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Effects of synthetic ciguatoxin CTX3C and 44-methylgambierone (MTX3) on voltage-gated sodium channels and their in vivo toxicity
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Gambierdiscus species are marine
dinoflagellates producers of toxins causative
of a widespread human illness known as
Ciguatera Fish Poisoning (CFP) which
comprises gastrointestinal, neurological, and
cardiovascular symptoms. Blooms of these
dinoflagellates have expanded worldwide
reaching even European coasts. In fact, the
presence of Gambierdiscus species and the
related toxins and CFP intoxications have
been repeatedly identified in Europe during
the last decades, especially in the Canary
Islands [1,2] and Madeira [3]. Besides
ciguatoxins, which can cause long term
neurological complications in humans as a
consequence of their permanent activation
voltage-gated sodium channels [4-6], the
structure of an additional ciguatoxin-related
toxin named 44-methylgambierone (MTX3)
has been recently elucidated [7]. Initial
studies on the biological activity of 44-
methylgambierone described an effect
similar to that of the synthetic ciguatoxin
CTX3C although of much lower potency [7].

Objectives

* Explore the relative in vivo and in vitro
toxicities and activities of these
compounds.

* Evaluate neurotoxic effect of CTX3C
and MTX3 together with ouabain and
veratridine

* Compare their effects on voltage-gated
ion channels.

* Determine oral chronic in vivo toxicity
after an administration period of 28
days to assess behavioral and
biochemical alterations.

Neuroblastoma cell line. Human SH-SY5Y CTX3C decreased the sodium current amplitude a
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nd hyperpolarized the activation § CTX3C and MTX3C induced subtle changes in

were used for determination of cellular potential of voltage-gated sodium channels but MTX3 had no effect on sodium § electrolyte blood levels

viability. Cells were exposed tor 4 h to,

CTX3C (Wako) or MTX3 (Cifga) in the * A

presence or absence of Ouabain (O) and
Veratridine (V).

Determination of cellular viability.
Treated cells were rinsed and incubated for
1 h with a solution of MIT
(methylthiazolyldiphenyl-tetrazolium
bromide) salt dissolved in Locke’s solution.
Absorbance was measured at 595 nm in a
spectrophotometer plate reader Synergy 2.

hNa, 1.6 HEK cell line. HEK293 cells
transfected with hNa, 1.6 were used under
an MTA with Dr Andrew Powell .
(GlaxoSmithKline R&D, UK). Before
electrophysiological experiment cells were

incubated at 30 °C for 24-36 h.

Electrophysiology. Whole cell
configuration recordings were conducted
to register the activation of voltage-gated
sodium channels. Voltage steps from —80 to
+80 mV were applied. A computer-!
controlled current and voltage clamp|
amplifier was used. Signals were recorded "
and analyzed using a computer equipped !
with a Digidata 1440 data acquisition |

system and the pClamp10 software.

channel currents
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Concentration-dependent effects of CIX3C and MTX3 on the Na 1.6 voltage-gated sodium. (A) I-V relationship for the effect of 1, 5 and
10 nM CTX3C. (B) Pooled results for the concentration dependent effects of CIX3C on the voltage activation of sodium channels. (C)
MTX3 at concentrations ranging from 500 to 1500 nM, did not affect the current through the Na,1.6 channel. (D) Effect of MTX3 on the

voltage activation of Na 1.6 currents. Results are expressed as mean + sem.

Chronic toxicity elicited by daily oral CTX3C and MTX3 administration
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' Oral doses of CTX3C and MTX3 and survival times observed after daily toxin administration for 28-day period.
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In vivo experimental PI‘OCedUI‘e- In vivo Daily oral doses of CTX3C and MTX3 for 28 days did not altered enzyme blood levels of Swiss mice

studies were performed with Swiss female
mice weighing 23-26 g. All animal
procedures were carried out in conformity
to European and Spanish legislation and to
the principles approved by the Institutional
Animal Care Committee of the USC.
CTX3C at 10, 32 and 100 ng/kg bw (body
weight) or MTX3 at 550 or 1760 ng/kg bw
were administered by gavage to mice for 28

days.

CTX3C increased the cell death induced by ouabain and veratridine while MTX3 did not
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Effect of CTX3C and MTX 3 on cell viability. Four hours exposure of SH-SY5Y cells to different concentrations of CTX (0.01 to 10 nM) or
MTX3 (1 to 300 nM) alone or in co-incubation with 10 nM ouabain and 150 uM veratridine. A) CTX3C in co-incubation with O+V induced
cell death in a concentration dependent manner. B) MTX3 alone or in combination with O+V did not affect cellular viability. Results are expressed

as mean x sem.
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Scatter plot graphs showing representing blood levels of alanine transaminase (ALT) , aspartate transaminase (AST), creatin kinase (CK),
and lactate dehydrogenase (LDH) in control Swiss female mice and in mice dosed daily by gavage with CTX3C and MTX3. The respective

minimum and maximum reference blood values for each parameter are marked by the pointed lines.
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Blood levels of sodium, potassium, ratio sodium/potassium and chloride in
control Swiss female mice and in mice dosed daily by gavage, over a 28-day
period, with CTX3C or MTX3, * p < 0.05 versus control mice. The respective
minimum and maximum reference values of blood electrolyte levels are

indicated by the pointed lines.
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. Neither CTX3C nor MTX3 alone affected neuronal cells viability or

animal death after chronic oral treatment.

CTX3C exacerbated the cell death induced by veratridine and
ouabain while MTX3 did not modify it.

Synthetic CTX3C inhibited voltage-gated sodium currents in a
concentration-dependent manner and caused the activation of the
channels at more hyperpolarizing potentials but MTX3 did not affect
neither the sodium current amplitude nor the voltage activation of
sodium channels.

. Daily administration of CTX3C and MTX3 did not alter blood

biochemical parameters of Swiss mice.

. The results presented here confirm previous findings indicating that

MTX3 exhibited lower potency than CTX3C.
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