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—20°C
L1 A& BEA 13 ASBERHE
1200 ; ’ : 10 mL
(VWD), ( Agilent ); i 6 mL )
6320 ’ (ESI) ( 3 min, 30 min,
Agilent ); KQ-400KDE 5000 r/min 15 min, :
( ); R201 ( 30 min,
); Himac CR22GII ’ 25 mL i 1 mL
( HITACHI ); BSA224S-CW 0.22 yum ’
( Sartorius ); Milli-Q(18.2 MQ)
( Millipore ); JY92-IIDN ,
( ) o s
AZAl AZA2 SPXI DTXI OA YTX prxz 14 G#REFA
GYM ( ), : ZORBAX Extend-C18
(Fluka ); ( (3 mmx150 mm, 3.5 pm, Agilent ),
ACS ) Milli-Q A ,B  90% ( 6.6 mmoL/L
( ) 0OA DTX-1 ), : T: 0-15-20-45-48 min,
) ( ) B%: 20%-30%-47.5%-100%-20%, : 0.4 mL/min,
, 10 L, : (20C+£2C)
: : (N2)40 psi,
1.2 Xﬂ‘ﬂﬁ‘%ﬁé‘l}fiéﬁ i‘iﬂﬁ (Nz) 11 L/min, 350°C,
4000V, m/z 100~1300
8 (OA YTX DTX-1 AZAl AZA2
GYM SPX! PTX2) 1 (0.5mL), ’ (MRM)
5 mL . :OA PTX-2 SPX1 AZAIl
’ 8 C ) AZA2 GYM (ESI+); DTX-1  YTX
OA YTX DTX-1 (ESL), MRM
AZA1 AZA2 GYM SPX1 PTX2 , :
10 mL , 8
. OA YTX DTX-1 Azal 1.5 RMEEF .
AZA2 GYM SPX1 PTX2 6.843 26.30
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Tab.1 Experimental conditions of ion trap mass spectrometry for determination of eight lipophilic toxins

(min) (min) (m/z) (m/z) V)

5.0~15.0 OA C44Hes015 11.4 [M+Na]'827.7 809.6/723.6 1.0
YTX  CssHgO21S, 19.5 [M-H]'1141.7 1123.7/1061.8 1.5

15.0~22.5 DTX-1  CusHyO1s 19.8 [M-H]'817.6 799.7/563.5 1.5
AZAl  CyxHyNOy, 24.4 [M+H]'842.5 824.4/806.4 0.9

22.5~28.5 AZA2  CyuHpNOy, 25.0 [M+H]856.5 838.5/820.7 1.1
GYM  Cs,HyNO, 31.0 [M+H]"508.4 490.4/392.4 1.0

28.5~39.5 SPX1 CpHeNO; 34.4 [M+H]692.4 674.4/656.4 1.1
PTX-2  CyHyO4 35.0 [M+NH,]'876.7 805.7/823.6 1.0
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Fig. 1 EICs of eight lipophilic toxins in a mixed standard solution analyzed using HPLC-ESI-IT-MS
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Tab. 2 Effect of extraction times on the extraction
efficiency of two lipophilic algae toxins (n=3)

, 1 2 3
6 ( OA (%) 90.4 8.5 1.1
) (25C£27C) DTX-1 (%) 90.1 8.7 1.2
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Tab.3 Results of liner range, sensitivity, repeatability, recovery, and matrix effects
(rg) LS (pg) (pg) RSD(%) (7o) (%)
OA  0.685~68.43  y=67529x+24157 0.991 0.342 0.685 5.26 101.2 +2.73
YTX 2.630~263.0  »=28954x+30676 0.996 1.315 2.630 7.13 109.0 -29.47
DTX-1 2.577~257.7  y=27221x+75137 0.998 1.289 2.577 6.38 111.4 —-1.24
AZA1 2.474~1484.4 y=133684x+179640 0.999 0.824 2.474 6.61 110.6 —-6.57
AZA2 0.256~44.905 y=313147x-570692 0.999 0.085 0.256 10.17 107.8 -3.54
GYM 0.500~50.00  y=43370x+484 0.999 0.250 0.500 5.82 88.5 +27.01
SPX1 0.470~987.42 y=145878 x—776318 0.995 0.235 0.470 4.82 97.3 -3.36
PTX-2 0.606~21.199 y=61714x-93521 0.999 0.606 1.212 8.39 105.5 -7.19
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Fig. 3 EICs of OA and DTX-1
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A. OA standard; B. OA in the crude extract of microalgae powder; C. DTX-1 standard; D. DTX-1 in the crude extract of microalgae powder
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Fig. 4 MS?spectra of OA and DTX-1, (A) OA standard, (B) OA in the crude extract of microalgae powder, (C) DTX-1 standard,
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(D) DTX-1 in the crude extract of microalgae powder
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Abstract: A method involving high-performance liquid chromatography coupled with electrospray ionization—ion
trap mass spectrometry (HPLC-ESI-IT-MS) was developed to determine eight typical lipophilic algae toxins
(okadaic acid (OA), dinophysistoxin-1 (DTX-1), pectenotoxin-2 (PTX-2), yessotoxin (YTX), azaspiracidl, 2 (AZA1,
AZA2), spirolidell (SPX1), gymnodimine (GYM)) in marine microalgae powder. The powder was extracted using
ultrasound-assisted extraction after the algae cell-breaking process was performed using ultrasonication. The crude
extracts were then analyzed using HPLC-ESI-IT-MS in the multiple reaction monitoring mode. The results showed
that the calibration curve for each lipophilic algae toxin was obtained with a good correlation coefficient (R*>0.991)
in its linear concentration. The detection limits of the eight target toxins ranged from 0.85 to 1.315 pg. The average
recoveries of these toxins ranged from 88.5% to 111.4% with relative standard deviations in the range of
4.82%-10.17%. The proposed method was applied to determine typical lipophilic algae toxins in marine microalgae
powder, and good results were obtained. The results also indicated that this method is a useful tool for determining

lipophilic algae toxins in marine microalgae powder.
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