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BRIEF COMMUNICATIONS
Ibuprofen-like activity in extra-virgin olive oil
Enzymes in an inflammation pathway are inhibited by oleocanthal, a component of olive oil.
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strong stinging sensation in the
alyse steps in the biochemical
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throat, not unlike that caused by
inflammation pathways derived
HO
solutions of the non-steroidal antifrom arachidonic acid. We found
inflammatory drug ibuprofen1. Figure 1 | Structures of ()oleocanthal (left) and the anti-inflammatory
that, like ibuprofen, both enanWe show here that this similar drug ibuprofen (right). How they underpin the similar throat-irritating and tiomers of oleocanthal caused
dose-dependent inhibition of
perception seems to be an indica- pharmacological properties of the two compounds is unclear as yet.
COX-1 and COX-2 activities but
tor of a shared pharmacological
activity, with oleocanthal acting as a natural co-elution of a minor component or a mixture had no effect on lipoxygenase in vitro (Table 1).
Our findings raise the possibility that longanti-inflammatory compound that has a of components could be causing the burning
potency and profile strikingly similar to that of sensation2. We therefore completed a de novo term consumption of oleocanthal may help to
ibuprofen. Although structurally dissimilar, synthesis of oleocanthal, assigned the absolute protect against some diseases by virtue of its
both these molecules inhibit the same stereochemistry (A.B.S. and Q.H., unpub- ibuprofen-like COX-inhibiting activity5,6. If
cyclooxygenase enzymes in the prostaglandin- lished results), and tested the throat-irritant 50 g of extra-virgin olive oil containing up to
biosynthesis pathway.
properties of this synthetic ()oleocanthal, 200 g per ml oleocanthal is ingested per day7,
The agent in extra-virgin olive oil responsi- dissolved in non-irritating corn oil. The effect of which 60–90% is absorbed8,9, then this corble for throat irritation is thought to be the was comparable to that of premium extra- responds to an intake of up to 9 mg per day.
dialdehydic form of ()deacetoxy-ligstroside virgin olive-oil oleocanthal and was also dose- This dose is relatively low, corresponding to
aglycone2 (or oleocanthal, with oleo- for olive, dependent. (For details and for methods, see about 10% of the ibuprofen dosage recommended for adult pain relief, but it is known
-canth- for sting, and -al for aldehyde) (Fig. 1). supplementary information.)
Forty years ago, it was found that the bitter- that regular low doses of aspirin, for example,
To confirm this, we isolated ()oleocanthal
from different premium olive oils and mea- ness of certain compounds correlated with another COX inhibitor, confer cardiovascular
sured its intensity as a throat irritant. their pharmacological activity3. On the basis health benefits10. Ibuprofen is associated with
We found that irritation intensity was posi- of their shared irritant properties, we there- a reduction in the risk of developing some cantively correlated with oleocanthal concentra- fore tested whether oleocanthal might mimic cers5 and of platelet aggregation in the blood11,
tion. Although this finding indicates that the pharmacological effects of ibuprofen as well as with the COX-independent secreoleocanthal is probably the principal irritating (Fig. 1), a potent modulator of inflammation tion of amyloid-42 peptide in a mouse model
compound in olive oil, it was possible that and analgesia4. Ibuprofen is a non-selective of Alzheimer's disease6. A Mediterranean diet,
which is rich in olive oil, is believed to confer
various health benefits, some of which12 seem
Table 1 | Selective inhibition of COX enzymes by oleocanthal enantiomers
to overlap with those attributed to nonAgent
Concentration
COX-1
COX-2
15-LO
steroidal anti-inflammatory drugs.
(M)
(%)
(%)
(%)
Our discovery of COX-inhibitory activity
()Oleocanthal
100
83.53.5
70.98.6
0.40.8
in a component of olive oil offers a possible
25
56.13.2
56.69.5
0.00.0
mechanistic explanation for this link.
()Oleocanthal

Ibuprofen

7

24.67.3

14.52.3

0.00.0

100

68.015.2

69.63.9

3.55.5

25

54.54.6

41.315.9

0.71.0

7

24.67.5

6.14.2

0.00.0
0.20.3

25

17.82.3

12.73.6

7

0.0

1.3

ND

Indomethacin

25

90.1

89.8

0.10.9

7

86.6

66.3

0.50.1

NDGA

25

ND

ND

63.10.8

7

ND

ND

52.51.1

25

ND

ND

25.22.2

7

ND

ND

19.81.3

caffeic acid

Percentage inhibition of cyclooxygenases 1 and 2 (COX-1, COX-2) and 15-lipoxygenase (15-LO) by three different concentrations of
oleocanthal and of ibuprofen are presented as means.e.m. for three independent experiments. ND, not determined. Indomethacin
was used as a positive (inhibitory) control in the cyclooxygenase assays and nor-dihydroguaiaretic acid (NDGA) and caffeic acid
were used as positive (inhibitory) controls in the lipoxygenase assay. The concentrations for 50% inhibition (IC50; calculated by
least-squares regression analysis of inhibition versus concentration) for the natural () oleocanthal are 23 M and 28 M for
COX-1 and COX-2, respectively; IC50 values for () oleocanthal are 25 M and 40 M for COX-1 and COX-2, respectively; IC50
values for ibuprofen are 5 M and 223 M for COX-1 and COX-2, respectively13. (For methods, see supplementary information.)
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GEOPHYSICS

