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Paralytic shellfish toxins (PSTs) are produced by marine dinoflagellate phytoplankton Alexandrium spp. and Gym-
nodinium spp. These toxins accumulate in filter feeding organisms such as bivalves and the ingestion of contami-
nated shellfish can cause illness in humans. The mouse bioassay (MBA) has been the preferred PST testing method
worldwide for more than 50 years. However, this assay has several disadvantages, such as detection limits, non-toxic-
profiles, and the ethical issues of using animals. The aim of this study was to establish an alternative to the MBA
method for testing for PSTs. We optimized the analysis conditions of a post-column oxidation-high performance
liquid chromatography (PCOX-HPLC) method and the Scotia Rapid Test Kit, and then compared the accuracy of
these methods to the MBA method. The results demonstrated a strong correlation between the PCOX-HPLC method
and the MBA, although the PCOX-HPLC method required expensive equipment and standard material, and was
time consuming. The Scotia Rapid Test Kit promises to be a useful tool, as it provided rapid and qualitative results,
although the method sometimes gave a false positive result that could not be explained by toxin profiles.
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official method (OM)°] 7|3t =4 & ¥ (mouse bioassay;
AOAC MBA)S EZH 02 313 Ql=t|(AOAC, 2005), 0|
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o}e] A 9| 7= A (Paralytic Shellfish Toxins, PSTs)= Alexan-
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4J8}= pre-column oxidation-HPLCH-S A|Z}o.2 &343}3)
=& AAote AR E 5a4R 22 $ AASHE post-
column oxidation-HPLC (PCOX-HPLC)H-2 SA(AOAC
2011.02 Official method)sFTHAOAC, 2011). 3}, )= uf
FHAAIE(US National shellfish sanitation program, NSSP)
o= mFoA AlEHS u2ste] PCOX-HPLCH 2 Scotia
rapid test o] Z3HE| o] QITHNSSP, 2005).

2 Atol| A= e mhu Al a7k skl Sl Ad A
et Aol A g A& A sEaL, A5 e 2 (Mytilus gallo-
provincialis), = (Crassostrea gigas), BFA|=H(Ruditapes philip-
pinarum) 2 v|tIE(Styela clava) -5 $-2|Uet AFtEo] &
AFohe S o= vk A9, PCOX-HPLCHY 2!
HAXH 7] E(Scotia Rapid Test Kit)H-& AMESE 7]7]| &4
< Hlasto] miH]dul f4a HEo] gt A4 9| 28 7
d& Lottt

ME
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galloprovincialis), =(Crassostrea gigas), BFA|=H(Ruditapes
philippinarum) 2 1| e Y (Styela clavays 2+7+ Aol A5t
22015 3-5¢ wpR| ol 7= YA 7] of) A7) 2 0= A F
stof Aedofl ARgSHlT. E3E, AR A F] 717t 59|
8.7-17.4C WML, PEL31.2-33.7 psu Ytk
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uE) A o) 724 0] 22 4K analytical grade, Merck, Darm-
stadt, Germany)2- 0.1 N2 3]4]5lo] ARR-3}9] o, 2000 7}
2y uhe-2s AT, HAAIREZER 9l PCOX-HPLC WOl AR-
31t} PCOX-HPLCH-S- 9J8t 5902 Song et al. (2013)0f]
ukel gAste] ARESHAAL, 717eAs $i%t #5=4 NEO
(neosaxitoxin), STX (saxitoxin), dcSTX (decarbamoylsaxitox-
in), GTX1 (gonyautoxin-1), GTX2 (gonyautoxin-2), GTX3 (go-
nyautoxin-3), GTX4 (gonyautoxin-4), GTX5 (gonyautoxin-5),
dcGTX2 (decarbamoylgonyautoxin-2), dcGTX3 (decarbamoyl-
gonyautoxin-3), C1 (N-sulfocarbamoylgonyautoxin-C1) 2 C2
(N-sulfocarbamoylgonyautoxin-C2) = NRC (Halifax, Canada)
oA LBt ARSI ESE HIAEZ|EE Scotia rapid
testing Ltd. (Halifax, Canada)of| 4] 71 8lo] AME-5}4i ).
OrRA Al
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Fig. 1. Number of analytes for paralytic shellfish toxins (2006-
2015).

