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Masslynx 4. 1 s MS2 ( IKA ) ; HUPH00 (
) ;TDZ5-WS ( ) ;N-EVAP (12
Organomation ) ;2510 ( Branson ) ; Gradient A10 Mill-Q ( Milli-
pore ); (13mm GHP 0.2pm Pall )
(HPLC Merck ); (HPLC Fluka )a— (=90%) -
B- (=90%) \y- (=90%) . (=9%5%) (=90%)
Alexis Biochemicals 100 mg/L -35<C o
2.2 1
ACQUITY UPLC HSS T3 (100 mm x Table 1 Ulira performance liquid chromatographic ( UPLC)
gradient program
2.1 mm 1.8 um Waters ) ; VanGuard BEH N :
Cis (5 mmx2.1 mm 1. Tpum Waters Time Flow rate  Mobile phase A Mobile phase B Gradient
(min) (mL/min) o\ (%) o (%) curve
); A 2 mmol/L
0 0.25 70 30
B 2 mmol/L 3.50 0.25 70 30 6
1; 40 °C ; 10 P«L" 5.00 0.25 30 70 6
2.3 7.00 0.25 10 90 1
9.00 0.25 70 30 1
(MRM)
o ESI + 3.5 kV; 1120 C; 250 L/h 1350 C
600 L/h 2 0.346 Pa. 2,
1. 80 min. 1. 80 min
4.70 min o
2 MRM
Table 2 MS parameters for multiple reaction monitoring
G d Retention time Mass transitions Cone voltage Collision energy
ompounds (min) (m/z) ) (eV)
. 1.98 920.7/86.1° 70
B p-Amanitin 920.7/259. 1 30 45
. 2.60 919.8/86.1° 70
o a-Amanitin 919.8/259. 1 50 45
- 3.66 903.7/86.1° 50
i y-Amanitin 903.7/259. 1 4 45
4.15 847.7/157.0° 35 65
Phallacidin 847.7/86.1 ) 75
- 4.49 789.6/157.0 65
Phalloidin 789.6/86. 1" 30 75
* (Quantificational ion pair) »
2.4
2.4.1 0.2pm 0 6
1000 pL 0.2 wm 0
2.4.2 1000 pL 10 mL 3.0 mL 1% -
2 min 4000 r/min 4 min 2.0 mL 10 mL 55 C
250 pL 1 min 30 s 0.2 pm o
6 1000 pL
30 min 3.0 mL 1% - o
3
3.1

MRM
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Fig.1 Product ion mass spectra of a-amanitin(a) B-amanitin(b) <y-amanitin(c¢) phallacidin

(d) and phalloidin(e)
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3.2
Acquity UPLC HSS T3 - o
2 mmol /L o
A 2 mmol /L B 2 mmol /L - o
5 9 mino.
3.3
5 74.0% ~116.0% o
0.2 ~1 pg/L : 1% -
1
100
. )
-
b
-
5
: B- 2
6.7% % 40n
= 20
0 ‘ L L L ]
3 1% - 0.0 0.5 1.0 1.5 2.0
Z P B RR
° Concentration of acetic acid in acetonitrile(%)
3
3.4 . . o .
Fig.3  Effect of concentration of acetic acid in acetoni—
6 trile on the recoveries of toxins
° (o) B- (B-Amanitin) ; (m) a- (a-Aman-
Masslynx 4.1 Targetlynx itin); (&) y- (y-Amanitin) ; (m)
5 (Phallacidin) ; () (Phalloidin) .
0.9980 ~0. 9998 .
3 (LOD) ; 10
(LOQ) 3. .
3
Table 3  Calibration curves and detection limits for mushroom toxins in human urine and plasma
Urine Plasma
Analytes Linearity range Regression COHC} qtion LOD Linearity range Regression Corre.la}ion LOD
ok coefficient ok coefficient
(pg/L) equation 0} (pg/L) (pg/L) equation ) (pg/L)
A 2 ~100 y=98.85x +13.21 0.9995 0.3 1 ~100 y =213.5x -20.27 0.9998 0.1
B-Amanitin
a—_A L 2 ~100 ¥ =76.35x —16.15 0.9991 0.5 1 ~100 y=183.1x -17.61 0.9989 0.1
a—Amanitin
- .. 2 ~100 ¥=59.13x +16.02 0.9991 1 1 ~100 y =129. 66x —4. 84 0.9997 0.1
y-Amanitin
2 ~100 ¥=59.38x -4.96 0.9993 0.4 1 ~100 y =149. 0x - 10. 54 0.9994 0.3
Phallacidin
- 2 ~100 y=101.4x +54.21 0.9980 0.2 1 ~100 y=232.1x -33.39 0.9990 0.5
Phalloidin

