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Fast determination of 9 mushroom toxins in wild fungus by liquid chromatography-tandem
mass spectrometry
XU Xiaomin, ZHENG Yibin, HUANG Baifen, XU Jiaojiao, CAI Zengxuan, HAN Jianlong
(Zhejiang Provincial Center for Disease Control and Prevention, Zhejiang Hangzhou 310051, China)

Abstract: Objective To establish an analytical method for 9 mushroom toxins in wild fungus by liquid chromatography-
tandem mass spectrometry (LC-MS/MS) including 5 acute liver failure toxins (« -amanitin, B -amanitin, y -amanitin,
phallacidin and phalloidin) and 4 psycho-neurological disorder toxins (ibotenic acid, musimol, muscarine and psilocybin).
Methods The dried sample was extracted with 50% (V/V) methanol /water mixture containing 0. 5% (V/V) formic acid,
protein was precipitated with acetonitrile and diluted with water. The toxins were separated with XBridge™ BEH C,; column
(150 mmx3.0 mm, 2.5 wm) , gradient eluted with the mobile phase of 0.005% (V/V) formic acid aqueous solution -
methanol, and measured by MS/MS with multiple reaction monitoring (MRM) mode. Results The conditions of sample
extraction, dilution ratio and chromatographic separation were optimized. 9 mushroom toxins in different wild fungus could
be qualitatively and quantitatively measured based on the pure solvent standard calibration. The limits of detection
(LODs) and quantification (LOQs) in sample matrix were 6-15 mg/kg and 20-50 mg/kg, respectively. The linear ranges
were 0. 004-2 mg/L with correlation coefficients (r) of between 0. 9973-0. 9995. The average recoveries at three spiking
levels (50 mg/kg, 500 mg/kg and 5000 mg/kg) were 78. 6%-109. 7% with relative standard deviations (RSDs) of 2. 7%-
9.0%. The toxin compositions and contents varied greatly in the wild mushrooms sampled in some poisoning cases.
Conclusion The method is simple, rapid and accurate. It has been applied to the analysis of mushroom toxins in common
poisonous wild mushrooms and the disposal of poisoning emergencies. It can provide rapid and accurate technical support
for the etiology identification of poisoning cases and the timely rescue of patients.
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Chemical structures and fragmentation pathways of nine mushroom toxins by MS/MS
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R A o B S F R A B AR TR S, B B/
B, T 40 CHUR S X TR B L R IR A4,
BT -20 CIRAF . IASEARSCRT IR 9 B 4 # 5 11
1 4 2 B0E T8 5 R O 255 11 35 T 8 ) ik 24 B I
11,2 FEAE 50

TRORH €0 3% - H3 I A (7R 5, LCMS-8060) ;
4l K K B (35 [E Millipore) 5 /5 3 55 .0 L (78 [
Sartorius, Sartorius 1-14) ; i 3 2.0 HL (22 #0h B
FERL2F AL FR AT PR 7], HC-3018) 5 HETR IR A %% (VL%
KR AL ¥ %A RA R, WH-861) .

FH N S o (i 26 (6 [ TEDIA 23 d)) s H iR
h 43 Hr 4l (26 [ ROE Scientific 24 7 ) 5 - %8 5 22k
B-IGEBEIK y- I8 B EK R B RET KM &
REFM(4iE>90 %, L EH Alexis A A ) ; M E &
iR 05 W B (43 >95 %, 32 [F Sigma-Aldrich 23 7] ) 5
B W B (40 FE >98 % , i1 E K TRC 22wl ) 5 #R i 4 &
(4lifE>95 %, RER/RIEAT]) .
1.2 ik
1201 FRofEds Wi e i

3 ) HE B B L 9 b 4 B R AR ME &L T 10 mL

s, R R A OT E A B 20 B TG BT K
FE R 100 mg/L 1B — AR WA A5 W, T -20 CaEG IR
£ 5 53 A% B 1 mL b o £ 25 W, FH KRR 8 O IE 1) o2
VR EE R 10 mg/L AR G A o £ FH VA 5 B BB o VR
A b A VR, B K C i 5T BV B2 R 0. 004~2 mg/L
14 28 5 b 1 V5 T
1.2.2  FESRTAL 2R

