacologist

Cash, John Theodore

1854–1936

physician and pharmacologist

Clark, Alfred Joseph

1885–1941

pharmacologist

Cushny, Arthur Robertson

1866–1926

pharmacologist

Dale, Sir Henry Hallett

1875–1968

physiologist and pharmacologist

Dixon, Walter Ernest

1870–1931

pharmacologist

Feldberg, Wilhelm Siegmund

1900–1993

pharmacologist and physiologist

Fraser, Sir Thomas Richard

1841–1920

pharmacologist

Frazer, Alastair Campbell

1909–1969

pharmacologist and food scientist

Gaddum, Sir John Henry

1900–1965

pharmacologist

Gray, Samuel Frederick

1766–1828,

naturalist and pharmacologist

Hanbury, Daniel

1825–1875

pharmacologist

Ing, (Harry) Raymond

1899–1974

chemical pharmacologist

Kosterlitz, Hans Walter

1903–1996

pharmacologist

Paton, Sir William Drummond MacDonald

1917–1993

pharmacologist

Pereira, Jonathan

1804–1853

pharmacologist and physician

Perry, Walter Laing Macdonald, Baron Perry of Walton

1921–2003

pharmacologist and university
administrator

Vane, Sir John Robert

1927–2004

pharmacologist

Verney, (Ernest) Basi

1894–1967

physiologist and pharmacologist

Vogt, Marthe Louise

1903–2003

pharmacologist and neurochemist

Williams, (Richard) Tecwyn

1909–1979

clinical pharmacologist

Williams, Robert

c.1787–1845

physician and pharmacologist

Zaimis [née Christides; other married name Chrysafis],
Eleanor

1915–1982

pharmacologist

There is another (longer) list of others who had some contact with pharmacology at some time during their
careers (Table 2). They are not described as pharmacologists in the Oxford Dictionary of National Biography,
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although some of them should be. For example, Sir Edward Johnson Wayne (1902–1990) is billed as a physician, but he was appointed
to the chair of pharmacology and therapeutics in the University of Sheffield in 1934 and was also at one time chairman of the joint
formulary committee of the British Medical Association and the Pharmaceutical Society and chairman of the British Pharmacopoeia
Commission. And Sir Derrick Melville Dunlop (1902–1980), also described as a physician, is well known to clinical pharmacologists
as the chairman of the Committee on Safety of Drugs (the Dunlop Committee) in the 1960s, whose work led to the Medicines Act of
1968 and the establishment of the Committee on Safety of Medicines; he was also at one time chairman of the British Pharmacopoeia
Commission and a director of Winthrop Laboratories. In other cases the connection with pharmacology is tenuous; for example,
Lydia Pasternak Slater gained her degree in biochemistry from the Institute of Pharmacology in Berlin.
Table 2. Others with pharmacological connections listed in the Oxford Dictionary of National Biography

Name

Dates

Description

Bashford, Ernest Francis

1873–1923

oncologist

Battley, Richard

bap. 1772, d. 1856

apothecary and manufacturing chemist

Bennett, John Joseph

1801–1876

botanist

Brown, Sir (George) Lindor

1903–1971

physiologist

Campbell, Sir David

1889–1978

physician

Carling, Sir Ernest Rock

1877–1960

surgeon and developer of radiotherapy

Cook, Robert Percival

1906–1989

biochemist

Danielli, James Frederic

1911–1984

biologist

Davson, Hugh

1909–1996

physiologist

Dawes, Geoffrey Sharman

1918–1996

physiologist

Doyle, Sir Arthur Ignatius Conan

1859–1930

writer

Dunlop, Sir Derrick Melville

1902–1980

physician

Etheridge [Etherege], George

1519–1588?

physician and classical scholar

Gamgee, Arthur

1841–1909

physiologist

Hale-White, Sir William

1857–1949

physician

Hamilton [formerly Himmelschein], Max

1912–1988

psychiatrist

Harington, Sir Charles Robert

1897–1972

biochemist and medical administrator

Hart, Francis Dudley [Frank]

1909–2004

rheumatologist

Hay, Matthew

1855–1932

physician and expert in forensic medicine
and public health

Laidlaw, Sir Patrick Playfair

1881–1940

medical scientist

McElwain, Timothy John

1937–1990

cancer physician

McKendrick, John Gray

1841–1926

physiologist

Marsden, (Charles) David

1938–1998

neurologist and neuroscientist

Maund, John

1823–1858

physician and analytical chemist

Mellanby, Sir Edward

1884–1955

medical scientist and administrator

Pearson, Richard

bap. 1764, d. 1836

physician

Pickford, (Lillian) Mary

1902–2002

neuroendocrinologist

Pitt-Rivers, Rosalind Venetia Lane Fox [née Rosalind Venetia Henley]

1907–1990

biochemist

Ray [formerly Wray], John

1627–1705

naturalist and theologian

Ringer, Sydney

1835–1910

physician and physiologist

Roberts, Sir William

1830–1899

physician and physiologist

Rosenheim, (Sigmund) Otto

1871–1955

organic chemist and biochemist

Sanderson, Sir John Scott Burdon, baronet

1828–1905

pathologist and physiologist

Sheehan, Harold Leeming

1900–1988

pathologist

Slater, Lydia Elisabeth Leonidovna Pasternak

1902–1989

biochemist, poet, and translator

Wall, Patrick David [Pat]