A moving fluid pulse in a fault zone
indicates fast fluid movement (more than 100
metres per year) along growth faults. Previously, we have demonstrated that reflections
from the fault planes appearing in seismic data
from South Eugene Island Block 330 contain
information about the distribution of fluid
pressures across faults6.
The South Eugene Island field is an ideal
location for this study. Multiple vintages of
seismic-reflection surveys can be interpreted
in the context of abundant fluid pressure, geochemical and other data. Normal faults transect the field at dips of about 50° southwest
and separate upthrown sediments saturated by
highly pressurized fluids from relatively less
pressurized downthrown sediments (see supplementary information). The fault zones are
typically at the same pressure as the upthrown
sediments4. However, exceptionally pressurized fluid was encountered in one penetration
of a growth fault, the B-fault, in the A10ST
well3,4. It was proposed that the isolated pocket
of anomalously high fluid pressure in the
A10ST well could represent a spatially limited
pulse of anomalously pressured fluid4.
To test the idea of a moving fluid pulse, or
fault burp, we isolated the fault-plane reflections from the B-fault
in images derived
600 m
600 m
High
a
b
from seismic surveys
taken in 1985 and
1992 and looked for
Updip
indications of movement. In Fig. 1, we
show reflectivity as a
A10ST
North
North
function of position
Low
1985
1992
on the fault plane for
Relative
both sets of data.
reflectivity
Patches of high reflecFigure 1 | A fault caught in the act of burping. a, Map of the B-fault showing
tivity, or ‘bright spots’,
reflectivity from the fault plane in 1985. The area of highest reflectivity is
are known to be assocircled in gold. b, Map of the B-fault reflectivity, as shown in a, but from
ciated with the pres1992. The data extend over a slightly larger area than in a; however, the
ence of fluids7. The
spatial perspective is identical. The area of highest reflectivity, circled in
most striking pattern
gold, is shifted roughly 1 km north-east in the updip direction relative to its
in the fault reflectivity
location in 1985, as would be expected for a fluid pulse ascending the Bfault; this movement is depicted by the arrow in a. Also shown is the location maps is the northeast
movement of the areas
of the A10ST well intersection, where exceptionally high fluid pressures
were encountered while drilling into the B-fault zone in 1993.
of highest reflectivity

In the Gulf of Mexico, fault zones are linked
with a complex and dynamic system of plumbing in the Earth’s subsurface. Here we use
time-lapse seismic-reflection imaging to
reveal a pulse of fluid ascending rapidly inside
one of these fault zones. Such intermittent fault
‘burping’ is likely to be an important factor in
the migration of subsurface hydrocarbons.
Faults have a dual function in that they can
act as both an impediment to and, at times,
a preferential pathway for fluid flow. Both
types of behaviour are invoked in the petroleum industry to explain how hydrocarbons
move from the location at which they are
generated (for example, by flowing along
faults1) into fault-bounded reservoirs where
they become trapped (for example, by a lack
of flow across faults2). Several lines of evidence from the South Eugene Island Block
330 field, offshore Louisiana, USA, indicate
that faults cutting through sequences of
Pliocene and Quaternary sands and shales
have hosted significant vertical fluid flow
over the past 250,000 years, continuing to the
present day3–5.
We present an additional set of data
obtained from seismic reflection imaging that
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between 1985 and 1992. This movement, in
the updip direction, is to be expected for a
fluid pulse ascending the B-fault. Also note the
correlation between the area of highest reflectivity in 1992 and the location of the intersection with the A10ST well (Fig. 1b), where
highly pressurized fluid in the fault was
observed in 1993 (ref. 4).
From the reflectivity maps at the B-fault, we
estimate the movement of the fluid pulse to be
of the order of 1 km between 1985 and 1992.
The observed movement of 1 km is significant
compared with typical errors encountered in
the processing of seismic data (see supplementary information). Movement of 1 km
between 1985 and 1992 corresponds to an
average pulse speed of about 140 m yr1. Such
geologically fast fluid flow up a vertically permeable fault agrees with the dynamic-capacity
model of fault-bounded reservoirs8 and is
consistent with a nonlinear fluid-flow model
involving pressure-dependent permeability9.
These fault burps are key to the understanding
of fluid-migration mechanisms and fault-zone
rheology in the Earth’s crust.
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