HER AR S AL L 24 0. 2 (K51 2 0. 001 g) ,
BT I5mL RN ZEELE D, MA 8 mL &
0.5% (V/V)H i 50% (V/V) B B -7K % W, IR TETR 2.
1 min, A HEE 10 min, FEE A EZIR)G  HERBORE
22 10 mL, IR 27, LA 10 000 r/min & L> 2 min, £ B
0.2 mL WA 0. 1 mLKH 0.7 mL 2, 5 jiE
T2, 10 000 v/min B0 2 min, 2L 0. 05 mL [ ¥
WM 0.95 mL /K iR BEIR AT, 4 0. 22 pm JERE S,
ML RE
1.2.3 AU 1F

W AH €4 3% . XBridge™ BEH C, £ (150 mmx 3.0
mm, 2.5 wm, & FH Waters 24 A ) ; M & 35 °C; i s
A2 (A)0.005% WY IR 7K 75 W R (B) HYRE o 8 B2 PR I
¥ :0~2.0 min, 5% B;2.0~6.0 min, 5%~90% B;
6. 0~7.0 min,90% B;7. 0~7. 5 min,90%~5% B;7. 5~
12.0 min, 5% B. ¥i# 0.4 mL/min. #F FE (& 1
5 Lo

OB O - R WS 55 B IR OE B TR X R
(ESI') s B FIRIE ALK : 4. 5 kV; LR TS M
TNEA 53000 FUR VR RS S, TR i 3.0,
10 Fl1 10 L/min s Bl 8 0 G005 BV 00 48 4 10 R
PP BE 43 3R 250,250 F1 400 °C 5 £ K W
(Multiple-reaction monitoring, MRM ) & ={ , H /&K 2 %
W3 1.

F 1 9RMEELERE R M MRM & 1F & MEVEH .LOD A1 LOQ

Table I MRM parameters, linear ranges, LODs and LOQs of the 9 mushroom toxins

F JEE T B 2 BT/ (m/z) T/ (m/2) R RE/eV  RPEVL R/ (mg/L) r LOD/(mg/kg) LOQ/(mg/kg)
1 a~#G 7 K 919. 4 259.1/901. 4 45/29 0.01~2 0.9995 15 50
2 B~IEF E K 920. 4 259.1/902. 4 44/26 0.01~2 0.9987 15 50
3 v~ RS BE AR 903. 4 243.1/885. 4 43/26 0.004~1 0.9993 6 20
4 BRI TR ILE R 847. 4 157.1/330. 1 55/41 0.004~1 0. 9992 6 20
5 TRILEFK 789. 4 157.1/330. 1 55/39 0.004~1 0. 9990 6 20
6 7 1A R 159. 1 113.1 15 0.01~1 0.9973 15 50
7 EAIRNE 115.1 98. 1 14 0.01~1 0.9983 15 50
8 I 174. 1 115.1/97. 1 16/19 0. 004~1 0.9991 6 20
9 T & 285. 1 58.1/205. 1 30/18 0.01~2 0.9988 15 50
T — T hERET
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YL TR T R S SRR . A TR
SRR DURE T OR A7 DR IR S 56 25 2R 10 A kA
YT P, AR SCRT R B fiF BT AR S S



TRORH €335 - H3 IR S o T T 0 S M A T v O Rl 2 2 K

MR

—265—

o hagdi i R AR, g s S5 e i IR, m L 10 %
4 i T R BT £ R A AR R T A B A B
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50% (V/ V) H - K BRI, B 22 T R Y 42
Bt F 5, R R 60%~70% 11 48 BUAL
R R0 5% (V/ V) E BR AR BORNT (3% 14 B 55 55
)R T 1 R M B P A7 A T4 550% v/ V) HE
fis- K A1 0. 5% (V/V)H R 50% (V/V) B - 7K ) 42 He
BRI T 90% , (H AN A H R J5 B 42 B SR ms 4
AR 0.5%(V/V)H R 50% (V/V) W B -7K oy 4
WA
2.2 FESLHE R IR AN