1925–2001

neuroscientist

Walshe, Sir Francis Martin Rouse

1885–1973

neurologist

Wayne, Sir Edward Johnson

1902–1990

physician

Whitteridge, David

1912–1994

physiologist

Willcox, Sir William Henry

1870–1941

physician and toxicologist

Young, Sir Frank George

1908–1988

biochemist and educationist

If you think that any of those listed in Table 2 deserve to be described as pharmacologists, please let me know and I shall speak
to the Editor. Similarly, let me know if there are any late UK pharmacologists, not currently in the Oxford Dictionary of National
Biography, who would, in your view, justify inclusion. I already have a few in mind.
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BPS Diploma Workshop
Report: General and
Advanced Receptor Theory
Old theory for new technologies: BPS General
and Advanced Receptor Theory Workshop
applying classical receptor theory to modern
drug development.
BPS Diploma Workshop on “General and
Advanced Receptor Theory”, In association
with the BPS Christmas meeting 15-17th
December, 2008.
Organizers: D. Armstrong (Astrazeneca), A.J.
Gibb (UCL), J. Koenig (Cambridge), E. Lilley
(Novartis), M. Trevethick (Pfizer).
INTRODUCTION: what might the Roman
philosopher Lucretius, Paul Ehrlich and Sir
James Black have in common? Participants who
attended the second BPS Diploma Workshop on
General and Advanced Receptor Theory (GART)
discovered a common interest in the actions
of hormones and drugs and in understanding
these according to physical principles. The
technology available to study ligand-receptor
interactions in the modern pharmaceutical
industry would have seemed like science fiction
to pharmacologists of 50 years ago. The use of
robotic technologies to conduct scintillation
proximity radioligand binding assays, PET and
SPECT to measure ligand binding in the awake
human brain, or patch-clamp single-channel
recording to study receptor activation kinetics
seem a long way from the classical work of A J
Clark on the dose-response curve of the isolated
frog rectus abdominus muscle. The participants
of this workshop though, enjoyed seeing how
many of the principles for the analysis and
interpretation of drug action data that were
developed so carefully by the early work of Hill,
Clark, Gaddum, Schild and Katz can be directly
applied to data from modern assay systems.
BACKGROUND: the BPS Diploma in Advanced
Pharmacology developed out of a recognised
need within the Society to provide a mechanism
for developing pharmacological knowledge
among postgraduate students and professional
scientists now working in the discipline but
lacking formal training in it, or desire further
professional development in this area. A wider
aim is to promote networking and sharing
of knowledge in pharmacology, and recently
the workshops have been opened up to a
larger audience, non-diploma candidates are
now welcome to attend. To these ends each
workshop is designed to include opportunities
for discussion and socialising among the
participants and most workshops are held in
association with Society meetings. The first GART
Workshop ran in Glasgow in 2007 in association
with the Life Sciences meeting, and was the first
workshop to run that was specifically designed
for the Diploma. In their feedback many of the
participants expressed the view that receptor
pharmacology was an ideal topic to launch this
exciting new venture.
Further workshops have followed in Drug
Development and Safety Pharmacology, and
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Ischaemia-Reperfusion Injury (in association with the
Winter BPS meeting in Brighton, 2007) followed by
Applying Receptor Theory to Drug Discovery (March
2008), Statistics (March 2008), Pharmacokinetics
(June 2008), and Molecular Biology Techniques in
Pharmacology (September 2008).
LOCAL ORGANIZATION: The GART course was ably
managed by the BPS Education and Meetings teams
who handled the organization of the course web site,
provision of course materials to the participants,
coordinated registration of participants, collated
the course feedback and Workshop Reflective
Accounts, and provided professional support to all
the Workshop organizers.
WORKSHOP OVERVIEW: the 18 course participants
were mainly from the UK pharmaceutical industry
and university research with a few participants from
abroad, including two from the pharmaceutical
industry in Costa Rica. The workshop was structured
over 1.5 days with 2 lectures on the afternoon of the
first day (‘Classical approaches to the study of drugreceptor interactions’ - Elliot Lilley, ‘Introduction
to the principles of radioligand binding’ - Mike
Trevethick) and on the second day (‘Partial agonists,
agonist efficacy, receptor constitutive activity and
inverse agonism’ – Duncan Armstrong, ‘Competitive
and non-competitive antagonism’ – Jenny Koenig),
Lectures were interspersed with quantitative
exercises on analysis of the actions of agonists and
antagonists and Excel spreadsheet tutorial exercises
provided practical experience of modelling drug
action at receptors and analysis of agonist doseresponse data using non-linear least-squares curve
fitting (Jenny Koenig and Alasdair Gibb).   The
workshop was rounded off with a discussion and
tutorial exercise highlighting the role of quantitative
receptor theory in drug discovery during the
development of ß2 agonists for the treatment of
asthma (Mike Trevethick and Duncan Armstrong).
The Workshop represents a heavy workload, but was
undertaken with enthusiasm and good humour from
the participants.
The lectures concerned classical and modern
principles of selected areas of receptor
pharmacology. Most participants were familiar
with at least some of the material covered, the
majority having experience of GPCR systems,
either in vitro, or in vivo. The academic content
of the workshop centred around the principles of
quantifying drug action at receptors. The work of
Ehrlich, Langley, Hill and others established what
can now be recognised as Pharmacology’s ‘Big Idea’
(Rang, 2006) the concept of the receptor. This
opened the route to understanding hormone and
neurotransmitter action while providing a rational
basis for understanding drug effects and developing
new drug therapies, propelling the pharmaceutical
industry to astonishing success in the 2nd half of
the 20th century, transforming medical practice
and enhancing the quality of life for millions
of people. Many of the workshop participants
particularly appreciated the opportunities created
by the workshop for discussion with experts directly
involved in drug development in the pharmaceutical
industry.

