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Paralytic Shellfish Poisoning (PSP) Analysis using Liquid
Chromatography-Tandem Mass Spectrometry
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The AOAC Mouse Bioassay method (MBA) has been widely used for routine monitoring of paralytic shellfish poi-
soning (PSP) for more than 50 years. However, this method has low sensitivity and experiences interference from
other components in the extract. Also, ethical issues have been raised against the continued use of this live-mouse
assay. To establish an alternative method for PSP analysis, we attempted to develop PSP analysis conditions us-
ing liquid chromatography-tandem mass spectrometry (LC-MS/MS). The LC-MS/MS analysis of reference material
showed very reasonable accuracy, and the analysis time was just 15 min. However, the recovery rate of toxin spike
samples using the LC-MS/MS analysis was 59.4-91.0%. We also attempted to remove the matrix effect using shellfish
extracts, but recoveries of C1 and C2 did not improve. A comparison between the results of MBA and LC-MS/MS
analysis revealed good correlations, with values of 0.8878 and 0.9211 for oyster and mussel matrices, respectively.
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M =2 npRj Ao RE A0 BAo AOAC 959.08 official method
(OM)o]] ZA3E vl Ald(Mouse Bioassay)S ESH
Aol F=4E  Alexandrium sp., Gymnodinium  sp., (AOAC, 2005)0.2 5}to] 2 A|A|Z 0.2 o] F0]x| 1L Q=1 9]
Pyrodinium sp. ‘5 MBEFO] &3 ABY BYAEC A WHE F FAANN FE A olgste] BaE S
AFehe SHaR(Hall et al., 1990), F47t S48 |78 At AL FEHE nhp20] B4of ARt ARl o]2= AIRRE
o HFotal F=E v E #L5H| "k (Mortensen etal,  FAsto] s E S5k Zloltt o W HEA= 40
1985; Bricelj and Shumway, 1998). 5 Q84S Zeto ug STX eqivalent/100 g© 2 &} #] QIthHall, 1991). vf-9-A
ol AatstAeh s Fmaehs Aol 2% AS 545 4 AW & SR &6 AR § F ST B4
Aok gl BiX7] Ao] olulsol 2 AFE ol A4 Qi MR Ay s001 gk A4 AR ol
o17] whtolch whl TR S A BTG HROR Hlof 9 of o1 glek. Teh} M A AN OR AW R g2 o]
= 7lo] ot o 20%0] SEARC] B FAT Ut ASAL FASkAA SHe ol Ro] SabEm glow] B4 Az
(Luckas et al., 2003). Saxitoxin (STX)-2 ope]| Al o F- =4 0] ado] iRt AEE d5 4§l WRlo] B2 ok 1y
AR T 7P E 4 SR (Fig D HE StEed] =4 A EEAIEH Y AR Sau HiAlE 1% Al Aol
< saxitoxin 7|02 T 52480 diisde st ZagtAgolrh. A7 sEAES tAlsh] fisto 7]
saxitoxin PO E HE & Ao 2 tH(Oshima, 1995) (Table 1). 71 & 0] 83 o ¢ TSt A| 2 7f o| Fo]H oL A A RufE D
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Table 1. PSP (Paralytic shellfish poisoning) toxins and their relative toxicities (see Fig. 1 for structures)

Toxin ReTx Toxin ReTx ReTx R1 R2 R3
STX 1.0000 GTX5 0.0644 dcSTX 0.5131 -H -H -080,
GTX2 0.3592 C1 0.0060 dcGTX2 0.1538 -H -H -H
GTX3 0.6379 C2 0.0963 dcGTX3 0.3766 -H -0S0, -H
NEO 0.9243 GTX6 0.0644 dcNEO - -OH -H -080,
GTX1 0.9940 C3 0.0133 dcGTX1 - -OH -H -H
GTX4 0.7261 C4 0.0576 dcGTX4 - -OH -0SO, -OH

ReTx, Relative toxicity; STX, saxitoxin; NEO, neosaxitoxin; GTX, gonyautoxin; C, protogonyautoxin.

