1% 512 B 2 4 o iR A A Vol. 11 No. 12
2020 4 6 J Journal of Food Safety and Quality Jun. , 2020

REF, B, K AE
(ZREBHRBBEER.C, BIT 650032)

B E: B8 d SRR - DU A - AT E] BT %75 (ultra performance liquid chromatography coupled
with quadrupole-time of flight mass spectrometry, UPLC/Q-TOF-MS)5E 4 2 & A6 Bk 27 - 1 3k b 3 HE 1LV
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11 0.22 pm SFLUEAR , B B2 5100 RS B, BRSO 0.22 pm REFLIEME T A AR AL Aglient
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their metabolites in urine and blood of patients with Aconitum hemsleyanum var. hsiae poisoning by ultra
performance liquid chromatography coupled with quadrupole time of flight mass spectrometry(UPLC/Q-TOF-MS).
Methods After centrifugation of the blood sample, the upper serum was diluted and passed through a 0.22 pm
microporous membrane. The urine sample was diluted and filtered with 0.22 pm microporous membrane. The food
samples were eluted, dried and fixed volume on a solid-phase extraction column of Oasis MCX 60 mg/3 mL after
pretreatment and passed through a 0.22 pm microporous membrane. Aconite roots were homogenized, sonicated, and
centrifuged, then the supernatant was filtered with a 0.22 um microporous membrane . All the sample solutions were
separated on an Aglient SB-C;g column and determined by UPLC-Q-TOF. Results The linear relationship of 14
aconitoid alkaloids and their metabolites were good in the concentration range of 1.0-100 ng/mL, with all correlation
coefficients greater than 0.99, and the detection limit was 0.1-5.0 ng/mL. The recoveries of standard addition were
78.9%-116.9% with the relative standard deviation 0.5%-4.1% (n=6). Benzoylaconitine, yunaconitine and
bulleyaconitine A were detected in the blood of 2 patients, among which the content of benzoylaconitine did not reach
the quantitative limit, yunaconitine content was 0.18 and 0.27 mg/L, and bulleyaconitine A content was 0.25 and 0.62
mg/L respectively. Benzoylaconitine, yunaconitine and bulleyaconitine A were detected in the urine of 2 patients. The
content of benzoylaconitine was 0.063 and 0.055 mg/L, the content of yunaconitine was 1.66 and 3.79 mg/L, and the
content of bulleyaconitine A was 2.31 and 4.89 mg/L respectively. Indaconitone was found in one urine sample, with
the content of 0.159 mg/L. Conclusion This method is simple, accurate and can be used to detect aconitine
alkaloids in samples. Aconitum hemsleyanum var. hsiae contains extremely high bulleyaconitine A and yunaconitine,
and urine contains a higher content of aconitine alkaloid and its metabolites than those in the blood, which is more

suitable to be used as the test material.

KEY WORDS: Aconitum hemsleyanum var. hsiae; bulleyaconitine A; yunaconitine; ultra performance liquid

chromatography coupled with quadrupole-time of flight mass spectrometry; blood; urine

il

1 5
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2.1 KIEME
211 FBME

Agilent G6550 TR =5 &I € i BR IC DU ZF R AT
Fsf 1] J 1% 4% . Mass Hunter 6.0 “T-/E¥Y . Buchi JieH 26 & (3=
E 24482 F]); Nanopure 4i/KHL(3EE Barnstead 74 F);
FLUCA AJ2¢HL. 3-18K K7 & .0 AL(3E E Sigma 2
A]); KA(d=0.1 mg & FE S A
2,12 ZERFA

W, ZNE(@aigal, 22 Fisher AF]); BR. K
R (AEFEYI KT 90%, 3E[E SIGMA-ALDRICH 2 rl);3h R
(eghat, PEpefb T2 FD); Eok(arbrat, EZ5HER b
R BRAFD); AEYIBRARE S D3m . S hmk . Bk
WL ENESRAR . EEH. RER ., HEFE, 10585k
B AT AR S R Sk R . R R Sk R
B AR R Sk . RS . IR SR, 23k
JEAR(SERE KT 98%, M B AR R A FRA FD).
2.1.3 Hekik

AR B IRE . bR RS SR £ R i
FE PRI I R B R IRV RN B 2 I 5 Sk (28 45 8 IR S i R 25
JRIE 5 30 B
2.2 SETFE
221 HaAAE

BUEE M A 10 mL B.0% LA 3000 r/min E5.L> 5 min,
BCEJZ Mg 0.5 mL, FMBIAHES £ 1.0 mL, i 0.22 pm
B A A R LRI

BBRHRW 0.5 mL, HWAHERE 1.0 mL, i
0.22 pm 8 E SR R AR I .