Y A DL A 2, BV SR R T AH A R R 4k
Jei A SR T SR FH 5 S5 UG R 0 A o T A VS R IE A
A 2R A9 B 4 B 28 0 A ARG 45 SR [ A AR B R
Jer 252 11 R W 4 S 3 A B, R R b i o b
NExE, HoE 7 R R B AR T R R AEE R, L
ARG T ) A JE T DS BC bR o T AR IS W 28 LR,
SCHR R T 2 700 R R T LA S AR 25 45 LC-
MS/MS I 7 s 1 56 Jof 4 02 2 o Sk 2 3 T 2
JiE & Bk aE 70% fig A RUUTE & A RN, AR SR A
70% £ NEULTE & AR M ICHLER J5 |, 525 223 R iR
TR o A 31 i 5 o A8 7, S I B A T B G R
B 11 20 5 A 1 A R I R PR U A

LA & Bk 2 00 1 2 MR8 = B RS T
25 T He 1202 FF AT AL BRERAE 43 B2 G
DUTE A S B4R BUK 0. 25.0. 125 1 0. 05 mL, 7%
B 10 mg/L B YR A br E {4 HTR 20 wL, F 7K & 25 5
U mL J5 D0, A 25 3 o B 2 BT 40 ol FH 3 700
B 1.000.2 000 F1 5000 f%5. Ph 5% H s K Y 4l
FI bR HE RS IE , 5 R ME (% ) =100 (B 5 52 5
B 74 7 3% (10 0 1T AR ) / (4 AR o v e AR L KT R
INTF 100% 53 590 3% 7 B Jo 1 ok mk L B e 25 R
UL 2, 9 FhEE 4% 5 2 R H LC-MS/MS 35l 5& B,
FE AR i 56 T v 2 B B R SE AL L 5 000 £ RE

BF T A A A 19 35 5 800 B4 7E 90%~100% 2 (1], Fik
T A A5 30 A 3 ) AT LA SR A R A v T TR
e E DA BRAS MR 1 o B 45
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v,/ D2000
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100 | k % T % ; g . {
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5 40}
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Figure 2 Matrix effects (n=6) of the mushroom toxins in wild

mushroom diluted with 1 000, 2 000 and 5 000 fold(n=6)
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Figure 3 Chromatograms for 9 mushroom toxins under the opti-

mized conditions (A) and for a-Amanitin and 8-Amanitin with

water phase of 0.02% (V/V) formic acid (B)
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HA U B A B, BE RS 0, B O T A R T
WP A REARAS A 30 B, M o-RE T SR AN B-18 77
UK A v R B ) TR P v B AR A ([T 3B,
0. 02% (V/V) W R-/K W) , LA H BN A LA, S 56 2%
RRHH 0.1%.0.02%.0.01% F1 0. 005% (V/V) H 1z -
IR R KA, ke BRI % P R e B R R AR, o968 5 75
RN BT B 85 WK1 43 5 B i 4 v, A3, Ok
JEAR T 0.005% (V/V) I, o5 B 6 R4 55 45 3R 09 40 25
BRI R A T AR 2% . LR A 2R 0. 005%
(V/V) W R -7K BT8R /KR, 9 ol 8 22 B 25 10 0 B A0SR
UL 3A RIE TR R BRI R RGN ER A
e S (HPE BT 00 m/z 847.4
789. 4, A 2E R, AT LLE i 1 T ab AR B R
A A B T T R AT Y S
2.4 THRIERREE T