R STX = saxitoxin
NEO = neosaxitoxin
GTX = gonyautoxins
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Fig. 1. Structure of PSP toxins.

g 1] & -3-8-5}9] pre-column oxidation (Lawrence et al., 1991;
2005) H=+= post-column oxidation (Franco and Fernandez-Vi-
la, 1993; Oshima, 1995; Asp et al., 2004; Thomas et al., 2006)
I FFAES 2GS o] e A itk ey o] WS
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(National Research Council Institute for Marine Bioscienc-
es, Halifax, NS)E AR5} L, F=&0f ARE3E hydrochloric
acid (analytical grade)+= Merck (Darmstadt, Germany)©| 4],
trichloroacetic acid (analytical grade)?} sodium hydroxide
(analytical grade)+= Sigma (St. Louis, MO, USA)of| 4] 7915}
o] A&-31SIT) o] 5AF AlZ o+ ammonium formate (Fluka,
Buchs, Germany) 4! formic acid (Fluka, Buchs, Germany),
acetonitrile (Merck, Darmstadt, Germany)2 AR5} 0., &
0] 2= Milli-Q system (Millipore, Bedford, MA, USA)o]| A]
“gAIske AHg-sEAT

=
=
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Table 2. Mass spectrometry (MS/MS) parameters

. Parent ion Fragment ion Collision
Toxins (m/z) g(m/z) Mode Energy
STX 300 282 ESI* 20 eV
NEO 316 298 ESI* 20eV
GTX1 412 332 ESI* 20 eV
GTX2 396 316 ESI* 20 eV
GTX3 396 298 ESI* 20 eV
GTX4 412 314 ESI* 20eV
GTX5 380 300 ESI* 20 eV
dcSTX 257 196 ESI* 20 eV
dcGTX2 353 273 ESI* 20 eV
dcGTX3 353 335 ESI* 20eV
C1 396 316 ESI* 20eV
C2 396 298 ESI* 20 eV

ESI, Electrospray ionization; STX, saxitoxin; NEO, neosaxitoxin;
GTX, gonyautoxin; C, protogonyautoxin.

LC-MS/MS 24z

LC-MS/MSE o] &3t nhu]/dufj =4 AW 292 95tk
TSQ Quantum discovery triple-quadrupole mass spectrometer
(Thermo electron, Finnigan, San Jose, CA, USA)%} Surveyor
MS Pump plus (Thermo electron, Finnigan, San Jose, CA,
USA)E AME-314 AL, column TSK Gel-amide-80 column (5
um, 0.2 X25 cm; Tosoh Bioscience, Tokyo, Japan)2 AR8-3
et

LCEYE ¢35t o] %A A9} B= ammonium formate®} for-
mic acid®] FE5E7F 22+ 2.0 mMY} 3.6 mMo| E =& Eo|
<2~ 9 95%, acetonitrile®]] 95:5 H|- &= 3] A3t LM ALE-5}
ek AgHT} BEA O] H|L 75 : 252 23t o] 5AMS flow
rate 0.2 mL/min &2 Ze|HA & BAARS 15802 FA5¢
ot AR AL electrospray ionization (ESI)H 0.2 3131t}

upH A R =2 &S 9% MS/MS parameters+= Table 2
o] Yet it} Quadrupole type2] massof| 4] SRM (Selected
Reaction Monitoring)® % positive modeE A8} 2™,
spray voltage+= 5.0 kv, capillary temperature—= 350C, sheath
gas 17 (Arb) 2 aux gas+= 19 (Arb)2 A3} AL, collision

energy+~ L= =471 20 eVE 5 Y51

O ug/go] H=s #F8NE 217 2
LC-MS/MS= £-45}4/c}.

£4971719] 71 &8HA|(LOD; limit of detection)= A&t %
SHI(S/N)7F >3 0.2 519 0w, AeFgHA|(LOQ; limit of quan-
tification)= LOD x 3¢ wf o] m= 2 F-3}3i T},

AR ] B (accuracy) @t g H/d (precision)= 3714
FER AR ZF2EES o8sto] Ydl(intra-day) 2 A7F

G A8 - QA - olulo]

(inter-day) WA 8-S 19 58] W 59U7F 18)192 A5
oh

E3, 8 532 9Istol Sol gl AoR AP B A
Fp] Azl 1259 EREAE HE 10 ugle St Hle
= H7bstel slol st Fela o R 53 ¥ 717184

off ARg-sHTt.

LC-MS/MSHIS o] 431o] mhu o5 542 FAJak= A2
F 1259 224 EHENS BT A u
olfol Al 22l | 2ick(Fig. 2).

