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Abstract: Amanita peptide toxins are cyclic polypeptide mushroom toxins that can cause acute

liver damage. The fatality rate associated with these toxins is very high. Monitoring the concen-
tration of amanita peptide toxins in human urine can provide valuable information for early clin-
ical diagnosis and treatment. Therefore, a TurboFlow online clean-up-liquid chromatography-
triple quadrupole mass spectrometry ( TF-LC-MS/MS) method was established for the simulta-
neous quantitative determination of five amanita peptide toxins ( @-amanitin, B-amanitin, 7y-
amanitin, phallacidin, and phalloidin) in human urine. After pre-treatment with high-speed cen-
trifugation, urine samples were analyzed using TF-LC-MS/MS. The main factors influencing
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purification efficiency, including the TF column, loading solution, eluting solution, transfer
flow, and transfer time, were optimized in this study. Under the optimized experimental condi-
tions, the analytes were purified using a TurboFlow™ Cyclone column (50 mmx0.5 mm) and
separated on a Hypersil GOLD C ; column ( 100 mmx2. 1 mm) using the mobile phases of meth-
anol and 4 mmol/L aqueous ammonium acetate solution with gradient elution. The analytes
were detected in selected reaction monitoring (SRM) mode via positive electrospray ionization.
Matrix-matched external standard calibration was used for quantitation. The linear range of the
method ranged from 1. 0 pg/L to 50. 0 pg/L for all five amanita peptide toxins, with correlation
coefficients (7*) higher than 0. 997. The limits of detection were 0. 15-0.3 pg/L and the limits
of quantification (LOQs) were 0.5-1.0 pg/L for the five amanita peptide toxins in urine. The
intra-day and inter-day recoveries of amanita peptide toxins were 87. 0% —-108. 6% and 86. 8% —
112. 7%, respectively, at the spiked levels of 2.0, 5.0, and 10. 0 pg/L. The intra-day and inter-
day relative standard deviations (RSDs) were less than 14. 5%. The method is accurate, rapid,
sensitive, easy to operate, and can satisfy the requirements of public health emergency testing
or clinical poisoning testing.

Key words: online-cleanup; liquid chromatography-tandem mass spectrometry ( LC-MS/MS) ;
amanita peptide toxins; mushroom toxins; urine
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Table 1 Gradient elution procedures of online clean-up and chromatographic separation

Start Step Loading pump Eluting pump

P time/ time/  Function Flow rate/ ¢(0.1% (MeOH)/ @(H,0)/ o(ACN)/ Flow rate/ (4 mmol/L o(MeOH)/

" min min (mL/min) FA)/% % % % (mL/min) CH;COONH, ) /% %
1 0.0 1.0 loading 1.5 100 0 0 0 0.3 95 5
2 1.0 1.0 transferring 0.1 80 0 0 20 0.2 95 5
3 2.0 2.0 washing 1.5 0 0 90 10 0.3 80 20
4 4.0 1.5 washing 1.5 0 0 0 100 0.3 60 40
5 5.5 1.0 washing 1.5 0 100 0 0 0.3 40 60
6 6.5 0.5 washing 1.5 0 0 0 100 0.3 10 90
7 7.0 2.0 filling the loop 1.5 80 0 0 20 0.3 10 90
8 9.0 0.2 equilibrating 1.5 100 0 0 0 0.3 95 5
9 9.2 1.8  equilibrating 1.5 100 0 0 0 0.3 95 5

FA . formic acid aqueous solution.
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Table 2 Detection parameters of amanita peptide toxins

Scan  Precursor Product S-lens/ CE/
Analyte . .
mode ion (m/z) ion (m/z) \% eV
a-Amanitin -~ EST* 919.6 259.0* /86.0 180  33/48
B-Amanitin ESI* 920.6 259.0" /86.0 180 32/46
y-Amanitin ESI* 903.6 243.0" /86.0 180 37/54
Phallacidin ESI* 847.6 157.0* /329.9 160 50/28

Phalloidin ESI* 789.6 157.0* /330.0 160  45/33

#* Quantitative ion.
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a. Standard solution b. Blank urine sample c. Blank urine sample spiked at 5 pg/L.
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Fig. 2 SRM chromatograms of the five amanita peptide toxins in a standard solution,

a blank urine sample and a spiked urine sample
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Table 3 Regression equations, correlation coefficients, matrix effects, LODs, and LOQs of the five amanita peptide toxins

. Linear Solvent Urine
Toxin =
range/ ( ng/L) Curve R? Curve R? ME/%  LOD/(pg/L) LOQ/(pg/L)
a-Amanitin 1.0-50.0 y=918.615x —191.188 0.9994 y=578.167x-298.264  0.9990 -37.1 0.3 1.0
B-Amanitin 1.0-50.0 y=1018.51x-34.4314  0.9970 y=481.957x-61.4861 0.9998 -52.7 0.3 1.0
y-Amanitin 1.0-50.0 y=1371.64x —126.402 0.9996 y=915.107x-172.278  0.9990 -33.3 0.3 1.0
Phallacidin 1.0-50.0 Yy=1794.66x-587.165 0.9994 Y=942.94x-126.634  0.9999 -47.5 0.3 1.0
Phalloidin 1.0-50.0 y=4240.93x+3.11143  0.9992 y=2899.95x+548.874  0.9995 -31.6 0.15 0.5

ME = (the slope of matrix-matched standard curve/the slope of solvent standard curve—1) x100%; . peak area of amanita peptide

toxin; x; mass concentration of amanita peptide toxin.

R4 FEPOORENERE

Table 4 Recovery and precision of the method

Spiked Intra-day (n=6) Inter-day (n=3)
Toxin level/ Recovery/ RSD/ Recovery/ RSD/

(png/L) % % % %

a-Amanitin 2.0 101.5 9.8 107.1 5.5
5.0 100.5 7.4 106.0 4.3

10.0 102.9 5.6 104.4 1.9

B-Amanitin 2.0 95.4 14.2 97.3 5.5
5.0 89.2 4.0 94.4 4.3

10.0 99.2 7.8 94.6 4.6

y-Amanitin 2.0 108.6 13.6 112.7 7.2
5.0 98.1 7.7 100.4 2.5

10.0 95.3 6.4 96.7 2.9

Phallacidin 2.0 96.0 14.5 93.5 5.6
5.0 91.7 6.5 89.4 5.7

10.0 93.0 4.0 87.5 4.0

Phalloidin 2.0 90.2 5.7 87.9 2.3
5.0 87.0 2.7 86.8 2.1

10.0 89.1 4.0 88.0 0.8
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