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Abstract: Lipophilic shellfish toxins pose significant threats to the health of seafood consumers

and public health. The symptoms of these kinds of toxins include severe diarrhea, abdominal
cramps, nausea and gastrointestinal disorders. These symptoms could be hardly distinguished
with many other symptoms of food poisoning and diseases. Therefore, a fast and accurate
determination method in human biological samples is urgently needed for the accurate judge-
ment of food poisoning incident, which is important for the investigation of public health emer-
gencies and clinical treatment of poisoned patients. However, there were several flaws of the
previous studies reported on the analysis of lipophilic shellfish toxins: (1) limited target com-
pounds were covered; (2) the pre-treatment process was complex; (3) the sensitivity of the
compound was low. In this study, a simple extraction method coupled with ultra-high perform-
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ance liquid chromatography-tandem mass spectrometry ( UPLC-MS/MS) was developed for the
simultaneous determination of 12 lipophilic shellfish toxins, including azaspir acid 1 ( AZAl),
azaspir acid 2 (AZA2) , azaspir acid 3 ( AZA3), dinophysistoxin 1 (DTX1), dinophysistoxin 2
(DTX2), gymnodimine ( GYM ), hyessotoxin ( HYTX ), okadaic acid ( OA), pinnatoxin
(Pntx) , pectenotoxins 2 (PTX2), spirolides 1 (SPX1), yessotoxin ( YIX), in plasma and
urine. Firstly, the instrument conditions were optimized. Different additions in mobile phase
were compared and 0. 05% (v/v) ammonia solution was selected since it can improve the peak
shape of YTX and HYTX, and increase the respondence by four times. Secondly, the volume of
acetonitrile (0.2, 0.4, 0.6, 0.8, 1.0 mL) use for the extraction of the target compounds in
plasma was optimized. Satisfactory recoveries were obtained when 0. 6 mL of acetonitrile was
used. At the same time, satisfactory recoveries were obtained when 0. 9 mL of acetonitrile was
used in urine samples. Finally, under the optimized conditions, the 12 compounds in plasma
and urine samples were ultrasonically extracted with acetonitrile. Chromatographic separation
was performed on a Phenomenex Kinetex C18 column (50 mmx3 mm, 2.6 pm) with 90%
(v/v) acetonitrile aqueous solution and water containing 0. 05% (v/v) ammonia as mobile pha-
ses. Gradient elution with a flow rate of 0. 40 mL/min was employed. The 12 compounds were
monitored in the multiple reactions monitoring ( MRM ) mode with electrospray ionization
(ESI) under both positive and negative conditions. The matrix effects of the 12 compounds
ranged from 0. 8 to 1. 1. Therefore, external standard calibration curves were used for the quan-
tification. The 12 shellfish toxins showed good linear relationship in the range of 0. 03 -36. 25
ng/L with the correlation coefficients greater than 0. 995. The limits of detection (LODs, S/N=
3) were 0.08-0. 21 ng/mL for the urine samples and 0. 10-0. 28 wg/L for the plasma samples,
respectively. The limit of quantitations (LOQs, S/N=10) were 0.23-0. 63 png/L for the urine
samples and 0. 31-0. 84 pg/L for the plasma samples, respectively. The recoveries of the 12
compounds were in the range of 72. 7%—-124. 1% at three spiked levels (i. e., LOQ, three times
LOQ, and ten times LOQ). The intra-day and inter-day precisions were 2. 1%-20. 0% and 2. 1%
—15.3%, respectively. The method was applied in the detection of the 12 lipophilic shellfish tox-
ins in the urine and plasma samples of healthy humans and mice previously injected with the 12
shellfish toxins intraperitoneally. None of the 12 toxins were found in the samples from healthy
human, while all of the 12 lipophilic shellfish toxins were found in the urine and plasma sam-
ples collected from the poisoned mice in the range of 1. 14-2.35 pg/L and 1.01-1. 17 pg/L,
respectively. The established method has the advantages of sensitive, quick, easy to operate,
and of low sample volume. It can be used for the simultaneous determination of 12 lipophilic
shellfish toxins in urine and plasma samples.

