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Simultaneous determination of 22 phytotoxins in urine/blood by
QuEChERS - Ultra performance liquid chromatography — tandem triple

quadrupole mass spectrometry
LI Si - sheng, ZHANG Wei, ZHANG Jian, GE Cheng — xiang, ZHU Guo — xun, LI Chang —an, XU — Hui, WU Jin — ju
Hefei Centers for Disease Conirol and Prevention, Hefei, Anhui 230061, China

Abstract: Objective To establish a high throughput method for the detection of 22 plant toxins in urine and blood by ultra
performance liquid chromatography — triple quadrupole mass spectrometry. Methods The samples were extracted by
acetonitrile oscillation, centrifuged, and the supernatant was purified by QuEChERS. Then, the matrix was matched with
standard curve and quantified by external standard method. The full scanning mode of UPLC — MS /MS was used to
quantitatively analyze and determine 22 kinds of target substances simultaneously. The influence of different extraction solvents,
the selection and dosage of purification agent on sample extraction and purification by QuEChERS method was compared, and
the sensitivity of the instrument was improved by optimizing the separation conditions of liquid chromatography and mass
spectrometry parameters. Results  The regression equations of the 22 components to be measured in urine and blood had an
outstanding linear relationship, with correlation coefficients were =0. 996. The detection limits were 0. 01 ~ 1. 00 pg/L and
0.01 ~0.90 pg/L, the lower limits of quantification were 0. 1 —=3. 0 pg/L and 0. 03 —3. 0 pwg/L. The average recovery rates of
spiked were 70. 5% —125% and 73.7% - 118% , Intraday precision and Daytime precision (RSD) were 1.2% to 15.2%
(n=6) and 1.2% to 13.5% (n =6), respectively. Conclusion  The method is rapid, accurate,sensitive and has high
throughput. It can realize the rapid and efficient quantitative analysis of 22 plant toxins in blood and urine, and provide a
reference for the determination oftrace plant toxins in biological samples.

Keywords: Urine; Blood; Phytotoxin; Ultra performance liquid chromatography — tandem triple quadrupole mass spectrometry
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—mass spectrometry, GC — MS) "' &5 % W A0 (0 1%
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15 R A 8 1% 5T 3 15 (Ultra high performance liquid
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FIE S AP S R R YRR R E ST

BEXT F AR B2 2 AG R it /iy A PH 5 3% LRI
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[ AB SCIEX) ;#H4li /K &4t (Milli — Q Direct 8 %I, 3
[E MILLIPORE) ; BT 423S HL T K- (FE L AT Bl AL
FERD) A RA A s Multifuge X4RPro 5 25 34 5
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L1250 e LR b 1 B ) B T
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ethylenediamine ,PSA) :40 ~ 60 pm ( &7 L1 2 A4
).
1.1.3 B HTEE MR FR I
1.2 &i#EI4E4&H  ACQUITY UPLC BEH C18 {4
(2.1 mm x 100 mm, 1.7 pm, Waters 2 & ), Van
Guard BEH C18 f&% 4 (5 mm x 2.1 mm, 1.7 pm,
Waters A 7)) s s A A NG, i st B A 0. 1%
R 2 mmol/L LBREG/KIEW . BREEVEMFEF .0 ~
1 min:2% A;1 ~7 min:2% A ~98% A; 7 ~8 min:
98% A;8 ~8.1 min;98% A ~2% A;8.1 ~9 min:2% A,
Wik 0. 30 mL/min; ¥R N 45 C #EREARL 2 w L,
1.3 JrAd MW B IR (ESL) , &1 IR
(TEM) 300°C ., HL JE (IS) 5 500 V, 5 7 A i
(CUR) ;M 25 3 5% ( Gasl ) 60 psi, 5 Bl i #4015
(Gas 2)60 psi, Gasl Fl Gas 2 ¥ NHE A, 40 psi, filf i
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A IMFES, A 2.0 mL ZEF 70 mg NaCl, Jx % 10
min , 7EIRIR 4°C T LAE#8 8 000 r/min #.0> 10 min,
FEE AR 1. OmL BV A 30 mg PSA F1 30
mg C18 , PRI IR 14k 10 min, DL WSO 8 B AR
[ P 0o — UK, W BSOS 1 VSR 0. 22 pum A HILEK
LIS I8 BRI 7 EALIAE .