Yro) ol amokE 2ol A S
ol Al olAtolA] Aot 72l mhul sl
£ 9319 heptanesulfonic acid, heptafluorobutyric acid 2
tetrabutylammonium sulfate’s-2] 0] 24+ A|2Fo| ARS-E TH(Os-
hima, 1995). ©|¢} Z-2 A|2F5-2 MS/MS A|AH|9] o] & A
(jon source)= © |71, 0] £342 SIAIAI71 = S el
22 3l E31 C toxins2 STXs 1&0|v GTXs 153} ¢}
£ AskE 7M7) diZe] v 2404 wz Zejsteiof 5t
= o] Qlrt E Ao A= MS/MSE}HILIC (Hydrophilic
interaction liquid chromatograpy)E Z23slo] £4of AME-5})
glom, HILICS S48keh=2] efof mf¢- F-83F ’wiolch
(Alpert, 1990). o] WHol| A= 1=/ 31 A3} o] 572 45
Z1-gof ofsf =&o] ] E7] wfZo o] 24 Alefo] E9HE o]
&S AHESHA] ot o] 231 BES A A1 A] QAL WHEA]
2k Qtoll ezl oz npr|duREs HEES S 24T
= A= A o] lek(Dell Aversano et al., 2005).
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8 53] vhe 54 3 R gAY AL 1259
FEad BF r=0.9993 ol fo|qitt. 7 = =Tt
Al(detection limit) + ZA0tc}h ZFo]7} )l A+=t|, S/N (signal
to noise)H|7} 3:191 EFE2 9] peakE 7|F 22 A 34Tt
STX, GTX1, GTX3, GTX4, GTX5, deSTX, Cl 58 54=
0.001 ug/go] 3., NEO, GTX2, deGTX2, deGTX3, C2 5
9] H4=0.01 pg/gel et Tk, HeFeAl= A& 9] 3u)
2 A tHTable 3).

ESHE B o] A5 (accuracy)@t %A (precision) S &+
lsl7] $l8te Uui(intra-day) 2 U 7H(inter-day) ¥HEFAIE S
AAISFA T

37 Feo] 7w R EEEdol tishe] 1Y 53] 9 5

e AARE A}, BAH Y] Ao 24
2 A A0 717) 88.6%-106.1%2] A4} 1.0-5.4%2] H2
A2 FERNIEE. o, A7 AT 9 AEAL STk vk s
o] JL51% o™, 2+ 88.5%-105.9%2] A& 1.0%-4.4%2]
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Fig. 2. Chromatogram of working solution (0.1 pg/g); STX, saxitoxin; NEO, neosaxitoxin; GTX, gonyautoxin; C, protogonyautoxin.

Table 3. Estimated limit of detection (LOD) and limit of quantifi-
cation (LOQ) for individual toxin (n=5)

Linearity (r?) LOD (ug/g)'  LOQ (ug/g)?
STX 0.9998 0.001 0.003
NEO 1.0000 0.010 0.030
GTX1 0.9999 0.001 0.003
GTX2 0.9999 0.010 0.030
GTX3 1.0000 0.001 0.003
GTX4 0.9998 0.001 0.003
GTX5 1.0000 0.001 0.003
dcSTX 0.9996 0.001 0.003
dcGTX2 0.9999 0.010 0.030
dcGTX3 0.9993 0.010 0.030
C1 0.9993 0.001 0.003
C2 0.9999 0.010 0.030

'"LOD=3xS/N; 2LOQ=3xLOD; STX, saxitoxin; NEO, neosaxi-
toxin; GTX, gonyautoxin; C, protogonyautoxin.

44/dS YER SItH(Table 4).

Codex (2008)0l| 4= H7Fet #2E22] 5%710.1-10 ug/g
H 9]0 A= 80-110%, 0.01 pg/gell A= 60-115% 2 0.001 ug/
goll A= 40-120%2] S a8t glom, £ AJE WY
2 oo Hgtu= A0 2 FRIE 9Tt

uH A A @ AR A] o2 3k XA AR 75
25 AT A7 A RE 4 S0 Alxgt &, 248191
< 1j9] 3|4=8-2 Table 50| UFEF Sict 5ol o} 3|82
2 A= 59.4%-91.0%, AFEX A A= 60.2%-90.2%2] H
e Bt & 2 AFEA| A= E3] C1, €252 C toxins
o] th2 EaEof H]3|| F-2 vl &R UER=d], o] 22 HA g
I ol A b2 A A A g2 Aol o]t vl wiEQl AR A
FET} Dell'Aversano et al. (2005)+= LC-MS/MSE- o|-8-5}¢
ZIFEA] A 5ol A upp 545 245 A3t C toxinsO|
T2 5450 vlste] WA HEE 0L stoth. 25259
Lo A FRA 0= Ctoxinsd o] 2315 AT 4= Stk

e
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Table 4. Intra-day and inter-day accuracy and precision for STXs
& GTXs and C toxins analyzed by LC-MS/MS method

F714 - o1y - 984 - BE

G g

ojulof

Table 5. Recovery (%) of toxins in the different matrix by the ex-
traction and purification method (n=5, 1.0 pug/g)

