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Abstract: Paralytic shellfish poisoning, caused by the ingestion of shellfish contaminated with paralytic shellfish toxins (PSTs), has been
reported in many countries. These poisoning incidents have resulted in losses to local economies due to a negative impact on shellfish harvests.
Currently, the mouse bioassay (MBA), high performance liquid chromatography (HPLC), and enzyme-linked immunosorbent assay (ELISA)
are widely used to detect PSTs. Although these techniques have many advantages, high toxicity and the presence of many complex components
and special structures makes the analysis of this group of compounds especially challenging. A rapid, simple, effective, and specific method
needs to be designed. Biological methods, techniques for instrumental analysis, and biochemical tests for the detection of PSTs in shellfish,
cyanobacteria, and contaminated water are summarized in this paper, and their advantages and disadvantages for particular applications are
discussed. Future studies that will contribute to their improvement are also discussed.
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toxins, ASP)FI £ U125 2 (Neurotoxic  Shellfish
Poisoning toxins, NSP). PSTs & —RAHEEERTISR
FRUM, BERRMEAE F T2 2 M T B Na i,
BHIET Na Wift, SENAMNE R G420 51
gl %R R L EORE T W 2 dinoflagellate
algae C 3V Jjj 1l K 3% J& Alexandrium « J& ¥4 ¥ J&
Gonyaulax. #fF7 Gymnodinium aerucyinosum Stein
J% F3J Pyrrophyta %5 B, v K i el E 3L
),

B, BfFEREPEZREN, OF 20 24 EZA
X 5E T PSTs FHOCPREARAE, K ZHbriE
FU5E 100 g A4 LA PSTs (A HE E AT 80 pg
STX eq (400 MU, il 2 &K AOAC AR/
EW)iE(Mouse Bioassay, MBA), HA. #EFIFHEE
R NRADDE (MBA) FlE AHH (3872 (HPLC)
I VE A EFRAGINES, MBA M1 HPLC A6 W4
PSTs ik 1) 7715, (HHT PSTs MIE A, W&
IRBNPSEG I ANT e Y AR BRIEZE DL K. PSTs #r
B = S8 2 ), X AP VA CASRENE R BT
SRR HEER, ST SR . SR
SR SR ) TR ¥ . ARSCEE PSTs JEACME R K
HEBIRNEARBATLRR, A PSTs RN

Feffs.

1 PSTs EAME

PSTs 72 —KIYEMES = IR G, FALE N
AR 2N Z O (B DY, BT aREAS
B, 7. 8 F1 9 MAERIPRIT C12 AR R HEk
TR, MRTAB TS E 1 PSTs 214 57 F1),
A B R R AT E ORI IXEERT R RE Y
B, ABAERA DR BERBOF BA REE TR
FAUFEPURI, U AR . NI A A
P2 AR LR B S = SRR . BbAh, A UL
PR FTE A BLRARH ) (M1-5), PRIRFSEER,
AL PSTs 7E VLA Py ORI R A sl2e g =t

[ 1 PSTs B A LAY
Fig.1 Structure of paralytic shellfish toxin!"

% 1 PSTs #hFns 1"

Table 1 Analogs of paralytic shellfish toxins and their toxicities

[10]

A% R1 R2 R3 R4 2 #k 2F%  #M MU/umol
H H H STX 301 2100
OH H H neoSTX 317 2300
N ) OH H 0S0;- GTXI 412 1900
Z AR F AR AE & OCONH,
H H 0S0;- GTX2 396 1000
H  0SOs- H GTX3 396 1600
OH 0SOs- H GTX4 412 1900
H H H GTX5 380 150
OH H H GTX6 396 150
N ) H H 0S0;- Cl 476 17
N-EBLA T BLAL OCONHSO:;-
H 0SOs- H 2 476 258
OH H 0S0;- C3 492 -
OH 0SOs- H C4 493 -
H H H deSTX 258 900
L . OH H H deneoSTX 274 900
BLEF B
OH H 0S0;- OH deGTX1 369 950
H H 0S0;- deGTX2 353 380
BTR
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LR
H  0SO;- H deGTX3 353 380
OH  0SO;- H deGTX4 369 950
H H H doSTX 242
PLEBLE T B H H 0S0;- H doGTX2 337
H  0SO;- H doGTX3 337

PSTs J& T/ F (£1200~500 w HH, H
g oA, 2k, SIETK. HBRA LIRS
WeMEvAF), AT A 8%, AT kA 5
SR AR, — B EE TR, PSTs b2
BfasE, miER, MM NRE CYpH{EN 34,
BAaE), -18 °CLL MRS RAF R a], HEptAs
BEARISY, 4ab TRaIE b S B ak, EntE AL E i
PSTs BHATERAL AT TE R EIIIR, 123 Bl
PSTs f)— B 24K .