HEBRIR L 1.0 mL PRI, MIA 500 L B EE, A
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Table 1 Mass spectrum parameters of 22 plant toxins
wEY HET m/z FEF /2 14 B3 A 1] min KRRV T eI eV
F B 323.1 236.2° 36
195.0 4.25 140 53
TR 395.1 324.1° 40
244.2 4.30 130 50
THTE LR B 306.3 140.3* 33
122.2 4.20 60 36
BT HE i 290.3 124.2° 33
93.3 4.40 125 38
AU 868.3 206.2° 52
686. 4 6.85 100 44
RPN 660. 4 600.3* 46
550.2 5.64 65 53
At JHE T 395.3 213.2¢ 30
192.2 6.87 90 31
W EEDR 616.3 556.1° 43
524.3 5.69 70 49
3.5k 646.3 586.4° 45
526.4 5.66 150 52
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EW BT m/z FEF m/z LR BB I [E] min e LN Wi RE & eV
REETR 304.4 138.1° 28
156.3 4.24 46 22
B EF 307 180. 1* 60
204. 1 4.38 130 66
E RS 632.2 572.5° 45
354.2 5.45 70 55
i 335.2 184.1° 30
156. 1 4.32 100 58
N 220 874.4 846.5° 32
176 6.30 100 52
FRKALBR 400.2 358.2° 31
326.1 5.00 50 34
P 340.2 202.2° 33
324.3 4.85 115 41
AT 414.3 220.2° 30
353.1 4.94 95 33
N 285.9 165.3° 47
153.1 4.23 110 55
FHHEMR 312.3 249.1* 24
58.3 4.64 50 37
CIRERES| 300.2 199.0* 38
215.1 4.10 120 35
A % K T 604.3 554.3% 51
496.2 5.08 130 58
Al W) 327.2 296.3° 24
265.2 4.60 60 37

Fa FRERE T

2.2 GRS EEEMOIEEE )y BEH C18
(2.1 mm x100 mm, 1.7 wm) ; BERER .2 WL, /0. 3
mL/min, FESIAMET,H TR, SCR A
F R Bt 9 B o0 5 mmol/ L I, 2% W) R W4 JE 21 A i
RIS 0.1 % FERAY 5 mmol/L FBRELIA W M /K
FHCA) , CIERA A (B) VE R R 3 s AH
I HAEZSRMT AW L ARE BE VR RR T ik 3 22 Ff
FE )5 2R B ROR 58, 45 L3 R W I [H] 7E 4. 30 min
~8.09 min Z[H], UL MEFE 23 B U B MRM {235 (4]
1,

& e 4.30 1.00E6 PN 2N 8.09

@ 7.50ES|
g

ntensity(cps)

Z'5.00e5

2
= 503 225085

0.4 0.
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e
Fig.1 MRM chromatogram of blood matrix matching standard
morphine and triptoline (20 pg/L)
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PR, a5 24 PP 1 7 R A0 B BRSO 1Y
RN 35 ST A0 07 114) B35 400, R0 3 110 2 L) A0 i o
F, TRl BEAT DA 4 A, Bl R 4% A B FH 3
2.3.1 $EHGRIMIERE  PREAE S BSOS ELA% PSA Fil
Cg FALAL B 1 53 500 25 5% 1 FH Y PR B | DS TR A 2
i — AN [R) A s ) 1 4 B Il SR MR N, 2
AR R AEIUGR A NaCl AR b 547 5510 B, 28 1 R i 4 i
UUVELT,22 P a5 R 2 ISR B B 2 e, K28
TR R BEAAR RN AE 0.6 ~ 1.2 22 [, 771 HY P 01 PR
VERAETGRI BT, 35 B PR 2R 9 2 Sk i 55 22 Ao ) 2
FHREUPTSCRAG , 52 B OB, % 1 12 Sk i 3 AR R
B/NT 0.6, ATRER B R FHARRON KT 1.2, 45
RULE 2 f13,
PRI — 25 X MR AE BRI 20 W AR FRATE 5, 0 3]
ZHRT IS CHEHEBLEA 1:1,1:2 1: 3 F A2 E A
CHCRFBLARALN . Yk N = 1: 285, FE s

VNN Y=
2.3.2  HHbFI R

2.3.2.1 PSAfliHEMIER PSA X &H &I ( -
NH, ) FI¥E3E ( - OH) ‘B RE A1 A9 9 B v AL R R 4 4
PRIEHINA PSA 40 mg #R3% 10 min J& , FREFE A 0]
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Fig.3 Effects of three extractants on blood matrix effect

BARIR IR PSA ULTE R # €0, PSA 1] 036 JL T 24
WS PRV (SRR | B PSA i i 88, ek Rk
SR F PSA i F S 3G i 2 R ICRE i F Tl
R FE1.0 mL MR ZS SR i AR B 750
pe/L bR iE TAE IR 10.0 w L, 43 513 £ 30 mg 40
mg 50 mg 60 mg [ PSA i#E1T¥Hfk, 78 MK PSA fff
F 30 ~50 mg B, fR Z2 A5 40 1) 2 B RS0 36 Lh 5
FasE il T 60 mg B, B M R K R 4R