The GART workshop is focused on agonists, antagonists
and receptor activation. Basic theory relating to the
interpretation of dose-response and radioligand binding
data, and measures of agonist and antagonist receptor
affinity was developed and used to lead into more
advanced material on measures of agonist efficacy,
partial and inverse agonism. One of the subsidiary aims
of the workshop was to dispel some of the myths that the
algebra underlying quantitative receptor pharmacology
may be too difficult for those without mathematical
training (and the Workshop encouraged participants to
be bold in this and make use of some excellent material
available in text books on this topic: e.g. Jenkinson, 2002).
The mathematical aspects were clearly challenging for
most of the participants who may not have used algebraic
manipulations in their work for a number of years. It
was satisfying to note that after some initial dismay, by
lunchtime the paper napkins were being put to good use in
discussion of the relationship between the dose-response
curve and the Hill-Langmuir equation.
Quantitative exercises and discussion material were
used to consolidate the lecture material on agonists,
antagonists and receptor activation, beginning with the
use of the Law of Mass Action to derive the Hill-Langmuir
equation, and the extension of this provided by the delCastillo and Katz (1957) mechanism

(1)
that allows the concepts of agonist affinity (dissociation
equilibrium constant, KA = k-1/k+1) and efficacy
(constant, E = β/α) to be quantified and the dependence
of the shape of the dose-response relation on these two
parameters to be quantitatively modelled and described.
The approach of the Workshop is to first present the topic
in a formal lecture and then explore the underlying ideas
using quantitative exercises and modelling. Comparison
of the relationship between ligand concentration, [A],
and proportion of receptors in the active conformation
(pAR*)

(4)
noting that the constant derived from fitting the binding
curve (KL) depends on both the affinity (KA) and efficacy (E).
Thus, in general, it is not possible to determine whether a
change in the chemical structure of the agonist, or receptor
structure has altered affinity or efficacy using measures of
equilibrium binding affinity or dose-response curve halfmaxima (Colquhoun, 1998). These concepts were explored in
an Excel-based curve fitting and modelling exercise, where
the workshop participants could spend some time observing
the effect of varying [A]50 and Hill coefficient, nH, on the
shape of a simulated dose-response relation, and then use
the same approach to investigate the effect of varying KA
and E on the shape of the relation for the del-Castillo &
Katz mechanism described by equation (2). The Excel add-in
‘Solver’ function was employed to demonstrate the use of
non-linear least-squares curve fitting in Excel to estimate
[A]50 and nH for the Hill equation.
A second general discussion point arises from recognising that
each of the receptor conformations depicted conceptually in
the del-Castillo & Katz mechanism in fact represents multiple
states (for example, receptors most likely have more than
one active conformation, more than one resting, inactive
conformation etc). It is clear that the equilibrium constants
describing the del-Castillo & Katz mechanism are, in reality,
composite constants representing multiple underlying
equilibria. These considerations illustrate one of the ideas
discussed in the Workshop that the [A]50 from a doseresponse curve, or the constant from a radioligand binding
assay will, in principle, depend on all the conformational
states of the receptor. Further complications appear when
attempts are made to understand the molecular basis of
partial agonism, inverse agonism or the consequences of
GPCR dimerization in the analysis of affinity and efficacy at
G protein-coupled receptors.
Receptor antagonism and the quantitative treatment of two
competing ligands formed a second theme of the Workshop.
Beginning with the situation where two ligands bind to the
receptor in a mutually exclusive manner

(5)

(2)

with the relationship between ligand concentration and
proportion of receptors occupied (pocc=pAR+pAR*)

the Gaddum and Schild equations were derived

(6)
(3)
provides a useful starting point to discuss firstly, the
meaning of the half-maximum concentration, [A]50, in
the relationship between [A] and the proportion of active
receptors, and secondly, the meaning of the half maximum
point (KL) on a radioligand binding curve:
				

and discussion of the inhibition curve obtained from a binding
experiment and how the IC50 for the inhibitor, I, depends on
the equilibrium constants for both I and the radioligand, L,
(KI and KL).
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efficacy. The interpretation of structure-activity
relationships and of the effects of mutating
receptors. Br J Pharmacol 1998; 125, 924-947.
Jenkinson, D.H. - Classical approaches to the
study of drug-receptor interactions. pp 3-78.
In Textbook of Receptor Pharmacology. 2nd Ed.
Foreman, J.C. & Johansen, T. CRC Press Inc 2002;
Florida, USA.
(7)

These principles were then applied in a tutorial
exercise examining the blocking action of a series
of anti-malarial drugs at α9α10 neuronal nicotinic
receptors.
The final discussion session of the Workshop focused
on the impact of some of the principles of receptor
pharmacology on one area of drug development and
design: beta agonists in asthma. Here questions of
drug selectivity, and whether agonist potency is
dominated by affinity or efficacy were combined
with consideration of factors affecting the duration
of action of agonist drugs in vivo and the unusual
behaviour of drugs like salmeterol.
Obviously no single workshop can cover everything
and it is important to view each Workshop of
the BPS Diploma as a starting point for further
discussion of material which the participants are
familiar with from their own work and so part of
the participants reflective account of the Workshop
includes an analysis of some appropriate data that
illustrates some of the Workshop principles. For
most participants, the Workshop was challenging,
but satisfying, judging from feedback comments
provided after the workshop. The excellence of the
material included in the post-Workshop Reflective
Accounts is a good measure of the commitment
and enthusiasm of the participants following the
Diploma.
The following workshops will be held in 2009:
Statistics (May 13th, London), Applying Receptor
Theory to Drug Discovery (July 6th, Edinburgh)
Pharmacokinetics (July 7th, Edinburgh), Early Phase
Trials of New Drugs (September 1st, London) and
Drug Discovery (December, London). If you would
like to register for any of these BPS workshops
please contact sm@bps.ac.uk. For further details
about applying for the BPS Diploma in Advanced
Pharmacology, see the BPS website (www.bps.
ac.uk) or contact meetings@bps.ac.uk.
References:
del Castillo, J. & Katz, B. - Interaction at endplate
receptors between different choline derivatives.
Proc Roy Soc Lond. 1957; B 146, 369-381.
Colquhoun, D. - Binding, gating, affinity and
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Rang, H.P. - The receptor concept: pharmacology’s
big idea. Br J Pharmacol 2006; 147, S9–S16.
Those wishing to learn more about the BPS
Diploma in Advanced Pharmacology and related
Workshops, should visit the BPS website (www.
bps.ac.uk) or contact Judith Hall (jmh@bps.
ac.uk).

