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Abstract
Ciguatera fish poisoning and neurotoxic shellfish poisoning are distinct clinical entities characterized
by gastrointestinal and neurological disturbances, following the consumption of certain reef fish and
shellfish containing toxic polyether compounds sporadically present in certain toxic marine
dinoflagellates. The biotransformation and bioaccumulation of gambierol and brevetoxin, and their
congeners, are believed to be involved in the pathogenesis of these “food-chain diseases”, for which
no effective treatments are available. Here, we describe for the first time the potent effect of gambierol
and brevetoxin on TRPV1 channels, a key player in thermal and pain sensation. Our findings may
lead to promising new therapeutic interventions.

Introduction
Characterized by gastrointestinal (nausea, vomiting, diarrhea and abdominal cramping) and
neurological (paraesthesias, temperature reversal and cardiac arrhythmias) signs and
symptoms, ciguatera fish poisoning (CFP) and neurotoxic shellfish poisoning (NSP) are acute
intoxications resulting from the consumption of tropical reef fishes and shellfish [1].
Neurological disturbances typically include tingling of the lips, hands and feet, unusual
temperature perception [2], burning mouth syndrome [3], numbness in the extremities and pain.
Several polyether toxins, such as gambierol and brevetoxin, are believed to underlie these
clinical findings but very little is known about their molecular targets and their mechanisms
of action. Since TRPV1, a non-selective cation channel expressed in nociceptive neurons, is
known to be involved in temperature and burning-pain sensation [4,5], we examined whether
TRPV1 is involved in these typical neurological disturbances.

Materials and methods
Compound synthesis and solution preparation

Gambierol was synthesized as described previously [6–8], dissolved in DMSO and diluted in
ND96. Brevetoxin (PbTx-3 form Latoxan) is dissolved in ND96. Linoleoyl ethanolamide
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(NAE 18:2 from Cayman Chemical) was diluted in ND96 solution. The total DMSO
concentration was maximum 0.5 %.

RNA preparation and electrophysiological recordings
cRNA transcripts were synthesized from XbaI-linearized VR1 cDNA templates using T7 RNA
polymerase (Ambion). Oocytes, harvested from anaesthetized female Xenopus laevis frogs as
previously described [9], were injected with 0.5–5 ng TRPV1 cRNA. Two to seven days after
injection, two-electrode voltage-clamp recording was performed. Currents were measured in
ND96 solution using a protocol of –90 mV during 400 s. Current-voltage (IV) curves were
obtained using a series of 400 ms step pulses from –90 to +90 mV. The recording chamber
was perfused at a rate of 2 mL min−1 with a ND-96 solution containing (in mM) 96 NaCl, 2
KCl, 1.8 CaCl2, 1 MgCl2, 5 HEPES, pH 7.4. Temperature of the perfusate was kept at 22°C
and controlled using a SC-20 dual in-line heater/cooler (Warner Instruments) and pH was kept
at 7.4 unless otherwise described. As previously described [10], capsaicin (2 μM) was used as
an agonist and capsazepine (10 μM) as an antagonist of TRPV1. Capsaicin and capsazepine
were purchased from Sigma, and anandamide from Tocris. To obtain EC50 values, the toxin-
induced total current was normalized to the capsaicin current (=100%), plotted against the
concentration of toxin used and a fit with the Hill equation yielded the EC50.

Results
Administration of 10 μM gambierol (figure 1A) showed no visible effect on TRPV1 channels
(figure 2A). In contrast, when gambierol (10 μM) was applied together with capsaicin, a clear
allosteric effect with an EC50 of 613 nM (figure 2B and 2D) was found. IV curve is shown in
figure 2C. No allosteric effect was visible when the same testing method was used with a ND96
solution of pH 5.4 as an activator of TRPV1 channels instead of capsaicin (data not shown).
These results indicate that the acting site of gambierol is most likely related to the intracellular
binding site of capsaicin, in contrast with the extracellular binding site of protons. Figure 2E
shows the same allosteric effect when linoleoyl ethanolamide was used as endogenous activator
instead of capsaicin.

The polycyclic ether toxin involved in NPS is brevetoxin (figure 1B). In order to see whether
the described effects are a hallmark for this group of toxins, brevetoxin (PbTx-3 from Latoxan)
was also tested on TRPV1. Figure 3A shows there is no effect of brevetoxin (2 μM) alone on
TRPV1, although an allosteric effect, with an EC50 of 352 nM, was visible when capsaicin (2
μM) was added together with brevetoxin (figure 3B and 3D). Figure 3C shows the IV. Using
an acidic ND96 solution (pH 5,4) instead of capsaicin as an activator, did not give an allosteric
effect (data not shown).

Discussion
The described effects seem to be general for the group of polycyclic ether toxins inducing CFP
and NSP. Typical neurological symptoms, like burning mouth syndrome and unusual
temperature sensation [2,3], can be explained as follows: Endogenuous activators like
anandamide [11] or unsaturated fatty acids (e.g. linoleoyl ethanolamide) [12], may give a
constant small activation of TRPV1 channels. When contaminated fish is eaten, polycyclic
ether toxins come into contact with the endogenuous activated TRPV1 channels and the
described allosteric effect leads to an increased inward current of cations. This inward current
is well known to be associated with a typical burning-pain sensation [10,13] and to play a key
role in temperature sensation [5].

An interesting mechanistic convergence is our finding of allosteric effects on TRPV1 by
compounds isolated from cnidarian sources [14]. It is intriguing to consider this in the context
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of a case report of CFP associated with jellyfish (cnidaria) ingestion [15]. Further, recent and
ongoing studies by us demonstrate the presence of a diverse suite of bioactive lipidic
compounds amongst the active cocktail of substances in cnidaria venoms.

In conclusion, the elucidation that polycyclic ether toxins activate TRPV1 is novel and may
lead to the development of effective therapies. Work to further elucidate the mechanism by
which the toxins activate TRPV1 is ongoing.
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Figure 1.
Structure of gambierol (A) and brevetoxin (B).
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Figure 2.
Electrophysiological tests of gambierol alone (A) and in the presence of capsaicin (B). IV curve
and dose-response of the allosteric effect shown in respectively C and D. (E) Current showing
the allosteric effect of gambierol with linoleoyl ethanolamide (NAE 18:2) as endogenous
activator.
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Figure 3.
Electrophysiological tests of brevetoxin alone (A) and in the presence of capsaicin (B). IV
curve and dose-response of the allosteric effect shown in respectively C and D.
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