Key words: ultra-high performance liquid chromatography-tandem mass spectrometry
(UHPLC-MS/MS) ; lipophilic shellfish toxins; plasma; urine
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Table 1 Mass spectrometric parameters and retention time of the 12 lipophilic shellfish toxins

Analyte Abbreviation Precursor Product Collision  Declustering Retention Ionization
ion (m/z) ions (m/z) energies/eV potential/V time/min mode

Azaspir acid 1 (JRZHERRIIZEFEZR 1) AZA1 842.3 824.6* , 806.3 47, 60 90 3.24 +
Azaspir acid 2 (JRZH BRI KFHFE 2) AZA2 856.3 838.5% , 820.4 38, 55 42 3.38 +
Azaspir acid 3 (JRZ P HRINHKTE 3) AZA3 828.5 810.4* , 792.5 41, 53 100 2.73 +
Dinophysistoxin 1 (#5##HHE-1) DTX1 817.3 255.1%, 113.1 —65, =95 -100 2.24 -
Dinophysistoxin 2 (#§##;%-2) DTX2 803.2 255.1%, 112.9 -63, -100 -100 1.96 -
Gymnodimine (33 %75 %) GYM 508.2 490.4* | 392.2 34, 50 50 4.44 +
Hyessotoxin ( 28U J D1 HE2) HYTX 577.2 474.2% 508.7 —42, =29 -60 2.01 -
Okadaic acid ( K HAKIG4RR ) OA 803.3 255.1", 1129 -61, -90 -200 1.82 -
Pinnatoxin ({LEE7 %) PNTX 694.5 164.2% | 458.4 62, 59 50 4.19 +
Pectenotoxins 2 (ki I # %) PTX2 876.7 823.4* , 805.5 34, 37 100 4.69

Spirolides 1 (MZFFRH %) SPX1 692.4 674.4" , 164.2 43,59 60 4.85

Yessotoxin (4R34 % %) YTX 5702  467.2%,396.2 -—41, —45 -135 2.00 -

* Quantitative ion.
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Table 2 LODs, LOQs, spiked recoveries, and RSDs of the 12 lipophilic shellfish toxins (n=6)

Linear range/ LODs/(ng/L) LOQs/ ( ng/L)

Average recoveries/%

Intra-day RSDs/% Inter-day RSDs/%

Analyte . . . . .
(ng/L) Urine Plasma Urine Plasma Urine Plasma Urine Plasma Urine Plasma

AZA1 0.03-16.25 0.09 0.12 0.27 0.36 74.8-102.2  76.1-101.2 6.4-12.0 8.2-15.0 6.4 10.0
AZA2  0.03-15.25 0.09 0.12 0.27 0.36 78.3-92.3 78.3-98.7 9.0-15.1 3.0-15.0 12.1 15.0
AZA3  0.03-13.00 0.08 0.10 0.23 0.31 78.4-101.2  78.5-98.7 2.1-15.1 2.5-12.0 9.1 8.2
DTX1  0.05-26.56 0.16 0.21 0.47 0.62 89.2-117.1  95.9-106.3 4.3-11.0 7.2-11.0 15.2 12.0
DTX2  0.05-23.75 0.15 0.20 0.45 0.60 74.6-88.3 72.7-97.1 3.3-15.6 3.4-15.0 11.3 15.0
GYM 0.06-31.25 0.18 0.24 0.54 0.72 97.4-119.3 91.4-117.7 8.7-16.0 4.5-18.0 9.3 3.0
HYTX 0.07-36.25 0.21 0.28 0.63 0.84 85.6-115.5 87.8-101.3 4.3-14.0 9.5-14.0 13.3 11.1
OA 0.05-26.25 0.15 0.20 0.45 0.60 88.2-120.0 85.3-115.3 7.9-18.0 13.0-14.0 15.3 12.2
PNTX  0.04-24.00 0.14 0.18 0.41 0.55 91.8-117.9 95.1-116.1 14.2-18.0 7.4-11.2 2.1 2.5
PTX2  0.05-27.50 0.15 0.20 0.45 0.60 91.5-124.1 99.4-123.8 7.7-17.4 9.4-20.0 4.3 8.7
SPX1 0.06-31.25 0.18 0.24 0.54 0.72 92.7-120.4 91.4-95.4 5.5-19.1 8.4-18.0 11.2 11.3
YTX 0.06-30.63 0.18 0.24 0.54 0.72 92.4-112.1 95.7-123.0 5.1-14.2 6.4-15.0 9.6 7.2

