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Fatty acids can affect a variety of cell and tissue functions, so
inﬂuence physiology and modify disease risk(1). It is generally
considered that many of the functional effects of fatty acids rely
upon their incorporation into cell membranes from where they
inﬂuence membrane ﬂuidity, membrane protein function, lipid
raft formation, intracellular signalling and the generation of
bioactive lipid mediators(2,3). Incorporation of fatty acids into
cell membranes involves their covalent linkage into more
complex lipids like phospholipids. However, the discovery of
cell surface receptors that can bind fatty acids has raised the
possibility that fatty acids could regulate cell and tissue function
from the extracellular space and in the non-esteriﬁed form. Four
such free fatty acid (FFA) receptors are known; these are all
G-protein-coupled receptors (GPR). FFA2 receptor (GPR43)
and FFA3 receptor (GPR41) bind SCFA, whereas FFA1 receptor
(GPR40) and FFA4 receptor (GPR120) bind long-chain saturated
and unsaturated fatty acids. FFA1 receptor is expressed in
pancreas, brain and taste buds, whereas FFA4 receptor is
expressed in intestinal cells, pancreas, brain, adipocytes and
macrophages. These expression patterns suggest that the FFA1
and FFA4 receptors may be involved in fatty acid regulation of
dietary fat intake, hormone release, hormone responsiveness
(e.g. insulin sensitivity) and inﬂammation. Indeed Oh et al.(4)
demonstrated that FFA4 receptor was key to the ability of the
n-3 PUFA DHA in promoting insulin sensitivity in adipocytes
and in reducing inﬂammatory responses of macrophages. The
recognition that fatty acids can act in a direct receptor-mediated
fashion calls for new approaches in the study of their functional
effects and of the mechanisms involved.
In a paper recently published in the British Journal of
Nutrition, Christiansen et al.(5) adopted a purely pharmacological (‘pharma’) approach in the study of the metabolic effects
of fatty acids. They screened a wide range of medium- and
long-chain saturated and unsaturated fatty acids, including
arachidonic acid, EPA and DHA and their precursors, and also a
number of unusual cis, trans, oxidised and branched fatty acids,
for activity towards FFA1 and FFA4 receptors by performing
detailed concentration-response curves using reporter assays.
The outcomes were described in terms of potency (deﬁned as
the concentration required to elicit 50 % of the maximum
response) and efﬁcacy (deﬁned as the maximum response elicited compared with that seen with lauric acid). Relatively, few
fatty acids were selective for one FFA receptor over the other,
but many showed greater activity towards one of the receptors
than towards the other. Among the PUFA studied, the n-6 PUFA
linoleic, γ-linolenic, di-homo-γ-linolenic, arachidonic and

adrenic and the n-3 PUFA α-linolenic and EPA were very active
towards the FFA1 receptor, whereas γ-linolenic, di-homo-γlinolenic and stearidonic acids were very active towards the
FFA4 receptor. The γ-linolenic-acid analog, pinolenic acid
(5, 9, 12–18 : 3n-6), was the most potent dual agonist of both
FFA1 and FFA4 receptors among the fatty acids tested. Pinolenic
acid is found naturally in Korean and Siberian pine nut oils,
where it contributes as much as 20 % of the fatty acids present.
Christiansen et al.(5) studied pinolenic acid further. It was active
towards both human and mouse FFA1 and FFA4 receptors and
was compared with authentic selective agonists for each
receptor in concentration-response reporter assays, which
conﬁrmed its strong activity towards both receptors. Finally,
acute administration of pine nut oil, pinolenic acid or pinolenic
acid ethyl ester, was demonstrated to result in a lower blood
glucose response to an oral glucose challenge in mice compared with maize oil, suggesting an improved metabolic
response.
The strength of the work of Christiansen et al.(5) is its detailed
evaluation of concentration-dependent responses, an approach
common in the pharma world but rarer in nutrition science. Too
many in vitro or animal studies of nutrients and food-related
non-nutrients fail to evaluate the inﬂuence of several concentrations of the compound under study, seriously reducing
their value. Dose–response studies are more difﬁcult to perform
in humans, but studies evaluating the dose-dependent incorporation of n-3 PUFA have been reported(6,7) as having dose–
response studies, evaluating the effect of n-3 PUFA on blood
lipids(8), platelet reactivity(9) and inﬂammation(10). Such studies
are valuable because they can identify thresholds for intakes
that elicit a desired biological effect and above which no further
effect is seen. Furthermore, description of dose or concentration
dependence makes the report of any biological effect more
robust and establishes greater evidence for a ‘cause and effect’
relationship between the provision of the food, food component or supplement and the biological outcome that is reported.
Establishing such ‘cause and effect’ relationships through doseor concentration-response studies can be a vital element in the
process of substantiating a health claim. Therefore, nutrition
science would be wise to adopt practices more akin to pharma
when evaluating the functional properties and health impacts of
foods, nutrients and non-nutrient food components. In fact, in
this context the boundaries between ‘food and pharma’ are now
somewhat blurred(11,12), with the pharma industry becoming
increasingly interested in food components as functional agents
and the food industry and nutrition scientists being increasingly
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expected to adopt pharma practices as part of their normal
research and development activities. This blurring of the
boundaries is likely to become greater over the next years, and
will certainly increase the chances of new discoveries being
made by both the food and pharma industries and of translating
those discoveries into new products, new claims, new preventative strategies and new treatments for human disease.
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