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Determination of tetrodotoxin in human urine and blood using
C18 cartridge column, ultrafiltration and LC–MS
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Abstract

Six fishermen were victims (including one death) of food poisoning from unknown fish on their boat in central Taiwan Strait, in April 2001. The
symptoms were like those of tetrodotoxin (TTX) poisoning. As there was no remaining fish, a new protocol was developed to determine TTX in
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he urine and blood of the victims. The urine and blood samples were cleansed using a C18 Sep-Pak cartridge column, and the toxin w
y methanol. The eluate was filtered through a microcentrifuge filter. The filtrate was freeze-dried, dissolved in distilled water, and d
y LC–MS. The recovery was more than 88.9%. The detection limit was 15.6 nM. A linear relationship between response and con
as obtained between 93.75 and 9375 nM of TTX. It was shown that the urine and blood of the victims contained TTX. The range of
.5–40.6 nM in blood and 47–344 nM in urine. Judging from the symptoms of the victims and the experimental data, the causative a

ood poisoning was identified as TTX.
2006 Elsevier B.V. All rights reserved.
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. Introduction

A food poisoning incident resulting from the ingestion
f unknown fish involving six Mainland Chinese fishermen
ccurred on a fishing boat in central Taiwan Strait in April
001[1]. All six patients were middle-aged men ranging from
2 to 49 years (mean 41± 4 years). Onset of symptoms began
pproximately 2–3 h after ingestion; symptoms included pares-

hesias, ataxia, dizziness, dysarthria, respiratory distress, nausea
nd vomiting. Among these victims, four men suffered from
ore serious symptoms and were treated with intravenous fluids,
echanical ventilation, and intensive treatment in hospital. One

ictim passed away 4 h after ingestion because of intractable
radycaria and multiple organ failure; the other three victims
ere then discharged and were healthy. These symptoms of food
oisoning were similar to those of tetrodotoxin (TTX) poison-

ng.

∗ Corresponding author. Tel.: +886 2 24622192x5103; fax: +886 2 24626602.
E-mail address: dfhwang@mail.ntou.edu.tw (D.F. Hwang).

Poisoning due to the ingestion of TTX-containing puffers
occurred frequently in Japan, and to a lesser extent in Ta
Hong Kong, Thailand, Singapore, Malaysia, Kiribati, Fiji, A
tralia, Papua New Guinea, Bangladesh, and the United S
[2]. Especially, puffer-associated poisoning has been rep
sporadically in Taiwan[3,4]. Recently, we also reported th
gastropods, cooked fish liver and dried dressed fish fillet im
cated in food poisoning contained TTX[5–9].

The cook on the fishing boat was very scared and
carded all suspected meal into sea after the incident, an
leftover of meal was retained. It was, thus, very impor
to measure TTX in the urine and blood of poisoned pati
for the diagnosis of TTX-food poisoning. Until now, TT
associated food poisonings were usually identified by j
ing from the toxin in causative food. The amount of toxin
the causative food is high enough to be easily detecte
using high performance liquid chromatography (HPLC)[10]
and to be identified by gas chromatography–mass spectro
(GC–MS)[11]. In this food poisoning incident, the amount
toxin in the urine and blood of the victims was expected t
low.
570-0232/$ – see front matter © 2006 Elsevier B.V. All rights reserved.
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Hence, a new approach for examining TTX in the urine and
blood was established by using C18 cartridge column, ultra-
filtration and high performance liquid chromatography–mass
spectrometer (LC–MS). The evidence indicated that the new
approach for detecting TTX in the urine and blood of victims
was validated.

2. Materials and methods

2.1. Materials

Urine and blood (50 ml/specimen) were collected from four
patients who were admitted to a hospital; no biological spec-
imens were obtained from two other persons who were not
admitted but had significant symptoms (Table 1). The samples
were frozen at−20◦C until the assay was carried out. Normal
blood (100 ml) was purchased from Hospital of National Taiwan
University. Fresh normal urine (100 ml) was collected from lab-
oratory students. Authentic TTX (94.3% purity), obtained from
the liver of the pufferTakifugu oblongus, was used as reference
standard[12].