WE 1 FFE 1R, o-F B-KGFF 7 K — 905
TERFEES T m/2259. 1 WEZER 1 s REER
i 1 % i S R 2 LT K, - T KRR AE
B m/z243. 1 MR A T2 00 20 R R R i R 2 2

iR 20 BB K, 55 — AR AE B R ok AT RS B KB
KIGHIE FF R . REFINEMIFIEE T2k A
FREBLELE 3 M 4 PR IRHERE Fr . ST B R A5
B BE B REAE 25 4390k H T [M+H-HCOOH*=113. 1
FIM+H-NH,]"=98. 1 f#F o 2 868 10 — 900 ik 4
TEES Tk [ TRrad s 7 f1 8 iR iy [M-N (CH,),]'=
115.1 #[M-N (CH,) -H,0]7=97. 1, 3k [ Z= 4 £h &
SRR F m/z 57. 1 W R E L m/z 115.1 Al
97.1 Wi~ EF 1Y 5 4%, F IR S P 8 Af il v L i A
IR T ¥ a1 o S 4 g R e N Wik 2 T DR (=R [N )
PR REAE B 7 3 0 T R s M A . R A
T RIERAAE B TR A T = H A M+H-H,PO, ] "=
205. 1 (IR F .
2.5 TIkEEE
2.5.1 AR B AR v

DL 3 5% 15 M L X6 R i 5 o8 K R (Limit of
detection, LOD) . 10 £5 15 W Eb X R 1 5 & 4 o 12 R
(Limit of quantitation, LOQ) , £5 1 %% 5 2 1) 45 3L WL &
LI AR y- 1B REK R BB EHK . R
U2 7 KR B B B A LOD A1 LOQ 143k 6 AN
20 mg/kg, oAl 5 FfE F (9 LOD F1 LOQ ¥43 51 K
15 Fil 50 mg/kg. 58 % 19 LOD {E XL T SCHk it &
151 o (1 46~500 mg/kg (T KE ) 2 18] 1 fi A% ik
JE (3 2), 3T LC-MS/MS 15 R AR, Bl 2485
5000 15 A e, 7 A Hh BRATS RB G 223K

F2 SCHRRE B9 B A B P A 2 2K

Table 2 Reported contents of mushroom toxins in wild mushrooms

b Bk R 4/ (mg/kg) i RS A 5 2
1 o~ FFRE K 500~8080
2 B~HEF 2 fik 390~4170 W ) . o - -
KB W (A phalloides, A. exitialis, A. bisporigera, A. fuliginea, A. fuligine-
3 y~REFE R 310 A ‘ A o ‘ HPLCP12!
4 ¥ 0 — ¥ A T K 140~2710 oides, A. pallidorosea, A. rimosa, A. subjunquillea, A. virosa)
5 “RIERK 220~2870
6 s B 5 5 R 182~1998 e
7 0 B 46-1203 RSB H (A, muscaria) LC~MS/MS!"!
8 1 I B 324 o4 A (Inocybe serotina) LC~MS/MS!
9 BR A A5 R 180~6300 R 35 % (Psilocybe cubensis) LC~MS/MSH8:23

Y Lt R

PR oy R R R RREHK . R
L T R 0 81 R M TR 24K 20~5 000 mg/ kg,
3G By B 2 IR RN 7 W B (19 X0 50~5 000 mg/ kg, HAh
7 E ¥ N 50~10 000 mg/kg, #H & & B r 1E
0.997 3~0.999 5 Z [A] (£ 1), 5]k rh 5 0 B 2L 1
WO A (3R 2) 7 BT A ST 0 vR 4 bV L L
AL 3 5 A 2 e AR A R AT R, AN AL AT AT B i BT &K
N, S B4 TR B o E R RCGE 9 EH Y 8 AT DL — ik
W 5E , B 45 3 v B3 A b BE R A R R, i —

