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To prevent paralytic shellfish poisoning (PSP) due to the consumption of shellfish contaminated with PSP toxins, the
quantitative analysis of these toxins is very crucial. The AOAC International mouse bioassay (MBA) has been used
widely for the routine monitoring of PSP toxins for more than 50 years. However, this method has low sensitivity and
high limit of quantification (LOQ) and interferences from other components in the extract, and it cannot determine
toxic profiles. Ethical problems also exist with the continued use of this live mouse assay. To establish an alternative
method to the MBA used for PSP toxins analysis, we attempted to optimize the analysis conditions of a precolumn
high-performance liquid chromatography (HPLC) oxidation method and succeeded in validating its accuracy and
precision in quantifying PSP toxins. A clear peak and the isolation of PSP toxins were obtained by injecting the work-
ing standards of Certified Reference Materials using HPLC. The LOQ of the precolumn HPLC oxidation method for
PSP toxins was about 0.1002 pg/g, which represented an approximately fourfold improvement in detection capability
versus the AOAC MBA. The intra-accuracy and precision for PSP toxins in oysters were 77.0-103.3% and 2.0-5.7%,
respectively, while the respective inter-accuracy and precision were 77.3-100.7% and 2.4-6.0%. The mean recoveries
of PSP toxins from oysters were 75.2-112.1%. The results of a comparison study showed good correlation between
the results of the precolumn HPLC oxidation method and those of MBA, with a correlation factor of 0.9291 for mus-
sels. The precolumn HPLC oxidation method may be used as an alternative to, or supplementary method with, MBA
to monitor the occurrence of PSP toxins and to analyze the profiles of these toxins in shellfish.
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AL, A A T RS R Fof Sl Alo] ok et of
2059 F=4EY 5EA= o] AtH(Oshima, 1995;
Thomas et al., 2006).

2| npel R AlA of 2] dekellA] sk ¢l
Selutetol 4 uhul s 55 o] Ofgt A% 5 A7) B
v} @10 ™(Chang et al., 1987; Lee et al., 1997), F3lQFe] %
St dAQtoll A= vl d 712 0 &2 win| g uflFmar HEE AL
Qltk(Chang et al., 1989; Park et al., 2000; Shon et al., 2009).

ofof] whzt -2tttz ml=, Ui, AUt 2 9 5 AlA o
o] Lhetol o o] nhu SRR AR QI AFE oS 15t
of mpr A alFE40] 887 E 80 pg/100 go = A5t
o] #&]slal ltk(Chang et al., 1987; Determan, 2003; Nogu-
chi, 2003; Rourke et al., 2008; Toyofuku, 2006; Wekell et al.,
2004). T3 A7) of] Lol Al elot a7 S nhul s
Ea E U B Fo AUSHTES 7] 408 wU
sho] mpu]Adalfmas o] -85kl ¢ith(Rodriguez et al.,
1990; Takata et al., 2008; Sayfritz et al., 2008; Wekell et al.,
2004).

A u e EAHS AAAZ R upeAE ARSSE
SEARHS AEsto] ARk Qlom, o= AOACHH
(AOAC, 2005)°] 7|Z3}o] BjFoA 0.1 N HCIZ 542 3
Foto] oA sk Wolth o] AR ATAL
OF 40 ug STX eq/100 g & k& #] 9O v(Hall, 1991), =&
Aol Bt AR 5 & S E400= A=A 3L
= PR 0 2 oF 50 U7 (440 2 o] 45]o] ©.71 9lrh(Park et
al, 1986). L2} 2 AlFEE] ALS-S olAalAL Bleh
J1A} Bl o] 2o At AL Qlom, B4 L2 ullof tfek A E
= AS ¢ gl wo] F2hE a1 Qltk(Balls et al., 1995; Hess
et al., 2006; Mons et al., 1998). o]o] TEAIEH ] AMEH
SaUHiAIE A A 717124 Zide] et Aot

@7 EEATHE hAsl] $Iekel bioassay (Louzao
et al., 2003; Manger et al., 2003), electrophoresis (Thibault et
al., 1991), chemosensor (Gawley et al., 2002) % immunoas-
say (Usleber et al., 2001; Jellet et al., 2002)E 3t cfoFst
EAHE] HEE G on HPLCE 0|83} 7] 7| S -2 Art
3] A7F A A o] SEAIAHS AT 7 el Al W
o2 Q1A% a1 QIth(Asp et al., 2004; Franco and Fernandez-
Vila, 1993; Lawrence and Niedzwiadek, 2001; Lawrence et
al., 2005; Oshima, 1995; Thomas et al., 2006).