PLUERSE S B AL
1.5 {UEBE&EH
1.5.1 @&

{413+ . Phenomenex Kinetex C18 (50 mmx3
mm, 2.6 wm) ;¥ 3 AH:0.05% (v/v) @K K]
(A ) -7 0.05% (v/v) 2K 90% (v/v) LNEKE
W (B AH) . B EEWRBERE)F:0~0.50 min, 70% A;
0.50~4.00 min, 10% A; 4.00~5.50 min, 10% A;
5.50~5.60 min, 70% A; 5.60~6.10 min, 70% A,
P 0. 40 mL/min; A .35 C;#FHERD .5 pL.
1.5.2 it &t

FLIE 25 B 1R 5 1E B B AR 22 B el
(MRM) # AR A, Wi% HL . £4 500 V, &5 R
J&.550 C , flf4# <% J7 . Medium ; <A77 :0. 21
MPa (30 psi) ;55 LS HE 71 GS1 Rk Bhom#gs &
GS2:0.38 MPa (55 psi), HAWBIES ALK 1,
MRM K& WL E 1,

2 F#HREITE

2.1 UPLC-MS/MS &894k

H A s v D2 R SRR R A
R R FNBPE R R AN FERRIE SR T (i Bh
FAH0.1% (v/v) FR+2 mmoL/L FF R VER
WEhA B N 0.1% (v/v) PR Z W), YTX,
HYTX % B0 R, mi B 4K ( DL 2a) , 7E
PR (A A 2 0.1% (v/v) BK, s H B
9 90% (v/v) ZNE+0. 1% (v/v) &EK) , ESI” R )F
PE1R, YTX HYTX i 2 90 5 B b oiess , g A 42 /55 4
£ (WL 2b)

#E— 20 A T I 30 A K B AR B A 5L
(0. 02% .0. 05% .0. 1% ) XMk Wy B (A2, 24
W& 0.05% (v/v) ZUKIE, B PTX2 4b, HAx
65 W 10 o B B R, B2, EFE TSI AR A
0. 05% (v/v) 2K, s B R E 0.05% (v/v) &K
[ 90% (v/v) ZIE KR
22 HREEEGRMRL

PR, NG 2w IO, A&
W %58 7 AFRAFL(0.2.0.4.0.6.0.8 1.0 mL)
(1) i XoF L2 it o 12 DL 28 35 R A PR URSCR | 285
WA 3 iR, 0.2 mL #10. 4 mL ) ZB5 R B E
B, M 30% ~ 69% ; 24 2, i $2 O (AR R =
0.6 mL i}, JEEGR Ty 78% ~ 121% ; £ I IR A4k 41
ThE BRI 0 . I, e &
PR AR 0. 6 mL,
23 FHiEFEWIE
231 HEFRwN

BE I A AE I TP B 4323 77 A T 7 i o
IR, S B bR A e s e i
Al TR0, 43 5911 oR FH 25 1 PR RS I B BB 25 11
IR 12 FIb AP SE e e 4, P
T ih £ 5 R A A 38 55 0 R s o it e D AR 1) LR A 38 7
0.8~ 1. 1 Z[a], FLHZETALBE 7 vk i 3 MK, >R
FHVE SRR E I nT b A P T e e i
232 fREIESEMRIEE