BN 5.0 g, in 25 mL 0.1 mol/L HC1 1%,

8000 r/min #Z.0> 20 min.HX 15 mL 1 Oasis MCX 60 mg/3 mL
BAHZEBONMEE AT 1 mL FEA 1 mL 20KTELL), %
HIAEE N 1 mL/min, F 5 mL 0.1 mol/LHC1 fil 5 mL F itk
¥k, FHE 0.5%20K W B2 20 mL YE, WAEPEDOK, AR
ZiEF, HZE-10 mmol/L Z BR#%(50:50, VIV)EH E
2.0 mL, 3 0.22 pm P8 2 s MERE A I o

PRI R 2.0 g, iIIA 10 mL FEES)H G, S
10 min, 8000 r/min &5.0> 5 min, B FIHH 1.0 mL FRE 10 £5
1 0.22 pm JEAE R A SRR .
222 &Lt

3%k Aglient SB-Cig(2.1 mmx50 mm, 2.7 pum); 3F
Fe& 2 Ly AEEH 55 °C, Wik 0.3 uL/min; WhAH A 4
5 mmol/ZRE+0.1%HEI/K, B NG, WAH G s AH
o B PR R R e DL 10T,

x1 BERRERF
Table 1 Liquid chromatography mobile phase gradient elution
procedure
B[] /min Al% B/%
0.0 90 10
1.0 90 10
8.0 5 95
10.0 5 95
10.1 10 10
223 JREFA

% H  Dual AJS Hi W% 5% HL B IE B F (positive
electrospray ionization, ESTWHZ, BAIEH §i:4.352 pA;B
L E:4.0 kV; IR 250 °C; ZFAbaiE: 35 psi;
THARE: 13.0 L/min; $H7SFH: 12.0 L/min; RS
J:350 °C; ZHE T mvz 121.050873 . vz 922.009798,
R FER mVz 70~1400., 14 FERAED TG RFIE RS A2k 2111,

Fz2 4 MIRELESYRNFIEEESY

Table 2 Characteristic library parameters of 14 standard compounds

G 57 14+ B3 Bt ) /min AR 43 o il i B /V R BT (m2)
535 C34H47NOy, 4737 645.3149 40 586.3014, 105.0342
EREDS T C33HysNOy, 4.420 631.2993 40 572.2858, 105.0337
RSB C33HasNOyg 4.574 615.3043 40 556.2899, 105.0344
7% F Bk 2 3k J C5,H,sNOy 3.888 603.3043 60 544.2757, 105.0335
7% R BT 2 Sk S C;H4;3NO 3.661 589.2887 60 540.2595, 105.0335
2% F R VR 5 3k I C3;H43NO 4.034 573.2938 60 5422747, 105.0335
5 3% Ji i C,sH4NO 1.731 499.2781 40 450.2490, 58.0652
5 3K D Ca4H3NOg 1.130 485.2625 40 436.2321, 75.0442
W EEDSY C,4H3oNOg 2.181 469.2676 40 438.2488, 94.0650
RIRER C,,H3NO; 1.666 357.2304 40 340.2274, 58.0653
jERED R Cs3sHoNOy, 4.548 659.3306 40 600.3164, 135.0445
B85 3 C34sH47NOy 4.481 629.3200 40 570.3063, 105.0333
LR S C35H4NOg 5.149 627.3407 40 568.3273, 135.0438
10-F25E 5 3k il C3Hy7NOy, 4.454 661.3098 40 602.2954, 105.0332
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K H Agilent MassHunter & PE2#744 B.0 6.00 A
XU B F AT RS AR BRI T AT, AR R £
TR Aot . R B B ] S AR ME R AR 3 A — 2, AT A
FEREM P AEE IR
225 ZEAW

K] Agilent Mass Hunter & 43T 84 B.06.00 fiiAs
HATRE R
22.6 AT KL H]