2 Aol A Selutet AlBE Aol Hake npul ulE A
FSEAIAH Y A 717124 S 2= 6] $1ste] HPLCE ©]
43} precolumn oxidation A| Z W o] AP ALE HES| Z
o] B4 2708 SHlsiik. 35 HPLC Aol that
a4 gl A SEAIE T HE AAISte] AA| Tl A
A s 4 RUE RS 9isto] AREE 4 eA] T EY
35 HEStLAL 5k3iTh

M

)

o744

- 473

= H
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HPLCe| 23t mpH g aflFsa 248 93t #5542 <l
S X754 (Certified Reference Material, CRM)21 STX, dc-
STX,NEO, GTX 1&4, GTX 2&3, GTX 5 (B-1), deGTX 2&3
1 C 1&2 52 NRC (National Reference Council, Halifax,
Canada)ol| 4] F-J5to] ARS8, TEAIT S 2R 24
9l saxitoxin (STX)2 ©]=F FDAA A3 EoFS who} AR
Sh3ict.

HPLCH a4 d4< fleiM= dsEEads AMgsto
stock solution2} working solutions ZA|5}o] ARSI} =,
stock solutionS F 8N 0.5 mLE go|2= 8H| 2 5415}
o] 2|F 4 mL7} ¥ =5 3]A5ko] A|25k3ieh 12 Al working
solution stock solutionS AAsHHA 243 off Table 13}
o] sl4slo] Agelolch. oful, E3 EELIL oxidation
BRG] ufet 5 1EOR Wieol 4 ALSSiEon, B A 1
F(Mix 1, periodate oxidationy> GTX 1&4, NEOZ A&
w, = HA T15(Mix 2, peroxide oxidation)2 STX, deSTX,
GTX 2&3, dcGTX 2&3, GTX 5 (B-1), C 1&2& A= i ct.

Al@o) AREH = A|9F2 analytical £ LC gradeE A}
Sslgon, nu| AR 54 &80 2= hydrochloric acid
(Merck, Darmstadt, Germany) ¥ sodium hydroxide(Sigma,
St. Louis, MO, USA)& AF&-319ith. Oxidation HHS- 2 SPE
C18 cartridge (3 mL, Supelco, USA) AA|of| ARE-% A]2F2l
ammonium formate+ Fluka (Buchs, Germany) A3, sodium
hydroxide®} periodic acid+= Sigma (St. Louis, MO, USA) A|
3, 712]4L sodium phosphate, hydrogen peroxide, acetic acid
4 methanol & Merck (Darmstadt, Germany) A|<&-< 212} A}
4513t ol Oxidation ¥F-o AR8-% periodate oxidant

Table 1. Concentrations of stock and working standard solutions

Tons CRM (u)! “J0TN) soluton G
GTX1 106.0 13.3 1.99
GTX 4 35.0 44 0.66
NEO 65.0 8.1 0.41
STX 65.0 8.1 0.24
dc-STX 62.0 7.8 0.10
GTX 2 118.0 14.8 0.18
GTX3 39.0 4.9 0.06
dcGTX 2 114.0 14.3 0.36
dcGTX 3 32.0 4.0 0.10
GTX5 65.0 8.1 0.49
C1 114.0 14.3 0.43
C2 35.0 44 0.13

'CRM is used as an abbreviation for certified reference material.
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+ 0.03 M periodic acid, 0.3 M ammonium formate 2 0.3 M
sodium phosphate (Na,HPO )& 77} 5 mLA] 7}sto] 235}
St t}5 0.2 M sodium hydroxide (NaOH)Z pH 822 27435}
o] AR5 TE o] FAF Al Zofl= ammonium formate (Fluka,
Buchs, Germany), acetonitrile (Merck, Darmstadt, Germany)
9 acetic acid (Merck, Darmstadt, Germany)S A8-5}% 2.,
o] 2= Milli-Q system (Millipore, Bedford, MA, USA)
o| A 18 Q resistance = 55 <=2 AA|5te] AR5}

i E=YNI=S

Ao ARH 7 B A A sfeh Aol A AAtE= 2
FHR(Mytilus edulis) 2 =(Crassostrea gigas)s 273 X Fs}
of ALgsloick. AT A B 7o) olRE frs )
Lol AlAstar, 7k g2t & 2715 A AT sS-& « A3t

sfel ARg-steC.