AL T SRR
2.5.2  ETR B RORS %

TE2S VB AE B AR N 50,500 AT 5000 mg/kg 3 4~
e B KT I v B (Dl 32 ) FORG % B CFE X A
HER 25, RSD ,n=6) , 25 5L W3 3. MR 78. 6%~
109. 7% ,RSD K 2.7%~9. 0%, % bk =4 He i
KBy BRI H Rl (GEZE 3 d, n=3) [\l R
RSD, Z5 R W3R 4. H AR 75. 0%~109. 2%,
RSD 4 1.9%~11. 4%,
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3 A T O 4 R =K NS [EDCR A RSD (n=6)
Table 3 Recoveries and RSDs of the toxins in wild mushroom at three spiking levels (n=6)
50 mg/kg 500 mg/kg 5000 mg/kg
TR A R ™ - = - ” -
s /% RSD/% SR /% RSD/% s/ % RSD/%

a-JG B IR 85.8 6.9 94.2 3.9 95.0 4.0
-8 K 87.4 6.0 93.2 4.4 94.9 3.0
v- 35 7 IR 92.0 4.4 90.9 4.5 96. 6 4.8
RE TR ETIK 78.6 6.7 95.5 5.7 98.7 5.1
TRABETRK 79.0 7.6 90. 3 3.9 97.7 4.1
187 8 R 109.7 9.0 93.9 5.2 94.3 6.7
F RS 107.5 7.8 93.6 4.5 96.5 6.0
I 86. 8 4.3 91.7 2.7 96.5 4.8
EFSiES 81.7 4.1 90. 8 4.5 94. 4 5.1

2.6 P AR PO 7 R A I E
BLFAATT I JP R T 22 iR B A7 2 07 2R 1 v 5
HAF R 2RI, 7SRl A R TR R

S A TP RE BB A T P SR AR Y L GR 9
4 B &, LT R HA AR W i e S

Fed WA TR PO s R Y H R] ENSCR AT RSD (n=3/d,iE 223 d)

Table 4 Inter- days’ accuracy and RSDs of the toxins in wild mushroom (n=3 per day, 3 d).
50 mg/kg 500 mg/kg 5000 mg/kg
B 157 % ~ ~ =
R/ % RSD/% ECE /% RSD/% %/ % RSD/%

o- 18T # K 85.3 6.7 91.3 4.8 96. 7 3.8
B-HE T T AR 86.2 7.9 93.6 4.0 96. 7 4.7
y- 1S BERK 92.6 5.4 94.0 5.2 97. 4 5.4
B R R 75.0 8.2 94.5 4.9 93.9 6.5
TR BRI 80.3 7.0 93.1 4.1 98.0 6.2
8 AR 107.0 9.7 96.3 4.8 96.5 3.4
B EE 109. 2 8.1 91.7 4.5 95.8 5.1
7 W, 85.7 5.6 94.0 1.9 95.3 3.4
EESIES 82.0 11.4 87.7 5.2 94. 8 4.0

AR 77 0 Gt R, 2% BH A BB 2 R v B T R
LR 5 B A A MRS R S s M Rl i 5 3
K A1 18 A 75 3R ALSOM & B K S SRR o S5 b U4
B A 5| L B I B R bR A B A LA RS
IRAESCHE T B 36 G T 46 00 PR A 4 | B PR AW 45 5
P RGE P RN 3 RS E IR 2 Bl R AERE AR,
B R RN - R R K, U g1 AR Ik,
y-REFEIKEA D B BB KSR+
Kt 3 AP RS I R R R NIE 4 MEE R &

R AR -G F R, HERE PR Bk S
PR A O B-RGE FE R TR TR A 2R
gt b R R R IR, R B R IR A, HM
b R B 26 7 3R 22 5 K, ) 0 PR AT 2 R S
7o Y - TR BRI, TR PR R H e R e Y
Sy -G T, - R B A AR L A R R AR
B A R, A S w2 TR IR B R 2 2
BEFPRIT T 2R B SCTE - R T H IR

F5 0 TF AT PR 4 R R A RUR B (mglkg)

Table 5 Composition and contents of the mushroom toxins in wild mushroom (mg/kg)