Alasdair Gibb, University College London
Gart Workshop Organizer

Profile: Emily Davies, participant on the BPS/
Physiological Society in vivo short course
Eight years ago, BPS and The Physiological
Society set up Short Courses on Integrative
in
vivo
Pharmacology/Physiology
for
undergraduate and postgraduate students
in response to the decrease in the number
of universities in the UK that offer in vivo
training within their institutions. Funding
for the courses, additional to that provided
by BPS and the Physiological Society, comes
from the Wellcome Trust, the BBSRC, and
the Pharmaceutical Industry, covers the cost
of running the courses, student
travel, accommodation expenses,
attendance at a Home Office
training course (modules 1-4), and
the in vivo training course itself.
Three courses are run each year,
currently at Kings College London, the University of
Bristol, and the University of Glasgow.
Emily Davies obtained a first class degree in Pharmacology
from the University of Bristol and stayed on to study for
her PhD in Physiology. The title of her PhD is: “Developing
somatosensory evoked potentials in vivo - a translational
model for pain”. She attended the in vivo short course
during her undergraduate degree.
How did you find out about the BPS/Physoc in vivo short
courses?
I was informed about the course in a lecture during the 2nd
year of my undergraduate degree at the University of Bristol.
I was keen to participate as I was considering a career in
research at the time and knew the course would provide me
with invaluable skills. The course is organized and funded by
BPS and Physiological Society, and sponsored by a consortium
of pharmaceutical companies, BBSRC and Wellcome Trust,
and is therefore nationally recognised. A large proportion of
biomedical undergraduate students do not get the chance to
gain such skills and so it was a great opportunity.
When and where did you carry out your short course?
The week long course took place in June 2007 at the
University of Bristol, within the Department of Physiology and
Pharmacology. Many different research laboratories within
the University were involved. Prior to the summer course,
I attended a 2 day Home Office Personal Licence training
course and examination in order to hold a Personal Licence
to carry out experiments under the Animals (Scientific
Procedures) Act 1986.
Can you describe what the short course entails.
This intensive, specialised course involves a mixture of
lectures, observation and hands-on experimentation,
in order to gain an understanding of the physiological
and pharmacological principles underlying in vivo
experimentation. I was able to learn techniques such as
small animal surgery, data acquisition and experimental
design. Lectures were given by academic and industry
representatives on the use of animals in biomedical
research. During the course we were able to carry out and
have input in our own experiments. Participants also had
the opportunity to observe in vivo electrophysiological
experiments in various labs within the University and get
a taster of research life. Due to the large number of staff
associated with the course, and the small student numbers,
there was a great deal of expert guidance and instruction.
Towards the end of the week there was a dinner which

allowed us to socialise with PIs, post-docs and
PhD students within the University.
Did the course reinforce your desire to do in
vivo research as a career?
The course certainly provided me with many
opportunities and confirmed my intention to
pursue a career in research. I decided to use
my training and skills gained on the course
to best advantage and I selected an in vivo
final year undergraduate research project.
This in vivo electrophysiological project gave
me the opportunity to present
work at international conferences
including the triennial meeting of
the International Association for the
Study of Pain and the main meeting
of the Physiological Society. I am now
undertaking a PhD which also expands on the techniques
I learnt. I believe my interest and enthusiasm in pursuing
an in vivo research career in neuroscience has largely
stemmed from the BPS/Physoc in vivo short course and the
opportunities arising from it.
Why do you think that in vivo work is important in
advancing biological science?
In vivo experiments are necessary in order to investigate
whole system physiology and pharmacology and understand
interactions between different body systems and their
modification by drugs. This is not always possible using
alternative methods in novel research.
How much of the course focused on ethics of animal
experimentation and how important do you feel this is to
someone planning a career in in vivo pharmacology?
Both the Home Office licence training course and the in
vivo short course gave serious consideration of the ethics
of animal experimentation. They emphasised the ethical
requirements under ‘ASPA’ and the requirements of the
University of Bristol. We were also taught about seeking
and using alternative approaches and the importance of
experimental design for in vivo research. I believe it is
crucial for anyone embarking on an in vivo research career to
have a comprehensive understanding of the legal framework
relating to the use of animals in research and the ethical
considerations.
How did the in vivo training course help you in choosing
your PhD?
Gaining in vivo training at an early stage in my research
career gave me the chance to continue in vivo research
during my undergraduate degree and during this time I
developed a keen interest in neuroscience, in particular pain
research. This is the area of research I have now decided to
pursue in my PhD.
How would you compare the value of the hands on course
with using computer simulations instead?
Computer simulations are particularly useful in reinforcing
theory for undergraduate students but the hands on course
allowed me to put that theory into context. Although my
undergraduate degree programme widely used alternative in
vitro and computer aided education methods, for individuals
intending to undertake an in vivo research career it is
important to learn the relevant skills in order to carry out
productive research later in their careers.
Who do you think would benefit most from attending a
short course?
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I would definitely recommend the course to
undergraduate students who are interested in a
research career as I think it would benefit them
the most, but also to postgraduate students
wishing to gain new skills. There is a shortage
of graduates with an education involving in vivo
research, and in my case I found that potential
supervisors when applying for my PhD really
valued this training.
Where do you see yourself in 5 years time and
what are your long-term career aims?
I would like to stay in academia and at the
moment my career aim, following my PhD, is to

take on a post-doc position and contribute original
research to the field of neuroscience.
The courses are aimed at both undergraduates
and postgraduates, with calls for nominations
going out via Heads of Departments in the 4th
quarter of the year preceding the course. For
further details, please contact jmh@bps.ac.uk or
ebell@physoc.org.