2.2. Sample preparation

The sample cleanup procedure used was based on the pro-
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system coupled to a mass spectrometer with a positive ion elec-
trospray ionization (ESI) interface. The electrospray interface
was typically operated using the following settings: fragmentor,
150 V; nebulizer, N2 (60 psi); drying gas, N2 (10 l/min, 350◦C);
V-cap, 3500 V. HPLC system was equipped with a Zorax 300SB-
C3 column (I.D. 4.6 mm× 150 mm) at room temperature. The
injection volume was 5�l. The mobile phase for TTX analy-
sis was 1% acetonitrile, 10 mM trimethylamine (TMA), 10 mM
ammonia formate (pH 4.0, flow rate 0.4 ml/min).

2.4. Standard curve, detection limit and recovery

The standard curve of TTX was prepared from 93.75, 468.8,
937.5, 4687.5 and 9375 nM of TTX. The determination was
performed three times (n = 3). Data from the standard curve were
subjected to linear regression analysis, and peak area (y) versus
amount of TTX (x) was plotted. The detection limit that was
evaluated according to the ratio of sample peak area to noise
area was more than three times. Spiked samples were prepared
by dissolving approximate 10, 50 and 100�g of TTX in normal
urine and blood (1.0 ml). The samples were mixed with 500�l
of 0.5 M acetic acid, centrifuged, passed through the cartridge
column, and extracted with methanol as described above.

2.5. Reproducibility test

nter-
d ith at
l reci-
s ation
(

2

was
d e
o
e d in a
b -
a /or
r o pH 4
w nol.
T Then
t cted
t 90
s ,
0 the
t
T The
i era-
t f
4
t

3

nge
o r
edure developed by Andrinolo et al.[13] for saxitoxin (STX)
oisoning in cats in vivo. Each (1.0 ml) of the urine and bl
amples was thawed and mixed with 500�l of 0.5 M acetic acid
o keep it acidic. The samples were immediately centrifu
t 10,000× g for 10 min. The supernatant was passed thro
prepared cartridge column (C18 Sep-Pak cartridges, M

ore, Waters, MA). The prepared cartridges were previo
ashed with 10 ml methanol and then 10 ml water before
fter applying sample into the cartridge, 10 ml 0.3% acetic
as eluted. The eluant was freeze-dried, dissolved in 2 ml
cetic acid and filtered through a 3000 MW cut-off Ultraf
icrocentrifuge filter (Micron YM-3, Millipore, Waters). Th

ltrate was freeze-dried and dissolved in a small amount (
f water. Five microliters of the filtrate was subjected to high

ormance liquid chromatography–mass spectrometry anal

.3. LC–MS analysis

In this method, combined LC–MS was performed using A
ent (Palo Alto, CA, USA) model 1100 series LC/MSD Tr

able 1
ecovery of TTX when spiked to urine and blood sample and then treate
18 cartridge column, ultrafiltration and LC–MS

piked concentration (�g/ml) Recovery (%)

Urine Blood

00 92.6± 1.6 90.4± 2.1
0 91.3± 1.8 90.5± 1.5
0 88.9± 1.3 90.8± 1.7

ean± S.D. 90.9± 1.4 90.6± 0.2
.

.

Intraday (running three times on the same day), and i
ay tests (running three times on seven successive days w

east 24-h intervals) were conducted. The reproducibility p
ion values were characterized by the coefficients of vari
CV, %).

.6. GC–MS analysis

The preparation procedure of samples for GC–MS
erived from that of Narita et al.[11]. To confirm the presenc
f TTX in the urine and blood of victims, the filtrate (100�l) of
ach sample was dissolved in 2 ml of 3N NaOH and heate
oiling water bath for 45 min to obtain the C9 base derivative (2
mino-6-hydroxymethyl-8-hydroxyquinazoline) of TTX and
elated substances. The above hydrolysate was adjusted t
ith 1N HCl and extracted three times with 5 ml of 1-buta
he extracts were combined and evaporated to dryness.

rimethylsilylation was applied, and the products were subje
o GC–MSD on Agilent (Palo Alto, CA, USA) model 68
eries. Injector temperature was set as 180◦C. A column (HP-1
.25 mm× 30 m, Agilent Technologies Inc.) was used, and

emperature was raised from 165 to 230◦C at a rate of 3◦C/min.
he carrier gas used was He at a flow rate of 1.0 ml/min.

onizing voltage was kept at 70 eV at an ion source temp
ure of 200◦C. Scanning was carried out in a mass range om/z
6–560 at 3 s intervals[11]. The injection volume was 1�l in

his study.

