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Tetrodotoxin (TTX)
1. General information
Tetrodotoxin and its analogues (TTXs) are neutrotoxins widely
common among marine and terrestrial organisms and best-known
as the causative agent of pufferfish (Tetraodontidae) poisoning.
TTX is specified on the NATO-list of dangerous toxins. The
Australian group includes TTX in one of the 19 toxins on their
checklist. TTX is resistant to cooking and will not be destroyed by
proteases in the gastrointestinal tract.
TTX poisonings are always life-threatening. Tetrodotoxin blocks
the voltage-gated sodium channels. In neurological research
Tetrodotoxin is often used as an inhibitor to selectively block
sodium channels.

2. Chemical structure and properties
In 1964, the chemical structure of TTX was elucidated and the
racemate was successfully synthesised for the first time in 1972.
TTX and its derivatives are aminoperhydroxyquinazoline
derivatives that exist as dipolar ions with a polarity comparable to
Saxitoxin. However, TTX consists of only one positively charged
guanidinium group and the cation is stabilised by resonance
effect.
The TTX has a unique heterocyclic structure. According to SIMS
et al. (1986) the molecule’s structure is partly similar to morphine.
The toxin is scarcely soluble in water but well soluble in diluted
acids, e.g. 0.03 M acetic acid.
.

3. Toxicology
Tetrodotoxin inhibits the voltage-sensitive sodium channels of
myelinated neurons. The blockage already occurs with low
concentrations of 10-9 to 10-8 mol/l. The binding to the sodium
channel receptor is reversible, as the TTX with its guanidine
group imitates the sodium ion in its hydration shell.
As a consequence of TTX blockage the propagation of action
potential ceases, and the neuronal and muscular information
processing is impaired, resulting in sensorimotor paralysis.
The TTX’s mechanism of action is comparable to that of Saxitoxin.
The toxicity of the various TTX analogues varies significantly. Fig. 1: Properties of TTX
(Source: Wikipedia)
5‐deoxyTTX, trideoxyTTX and anhydroTTX are non-toxic
analogues, whereas TTX and its epi-forms are extremely toxic;
LD50: 8‐20 μg/kg when administered orally, and 8 μg/kg when administered intravenously. The
toxin can be taken up via oral, inhalation or dermal routes. Tetrodotoxin is one of the most potent
non-protein toxins and exceeded in toxicity by only few toxins, e.g. Maitotoxin.
Different sources list 0.5 – 1.5 mg as the lethal dose of TTX for an adult.
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5. Analytics
The high toxicity of the TTX requires very low detection limits in analytical methods. Clear
identification and precise quantification of TTX and TTXs are very important for food control and in
clinical specimen in case of poisoning. Pharmaceutical studies involving these substances require
sensitive and selective detection methods as well.
As for many other marine toxins, the mouse-bioassay is used as standard procedure to determine
the toxicity in TTX. With this method, however, it is impossible to distinguish between PSP-toxin
and TTX poisoning, as the effects of these groups of neurotoxins are similar. Both the lack of
specificity and ethical concerns with respect to animal experiments have led to the development of
chemical analytical methods.
Today, HPLC methods coupled with MS are therefore used for the detection of TTX and its
analogues, as the combination of high separation performance and low detection limits allows clear
quantification of TTXs. The analyses are mostly carried out on ZIC-HILIC® HPLC columns. The
SPIEZ Laboratory has established the LC-MS method as a non-accredited procedure.
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