2 PSTs &A%

2.1 AgnE AR

2.1.1 ) RAEMAEN

MBA 2% 20 42 30 FAXA B Sommer 55 A1
M Es S, HEEZ: 1 mL PSTs i
WO, RERsE SR R /N (2042 @), 1SRRG
/NERIIFET I 1] (B 2R B fa— A0, A H R
(MU, AOAC & 1 MU A 15 min WEREHEES 1
mL PSTs $2HURIT 20 g 1@ ER/NRAET- /i 21
), R/ NRARE, MR IREGR T PSTs #57
/N, AR GB/T 5009.213-2008 ¢ 128 R
DISFFRMME) FRFH MBA X5 NS D2
AT I R, A H PR 279 0.16 pg STX/mL B 40 pg
STX eq/100 g V1AL,

MBA JEHE(ERI . TR EAEE, FHR R
PSTs HREU ST, 36Tk S 22 4 A
IREZE, JRHRXNREMEFRFG Y, AELEBR
BRI E 777 (RZIEAFEIR 2B, B0, ToiE
ffiE PSTs MR SSH 1 ErfE; HURFR& R,
AFEERERAS /N, BRI s A RS, (7R
RPETERIIN G P & AN ER MK PSTs #E R B,
HUE AL R, Bl DR E 50 Zn 4R
HREEEM, Emss Rt b, %5k
i /NREE R, EEIERRE T R3R SN, —ERE
J¥ 3T T st A2t
212 HAbA ik

K8 I MBA ¥, PSTs A= PA6 A (045 5 i
EWp7%: (House-fly bioassay) Fl&E HAE#)vE (Locust
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bioassay, LBA) . H 54475 MBA £/ 3477
YRR, @i IO KRR N VEST PSTs B4R
JERIBETIINTE], THESRROE T PSTs #fE R/, Hiw
HFRZ4 0.20 pg STX eq/g. {HILIEFREBERE, A
Sy B, et e A A e e B e AT 2 AR ST PSTs
PRI, 75— € INF 18] P9 S0 SR Bl R R B 9 26,
B IKG T HK Bk Cook 25U st J] yb it

(Schistocerca gregaria L.) Al DI PSTs, AHEL
MBA %, ZENNASCRELF, AL, Ak,
PEERIRZ, HOAZIE RV, BA IR AEY)
o

Toitse MBA V%, a2 H AR AR, TSk

BN RNV REA IS TR S, FEEH, H
TSNS a5 2 s 2 AT E N R, et R )
HEVEMEIER . R,

22 PEA TR MBAR

22.1 FZEUERAE SR

HPLC &/ 2 R T4 PSTs f£2 817772 . F| H
BT AR GRS I, DURERRDY T R, PR R
SNBSS TR, 7R RAR LR (C-8 B C-18) 4 B PSTS,
FIFH AR 25 1F N EAC-FR AL S5 T 2B % e o 1)
JRIESEIUN PSTs ARSI 34 o fKH PSTs S AAN 73
e EAR, T NRERTATAED: (pre-) PURIREEAT
Ak (pro-) P RHEEATAET T CAIITA STX M
HATAY, HFFES =000, FEK, B REE Rk
REERTAESE, iR HRTATAERN A4
R E, (HFEFEFER, BAREXTA R RA
ST R E BT,

AH*F pre-HPLC T & » pro-HPLC ) S 58 ik
REAMHIE T GB/T 23215-2008 ( V12 2 kL
PE DR 303 B 1 & U 1 - SO RniliE )
SN/T 1735-2006 ik th 1 DU it b RV DS R 2
FOE 56 755 e OB Bty ), H R ARAS HH PR 0.125 pg
STX eq /g A £ VLA Yuko Cho 2RI pro-HPLC 7
WSE BT X B 1 K (Alexandrium
tamarense)Axat-2 A0 PSTs € B0 M. 2%
2605 pro-HPLC Kl GTX1-4 HISAE#HTAAL, 24
PL 70 mmol/L HIO,4-20% HCHO (& 0.12 mol/L KOH
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F110.75 mol/L HCOONa-2H,0) AFEEATA M, 1%
HCHOH (1:99, V\V). 1.5 mmol/L BEkiff&aeh % 10
mmol/L HsPO, NIz, 45HER GTX1-4 [HAEK:
HPRAK N 18.2 ng/mL+ 15.0 ng/mL.4.7 ng/mL £ 26.2
ng/mL. HPLC A KGRI i A BRAREE SR tH i f
B AR N RANEIAT) 2 v e, BAFTEAER B e,
TERRR . RO AN LD AR TR o 5 i
222 R-RERA K