*lx (Concentration of analyte) pg/L; ¥ (Chromatographic peak area) o
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Fig.4 UPLC-MS/MS chromatograms of blank plasma spiked five toxins at the level of 1 pg/L
aa':p- (B-Amanitin) ; b b’z a— (a-Amanitin) ; ¢ ¢'2 y- (y-Amanitin) ; d d’':
(Phallacidin) ; e e': (Phalloidin) »
4 (n=6)
Table 4 Recoveries and RSDs of mushroom toxins in urine and plasma(n =6)
Urine Plasma
Analytes Added Recovery RSD Added Recovery RSD
(mg/L) (%) (%) (mg/L) (%) (%)
2.0 103 14 1.0 96 15
a—
aAmanitin 10 101 6 10 88 3
80 96 3 80 98 2
2.0 101 12 1.0 98 9
B-Amanitin 10 99 10 10 90 7
80 92 3 80 100 2
2.0 97 22 1.0 96 22
y-Amanitin 10 95 5 10 87 4
80 98 1 80 97 2
2.0 99 16 1.0 94 17
o 10 94 6 10 85 3
Phallacidin 30 97 3 80 99 3
2.0 108 13 1.0 99 13
Phalloidin 10 % 8 10 86 >
80 98 3 80 98 2
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Rapid Simultaneous Determination of Five Amatoxins and
Phallotoxins in Human Urine and Plasma by Ultra
Performance Liquid Chromatography Coupled
with Triple Quadrupole Mass Spectrometry

ZHANG Xiu-Yao"  CAI Xin-Xin
(Wenzhou Center for Disease Conirol and Preveniion Wenzhou 325001)

Abstract Specific detection of amatoxins and phallotoxins in body fluids is necessary for an early diagnosis of
an intoxication with mushrooms. In this study a rapid method for the simultaneous determination of a— B-
and y-amanitin phalloidin and phallacidin in human urine and plasma was first developed by ultra-perform—
ance liquid chromatography-+tandem mass spectrometry. Urine sample was directly injected into the separation
system and plasma sample was initially prepared by precipitation of proteins with 1% acetic acid in acetoni—
trile. The toxin was analyzed on an ACQUITY UPLC HSS T3 column using a gradient program with a cycle
time of 9 min and detected by positive electrospray ionization tandem mass spectrometry in the MRM mode
and quantified by matrix-match standard solution. The detection limits (S/N =3) of the toxins were within
0.2 -1 pg/L and 0.1 -0.5 pg/L for urine and plasma respectively. The standard curves were linear in the
range of 2 — 100 pg/L for urine and 1 — 100 pg/L for plasma. The average recoveries were 92. 0% —108.0%
and 85.0% —100.0% for the toxins spiked in urine and plasma with RSDs of 1.0% -22.0% and 2.0% -
22.0% (n=6) respectively. The method was simple selective and sensitive to detect the amatoxins and
phallotoxins in urine and plasma for both clinical and forensic purposes.
Keywords Ultra performance liquid chromatography-tandem mass spectrometry; Amatoxins; Phallotoxins;
Urine; Plasma
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