HERR R B AR HE AL 45 5.0 mg, A Z %1
50mL A A ZZ2E . FCFE-0.01 mol/L L%
(50:50, V:V)IZE A B 1.0 pg/mL, F-20 °CIRAFERE % .
i FRE, FZiE-5 mmol/L Z FR4%(50:50, V:VY¥ 14 it
YIEC I 10, 20, 40, 60, 80, 100 ng/mL AYFRAE R
G AT I 2 LAVR BE A R A A (X), W T AR A R () 2
pilkaRH

3 HEREHMR

3.1 R#EEERA

MR 14 Fh 5L 080 o T 45 FRAE, £ BSI IE&F
RTS8, FEFR L)L 5.0 ul/min 18 & AR TSR
HEdh, 76 Q-TOF T, B MlAZE LR (Gasl). 4B
A5 (Gas2), AR, WIFHE ., B FUERE & F4EH
BEBETHESE, USR5 m (A5 8 .

312 GEEHRL

A 5 FURORE (35 C9(4.6 mmx150 mm, 5 um)EAT
SrEIE, BIEERITE 6~9 min, HIERI4AETE, KA glient
SB Cl1s(2.1 mmx50 mm, 1.8 um)BEGEES T H /85 14 Fh sk
B, EH IR 4E%E 3.5 ~ 4.0 min, 3545 T 46 ]
3.2 FFEEWIE
321 FEAMEE. hREEER

TE 1.0~100 mL AYZRPETL RN, 14 Fi 2k A Mikny 48
PERRR . MRRE. KHREMEERILE 3. MR
KT 0.99, LPERREAF o N4 A Wil v 35 v e Pk 3
(R SR AR e P8 A B T B, LA 3 A MRS TS AG B
0.1~5.0 ng/mL, L 10 f5ME AR E &N 0.5~10 ng/mL,
TR
322 EKELHEFE

UM PRI | B 5 G A | 0 AR S 45 2 0%, 43
FIBEATR M (20 ng/mL) , /&5 JE (80 ng/mL) 2 FhA [ e &
FIIIAR SR, SRR 6 WK, A& ISR AN b vfE
{if 7% (relative standard deviation, RSD), %53 IL3 4~6, I
S 2 [ Y F Ol 82.1%~112.2%, FR WK SF X 18] W Z Ny
81.4%~114.3%, EYPEHEIKES 78.9%~116.9% £ 1 5
H IR R = F 75%, MXTARERZEN 0.5%~4.1%,
iR LT, T RS T B

F3 4MELEMEAIEMNTSFE, HXRBE LR

Table 3 Linear equations,correlation coefficients and detection limits of 14 aconitum alkaloids and their metabolites

Vi ix’| e yip MXRE A6 i R/ (ng/mL) FE R /(ng/mL)
5 3. Y=99181X+254212 0.9979 0.1 0.5
P RESS T Y=217852X+1274058 0.9947 0.2 1.0
VEEPR Y=62305X+30925 0.9949 0.1 0.5
% FH Bt % 3k SR Y=5288212X-496508 0.9979 0.1 0.5
7% H T 3k D Y=138614X+519776 0.99597 0.1 0.5
IR BER 53k 5 Y=75502X+226167 0.9962 0.1 0.5
15, 3. S5 Y=506226X-985718 0.997 0.1 0.5
B3k e Y=454867X-489550 0.9992 0.2 1.0
Kk 5 Y=134993X-445640 0.9972 0.1 0.5
RHRR Y=224723X+455291 0.9978 0.1 0.5
jERED R Y=72930X+324675 0.9959 0.1 0.5
EIRED R Y=92115X+374110 0.9962 0.1 0.5
FEGHER Y=1557X+5473 0.9966 5.0 10.0
10-¥2 5 5 3L B Y=10017X+36544 0.9662 0.5 1.0
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Table 4 Recoveries and precisions of the method in blood(n=6)

ST JbR 2/ (ng/mL) RSD/% SEHEE%  bRE/(ng/ml)  RSD/% SRR %
5 3L, 20 0.7 102.6 80 0.9 101.2
RPN 20 0.9 101.6 80 1.1 97.5
PR 20 2.6 89.8 80 1.6 94.1
2R B 5 3k S5 20 1.5 82.1 80 1.3 88.8
2R T 1 3 J5E 20 3.1 93.3 80 0.5 87.6
AR 5 3 J5 20 2.6 110.9 80 1.6 106.1
L3 I, 20 0.7 103.0 80 1.5 98.5
05 K e 20 4.1 1122 80 1.9 91.2
U3k 5L 20 0.9 96.6 80 1.0 91.1
KRR 20 1.6 112.1 80 1.3 92.8
RPN 20 1.3 85.2 80 12 86.6
RSP R 20 1.1 90.1 80 1.6 96.0
ERETEE S 20 33 82.3 80 1.7 95.9
10-¥2 3 5 3L B 20 3.2 100.5 80 2.8 91.9