Interview by Jude Hall
Education and Training Manager

Biology in the Real World Brought
the Curriculum to Life!
Report of the annual conference of the ASE:
University of Reading, 2009
As part of our schools outreach programme, BPS
joined forces with the Physiological Society (PS)
and the Biochemical Society (BS) to share an
exhibition stand, and to contribute to the one-day
symposium Biology in the Real World: Bringing
the Curriculum to Life, at the annual conference
of the Association for Science Education (ASE)
at the University of Reading. The annual
conference is aimed at
all science educators
including
teachers;
technicians;
advisors;
consultants and school
inspectors with the aim
of improving science
education in Britain.
Biology in the Real
World
The Biology in the Real
World symposium was
organized by members
of the Nucleus Group; an informal group of
not for profit organizations who work together,
pooling resources and expertise, to provide
curriculum enrichment and enhancement and
careers advice for schools and colleges. Nucleus
Group members in addition to BPS, PS and BS who
contributed to the symposium this year included:
the Wellcome Trust; the Association of the British
Pharmaceutical Industry; Microbiology in Schools
Advisory Committee; the Society for General
Microbiology; the Association for the Study of
Animal Behaviour; Royal Botanic Gardens, Kew;
Institute of Biology; the Society for Endocrinology
and the British Ecological Society.
The Nucleus Group has organised symposia at the
annual ASE conference for several years, and uses
the conference as an opportunity to help teachers
develop and expand on biological concepts and
scientific method they teach in schools, and to
inform them of current research in those areas. In
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view of recent significant changes to key stages 4
and 5 National Curricula, and curriculum emphasis
on How Science Works, the 2009 symposium
was designed specifically to provide curriculum
support and enrichment on new areas of study that
may be less familiar to teachers, and to provide
ideas of how this knowledge can be used in the
classroom, in order to inspire pupils and inform
them of the opportunities a career in science can
bring. Topics this year were therefore chosen to
complement subject areas of the 2009 GCSE and A
level specifications.
The symposium was one of
the most popular and highly
attended events of the
conference. The following
symposium sessions were
expertly chaired by Dr Gail
Bromley
(Royal
Botanic
Gardens, Kew): What is
diabetes, Dr Aileen King
(King’s College London);
Why do we need a new
vaccine for tuberculosis?, Dr
Helen Fletcher (University
of Oxford); Drugs of Abuse: psychoactive and
performance enhancing drugs, Dr Emma Robinson
(University of Bristol); What would a monkey do?,
Dr Lynda Boothroyd (University of Durham); Health
impacts of climate change, Dr Hugh Montgomery
(UCL Institute for Human Health and Performance)
and Flowers, Forensics and Pharmaceuticals, Prof
Monique Simmonds (Royal Botanic Gardens, Kew).
The ideas and information provided in the various
presentations were skillfully drawn together
at the end of the day in an interactive session
focusing on How Science Works led by Dr Jeremy
Airey (National Science Learning Centres) and
Ms Karen Devine (British Ecological Society) in a
session entitled Bringing the Real World into the
Classroom.
To complement the Biology in the Real World
session this year, a resource booklet was produced
to accompany the symposium. The booklet

was designed and prepared in-house by BPS, and provides
teachers with a professionally prepared hard copy resource
which can be used to provide curriculum enrichment in
the classroom. The booklet includes a synopsis of each
presentation, relevant links to GSCE and A level specification
sections, web and other teaching resource links and web
addresses for careers advice. Feedback from the symposium
and conference in general suggests that subject specific
resources of this type are very valuable to teachers, and
we received many requests for access to similar specialist
literature to complement standard teaching resources in the
classroom.

BPS, PS and BS benefit greatly from sharing exhibition
stands and pooling resources at conferences such as the
ASE conference and the Life Sciences Careers Conference
(see report page 14). At the school level there is little
distinction between the scientific disciplines of our individual
organizations, and there is much overlap in the content of
resource information. This collaboration adds to improving
the working relationships between the Education Managers
involved, identifying any crossovers or forming ideas for
further joint work and is useful in terms of promoting the
aims of the three societies. The three societies plan to
further develop and extend collaborative working in 2009.

Speakers at the symposium were sponsored by members of
the Nucleus Group. BPS is particularly grateful to members
Emma Robinson (sponsored by BPS and the Society for
Endocrinology) and Aileen King (sponsored by BS and PS). Both
speakers are RCUK Fellows funded by the BPS’s Integrative
Pharmacology Fund who provided excellent presentations on
drugs of abuse and diabetes respectively at the symposium.

If you are interested in contributing to BPS’s schools outreach
programme, please contact jmh@bps.ac.uk. The resource
booklet can be downloaded from the BPS and PS websites
(www.bps.ac.uk) and www.physoc.org/schools).

Looking ahead

Jude Hall, Education and Training Manager, BPS
Chrissy Stokes, Head of Education and Membership, PS
Hannah Baker, Science Education Manager, BS

The BSF Education Colloquium: Supporting
Outreach and Enrichment in Schools
Organized by the Biosciences Federation (BSF) and hosted
by The National Science Learning Centre, this interactive
discussion focused on outreach and enrichment provision
by the Biology community. Engaging the next generation
of scientists through outreach is high on the agenda at
both The Physiological Society and BPS, and for this reason
both societies were well represented at the colloquium.

Teacher-Scientist Networks, Junior Café Scientifique,
Working with STEMNET, Science Learning Centres or Good
practice in university outreach. Each session focussed on
a different aspect of science outreach with a discussion
facilitated to enhance interaction on the topic in question.
Without many teachers in each of the groups, feedback
from the customers was limited.

With the invitation open to teachers (the ‘customers’) and
outreach providers (‘the practitioners’) alike, the programme
held high promise for us to learn what constitutes effective
outreach in biology ‘from the horse’s mouth’. However,
enthusiasm was dampened when it became apparent that
the number of teachers attending the event was very low; no
doubt this reflects the obstacles faced by teachers to secure
teaching cover for continuing professional development
(CPD) and similar activities.

Dr Phil Smith and Claire Willis led an interactive, role-play
workshop on ‘Teacher-Scientist Networks’. Founded in 1994,
there are now over 240 teachers and 80 scientists on the
scheme which links single teachers with individual scientists
with the aim of establishing long term partnerships in
order to encourage students to engage with contemporary
science. The TSN scheme was set up and runs in Norwich
and is funded by the Gatsby Charitable Foundation and
other organisations. Claire Willis described her work as a
TSN coordinator with responsibility for a scientists at work
scheme in the North East of England.