PCOX-HPLC Al

PCOX-HPLC A]3-2 AOAC (2011) 2 Song et al. (2013)
of o8] EaMR B4 3, F SAGE AL 2, 54
HaE ¢Jst HPLCS} fluorescence detector= €26952} 2475
FLR Detector (Waters, MA, USA)E 212} AR8-3191 11, detec-
tor?] excitation wavelength+= 330 nm, emission wavelength
=390 nm= A5} t}. Post-column reaction system-= post-
column derivatizer (Waters, MA, USA)E Alg-310] HF--2- 1=
£ 80T = F-A3}3th GTXs/STXs 152 E4-8 9]5}19] col-
umn?] QE 255 40T=E AAsF 100% 8% AS 0.8 mL/
min $£07 T3 Cl 9 C29] A< column 22 =&
15CE AA31a 100% &9 CE 0.8 mL/min 4522 S
=40 ol gEatgL)

£Jof ARg-H column GTX H STX 2] £2]o] ZorbaxBo-
nus-RP (Agilent, CA, USA, 863668-901T, 4.6 X 150 mm, 3.5
um), C19 C22] 2|9 Phenosphere-NEXT, (Phenomenex,
CA, USA, 00G-4307-E0,4.6 X 250 mm, 5 um)= AF8-5}%ch

A @ =40] AARS single point calibrationg ARE-5}o]
peak WAS S745F5 o n =4 A1 Wl saxitoxin S-S
mefstel 8 SaARY 7| ES Yte] AR F F Sak
E=E A4Fslal pg/100 g STX equiv. O & FEA|5HICt

HAAHZIE AlF2 FEY 0 Scotia®l A #|5-5l= buffer



opu] A o A BAH Blal 671

£ Edi2 PCOX-HPLCH & HAAH7|EHS o] &ato] nf
B FsaE BASHITE vRe-A Al o A= F 5270 Al=
= Assl G2 107, = 670 X upx|= 770 A Fof 4] uhH] /g
HFEa7t AEEAL, Yol 2R E4E =
53] Assid Aoz 77 AlzollAl 85-627 ug/100 g STX
equiv.© & 7|2 A5 21psto] HEE et Sl A= A
SlEA A mid mid 7P 52 A0 v REa
7F AEE] nhhl i REad] ARFoR AMEHI glon,
A o & a3t Zofl gt 2AkE ZF3lskal Qlek(Lee et al,
2006). Zoll A= 67 Al 2ol A 42-57 pg/100 g STX equiv. 2.2
HAEH AL, vpA o A= 77 AlzollA] 42-94 1ug/100 g STX
equiv.d] FEE HEEch 22 A17] 9 Aol A 2 F gt i
FHol= EotaL i Fof uhet 5o H4 S Ul 549 HE
sof Zol7F = ol ol Al (filter feeding) Sh= A4
B2 345 S &0 ti=29(Kimetal., 1998), o4
Eof o5l Fo] 4] S Ul 4] Ferh e 7] dizeloh

PCOX-HPLC'H

Post column oxidation HPLC (PCOX-HPLC)%-& ©]-8-5}¢
el fE a0 =4 ZRalds RS S-S AL
Skl o] ATE v Al EA A oL vl wsgleh 3 Al
= 52710 Tt 7 =40 gha Abw HH, mhe-2 Al of 4 4
SHAR T 7MY w2 s=5 Uehd A8 ASsiEA,
=, A E 5= GTX2,30] 45-92%2 714 =1, GTX1 4=
1-48%, STX*= 18-39%% AEE o, |79 2=of ulz}
T/3d2l= #Fel7t AU tH(Table 1). 3, Clojut C2 52
Sae HEEA Ut vk Al ¥ 2 PCOX-HPLCH] A
o] Akgre] gt AFHA() 7 0.9878 % vl T2 7
PAS HER 2T Fig. 3).

o] AE AuHH 53] npeAAFolA HETHARL 40
ug/100 g STX equiv. ©]3}2 B %00 A|&7} PCOX-
HPLC AllollM= AE5 o] Hep Aot Figo] 7hesith=
o] gHel= St PCOX-HPLCH- nhe-2 AR o] H|s}o
AAe] 3 o chuld A A, A=ntE D9 E o] &3t F4aAd
o] 22, 5447 ARE 59 98 Y FAN 5
o] 2] upt-Z o] B3t FHHE L& HAIE 7HAIAL §lof Eo)
AJo] ] =tH(Rourke et al., 2008). 1L}, Al 72| HA 2] A7

o AT Trte] AR W A&HQ HEEA Fitol B

Ho| AnE B2 WA 7| EWE o850
| FE A S 248k, PCOX-HPLCH 9] Zulelw 1
Wkt HAAH 7| EHL A|25|ALe] o] 52 uhA] Scotia
rapid test == Jellet rapid test2}al % 3}, o] A|3H-LS poly-
clonal PSP toxin antibodiesS AF&-3}= He] A 2ulE 1a)ju]
(lateral flow immunochromatography)2 UA17]EL}; F-AFSH

Fig. 2. Results of Scotia rapid test strips. C, control line; T, test line;
A, Negative (not detected); B, Positive(detected).
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Fig. 3. Correlation between mouse bioassay and post-column oxi-
dation-high performance liquid chromatography (HPLC) method.