BB AR (LOMS) 24 T il 7y 2 fe
SR EMETIRE, RETE RO R AW SR B 1) 2 B
SETESMT. 1989 4F, Quilliam®” ¥ Yk FIFH LC-ESI-MS
I BB 04 7 STX, HAG HiBR 9 0.03 ng, 11
F MBA . 2001 4E, Jaime 2528V 7 —Ff i 25 59
FAUFRRE R AR S 7% PSTs HIsE &AM, 1%
PAGTRR K EF. 2005 4F, Carmela S5V 735K
VE RO (- AT 25 J RS 1S (HILIC-MS/MS),
RERS— VR R SE ot 3228 PSTs 1I40HT, i%HaAR B
AT CRAR) 2N, R b e

Dell’ Aversano 2% HILIC-MS/MS i A & T
T VLR N FEAE S R STX AT M1-5, FH%F M1-4
DURAT A ST T TR . Wbkl e
HPLC-MS iA7E 4 h W58 J %) Alexandrium. S2H#R
Ji5 7% Moina mongolica Daday /% JE 43 52 i 47 T 1)
GTX 4 K0, AR YN GTX 4 AR FEMER T
. Boundy 257437 T HILIC UPLC-MS/MS {24l
Kb, S0 UL a2 B DU PSTs b T4k
b, FoR BT, PR . LC/MS 34 T HPLC
P TERE IS IR G, FERCI AT PSTs AT AA
RKHRHEAD. Zk R, RS
WHERRAER FRAGRBMRSE: wtEatiae/ing, T
IR et EEATTZMERRT, HEEEMNHER
(G FIRRIE s > B RE . IR FRIEDR . ATk E R,
SNSRI A PSTs S &=k 1%, H PSTs fi7
PR, EmdE, HR-RBH &S, Rl
N R, WOBR G T N A
223 #HEE#EE

MR (TLC) /& PSTs ML g s
—, AR4E PSTs &-2H 53 5% [Fl—WR FH 7RI R RE I 22 5
Va5 PRI s FETE FH [ e AR ST AT 2 (8
R SERIEARFE ) b, bt bR 5 S Y
LRI E S, W 5VOLRIE. TRk
AP TR 2% S I S B 15 R RE R e M )
Br, BATEPGE. AR AR,

Indrasena 2505 FH 3 2 (0,1 A FAES 46 I 2%
(TLC/FTID) %}%¢ Chromarods-SIIT e o i e /) 55

(1) STX N HATAEYHAT SAAill, 45 3 s v DU
HHF GTXy3+ STX. NEO Fl Cy, K H R 737
0.4 pg. 2.1 pg+ 0.8 pg F12.5 pg, FHI TLC/FTID A {E
N—FpRiE PSTs Bedir= mpRER. Pus %, (|
TLC [ H PRI T HPLC A1 LC-MS %%, REUEH
B, BRE 7N .
224 FOUL,UCEHE

w4 6 6 b ¥ ( Fluorescence
Spectrophotometry) {EIFRI G T1E, I8 HAE ik
i PSTs FEMMIMTTE, IEIEXHFRE AT HE . 1
Ak YE, HEEMRAATE, BUEE T Ham,
DAL TG EAT 2 B 1207 R AS oim
EEARXT PSTs $&HUR S s T e E i, W)
NeoSTX. Ci TG VOIS R A Z R %
J7i, M STX. GTX,, 3 FITAEZCHERE, Rt
TEREEORE MRS I FE Al o

KR ITEEE 58 e /3 e T2 5 MBA {30t
LAl 2 Sephadex-G15 #E ZEHTHEZEALN) PSTs, 45
IR RISE RAYI Ao G Gerdts 25887 FHud
%615 (FFA) X 7571 7% ¥ (Alexandrium  fundyense
CCMP1719. A. tamarense 570KI1K. A. tamarense
CCMP115 F1 Prorocentrum micans ME04)# PSTs 47
o3t HaE R IR FRA MI4E SR HPLC Al g5 5 A
AIRGFRIZRIE R R, AR — AR OE . &
AR T B . ARIETHEP R mMAT IS 2, H
FeEsb ARG . BRSO A T, sbah,
ZIE RS PSTs JOUATAEMIMSE, ARSI
HEA I e v s
225 g dikik

BANE HIKIE (CE) 7& 1980s WIR4EAIHT T 405
FMEA . 1Z7EKHE PSTs FE a2 4 Firay HE i B 1) 22
TP (STX. neoSTX. deneoSTX. deSTX %547 2 4™
IEHAT; GTXes deGTX, 42 doGTX,3 2547 1 ANIEH
fifs Cra AHFHGD HHYPE T E, HETE. Kb
BT A D A AT AT