PR A PR T IR R s | s A kAT
R, 25 B3R W, 12 Fi ik &Y 7E 0. 03 ~36. 25 pg/L
TEFE PR C R A MR B () ¥IRTF 0. 995,

DA HBR (LOD ) 5 it FR (LOQ) PFA% 7 ik 1



5 4 1) AR iR A R R RSOBOR (335 - R B Bk [ I R i3 15 PRI R 12 R IR e DL 2R R - 403 -
5_
67 AZAl ] AZA?
1 8423>824.4 43 85638385
o ] o ]
= 44 T 34
EY 2
5 | g 27
E 24 E ]
| A 5
0 T T —T—— T \J' T T 0~ T T T T T T
0 1 2 3 4 5 0 1 2 3 4 5
L5 8
] ] DTX1
828.5>810.4 AZA3 1 8175>255.1
] 64
2 1.0 = 77
2z 2 4
e 054 =] ]
= 1 = 2]
0.0 T T AAI T U 0 T T T T T
0 1 2 3 4 5 0 1 2 3 4 5
6
] 3] GYM
803.5>255.1 1 508.4>490.4
) 4_- =]
. DTX2 = o]
2 2
= 27 21
0 T T 1 T T T 0 T T T T T
0 1 2 3 4 5 0 1 2 3 4 5
8] HYTX 6 0A
{ 57724742 1 803.5>255.1
= o] 2 4]
2 ] z
2 49 z ]
o 1 |5
E ] g 2
2] ]
o’.‘”,”‘LH‘.W. ‘ 04— — S S —
0 I 2 3 4 5 0 1 2 3 4 5
4
204 PTX2
] 694551642 PNTX ] 876578235
= 154 =R
e EPE
z 104 z
o 4 |5
£ 5
0.5 1
ot~ ‘ 01— — — ———
0 I 2 3 4 5 0 1 2 3 4 5
L0 ] SPX1 6
081 69246744 1 57044672  YTX
= o 4;
Z 0.6 i
2 2
2 041 g
2 ] £ 2
0.2 ]
00— —— 04— — L —
0 I 2 3 4 5 0 1 2 3 4 5
t/ min t/ min

&

1 I3EMER(1.0 pg/L) Hm 12 Fhfs;
Fig. 1 MRM spectra of the 12 lipophilic shellfish toxins in spiked plasma samples (1.0 pg/L)

AHENEFEN MRM & E



. 404 - ) % %39 &
a 4 b
1.0 A 4
HYTX HYTX
0.8 3]
=) ] =)
= 0.6 2
2] 2 24
1%} v
5 1 5
s 04 £
1 1
0.2 4 1
004 Lt it g bl i 4 JL
J e L0 : S| : :
1 YrX YTX
34 2.0
o - .
= = 154
2 24 z
172} v 4
5 5 1
E E 1.0—_
14
0.5+
0 o,o’,,,...,,u,...,,,,,.
2 4 6 8 10 12 2 4 6 8 10
t/ min t/ min

B 2 AEFEzEE RS YTX(0.23 pg/L) #1 HYTX (0. 30 pg/L) HEBFHE
Fig. 2 Total ion chromatograms of YTX (0.23 pg/L)and HYTX (0.30 pg/L) with different mobile phases
Mobile phases: a. water with 0. 1% (v/v) formic acid and 2 mmoL/L ammonium formate (A) and acetonitrile with 0. 1% (v/v) for-
mic acid (B) ; b. water with 0. 1% (v/v) ammonia (A) and 90% (v/v) acetonitrile solution with 0. 1% (v/v) ammonia (B).

140

] EER AZA] EEE AZA2
120 ] 0 AZA3 EEE DTX]
] B DTX2 EEE GYM
100] T HYTX HEEE OA

| EEE PNTX EEE PTX2
g0 ] EEE SpX1 HEE YTX

60

Spiked recovery / %

404

20 -

0.2 0.4

0.6 0.8 1.0

¢o(Acetonitrile) / mL

B3 AREEREREBUKFIIT MR 12 FHEEFERLEFRMREK RN (n=4)

Fig. 3 Effect of the extraction reagent volume on the spiked recoveries of the 12 lipophilic shellfish toxins in plasma (n=4)
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