. Results and discussion

The standard curve of TTX was prepared in the ra
f 93.75–937.5 nM. The correlation coefficient (r) and linea
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Table 2
Reproducibility of intraday and interday analysis (n = 3)

Concentration (�g/ml) Intradaya Interdayb

Mean± S.D. CV (%) Mean± S.D. CV (%)

100 98.20± 0.21 0.21 96.93± 0.49 0.51
50 49.41± 0.52 1.05 48.31± 0.64 1.32
10 9.62± 0.22 2.28 8.92± 0.26 2.91
1 0.93± 0.02 2.13 0.91± 0.03 3.30

a Intraday: running three times within 24 h.
b Interday: running three times within successive 7 days with at least 24 h

intervals.

regression equation for TTX were as follows:y = 2305x + 1060
(r = 0.9965). The detection limit was 15.6 nM of TTX. The
recovery of TTX in urine and blood was more than 88.9% and
90.4%, respectively (Table 1).

Table 3
Clinical features of victims and TTX level in the urine and blood of victims

Patient no. Sex/age Symptoms meat intake Estimated fish (g) TTX level (nM) by LC–MS GC–MS

Urine Blood Urine Blood

1 M/45 PNRVGDa 90b 325 ± 12 40.6± 2.5 +c +
2 M/44 PNRG 70 190± 16 21.1± 1.2 + +
3 M/49 PNRVG 100 344± 17 28.6± 1.5 + +
4 M/38 PNRG 15
5d M/40 PNRVG 30
6d M/32 PNG 10

a P, paresthesias; N, neurological symptoms other than paresthesias (incl ,
respiratory distress; V, mechanical ventilation; G, gastrointestinal symptoms (n

b The ingested amount of fish roughly estimated according to memory of vic
c +: positive detected.
d Patient nos. 5 and 6 did not have urine and blood collected.

Reproducibility of the measurements is evaluated by intraday
and interday analysis calculated from the results of three repli-
cates and illustrated by the average, standard derivation trials
(S.D.) and coefficient of variation (CV, %), as shown inTable 2.
All repeated trails obtained CV values less than 3.5%, pointing
out high degree of reproducibility.

TTX levels of the urine and blood samples of patient nos.
1–4 collected about 10 h after ingesting fish meat are shown in
Table 3. TTX was detected in all the urine and blood samples.
The levels of TTX in urine and blood ranged from 47 to 325 nM
and from <15.6 to 40.6 nM, respectively. The level of TTX in
urine was significantly higher than that in blood. This indicates
that TTX is easily metabolized and excreted in urine because
the sampling time was about 10 h after eating. According to the
memory of victims, the amount of ingested fish meat for each
victim was estimated as shown inTable 3. The ingested amount
Fig. 1. Structures of TTX, 4e
47± 5 4.5± 0.3 + +

uding ataxia, dissociative feeling, dizziness, dysarthria, dysphasia, or weakness); R
ausea or vomiting); D, death.

tims.
-pi TTX and anh-TTX.
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Fig. 2. LC–MS chromatograms of (A) authentic TTX (9375 nM) and (B) the
urine (338 nM) and (C) blood (36 nM) samples of patient no. 1. The retention
time for TTX was 4.5 min.

was positively corelated with TTX levels in the urine and blood
of each individual patient. Although patient no. 1 died soon after
eating, the amount of fish meat ingested by him was less than that
ingested by patient no. 3. The severity of the symptoms and prog-
nosis generally depends on the amount of toxin taken, but the
variation of individual sensitivity to toxin is an important factor
that influences TTX intoxication.Fig. 1shows the structure and
molecule weight of TTX and other two compounds (4-epi TTX
and anhydro-TTX).Fig. 2shows LC–MS chromatograms of the
urine and blood samples of patient no. 1; authentic TTX with
an ion peak atm/z = 320.1 at the same retention time (4.15 min).
Fig. 3shows LC–MS mass spectra of the urine and blood sam-
ples of patient no. 1; authentic TTX displayed an ion peak at
m/z = 320.1 at the same retention time (4.15 min). Furthermore,
all samples exhibited the C9-base derivative of TTX by using
GC–MS method.Fig. 4 shows GC–MS chromatograms of the
trimethylsilyl (TMS) derivative from the urine and blood of
patient no. 1 and authentic TTX gave rise to three ion peaks
at m/z 407, 392, and 376 at the same retention time (20.8 min).
Fig. 5 shows GC–MS mass spectra of TMS derivatives from
the urine and blood samples of patient no. 1 and authentic TTX
displayed a parent peak atm/z 407, a base peak atm/z 392,
and a fragment peak atm/z 376. Judging from these data, the
causative agent of this food poisoning incident was identified as
TTX. This study also documents the low blood toxin levels suf-
ficient to cause serious human illness and establishes that urine
i

Fig. 3. LC–MS mass spectra of (A) authentic TTX and (B) the urine and (C)
blood samples of patient no. 1. The retention time for TTX was 4.15 min and
the protonated molecular ion [M + H]+ of TTX wasm/z 320.1.