Keyon 2511150 FH 5 1) 44558 L Yk -4 X L K- HEL
PR g | S S S S N  ( =r J  o

(tITP-CZE-C4AD/UV) Xl U1 PSTs #EATHG I 7347,

N FERTATAE-HPLC-FLD (AOAC, 2005) HE{TH:
E, R EIRIXF VAN E R PSTs FHAMITE LA,
ROR BT st 18 ST B A —AN-A T I NIEAT
ZEMRIN CZE-UV ¥EXF GTX, 3 BEATHEIN 04T, %3 i
7N GT X3 MRS H R3304 0.38 pwmol/L 1 0.36 pmol/L,
HMAS VSRS . CE VEFTTRfEAE D>, i
B, HHSBESERZE. REEK, HAE TRNSA
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AR,
23 AEfARIEAR

23.1 BEBRG IR M A

it asseik (ELISA) REETHURPUARZ k=
P 2 1) SRR RE S b PSTs SR ZHE TN, T2y
AL PR GBS (de-ELISA) A[a)4ZREH.
3% (ide-ELISA) Pifh. [ Johnson 2 vk ifilfg
Pi STX KL FEFA LK, ELISA il k&, BloA
pLALIT PSTs Wifeisilifl &, HAEE e i
F PSTs J7 T (R 0T o B ATt P e £
P GAERERTIE] (2 h) PYSERR T STV T AL WA A
SCHARE A PSTs ARSI, ZAR7 &) RN 0.015
ng/g, FRAEKIIBRTATIA 0.02 ng/g, Kawatsu 2510l
B R I AR A S MBA V5T LLAR
GTX,3, #HEL MBA 72, dc-ELISA RIEEIE 100%,
RN 89.7%.

ELISA VAR L —MoR. REBUEm. BAET R
AL, SRR VIR R R M R I e
A, (EFFERLY PSTs A4 SR ERAR. brdE
AR = DA BT B B o FL) P A A O N 5 )
HUSZIR N B — 5 R R A,

232 ARG SA MK

TSHPE S 4T (RIA) 2T 1984 4 1 Davio
M1 Fontelo ST, R MR H R ThREIE PERTR 7
R L3 /KN SH-STX F STX Stz
A E S gty BRI T PH-STX 5324RM45
HREFE, FIWIER R AR

RBA 1452 50", Sl T 0hE 32 PSTs
RO, BA PR, AR S
A ATESN MBA VEM—FRT SR B 5. HiZ
FHVEX RN, HRAGHERD, F%
IR, AT, WOH BT RIS B (R,
233 iRk

MAAEEEATINYE (Cell-bioassay) X FRZHZAREFEM
i, MRYE PSTs BHIET Na" P iitix—1ERALH], BOEE
P (Na JEIETELFD S AT (Na/K-ATP i
kD InEIREFRIHLSGE A, 251 Na Wikt
ZRERR K, HEICT, AR I HE R T
Na JBIE[() PSTs, NI 5H 7 @ sl AT R AR PUE
FHRERRS] Na"Wiitit 2, gl f7as, dbimRysgni
FRIAEIE T 40 0 5 PSTs #EAT & B 4402,

T g e St i <7 PSTs /I BG4 420 989 41

(N-2a) &%, FHF MBA EHHTRAE, 45885
Z71EE MBA EA—EE, RS R, IR
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K4 10° mol/L #IE 7K. 1HiZ%iERH ERaHEoEgm
%ot PSTs HEATsE &AM HT, AENTK, Frisdiifis kK,
Ak HAG O — R S gAY A B (MIST
Alert™) FIPRIEN ez U1 PSTs M TE &
R, IR 40 pg STX eq/100 g FHE 7K,
BRI A B, HLSE 41 5
Fizl, R—F+aBrrml /ARl A. H
HIE SRR B LA R e

3 RE

BEE X PSTs WL HIASWHARN AL A MR B

R, HAMBARWIEAWE A TEE, A
FARA RS, W E R R AR H R
G YRIBERDO, A J5, PSTs (RS H ARAH I 7T
SRREERE LN I RIRE: (1D B L 2Ed A4S
HREAL PSTs, IR FCREE— A I 4 B4
PEARAIE; (2) EESCHENESE. SRR 1 &
KTV, DMESMHTE S0 PSTs 410 AL B EE 25,

(3) IRAWF TP AR, JoH 2 ELISA 52
IREEAMRTE, TOIREEZ 2 [ 58 S, BFfI 5 (3
REUE SRl E: (4) 583 PSTs Kl AL
ANBUEHERELRMNR, SRS BRI BT IS i o
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