As Director at the National Science Learning Centre, John
Holman opened proceedings. Professor Holman highlighted
factors that he considers to be the key influences to the
number of individuals studying STEM and the numbers
gaining strong STEM qualifications. It was clear that there
are specific areas where our societies could have an impact:
professional development for teachers, careers advice, and
enhancing and enriching the curriculum and particularly
targeting the first three years of secondary school (key stage
3). Indeed, both societies are already very active in the
latter two of these areas.
The two talks that followed Professor Holman’s came from
individuals actively involved in science outreach. Karen
Bultitude (University of the West of England) talked in
detail about the STEM directories, which provide a coherent
resource signposting the ‘customers’ to UK-wide outreach
activities in all STEM subjects. Jeremy Pritchard’s (University
of Birmingham) talk addressed science outreach from the
perspective of an academic; sharing anecdotes from his own
experience and highlighting the benefits of science outreach,
he was perhaps preaching to an already converted audience.
However, it was interesting to share his experiences of
how best to approach outreach aimed at different levels of
education.
The remainder of the day had been designed to encourage
active communication between the delegates, each having
the opportunity to sign up to two of five possible workshops:

Phil Waywell stood in at short notice to describe his work
with Junior Café Scientifique. The junior version, founded
by Pablo Jensen, builds on the success of the popular and
established Cafe Sci to promote a mechanism by which
young people   can discuss   scientific issues in an informal
environment. The discussions are student-led and individual
Cafes are arranged, publicised and run by the young people
themselves, giving them ownership of what they learn. In
an informal situation, the focus is on discussion, not debate
or learning, consistent with the underlying feeling that
classrooms are for lessons and cafes are for conversation.
Students choose their own topics and then invite an
expert (who could be a scientist or, for example, a science
journalist) to the discussion. Examples of topics discussed
so far include: eating disorders; designer babies; aliens;
Dr Who; time travel; heroes; drugs; stem cells; could men
have babies?; and perhaps the most intriguing, how do you
get holes in crumpets?
Delegates attending the Working with STEMNET workshop
had the opportunity to learn more about how STEMNET has
evolved and is now outsourcing much of the work to outreach
‘partners’. The workshop was facilitated by Harriet Dow
and Steve Hutcheon, both working with the North Yorkshire
Business and Education Partnership Ltd (NYBEP), which holds
the STEMNET contract for North Yorkshire. NYBEP, like other
contract holders, has excellent links with local businesses
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and schools. Through this network, NYBEP
coordinates outreach to all secondary schools in
the local area; it provides strategic advice and
individually tailored services to help schools and
colleges enrich the curriculum, businesses engage
actively in the development of their future
workforce, and learners better understand their
personal skills and future choices. As a contract
holder, NYBEP coordinates over 100 Science and
Engineering Ambassadors (SEAs) working in the
North Yorkshire area. Steve Hutcheon works as a
SEA for NYBEP, and shared with the group some
of his experiences; he also facilitated the group
discussion on what makes outreach effective,
the challenges we face and the importance of
evaluating success and how best to gather this
information. One of the strongest messages
delivered in this workshop was for outreach to
be considered effective, the impact within the
classroom must be long lasting.
Jeremy Airey, a Senior Professional Development
Leader at the National Science Learning Centre,
facilitated a discussion on how Science Learning
Centres operate to provide teachers with CPD.
Whilst it is undeniable that the courses offered by
the SLCs offer invaluable training and ‘thinking’
space away from the classroom, getting the time
away is both difficult and expensive. The message
from this workshop was that CPD must help
develop the teachers, not simply train them; it
is important to ensure that the training is taken
back to both students and colleagues for capacity
building and long-term effect. Again, evaluation
was considered to be central to ensuring future
CPD success. Jeremy was keen to stress that CPD
courses run at the nine regional learning centres

and in the national learning centre, and the overarching aim is to share teaching methods and skills
and knowledge.
The importance of Good Practice in University
outreach was covered in a final workshop, and
the day’s proceedings were expertly wrapped up
by Sue Assinder (Chair, BSF Education Committee)
who brought together the various topics covered
during the day in an audience led survey from the
perspective of the various stakeholders represented
in the audience
Learned societies are, of course, only a small
part of the network working to support science
education and, whilst it is important we continue
to develop our own strategies and activities to
support enrichment and enhancement, we must be
careful not to re-invent the wheel but to contribute
to and complement external programmes where
appropriate.
Chrissy Stokes (Head of Education and
Membership, Physiological Society) and Jude
Hall (BPS).
National Science Learning Centres:
www.sciencelearningcentres.org.uk
Bioscience Federation:
ww.bsf.ac.uk
Teacher scientist network:www.tsn.org.uk
STEMNET: www.stemnet.org.uk
Researchers in residence:
www.researchersinresidence.ac.uk
Scientists at work: www.slcne.org.uk

Life Science Careers Conference 2008
The 2008 Life Science Careers Conference
was organized by member organisations of the
Biosciences Federation (BSF) and was led this
year by the Physiological Society. The purpose
of these conferences is to provide careers
advice – primarily to undergraduate students
studying for a life science degree.
The conference was hosted by King’s College
London on 26 November, where around 200
delegates registered to learn more about the
broad career opportunities that would open up to
them after graduation.
The organizing committee was careful to focus on
opportunities for Life Science graduates – a topic
that is considered to be poorly covered by other
careers events.
The format for the day included 7 talks, 1
workshop and an exhibition. The talks covered
careers from academic research to science
communication; the workshop was lead by Irrum
Magre - The Physiological Society’s Education and
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Membership co-ordinator – who gave an energetic
insight into preparing the perfect CV; finally, the
exhibition provided delegates with the opportunity
to talk to employers, recruitment consultants and
professional bodies.
The event would not have been possible without
the generous sponsorship provided by AstraZeneca;
with further support from the BSF, The Physiological
Society, the Biochemical Society, the Society for
Endocrinology and the Society for Experimental
Biology. This year, BPS were involved in hosting the
event, and particular thanks to BPS member Andy
Grant (King’s College London), for his support at
the BSF exhibition stand on the day.
We have received excellent feedback from
delegates, exhibitors and speakers alike.