AEY YA 07 ARGRTt o] A 355 ol 40 pug/100 g
STX cquiv.e] A&THZ 97 249] sl RELE 7
AL HECEE EEERE RE R B EERE
2385 sl AAA R o] & TheRt AlS HAER AT
=9, £412 71 E o] Z3HE running buffero] 75 F5H
2 8sto] 1% AE0] RS ek 3SR NS
= 7|the]= A2 23ketet o] uf test line (A ¥4l 4= T line)
o] A} £ control line (24 &= C 2ol)e] A4 74
= v aske] Alm7E HE(UA, positive) H A=Al EHE(F
A, negative) | 1=7] ZHESICE Fig. 2= o] AJEH <] A11E
HofF=t, test line®] WA= vpH|/dufj =27t HEE A
- Alojar, TAER] oro W HEE Ao r Rt Cefas,
2007).

1 QoA vhes AT el BN S vk A
£ table 1o HEHSItE & HAIRE7IEA F 22 &
AL, AZE A RE T 22 BAE S|, AZER] 22N
S upAAIE St AT false positive ($19/3) Y false negative
(1578) UrEpbA] gttt 12|y, 2 5909 7| E AR 2
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Table 1. Comparison of MBA, PCOX-HPLC methods and Scotia rapid kit for the detection of paralytic shellfish toxins

PSTs concentration by PCOX-HPLC

PSTs Toxicity .
Sample (%/'\1/'&/)'\ ; Rgg%tliit (“gllggig_)s ™ % Molar fraction
STX equiv.) Total STX® dc-STX* NEOS GTX1,4°GTX2,37 GTX5® dc-GTX2,3°
1 ND? 10 0 0 0 0 0 0 0 0
2 ND - 25 27 1 1 2 67 1 1
3 85 41 82,5 24 2 1 2 69 1 1
4 627 + 597 25 2 1 3 66 1 2
5 213 + 234 18 2 1 3 74 1 1
6 397 + 325 26 1 1 1 70 0 1
ey 7 3 + 394 25 2 1 2 70 0 1
8 29 + 304 25 1 1 1 70 0 1
9 163 + 142 33 1 1 2 63 0 0
10 73 + 67 30 1 1 1 63 2 2
11 56 + 52 28 1 1 2 68 0 1
12 43 + 41 28 2 1 2 67 0 1
13 ND ; 16 39 1 1 2 54 1 3
1 ND - 0 0 0 0 0 0 0
2 ND - 0 0 0 0 0 0 0
3 ND . 18 0 1 0 39 51 9 0
4 57 + 49 0 6 0 42 45 4 3
5 42 ; 39.1 0 1 0 42 55 2 0
6 45 ; 433 0 4 0 35 53 3 5
Sﬁgg 7 4 + 41 0 0 0 9 o 0 0
8 51 + 54 0 1 0 12 84 1 0
9 42 + 39 0 1 0 7 @ 0 0
10 ND ; 22 0 2 0 3 51 10 2
11 ND - 12 0 0 0 48 34 15 3
12 ND - 0 0 0 0 0 0 0
13 ND - 0 0 0 0 0 0 0
1 ND ] 0 0 0 0 0 0 0
2 ND ; 0 0 0 0 0 0 0
3 42 + 41 25 1 0 2 T 0 1
4 53 + 57 32 1 1 1 62 0 1
5 49 + 42 32 1 1 1 63 0 1
Shortneck  © 42 + 40 27 1 1 1 70 1 1
Clam 7 42 + 45 18 4 1 4 69 2 2
(n=13) 8 94 + 81 30 1 0 1 66 0 1
9 59 + 66 32 1 1 1 64 0 1
10 ND ; 28 35 1 1 1 60 0 2
11 ND ; 0 0 0 0 0 0 0 0
12 ND ; 0 0 0 0 0 0 0 0
13 ND - 0 0 0 0 0 0
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Table 1. Continued
PSTs Toxicity PSTs concentration by PCOX-HPLC
Sample (%/'\1/'5(')6‘ ;] Rig%ﬁaKit (ug/lggi\glj.)STX % Molar fraction
STX equiv.) Total STX® dc-STX* NEOS GTX1,4°GTX2,37 GTX5® dc-GTX2,3°
1 ND - 0 0 0 0 0 0 0 0
2 ND - 0 0 0 0 0 0 0 0
3 ND - 0 0 0 0 0 0 0 0
4 ND - 0 0 0 0 0 0 0 0
5 ND - 0 0 0 0 0 0 0 0
Warty 6 ND - 0 0 0 0 0 0 0 0
§§3m 7 ND - 0 0 0 0 0 0 0 0
(n=13) 8 ND - 0 0 0 0 0 0 0 0
9 ND - 0 0 0 0 0 0 0 0
10 ND - 0 0 0 0 0 0 0 0
11 ND - 0 0 0 0 0 0 0 0
12 ND - 0 0 0 0 0 0 0 0
13 ND - 0 0 0 0 0 0 0 0