5 RGP EERFIESE(N=6)
Table 5 Recoveries and precisions of the method in urine (n=6)

ViRY] JARE/(ng/mL) RSD/% S TR /% JARAR:/(ng/mL) RSD/% SEH T %
L35 20 0.6 98.2 80 1.5 93.5
E R 20 1.1 101.7 80 1.1 92.9
VEEPR 20 1.8 89.6 80 2.2 81.7
AR5 3 S5 20 0.9 91.2 80 0.9 96.7
IR T 5 3k 20 23 95.6 80 2.1 86.8
AR 5 3 J5E 20 2.9 110.7 80 1.6 109.2
3k S5 20 0.9 101.1 80 1.2 96.1
LK 20 3.1 114.3 80 2.4 88.9
R 3k 5L 20 0.8 89.9 80 0.7 94.1
KRR 20 0.9 106.1 80 1.3 93.6
[ERETR 20 1.2 85.3 80 1.2 84.6
ISP R 20 1.1 81.4 80 1.9 913
HEHPER 20 2.9 89.8 80 1.1 91.9
10-F55 5 3 0 20 1.8 101.3 80 2.4 87.3




5512 1 TR, S OB (RS- DY R -TRAT A AT R R B 2 R Sk i R 4005
6 ‘YR EIWERFEEE(n=6)
Table 6 Recoveries and precisions of the method in food(n=6)

i Az /(ng/ml) RSD/% S IR % JINFT R /(ng/ml) RSD/% S I %
535 20 1.1 103.4 80 1.1 101.2
B Sk 20 1.2 80 0.9 86.3
=PRI 20 2.6 80 1.5 82.7
HRH Bt 5 3K 5L 20 2.5 80 1.3 86.1
R LB 5 3k 5L 20 2.9 80 0.6 82.8
HH U Sk 20 2.3 80 1.6 106.9
153 5L 20 0.9 80 1.3 96.1
B K I 20 3.6 116.9 80 2.6 89.9
3K 5L 20 0.9 80 0.9 90.1
KRR 20 1.4 104.9 80 1.3 101.2
[GEEDR 20 0.9 80 1.2 83.6
B[ 3 T 20 1.3 80 1.3 96.3
ORI 20 3.1 80 2.3 93.9
10-F2 25 5 3L 9 20 2.9 106.5 80 2.6 89.6

323 —BAEAK®E

— SR M g Al W TR R T SO I i 2
M VC A T B TIE . AR A P ARRAE R, ARG 1 o i 5L
FIOR B B E] oy 32 A48 R A, 8BS BT 22 (5 mg/L) Rl
B ] R 22 (0.1 min). 78 X [M+H]+, [M+Nal+. [M+K]+
ETUREE B FIINALRE, R MAHHE RS T 728
sydnRerh, A Agile B4 . HABSEERINAAS . B H
DL EXT 14 FHARME AT — R, ReigE 4k
F IS Y, HETERL, WV ESECh RIS EL
143 — g
324 ZHBREAKERE

TEPE LRG0 00 A B8Ok B A R B, R 22
5 ppm, ZEH MS/MS BLor R LF FRAE TS . 7250 FX
WEH, ik BARE S F4U8, Wi C. H. 0.
N JCE, Hild R MG R T RER /Ny U Al
BEHE, PEmERE . M SEEAARAE . M R E,
SR BAT AT eI & Y, VIS, 5500 R0
EAR LT 14 Fh BEMLEWERRE S HRIE, IEWILL E
SRR SEL

$EHL 20, 40, 60 V RHEAEE T M I, HLHL
BB A BN . B B AR T A O BT
AR Ry M, T ARDGE L 1 L U Ay e Al i P

R, BEAFAERE R T SRR . R RiEREEFEES
ANFHETEE, 152 14 F BA LA YRR v e 1y —
RIRTER
3.3  EPREESAN

MAE . FRAFE . W R B 5 B AR ) 19 20 A ) 285 5% T 2%
7. B EEEE 1, FaEE R 200 AR DL E
)