HPLC 2442 9|

ron

PIHRAIZ| HX 2

W7 AR R2RE v REL 2] FEE0] EX6=
Haxo] 29| oF& AaxA1717] §15to] = A1E M (Mouse bioas-
say, AOAC, 2005)2 =5 =434t £, 50 mL H|o] 7 of] <
A3t PFARE 10 g& 93, 0.1 N
1057 71 53 & YAatof 55 F2t Wzsiloh =59
< 4,500 rpm (3,600g)°1 4] 1027+ L4l Ee]ate] AF5-o-E 50
mL #| AR o] Y=t} BlojAE

<
2
o|N
Sl
i
fru
>E,

st
SPE C18 FA

SPE C18 cartridge (3 mL, Supelco, USA)E 7]2] 6 mL &t
L1 6 mL SFr= S th, Alm FE2H ITmLE A
7}51ed 2-3 mL/minZ &3 5 mL conical tubeof ¥ttt 18]
1 2mLEF5E Ao 54 conical tubeo] Brol 1 M NaOH=
pHO6.52 243t T 4mL7t H e & SHeE 483kt o] &
298 periodate 2 peroxide oxidationt o] HPLCZ 4]
SHALE S 85 Fof ZtEatal Q)= dFEH 5 FAHEE
o] §ILE gtoli 7] 9]3}o] -2 Mol periodate oxidant T 410
2542 W7kstol g 2724 HPLCR 248k,

Oxidation Bt&

Periodate oxidation (Mix 1) 1.5 mL vial®|| matrix modifier
SN RELT} Gl 2 ARE FAT AX e A
3205100 uL ¥ 12 F78(working solution) = SPE
CI8% At gH& 717} 100 uLE H7Ist3ch. E3tk nje] &

olN
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Table 2. HPLC conditions for analysis of PSP toxins

Finnigan Surveyor Plus

HPLC system (Thermo Electron, San Jose, CA, USA)

Supelcosil C-18

Column (15 cm x 4.6 mm id, 5 ym)

Auto sampler &
Column oven

Tray temp. : 12°C
Oven temp. : 35T

Finnigan Surveyor FL Plus Detector

Fluorescence (Thermo Electron, San Jose, CA, USA),

detector 340 nm (excitation), 395 nm (emission)
A Sol. : 0.1 M ammonium formate

Mobile phase B Sol. : 0.1 M ammonium formate with 5%
acetonitrile

Flow rate 1.3 mL/min

Run time 16 min

Injection volume 25 or 50 L

1]}t 500 uL periodate oxidantE 3 7}ste] 2 S3tslal, Al
oAl 187 H-S- A et 18] 31 5 pL acetic acid & @ o] &85}
a1, 2ol A 1027 A8 3 50 uLE HPLCO]| =Y sh3ict.

Peroxide oxidation (Mix 2)= 1.5 mL vial®] 1 M NaOH £
o 250 uLE ¥il, 10% H,0,5 25 uL 7lste] Eas}airt.
T12]al xE-8-N(working solution) = SPE C18 A5 &
918 717} 100 uL& H7}813, ALLolA] 2871 ¥ A ek, 1
2]a1 20 uL acetic acidE #7}8lo] &3ket & 25 uL & HPLC
ol eJsteich

HPLC EAx

HPLCE ol nhuldaless SARAS 93t %
HPLC E4%74-L Table 29} Zth E424]= Themo Elec-
tronAKSan Jose, CA, USA )2] HPLC system (Finnigan Sur-
veyor Plus)¥} Fluorescence detector (Finnigan Surveyor FL
Plus Detector)E& AR5}, ZHH2 Supelcosil C-18 (15
cm x 4.6 mm id, 5 um, Supelco, USA)E AME-5I L], o]5Ak
O F A-8HLE (0.1 M ammonium formateS-, B -8 A 80
o acetonitrile MeCN)E- 5% ==& H7|5lo] ARE-51% S
5 o] 5A I 0.1 M acetic acid 6 mLE 7151 pH 622 %
13141 0.2 um membrane filter (Nylon, Millipore, USA)Z ¢]
sto] ARE-5HRITE. 1]l A -89 7 B -85 gradients}o]
Aslgen, £ B 89 0 — 10% HES 5527 10 — 70%
g 611F 70 — 0% H =S 287 &9 ok AR Y
7HA] 387 sk old, AH e E == 35T R 245}
Fom, F42 1.3 mL/min® & 3}t