'MBA, Mouse Bioassay; 2ND, Not detected; *STX, Saxitoxin; “dc-STX, Decarbamoylsaxitoxin; *NEO, Neosaxitoxin; *GTX1,4, Gonyau-
toxin 1,4; "GTX2,3, Gonyautoxin 2,3; $GTXS5, Gonyautoxin 5; °dc-GTX2,3, decarbamoylgonyautoxin 2,3;!°-, negative (not detected); '+,

positive (detected).

T} false positive:= 1oL, TR Al of| A 42-45 pg/100 g
STX equiv.2 HZ5 27§2] A]&ol|A] false negative”} LFEFSE
o} 3} HER| 2 F=E o A I false positive W false negative
= UL Qs 0he s A9 23} RE A|Rol N BAE
4 tldy AR A+ false positive 2 false negative”} Lt
EfLpA] QA1 KL negative® UEFG T WA F 7| E= STX,
GTX2,3,C1,2, GTX5 ¥ deSTX|| 2 =5 713, NEO
U GTX1 40 e A= FS A= E 7FA] 21 Ql=d|(Laycock et
al,, 2001), 24 84| 0] W2} ¥R == STX (100%), deSTX
(30%), GTX2,3 (60%), GTX5 (40%), C1,2 (33%), dcGTX2,3
(7%), NEO (20%) 2 GTX1,4 (2%)o]c} (Jellet et al., 2002).
£3], GTX2, GTX3°| djsliAl= A&7 23.3 pg/100 g
STX equiv., STX+ 19.9 pug/100 g STX equiv.= o3 %
o, GTX1,4%= 345.2 ug/100 g STX equiv.2] A=ESHAIS Y
Efi Yltk(Cefas, 2007). & ATtollA 2709] & A& 5 false
negative”} UYERE o]f+= GTX2,30] 59| +44& 5 7
7 AEEH A U(53-55%) HAAHT|EA & HETHAC
23.3 ug/100 g STX equiv. ©]3}% 7] Wil oz ALz ),
HAX A7 EHL FAA7Eo] A A 4@ ¥ a1 7HHs = A3
o] QAT positive} negative 5+ 7FA| 2] AIEE o = Q7]
tjzol| /AT 7He sl T o] it

S0l Hlm

npH] gl a0 HEge AREEE AV EAHE Bl

HE AR 2 ATHBAE 7L ik vk Al 9
PCOX-HPLCH2 #ljF=42] o] 7hssiARt, PCOX-
HPLCH-2- &4 0f| v|-g-o] gho] a1, A A7to] 2.2 At}
= @Ho] glon, iRy EFAEY 54 RS o 5
Uth= AH o] ek A, HAAF 7| ES A AIZEO] AA
28 Hth= o] daL, AA f-euete] vhe g afs4s 7
2191 80 pg/100 g STX equiv. Ht} We HEFAE 714
QIAITE, positive2} negative F71A] AupbS & 4= ¢lom
3/dRt 7Fsslet E3E, 2 Aol A<= false positive”} LFE}
UHA] QAT H &A1 40 pg/100 g STX equiv. -of| 4]
+ false positive”} o] YERLFE Z(Cost et al., 2009; Oshiro
etal., 2009) 55 9F419] Hell 2§/ of el o A
2 WA, vE, 98 U U 5] Bl AL 0L AN
¥ QAR B40] 48514 PCOX-HPLCS o] 83 7]
7RG g 248513 9l A0l cHFAO/WHO, 2016).

wfabd, ek AR Shn el 718 Sa mUE So|
A PCOX-HPLCH-S 1} 924 2 0) B2 X 0.2 41§35}
WA, moh oe ol Aol S U §1) BUE SOl B4
wanjel Ao rton BEeke 5 ANEYeRE 4
ol 7Hsieh. Eat, el e AAve] b e 54
A BRAT YO HAATYOR MR Dl AN S
Jio.z AHSSIRA e F71) M e aehs Ho] At
Ao AR,

s A, uhe-2 AR, PCOX-HPLCH 9 HAAH7|E
o

HU R AN
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