BRI R, PG SR g0 e 5 PSA B fif FH o 1M i
30 mg PRI 40 mg, SEIRAEHRILE 4 F1 5,

2.3.2.2 C SR M C MER T
BF, R 25 i i Ak B | S e A A R SR o, R AL
N GERCR A ., #E C o 3T 30 mg B R0
D P DR TF IR T B, SRy DR AIE a7 Y 2 B [l )i
REARR R 2l 56 JE AR RN, e 4 BE$E 30 mg PSA +30 mg
C, VM il 7 1945457 ,40 mg PSA +30 mg C AR
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Fig.4 Effect of PSA usage on blood extraction recovery rate
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Fig.5 Effect of PSA usage on urine extraction recovery rate
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T 22 FRERI R B T RE S AR B IR SRR AERR LR 2.7 ABEMXE 5 wog/L.50 wg/L 5200 pog/L
15 B2 I PR A — S50 AL R, AL BT I AP RE AL AR SRR BOR T IRARAE 3 RN 22 Pl E R
BT FE RO AT R T ek O3 e IR R R AR

K2 MLANIR AP R AR ORI 2

Table 2 Recovery and precision of phytotoxins in blood and urine

R KT : M : PRI

L& PN S K% B (RSD, % ) s e K% B (RSD, % )
(ng/L) (%) i i (%) i i

E W 5 82.4 7.2 8.3 79.5 6.5 7.8
50 85.2 5.1 4.3 80.5 5.4 2.5

200 87.1 6.2 4.8 84.5 2.3 3.8

BT 5 89.5 2.5 3.3 90.3 6.5 3.8
50 90.5 2.7 3.6 99.2 3.6 3.8

200 100.0 5.8 2.5 100.0 8.7 4.8

THE LI R 5 5 88.3 2.4 2.2 83.6 1.5 2.7
50 99.2 3.2 6.7 87.8 2.2 3.5

200 98.5 5.1 4.3 90.5 1.8 2.1

FATHE i 5 78.9 3.8 3.9 82.1 3.5 4.8
50 87.8 4.8 6.1 80.5 6.3 4.2

200 92.1 6.5 5.5 84.3 7.2 4.6

AR 5 100.0 6.2 3.2 99.6 5.9 6.2
50 101.0 5.2 1.2 98.9 4.8 2.5

200 103.0 2.3 3.2 102.0 3.5 3.7

[TRES R 5 103.0 4.4 5.7 105.6 2.2 4.0
50 106.0 6.9 3.8 100.3 2.5 5.2

200 112.0 7.9 4.2 99.7 3.6 4.6

61 JHE 5 94.6 14.1 10.2 93.1 3.8 3.7
50 98.3 11.2 13.2 88.5 5.7 4.5

200 101.0 9.2 9.7 89.4 8.7 6.5

W EEDN: 5 103.0 1.2 3.6 100.0 2.5 1.7
50 104.0 2.5 2.9 98.7 3.2 2.6

200 115.0 5.2 5.7 9.5 1.8 5.2

L 30k 5 109.0 2.7 3.8 125.0 2.6 3.5
50 115.0 4.8 3.3 105.0 2.3 3.8

200 118.0 3.5 8.8 106.0 1.5 2.1

REER 5 84.5 15.2 13.2 83.1 3.7 6.2
50 83.6 10.1 9.9 79.8 5.5 3.8

200 88.1 6.8 7.3 90.5 4.8 2.2

W ET 5 75.3 9.7 8.9 83.2 10.8 13.5
50 76.5 8.6 8.2 78.2 12.7 10.2

200 79.5 7.6 8.5 79.8 15.2 10.9

E eSS 5 105.0 1.3 2.1 106.0 3.5 4.8
50 109.0 3.2 4.2 117.0 2.6 1.5

200 118.0 4.4 4.8 100.0 2.8 1.7

+mT 5 78.9 6.3 2.5 75.8 3.6 4.4
50 88.6 5.7 4.9 80.2 3.5 5.2

200 85.3 3.3 4.5 83.5 7.7 6.1

TS AR 5 80.5 3.3 2.2 79.8 6.8 5.8
50 84.2 5.2 4.8 78.4 6.3 7.9

200 83.5 4.6 3.4 70.5 4.8 6.6

BoKAR 5 101.0 2.5 1.9 100.0 2.6 4.3
50 103.0 3.2 2.5 99.5 3.7 4.4
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