=2 Au

HPLC 24 of ¢t =3 A4 single point calibrationS Ak



%21 Table 30 AAH F4 4
aste] i SRS 7| %
Fato] AR % 2 A% TS A4 ug STX eq/gl &

A, A=A, ARt =)
SEATE A AR s #EEEEY] A4S Lot
7] 9lste] BEEHE Mix 134 22 WHeol, 2F MixE 5719 &
=992 A|z3}o] oxidationt]7] ¥ HPLCE E-4J31%ict. 7
(@) FolA e vl o REa 2EE4E 0] HE3HAI(LOD;
limit of detection)= Al &t Z-SH|(S/N)7} > 302 3}5©.

Z=FSHAI(LOQ; limit of quantification)= LOD x 3 w]2] %
T2 gt & B4 o] M2 (accuracy)@t U (preci-
sion)& BHelslr] Ysto] () 5 EFELS 7227 5
=2 Frleto] Alxgt A2 AREstol dul(intra-day) 5 A3t
(inter-day) RHEATHS 19 53] 9 3U7H(1Y 53]) ¥HE 545

o} s},
S=AIEH(Mouse Bioassay)

FEAYR S o] &3 w572 nhu]duf F=as o AOAC
W Z5to] AFSFATHAOAC, 2005). 34- 2F 100-150 g=
ato] 287 A8 b3 A Sk A& 100 gofl 0.1 N HCL
100 mL 7}sto] 5E2F 719t & A0 2 Yzhsiyleh. =&
NS pH 2.0-4.07} 5| =2 245}0] 200 mLE -3 3 3,000
pmof| A SEZF AR sto] AFHE AR FEHOE A
SFQlch 12]al Alm 58S 3 vhe] 9] mouse H7boll 27} 1
mL FU5kaL AP RS ERlste] HE& Akt ofuf
Ae5E2 A5 18-21 g9 ICR (Institute Cancer Research)7|
mouse A& A8 Tt

74 I.I:II

Z47} 9l mt

Y-

HPLCO| 2|5t Precolumn oxidation #o| S&M ™

2rs HPLC 249 o] skt Al vhe] ol 54 32
FEA S0 ANE doli] Aot BEEdE Mix 1342
2 Urol, ZF MixE 5719] sl 912 Al 2310 oxidationA|
71 3 HPLCE 248130}, 7 25 3714 vk 243t
At HE 2212 7 R0l PSP 244w E 8]
S AET 4 AL, AAEA)7F 099012 7wk
R flell A v FE g AAd& Urehl Sik(Table 4).

W7 (=) ol mhldelFsa 2] HE3HA(LOD)<}
AEFHA(LOQ)S] 75 NEOE 0.038%F 0.114 ug/g, GTX
1&4+= 0.0299} 0.084 pg/g, deGTX 2&32 0.0399} 0.117

235 - 5718 - ol7hy

- 473

Table 3. Relative toxicity of paralytic shellfish toxins for Precol-
umn oxidation using HPLC

Toxins ReTx!
STX 1.000
NEO 0.880
dcSTX 0.600
GTX1,4 0.630
GTX2,3 0.380
GTX5 (B-1) 0.051
dcGTX2,3 0.030
C1,2 0.032

'Relative toxicity (ReTx) of PSP is obtained from Lawrence et al.
(2005).