Chrissy Stokes, Head of Education
Membership, The Physiological Society

and

Preserving Clinical Pharmacology in the NHS?
Tanweer Hussain graduated in
medicine from the University of
Liverpool in 1994 where inspirational
pharmacology lectures by Professor
Breckenridge would influence his
decision to purse a career in Clinical
Pharmacology. Following a period
of general medical training in the
east midlands, he spent 2 years as
a physician in a one of the largest
Tanweer Hussain
independent clinical pharmacology
units in the UK, undertaking phase
I clinical trials in healthy volunteers
on behalf of the international pharmaceutical industry;
from first-into-man administrations of new chemical
entities to complex pharmacokinetic-pharmacodynamic
studies. Returning to the NHS he was appointed Specialist
registrar in Clinical Pharmacology & Therapeutics in
March 2003. Dr Hussain is also an Honorary Lecturer at
Liverpool University where he is currently completing
MD in pharmacogenetics. He completed higher medical
training in Clinical Pharmacology & Therapeutics and
General (Internal) Medicine in December 2008.
I recently attended meetings at the MHRA and a clinical
pharmacology colloquium with a large number of specialist
registrars in clinical pharmacology and therapeutics.
Inspired by the large turnout the chair at both meetings
remarked perhaps that the predictions about the imminent
demise of clinical pharmacologist were premature. However
the optimistic sentiments conflict with reality: a Royal
College of Physicians survey published in 2007 revealed
that the NHS did not employ any clinical pharmacologists
between 2005 and 2007. In fact numbers are in decline
and there are concerns about the viability of clinical
pharmacology as a speciality. Many training vacancies
within clinical pharmacology remain unfilled despite junior
doctors’ fears about unemployment.
Clinical pharmacologists have a well-defined role in the
teaching centres, with the most academic candidates
going on to be heads of department and take leading roles
in national organisations. I think the current crisis is a
result of failures to develop a unique role in the district
general setting and to attract candidates who would
otherwise be competent clinicians. A policy statement in
the British Journal of Clinical Pharmacology over thirty
years ago defined the role of the clinical pharmacologist
in the district general hospital. The authors believed there
was an urgent need to increase the number of general
physicians with a special interest in clinical pharmacology
in non- teaching centres. At that time the authors defined
the following special roles for clinical pharmacologist in
the district general setting:
•
•
•

Management of complex toxicology
Therapeutic drug monitoring
Drug information service offering
pharmacoeconomic advice.

Such roles were subsequently generally and readily
taken up by other professionals such as pharmacists,
clinical chemists and emergency physicians. The battle to
establish clinical pharmacology in the district general has
been lost and this failure may have far-reaching effects.
The important issue facing clinical pharmacologists at the
moment is how to the speciality will survive in the NHS.
Some clinical pharmacologists may argue that they should
be lead local drugs and therapeutic committees promoting
rational prescribing at a local level, although there are
many others who perform equally well in this role.
Clinical pharmacologists are frequently excellent general

physicians and perhaps the last of a dying breed. The obvious
role for clinical pharmacologist is to take a lead role in
developing the academic basis for acute medicine and in the
age of PBL (Problem Based Learning) ensure undergraduates
have the ability to prescribe rationally. While acute medicine
may help preserve clinical pharmacology in the NHS it may
only be a temporary respite. Changes to the acute medicine
curriculum may exclude clinical pharmacologists from leading
acute medicine teams in the future.
In 2005 Professor Ritter headed a think-tank debating the
future of clinical pharmacology. His findings have been
published in the Royal College bulletin. He contrasts the
fortunes of clinical pharmacology and pharmaceutical
medicine. He points out that while the importance of medical
education in clinical pharmacology has been recognised, the
speciality is not attracting new academic lecturers. In contrast
pharmaceutical medicine which contains a substantial element
of clinical pharmacology  is flourishing.
Perhaps forging links with the faculty of pharmaceutical
medicine would increase awareness of clinical pharmacology
amongst trainees, while there may be no difficulty in recruiting
doctors to the industry there are problems attracting them to
clinical pharmacology.
The unfortunate events following TGN 1412 may present an
opportunity to the speciality. Following adverse reactions
experienced by participants in the clinical trial of the drug
known as TGN1412 in 2006 the Expert Scientific Group (ESG)  
convened by the Secretary of State for Health to look at how
to improve the safety of drug trials involving products such as
monoclonal antibodies.
The recommendations included:
-

The development of specialist centers to undertake
phase one studies on higher risk agents.
They also pointed out that organizations set up to
conduct clinical trials are increasingly separate from
a medical environment and from academic or other
educational centers. This is affecting their ability to
train the next generation of relevant staff, especially
clinical pharmacologists. This should be addressed
by better access to “hands on” experience in the
planning and conduct of clinical trials for relevant
staff.