W5 A 1° 2 3 4 5 6 7 8 9

SR -1 9574 4540 85.2 1346 899 ND ND ND ND
W REE -2 4065 1836 34.2 541 419 ND ND ND ND
SRR -3 5984 2483 45.5 757 596 ND ND ND ND
IRACBIG B 8223 2419 156 ND 1110 ND ND ND ND
R E 3635 4481 7.6 1135 1127 ND ND ND ND
16 5 AR5 -1 1136 614 ND ND ND ND ND ND ND
5 PR AT 5 -2 1470 888 ND ND ND ND ND ND ND
F78 T 406 ND 1883 ND ND ND ND ND ND
SIBERH ND ND ND ND ND 2307 491 ND ND
P CEeA ND ND ND ND 21. 4 ND ND 2087 ND
RS ND ND ND ND ND ND ND ND 544
o 2 R A ND ND ND ND ND ND ND ND 1165

TE N -~ RS F 2R R 2-B- R F5 28 Ak 3y -REF BE IR (4-0R0E R B RE IR S5-I E SRR 6T AR 7 -2 R R 8- HE MR L O-BR A5 4 K

ND b A A H
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S BROpH 28 R PR 2R LAY B Y B AR T A B
BB AR 5 W AR 5. SIBERGE oA R A
T2 1R W B I PR 28 Bk P 26 v BERE IR, FERE 23 R
S ECR A Bk . R 2 5 R TR Y B
(2 087 mg/kg) M /D ir R AEEFERR(21. 4 mg/kg) ,
SRHTUAE TR, R REFRM T EARUS
A R, 28 B A TR T RO B MR AR 5]
H M B R . E AR A R B SRR e
Byt s 2, MR AE T O Mk L) 2 h

3 ING

LT R BB R H AT o3 B A A P 4 B R A
7y 5 S5 80, 38 5 O Ak 68 3% 25 L 45 5 LC-MS/MS
106 FH B AR e R BIORE R ST T R T A R A
e 1E 1 22 28 BF A T o 20 JH o 0 Rl 28 A el 2L
B2 K9 i 4 15 R AP A D E A W TR
UL 75 B A T B R A BURT S =K . AR
Tk BB AE R P T AR o B A R AR R
5 LT AL e B AR T D B R R 1 2
20 43T A R 0 A SR, S AR G b B R Y PR
g PR S 0 R R SRR SR AL T O BRI R S

5% 3k

[1] LIHJ, ZHANG H S, ZHANG Y Z, et al. Mushroom Poisoning
Outbreaks-China, 2020 [J]. China CDC Weekly, 2021, 3(3):
41-45.

[2] LIHJ, ZHANG HS, ZHANG Y Z, et al. Mushroom poisoning
outbreaks—China, 2019 [J]. China CDC Weekly, 2020, 2
(2): 19-24.

[ 3] GOVORUSHKO S, REZAEE R, DUMANOV J, et al
Poisoning associated with the use of mushrooms: A review of the
global pattern and main characteristics[J]. Food and Chemical
Toxicology, 2019, 128: 267-279.

[4] B, R0 BRAE,SE . 12 Fhiml 3550 75 10 04 K25 2 3% oy

Y58 S HOAR X B 4k 28 S RIS [T, Ay B4k A%, 2017, 45
(6):817-823.
WEI J H, WU J F, CHEN J, et al. Identification and content
difference of toxic peptides in 12 kinds of lethal Amanita
species. Chinese Journal of Analytical Chemistry, 2017, 45
(6): 817-823.

[5] GARCIA J, COSTA V M, CARVALHO A, et al. Amanita
phalloides poisoning: Mechanisms of toxicity and treatment[]].
Food and Chemical Toxicology, 2015, 86: 41-55.

[6] FUXY, FUB, HE Z M, et al. Acute renal failure caused by
Amanita oberwinklerana poisoning[]]. Mycoscience, 2017, 58
(2): 121-127.