4 FHR5IR

AR FE R BRZE NI 5 3k Je L b g JR 38 1 I . PRI 3E
TR ERENE, 765k R B T 5 3k0K, mifehl
B EY P AR, TRt T3 S e 2 2 A i A
H, RER AN K AR R 2 R Sk AT, AR I AT
Wy 5 S 2 AR B I AR B I % Sk DR A A I . R IR
TR B 2RV S L R R B Sk DR Y O A, T
I AR F PRI, P RE A B T S I 3K 2 1
SE4 RARU23.9% ~ 31.9%), i HAR B M3 R,
A SCHRA T U0 328 A A A A, R [ Y I
PREEIR T TR, P 1 RIESURRERH, e R
EREME 7 KBRER PO, S5 RUHIAN g, DL
SR B PRRAE Ry 5 3 28 HE WD A A b 2 BT 0 P 9
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Table 7 Detection and content of compound in samples

xRl 1 S Mi/(mg/L) 1 SRE/(mg/L) 2 SMK/(mg/L) 2 5RB/(mg/L)  EW¥/(mg/ke)

B LR/ (mg/kg)

15 359, - - - - - - - - - -

B - - - - - - - - - -
VDR - - - - - - - - i *
g3 RES ST o i * 0.063 o 0.055 0.89
2R R 3k 5 - - - - - - - - - -
2R BER 53k 5 - - - - - - - - - -
55 3 R - - - - - - - - - -
L I - - - - - - - - - -
DI - - - - - - - - - -
KRR - - - - - - - - - -
jERED R 0.18 1.66 0.27 3.79 15.42
EIHET R - - - - - - 0.159 2.23

F I 0.25 2.31 0.62 4.89 50.8
10-2 5 5 3L 5 -- - - - - - - - -

2.57

TE LT E R - ARA

x10°
225 | 5.192
220 F 72426
1.75

ool 5.398 P,
475185

1.25
1.00
0.75
0.50
025 |

43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60
I5f ] /min

R

5.20 5.30_' 540 550 560 570 580 590 6.00 6.10 620 630 640 650 6.60 6.70
Fis} 7] /min
x10*
1.6 | 4.482
14} 46248
1.2+
1.0 +
0.8 |
0.6 |
04}

R B K D

3.527
2574

24 2.6 28 3.0 3.2 3.4 3.6 38 40 42 44 46 48 50 52 54 56 58 60 6.2 6.4 66 68 7.0 7.2 74 7.6 7.8

[} 6] /min
A

AL ILFE
BT AR S 28 Wi Y B 3 i R

Fig.1 Total ion flow chromatogram of aconitum alkaloids in sample.
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x10°
2.0 5.249 .
B2 30
4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0
6] /min
x10*
1 |
1.5} | - K X 4228
| K £ 3K K a8
1.0} ‘
|
05| |
ol |
0 0.5 1.0 1.5 2.0 N 2.5 3.0
i (6] /min
x10*
5.5 5.874 i
22 174786 HO R
40
3.5
3.0
2.5
2.0
1.5
1.0 6.533
0.3 1167
5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0
[} 18] /min
x106 5.248 s o pd
1.8 6405103 L5 L
1.6
1.4
1.2
1.0
0.8
0.6
o4 5112 5.421
.O 49476 946
4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0
Fi 1 /min
B
B. JR&
SRR 1 FE D P Sk A B B TR i
Fig.l1 Total ion flow chromatogram of aconitum alkaloids in sample.
x10*
9t 660.33749
s | ([C35H49NO11]+H)+
7 -
@ 6| B S
g st
E l
3 s
2 5
1F
0 |

642 644 646 648 650 652 654 656 658 660 662 664 666 668 670 672 674 676 678 680 682 684 686 688 690 692
JE AT kb /(m/z)
AL IR
B2 B Sk 2 A W o

Fig.2 The mass spectrogram of aconitum alkaloids in sample
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W 7

WA W

i) 7 (L
O IINLIL A ATV ~I0000

ocuhouhououhouhouhouhouho

x10*
2.0

1.5

0.5

x10°
4.0
3.5
3.0
2.5
2.0
15
1.0
0.5

x10*

5%
=)

628.34740
(IC35H49NO9]+H)+

ERCLiES

623 624 625 626 627 628 629 630 631 632 633 634

AT Ee/(m/z)

: 626.29507
([C32H45NO10]+Na)+

635

636

637 638 639 640 641

Bt % S SR
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