The ABPI guidelines for phase 1 clinical trials suggest that
those individuals who act as Principal Investigators have
specific qualifications including a certificate of completion of
clinical training training (CCT) in clinical pharmacology and
a minimum of two years phase 1 experience. Except for of
a handful of doctors in the country few individuals will have
the necessary qualifications. So perhaps a rethink is in order
with regards training clinical pharmacologist in this country
to fulfill demands when the current crop of phase 1 clinical
pharmacologists retire.
In my opinion what is required is active collaboration with
parties with a vested interest in preserving the speciality,
this involves a three-fold alliance between the industry,
MHRA and academic departments of clinical pharmacology.
Training programmes should be developed to give individuals
the opportunity to pursue a portfolio career between acute
medicine and industry (including phase 1 clinical pharmacology)
and the MHRA. What form this eventually takes will require
careful thought by the appropriate parties. However failure to
take radical changes now will mean it is unlikely the speciality
will survive.
Tanweer Hussain, Specialist Registrar in Clinical
Pharmacology & Therapeutics
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Forthcoming BPS Meeting Deadlines

Forthcoming BPS Meeting Deadlines

2009 Summer Meeting, 8 – 10 July 2009, Edinburgh, UK
Abstract submission: 27 April

Early bird registration: 12 June

EACPT 2009 Congress of the European Association for Clinical Pharmacology and
Therapeutics, Edinburgh, Scotland 12 - 15th July 2009
Registration open-www.eacpt2009.org

7th James Black Conference: Integrative Pharmacology and Physiology: translating “omics”
into functional and clinical applications, 1-3 September, 2009, King’s College London, UK

2009 Summer Meeting, 8 – 10 July 2009, Edinburgh, UK
Abstract submission: 29 May

Early bird registration: 31 July

2009 Winter Meeting, Queen Elizabeth II Conference Centre, London, 15 – 17 December
2009

Abstract submission: 27 April

The Meetings Committee is pleased to announce the programme of symposia:
Tuesday 15 December

Wednesday 16 December

“Cannabinoid signalling in brain repair”
Organizer: Dr Francisco Molina-Holgado,
Wolfson Centre, King’s College London,
UK

“GABAB receptors – becoming part of the
A team?”
Organizers: Prof. Nicholas Barnes,
University of Birmingham & Dr Tom
Blackburn, TP Bioventures, USA

Early bird registration: 12 June

“Chemokine antagonists as therapeutic
agents”
Organizers: Prof. John Westwick,
Novartis, UK & Prof. Tim Williams,
Imperial College London, UK

“The kinetics of drug-receptor
interactions: the benefit and detriment
to drug discovery” Organizer: Dr
Steven Charlton, Novartis, UK

“Delivering safe prescribing in the NHS”
Organizer: Dr Simon Maxwell, University
of Edinburgh, UK

“Translational pharmacology- optimizing
Academic/Industry partnerships”
Organizers: Younger Members
Committee

EACPT 2009 Congress of the European Association for Clinical Pharmacology and
Therapeutics, Edinburgh, Scotland 12 - 15th July 2009
Thursday 17 December

“Antibody therapeutics”
Organizer: Dr Andrew Ramage, University College London, UK

“Targeting the cannabinoid system for GI diseases”
Organizers: Prof. Roger Pertwee, University of Aberdeen, UK, Prof. Keith Sharkey, University of Calgary, Canada
and Dr Karen Wright, Lancaster University, UK

Registration open-www.eacpt2009.org

“The histamine H4 receptor: new multi-use therapeutic target”
Organizer: Dr Paul Chazot, University of Durham, UK

Abstract submission: 28 August-28 September
Online registration will open in September

Future Meetings
2009
20 – 21 April — 3rd Focused Meeting Cell Signalling. University of Leicester, Leicester, UK
7 - 9 May — Joint Focused Meeting with Deutsche Gesellschaft für experimentelle und klinische Pharmakologie und
Toxikologie (DGPT) ‘New Drugs in Cardiovascular Research’. Dresden, Germany
12 May — Statistics Workshop. PhD students only. King’s College, London, UK.
E-mail: meetings@bps.ac.uk
13 May — Statistics Workshop. Open to all members and non-members. King’s College, London, UK.
E-Mail: meetings@bps.ac.uk

14 May — Young Life Scientists’ Symposium ‘Neurological disorders: from molecules to medicine - Incorporating the
Promega UK Young Life Scientist Awards’. The Council House, Bristol, UK. Email: yls-09-bristol@bristol.ac.uk
25-29 June — Royal Society of Chemistry Medicinal Chemistry Summer School: University of Nottingham, UK. E-mail:
hart1@rsc.org
6 July — Applying Receptor Theory to Drug Discovery Workshop. Open to all (including non-diploma
attendees). Edinburgh, UK. E-mail: meetings@bps.ac.uk
7 July — Pharmacokinetics Workshop. Open to all (including non-diploma attendees). Edinburgh, UK.
E-mail: meetings@bps.ac.uk
8-10 July — BPS Summer Meeting. University of Edinburgh, UK. E-mail: meetings@bps.ac.uk
12 July — A symposium hosted by The British Pharmacological Society, in association with the 9th Congress of the
European Association of Clinical Pharmacology and Therapeutics (EACPT). ‘Clinical Pharmacology: Working with
Patients’. Edinburgh, UK. www.bps.ac.uk
12-15 July — EACPT Congress of the European Association for Clinical Pharmacology and Therapeutics. Edinburgh, UK
1 September — Early Phase Trials of New Drugs Workshop. Open to all (including non-diploma
attendees.) King’s College, London, UK. E-mail: meetings@bps.ac.uk
1-3 September—7th James Black Conference ‘Integrative Pharmacology and Physiology: translating “OMICS” into
functional and clinical applications’. King’s College, London, UK
Abstract Submission: 29 May, Early Bird Registration: 31 July
6–8 September — Drug Discovery 2009: Joint Meeting with ELRIG (European Laboratory and Robotics Interest Group) &
SBS (Society for Biomolecular Sciences), Liverpool, UK. E-mail: jackie.howard@lab-robotics.org
14–15 December — Drug Discovery Workshop. Open to all (including non-diploma attendees) London,
UK. E-mail: meetings@bps.ac.uk
15-17 December — BPS Winter Meeting. The Queen Elizabeth II Conference Centre, London
E-mail: meetings@bps.ac.uk

2010
17-23 July- WorldPharma 2010 (IUPHAR Congress). Copenhagen, Denmark. www.worldpharma2010.org/
For further information about any of these meetings please email meetings@bps.ac.uk
or visit www.bps.ac.uk