Table 4. Linearity for the working standard of PSP toxins by Pre-
column oxidation using HPLC

RSD (%)’

Toxins Concentration (ng/mL) Linearity (%)
Perodate

NEO 27 473 o46 2366 4731 09988
™14 157 363 725 1813 se2s 099
Peroxide

G350 181 31 a04 1607 092
c1.2 1212 222 522? 13% 26;:2 0.9996
WSTX TG 55 64 189 sto 09
GTX23 45 o7 104 485 oo 09
51 02 185 370 928 180 09
SX 43 9% 181 454 oo7 09%7

'RSD is used as an abbreviation for relative standard deviation.

ug/g, C 1&2+= 0.0433} 0.129 pg/g, deSTX+= 0.005¢F 0.015
ug/g, GTX 2&32 0.0163} 0.048 pg/g, B-1=2 0.0302} 0.090
ug/g, STX+= 0.0152} 0.045 ug/g o1 ck(Table 5). E3E, PSP
N Fa0) vl SAS e sto] HASH HEeHA| e et A=
ug STX eq/gO.2 #7]3}3thTable 5). AA| vpu|A s FE2
7F A sE= A7 o] A FE A o A= TRt Har g ol
AEEH, WA Al7] 9 o] wpet 2h 2] g 9 4]
L= z}o]7} Qlth(Lawrence et al., 1995; Park et al., 2000; Shon
etal,, 2009). ool AA| FHA| 2] FE @A QlojA= =4
TR T M 2 AFARA (S AV ST
A&l QlofA AFEAZE Erk. =& W EZ AR o] 83 AIF]
ol A Uehd AeFetA 231%]= NEO2] 0.1002 ug STX eq/g
ojth. & AFRAITFH B thE EaA]wo] HEEHH T o]
=7t A ofstz: EAsh= - AEEHA Yot & =4
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Table 5. LOD and LOQ of PSP toxins in oyster (n=5) by precol-
umn oxidation using HPLC

LOD' LOQ? LOD LoQ

Toxins  (19/g)  (ug/g) (ug STXeq/g) (ug STXeq/g)

Perodate

NEO 0.038 0.114 0.0334 0.1002
GTX1,4 0.029 0.084 0.0183 0.0549
Peroxide

dcGTX2,3 0.039 0.117 0.0117 0.0351
C1,2 0.043 0.129 0.0014 0.0042
dcSTX 0.005 0.015 0.0030 0.0090
GTX2,3 0.016 0.048 0.0061 0.0183
B-1 0.030 0.090 0.0015 0.0045
STX 0.015 0.045 0.0150 0.0450

'LOD (limit of detection) =3 x S/N, 2LOQ (limit of quantification)
=3 xLOD.

o] A 7HE 4=l o] & Ajbste] o] Algel| A dojxl Al
Al A&7 BFeAl= 22 8 0.0334 2 0.1002 ug STX
eq/go]EtaL 3 4= Qlrh. o= FEAEH Y #AE S 7IEL
B QRIS oF 4] A& A7 A sl

(=) SollAe] 2 BAo AU 9 U7t e T A
A& doth 7| 9fste] EEEAS Mix 17} 22 LHro] A %3}
o] oxidationA| 7] & HPLC & £-4] )¢t} B4 %1 9] YU (intra-
day) 44 9 AUAL 22 77.0-103.3%2] FEAT} 2.0-
5.7%2] 8/3=5 HEt 3ek(Table 6). UZK(inter-day) g2t
3 B A 9] A= 3UT kg Ste] tekgl on, 747t 77.3-
100.7%2] AT} 2.4-6.0%2] UL etk Table
6). AOAC A1 H] A% 7Ho] =21Q1(AOAC, 2002)0)1 4= A &
o] A7let #EEA] =7} 0.01 ug/goll A= 70-120%, 1.0
ug/gollA= 75-120% B 10 pg/goll A 80-115%2 F2Hd&
Q3L glom, B AIE W2 oo HtElE A o2 HolE
ek T3 AOAC (2002)001 Al Wha: Algl ol A vrehdt A4

(RSD) Amof M7t #5549 5571 0.01 pg/gollA=
15%, 1.0 ug /gl A= 8% 2 10 ug/gol| A= 6%5th o g
A& aqtstar glom, 2 AP o A= ofof Fatsto] FuAde