[ 7] YOSHIOKA N, AKAMATSU S, MITSUHASHI T, et al. A

simple method for the simultaneous determination of mushroom

[11]

[13]

[17]

[18]

toxins by liquid chromatography-time-of-flight mass spectrometry
[J]. Forensic Toxicology, 2014, 32 (1): 89-96.

KAMATA T, KATAGI M, TSUCHIHASHI H. Metabolism and
toxicological analyses of hallucinogenic tryptamine analogues being
abused in Japan[J]. Forensic Toxicology, 2010, 28 (1):1-8.
KAYA E, YILMAZ I, SINIRLIOGLU Z A, et al. Amanitin and
phallotoxin concentration in amanita phalloides var. alba
mushroom[J]. Toxicon, 2013, 76: 225-233.

Ml TSCHE, TR A e OB € - 5 BT
-9 AT AT I () 5 6 5 335 i 80 121385 A 0 2 B v 4 AR
K2R )], BTk, 2013, 41(4): 500-508.

LIU J, DING W J, HE B Y, et al. Identification of four toxin
peptides from Amanita in poisonous mushroom by mass
spectrum  fingerprint based on ultra performance liquid
chromatography electrospray ionization quadrupole time of flight-
mass spectrometry. Chinese Journal of Analytical Chemistry,
2013, 41(4): 500-508.

HR/NBS TR BT, ZEHEF 2 7RSO G- T M A K
N0 4% - 3 IR ST i v A 0 B A R RS R AR L E R AR LD ]
i%,2017,35(6):613-619.

XU X M, ZHANG J S, CAI Z X, et al. Determination of
amanitins and phallotoxins in wild mushrooms by online liquid
chromatography-diode array detector-tandem mass spectrometry.
Chinese Journal of Chromatography, 2017, 35(6): 613-619.

XU X M, CAI Z X, ZHANG ] S, et al. Screening of
polypeptide toxins as adulteration markers in the food containing
wild  edible

mushroom by liquid

Food Control, 2017, 71:

chromatography-triple
quadrupole mass spectrometry [J].
393-402.

JANSSON D, FREDRIKSSON S A, HERRMANN A, et al. A
concept study on identification and attribution profiling of
chromatography-mass

chemical threat agents using liquid

spectrometry applied to amanita toxins in food [J]. Forensic
Science International, 2012, 221 (1-3): 44-49.

GONMORI K, HASEGAWA K, FUJITA H, et al. Analysis of
ibotenic acid and muscimol in Amanita mushrooms by hydrophilic
interaction liquid chromatography-tandem mass spectrometry [ J].
Forensic Toxicology, 2012, 30 (2): 168-172.

TSUJIKAWA K, KUWAYAMA K, MIYAGUCHI H, et al.
Determination of muscimol and ibotenic acid in amanita
mushrooms by high-performance liquid chromatography and
liquid chromatography-tandem mass spectrometry[ J]. Journal of
Chromatography B, 2007, 852 (1-2): 430-435.

XU X M, ZHANG ] S, HUANG B F, et al. Determination of
ibotenic acid and muscimol in plasma by liquid chromatography-
bimolecular

quadrupole mass  spectrometry  with

Journal of Chromatography B, 2020, 1146:

triple
dansylation [1].
122128.

XU F, ZHANG Y Z, ZHANG Y H, et al. Mushroom poisoning
from inocybe serotina: A case report from Ningxia, northwest
China with exact species identification and muscarine detection
[J]. Toxicon, 2020, 179: 72-75.

GOTVALDOVA K, HAJKOVA K, BOROVICKA J, et al

Stability of psilocybin and its four analogs in the biomass of the



TROR €3 - H3 IR S ok T 0 M A T v O Rl A B K —— RN R 4

—269—

psychotropic mushroom Psilocybe cubensis [J].

and Analysis, 2021, 13 (2): 439-446.

Drug Testing

by ultra performance liquid chromatography-electrospray tandem

mass spectrometry| J |. Food Chemistry, 2016, 210: 26-34.