Concentration Intra-day (n=5) Inter-day (n=5) Analyte Oyster Mussel
Analyte (uglg) Accuracy RSD Accuracy RSD STX 80.2+1.5 80.7+2.6
(%) (%) (%) (%) NEO 75.6£2.1 80.3+3.3
STX 0.1 98.4 2.0 101.5 1.0 GTX1 89.8+3.3 81.3+1.8
0.5 102.3 1.5 99.2 1.2 GTX2 82.3+2.6 86.5+3.0
1.0 104.2 1.4 102.8 1.5 GTX3 79.8+0.8 86.0+2.7
NEO 0.1 99.3 4.5 99.1 4.2 GTX4 87.543.1 90.1+2.4
0.5 979 29 101.2 2.3 GTX5 91.0+3.6 90.2+3.0
1.0 105.1 1.5 100.3 1.2 dcSTX 73.542.2 722425
GTX1 0.1 94.0 25 104.4 3.0 dcGTX2 72.642.4 78.9+2.1
0.5 1088 32 1059 24 dcGTX3 71.441.1 77.5+1.5
1.0 102.8 1.8 101.3 1.6 C1 59.4+2.0 60.2+1.2
GTX2 0.1 989 30 94.8 18 c2 62.5+3.4 61.4+1.6
0.5 1023 21 96 19 Range (%) 59.4-91.0 60.2-90.2
1.0 102.4 20 107.8 27 STX, saxitoxin; NEO, neosaxitoxin; GTX, gonyautoxin; C, pro-
GTX3 0.1 1002 2.8 105.1 44 togonyautoxin.
0.5 98.9 1.4 96.7 2.0
1.0 100.6 1.0 99.4 16 -
GTX4 0.1 949 22 105.2 15 .
0.5 106.1 1.6 99.8 1.9 2
1.0 99.9 1.1 101.5 1.2 g 150
GTX5 0.1 1014 26 98.5 3.1 E
0.5 101.1 34 97.2 2.4 > 100
1.0 99.7 2.9 96.8 3.7 S
dcSTX 0.1 905 54 914 11 3 ) =1.9506x + 52679
0.5 9.6 29 96.2 38 b R2=0.9211
1.0 1010. 27 1003 36 Q
dcGTX2 0.1 897 41 924 36 oo o 00 P 200
0.5 928 24 9%9 28 HPLC (1g/100 g STX equiv)
1.0 96.8 16 98.0 2.7 -
dcGTX3 0.1 901 32 894 34 _ Mussel * .9
05 984 25 903 39 2 ol
1.0 996 28 978 25 g o1
C1 0.1 972 24 88.5 26 E
0.5 101.7 18 98.7 2.1 > 100
1.0 95.1 1.2 99.6 1.2 8_
Cc2 0.1 88.6 2.6 100.2 3.0 gv 50 y =0.8450x + 9.5148
0.5 1045 20 1015 25 < Re=0.8878
1.0 99.9 1.1 100.0 1.8 Q

50 100

150

200

STX, saxitoxin; NEO, neosaxitoxin; GTX, gonyautoxin; C, pro-
togonyautoxin; RSD, Relative standard deviation.

(Dell’Aversano et al., 2005). L&, C toxins ©|2]2] T} A
EE2 21 AFHR| oA B FEs =202 SRIE QI
2 Ao A B FeE-g Bl A st 3% ol&
WAEHE A7 Badh Ao 2 Alr

OreA AldEat LC-MS/MSOf 2ot &A1 A} Hjw

ohul s o] 58712712 80 ug/l00 o] BT
SHEES nhe AR el A BA%EE 200 pg/l00 g STX
cquiv. AEEIUE 23 AR ARE 242 504 A8

HPLC (ng/100 g STX equiv)

Fig. 3. Correlation between MBA and LC-MS/MS analysis of PSP
toxins in oyster (n=50) and mussel (n=50).

slo] 9o Wi o & A 2e]skil LC-MS/MSE 12%9] 7/
25 BA%H 5 B8k saxitoxing H 0.2 HIA|A AT
£ =Rlsksih & dAtollA Al ()= =4l 09211,
ZIFH A oA 0.8878% OJ1| Q= A S UrEb Sl ch(Fig.
3). 71715 AHEg BAME FEAIEHA Welad s 48

Sk carbamate®} 22 417 540t 771 A ASAll Y=
Hk7] ok A} blank A] & ol it false positive A1}S v A S
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A=A 59 Eol4& 7FA At lth(Van de Riet et al., 2009).

LC-MS/MSE o]-8-3t mhu] o 754:0] 42 F=A Y
O 2= dopd = Qe AE T vl RS RS
g 4= Q1A B =aE Al 24T 4 ok AR o] ek
2 Aol A o] Aih= v Aol R4 Al EEEE R
T 54 AR Hlalof A-gsto] =4 ZRubdS vhs|a,
Uol7h Selupel sl Al s B S glg diokoR e
4 918 Rolet ekEnt,

Al A}

B AT = YA (FE T AR S E AN A
ZA}, RP-2013-FS-001)2] o] o)) =g =] 51 Th

Nk
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