FoTt RS L 4= A

7 (=) TolA12] PSP 259 3488 dotiy] st
o] E2EAS Mix 17} 22 U0}, 7 MixZ 0.10-1.42 ug/
g7} ElZ=E Alx3ho] oxidationA]7] 3 HPLCZ £43}9tt.
= FollA BE REFEHY a2 752-112.1%F L
O (Table 7), ©] Ai}+= Rourke et al. (2008)2] HPLCe| 9]
2 precolumn oxidation& ©]83t X2 FollA 34&
(76-112%) 3} G- AF3F2TE. AOAC (2002)0] A= A 5ol 7kt
FEER 5w710.01 ug/gol A= 70-120%, 1.0 ug/gol A=
75-120% 2 10 pug/gol A= 80-115%2] 3|48 2718171 9l
ow, 2 A B2 o]of HalEl= Ao & SRl it

wheba] ZAEA 2704 HPLC 2439 S84 g¢1S 9
sto] AR e, 244, e, AU H 3ee s 1

olN
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Table 6. Intra-day and inter-day accuracy and precision for PSP
toxins by precolumn oxidation using HPLC

Intra-day Inter-day
Toxing _ Concentration (n=5) (n=5)
(Mg/g)  Accuracy RSD Accuracy RSD
(%) (%) (%) (%)
Perodate
0.71 986 43 1007 4.1
NEO 142 1033 30 1013 35
0.54 770 41 773 45
GTX1.4 1.09 776 27 790 34
Peroxide
0.24 781 50 781 52
deGTX23  (4g 780 33 798 35
12 0.40 860 52 867 55
’ 0.80 952 31 979 35
0.05 881 31 843 46
deSTX 0.10 851 41 849 52
0.15 905 52 957 53
GTX2.3 0.29 972 38 967 39
- 0.28 913 57 947 60
0.55 1007 26 1001 33
0.14 915 57 918 58
STX 0.27 982 20 983 24

'RSD is used as an abbreviation for relative standard deviation.

Table 7. Recovery of PSP toxins in oyster (n=5) by precolumn oxi-
dation using HPLC

Toxins Recovery (%)
Perodate
NEO 1121+15
GTX1,4 76.4+1.4
Peroxide
dcGTX2,3 752+3.9
C1,2 98.8+6.5
dcSTX 79.5+3.9
GTX2,3 97.4+59
B-1 99.1+5.1
STX 95.4+4.9
% 53t ATE Uehfo] fji7 Fold nhi R EL 42
< 9lato] 43 A0 7 W)

A70l4] 22T HPLC 24T SEA o] 5549
clato] g AR os B871AS BAlal] Slstel £
AR 7re] Bl S S=ays19lt. 20099 3URE 687
A Aafek Agtol A A7 WEekA) S ERAH I
ohu) 55547 516712780 ug/100 @) 27Hek A= 96
Aol disto] AAIaIoT 5 A FHL Aalo] u]mAE A4
3 A7 Y = 1.0305X + 13.651 (R2 = 0.9291)& =2 Al

2
N
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Fig. 1. Correlation between mouse bioassay and HLPC precolumn
oxidation method for analysis of PSP toxins in mussel.

A& YeER IckFig. 1). o] Aa= Lawrence et al. (1995)2]
v R ol A] 5= AT 7Re] AA|42(0.90) 2 Rourke et al.
(2008)2] | F-o|A] post-column oxidation®] I} E-EA| ¢ H
A 4(0.86) Hrh= Tha &9kt

QITbol| chet FAA QlelE LS o) 7 F vpe| A ul R
2 AEE HoliAle AlEstar HEet Solido] =2 HAHo|
QA A FAH O = AREE AL Gl v A a RaA
U B H 220 0] 2HE oA ARG F-= Al 9 H (mouse
bioassy)o|th. FEAIFH-S AR 9| T SadEE SAsk=t
o9 ] A Q1 Al ol 2= A2 315 AR oL k(Park et al.,
1986), F& A&} = A4S & ¢ Qe S &8
FTES BAAE AFESHA] FBHEE Skl S AIA QFE o]
ol 1L glo] ThA| 717)8A AlE o] R E ck(Balls et al.,
1995; Hall, 1991; Hess et al., 2006; Mons et al., 1998). HPLC
A 22 77| B e A A oA Wl e A & 2R
Shi= carbamate®} 22 Al =4, 7] A ASA 2 AR
9] =2 A 5% 5ol FF A o false positive A1+ HY
A = = Eo]AlLS 7FA| 1L QIth(Schantz et al., 1958; Van
de Riet et al., 2009). & Lol A &5l HPLCE ©]-8-h upH]
il Rma BAHE SA A 0= A7 H AL Q= AT s = AR
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