[19] TANG S'S, ZHOU Q, HE Z M, et al. Cyclopeptide toxins of [22] Huls, Zhang P, Zeng J, et al. Determination of amatoxins in
lethal amanitas: Compositions, distribution and phylogenetic different tissues and development stages of Amanita eitialis
implication[]]. Toxicon, 2016, 120 78-88. [J]. Journal of the Science of Food and Agriculture, 2012, 92

[20] ST@RMER F C, KOLLER G E, JANAK K. Ibotenic acid in (13): 2664-2667.

Amanita muscaria spores and caps [J]. Mycologist, 2004, 18 [23] KAMATA T, NISHIKAWA M, KATAGI M, et al. Liquid
(3): 114-117. chromatography-mass spectrometric and liquid chromatography-

[21] JIAOW T, XIAO Y, QIAN X S, et al. Optimized combination tandem mass spectrometric determination of hallucinogenic indoles
of dilution and refined QUEChERS to overcome matrix effects of psilocin and psilocybin in “magic mushroom” samples [J].
six types of tea for determination eight neonicotinoid insecticides Journal of Forensic Sciences, 2005, 50 (2): 1-5.

(L4245 261 51)

FE UL CEE SR il 22 4 KU DA rp ey ) X 2 W () 22 il 22 4 KU VA bty )

E ABOLE R E M7 X 5 BT (e ] G 0 6 3 Bk 2 BE S B )

A CHT VLR B2 B )

XU Bh C i T P BTG 4% A o)
X (T7 b A8 5 03 19077 4% 7l v )
X B CY PG 8 5 3 1977 4% 3 )
X JEF- R 28 £ 22 4 XU DAl s )
XUSFER (B w75 42 ) o)
XUZUERI (A B R A S T A2 B )
) % R (I G2 £ il 2 4 KU DA o)
PRI (R R B R B R %)

27 (2 A XAl )

% ROPAEEP R )

2R (] S8R il 2 4 UL P A i)
2l 08 (R 58 £ it 4 4 KU A P )

7 1 (BRPY BH A B 5 AR W) TR 2 )
s

2R (o DU T B 075 4% Al o)
B Jr RSB AR L)

W BCERE DA 0 2 TAEWE )
My A (I 28 £ i 22 4 R DAl v s )
/I U A B 075 4% o o)
WA oF (R J7 BERE RS A S T2 B )
Mo ORCEBER RS AT
ST SR i 22 4 R A oy )
i A (2 BRSNS TR 2 e )

i e B (1 28 12 i 22 A XU PPl s )
AT IR ASC O™ 0 T B T 75 42 Al oo )

i

BLORHE & a5 E IR R B L)

FA CRILA O R B 2 B )
50 1A % 08 T P L7 45 o o)

BB AR (1 512 dh 22 2 XU PP Al )

T RO 5 DA R 22 b1 23 B0 it s ofiE 55 D00 DA =)
it (I 588 il 2 2 R P A Py )

1o Bt (AR 22 B 75 5 R 2 5 B )

B H A A% 2 KR Pl )

ST ([ 8t A KU A o)

JEARAE O P A 3 DB 19837 42 il Hh s )

B A CORIN T P L 75 4 o o)
oS T R 1= 2 e 25 ¢ e )

i RUS (TT 645 5 19 By 428 il Hh s )
A (o 6 24 A TS BE )
BT O A TR S ' B
SR A CHT VAR B 191 7 42 il o)
G 7 (W) 1 4 s T B 2 o s )
FEARZE (7 M S H AR Py )

e e R A2 A 5 7 42 o o)
WO (2Rl Be 42 3 PR “2 WF 9T B )
AR (g B R A1 dh 2 e )

WKWETT (WU A e 28 3k TLAE 2 B )
JBEG ) (O] 1 A P 075 42 o o)
AR TR % (L VA T 99 7 42 ol T )
R IKCRE (IR B il 22 4 KU Al )

k0