The C-18 Sep-Pack cartridges could retain hydrophobic sub-
stances in the sample but would not retain TTX. Therefore, we
spiked 10, 50, 100�g of TTX to normal urine and blood (1.0 ml).
We measured the concentration of TTX before and after loading
the cartridge (C18 Sep-Pak cartridges). As a result, it was found
that the concentration of TTX did not change, and TTX was
not retained by the cartridge. The recovery of spiked TTX in
urine and blood was better than 88.9%, indicating that ion sup-
pression from matrix component could be ignored; this Sep-pak
treatment was effective in removing interferences eluted close to
TTX peak and hindered the detection and identification of TTX
in urine and blood.

Although Kawatsu et al.[14] reported that immunoaffinity
chromatography combining with fluorometric high performance
liquid chromatography has been developed for detecting TTX
from urine samples, monoclonal antibody against TTX is diffi-
cult to purchase and is very expensive. From the results in the
present study, it is suggested that the combination of C18 Sep-
Pak cartridge column, ultrafiltration with an Ultrafree microcen-
trifuge filter, and LC–MS is very useful in detecting TTX from
the urine and blood samples of poisoned patients for the diag-
nosis of TTX-associated food poisoning. The cleaning methods
s the primary route of TTX excretion for human beings.
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Fig. 4. GC–MS chromatograms of the TMS derivatives from (A) authentic TTX
(468 nM) and (B) the urine (338 nM) and (C) blood (36 nM) samples of patient
no. 1. The retention time for TTX was 20.8 min.

using a cartridge column and microcentrifuge filters together
with HPLC method have been also reported to be useful for
detecting paralytic shellfish poison (PSP) in cats[13].

The toxicity of 4-epi-TTX is considerably lower than that
of TTX itself [15]. Moreover, the amount of 4-epi-TTX in the
puffer-fish is commonly known to be lower than that of the main
TTX component[15,16]. Although TTX standard preparations
are commercially available, 4-epi-TTX standard preparations
are not available so far. Therefore, this time, we decided to deter-
mine TTX quantitatively only.

Identification of TTX in seafood implicated in food poison-
ing has been studied extensively[5–9], but there are no reports
in qualifying and quantifying TTX in urine and blood so far. In
this study, we demonstrated that a combined protocol includ-
ing C18 cartridge column, ultrafiltration and LC–MS could be
validated in qualifying and quantifying TTX in the urine and
blood of humans. Urine is the major excretion route of TTX
intoxication and of PSP intoxication for human beings[17,18].

Fig. 5. GC–MS mass spectra of the TMS derivatives from (A) authentic TTX
and (B) the urine and (C) blood samples of patient no. 1. The retention time for
TTX was 20.8 min.

Although GC–MS is also useful for identifying the presence of
TTX and/or related compounds, the method described here can-
not be directly used in qualifying and quantifying TTX. TTX
intoxication may occasionally occur due to cultural (as a del-
icacy in Japan), intentional (suicide or murder attempt), and
inadvertent (accidental consumption) factors. The above proce-
dure may be usefully applied in detecting TTX in the urine of
victims for forensic toxicology.

The concentration of TTX in the blood of victims was
between 4.5 and 40.6 nM, and the major concentration of TTX
was in the urine (47–344 nM). It might be supposed that TTX
had been distributed in the bodies of all the victims, and almost
all of the TTX intake had been excreted from urine. The vol-
ume of human body fluid is usually 38 l[19]. Hence, the
intake amount of TTX in the victims was estimated to be more
than 54.5–492.2�g. The toxicity of causative fish meat in this
food poisoning incident was estimated to be about 4�g TTX
(20 MU/g). The minimum lethal dose and minimum acute dose
of TTX to human are supposed to be 2 mg and 0.2 mg, respec-
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tively [2]; so the above estimated intake amount of TTX in
victims and the toxicity of causative fish meat accordingly from
the blood data seemed to be low. How to estimate real TTX
intake when TTX-associated food poisoning occurred should
be further studied.
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