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Simultaneous determination of 23 kinds of toxic alkaloids in Chinese
medicinal materials and plant-derived food by ultra performance liquid
chromatography-tandem mass spectrometry
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ABSTRACT: Objective To establish a method for the simultaneous determination of 23 kinds of toxic alkaloids in
Chinese medicinal materials and plant-derived food by ultra performance liquid chromatography-tandem mass
spectrometry (UPLC-MS/MS). Methods Firstly, the pH of the samples was adjusted to 7.5 by sodium hydroxide,
and then boric acid-sodium hydroxide buffer solution was added, and extracted by ethyl acetate, which followed by
concentrated with nitrogen, and detected by UPLC-MS/MS, quantified with external standards. Results The
calibration curves of 23 kinds of alkaloids showed good linearities in the corresponding range of mass concentration
with correlation coefficients of 0.9989—0.9999. The recoveries of all samples were 61.2%—-107.3%, and the RSDs
were 1.1%—-8.4%, with the limits of detection from 0.01 to 0.40 ng/kg and the limits of quantitation from 0.03 to

1.33 pg/kg. Conclusion This method is rapid, sensitive and accurate, which can realize the simultaneous
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determination of 23 kinds of common alkaloids, and provides the time advantage of detection for the rapid screening and

confirmation of alkaloid poisoning, and the method could be used for emergency treatment of alkaloid poisoning from

suspected Chinese medicinal materials and plant-derived foods, and provides technical support for clinical treatment.

KEY WORDS: alkaloids; ultra performance liquid chromatography-tandem mass spectrometry; Chinese medicinal

materials; plant-derived foods
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1.1 M5

23 Pl MymhRvESS: B S (eserine, CAS 5 57-47-6,
4F 99.1%) P[5k (atropine, CAS 5 51-55-8, £/ 100.0%) .
7R B (hyoscine, CAS 5 51-34-3, 4l 99.5%). 11120
(racanisodamine, CAS 5 17659-49-3, 4lifF 99.5%). #4VHs
(gelsemine, CAS 5 509-15-9, 4liJ¥ 98.8%) ., /7" (strychnine,
CAS 5 57-24-9, #lifF 98.1%). T4k FHii(brucine, CAS 5
357-57-3, 4 98.1%). BKAlFE(colchicine, CAS 5 64-86-8,
4l 99.2%) H i 5 Wi(talatisamine, CAS 5 20501-56-8, 4l
98.3%) . 2T (jervine, CAS 5 469-59-0, 4liJE 99.4%) ., K1
3 (hypaconitine, CAS 5 6900-87-4, 4liJE 98.2%) , 1% %
(bulleyaconitine A, CAS 5 107668-79-1, 4 99.3%), 5k
ifi(mesaconitine, CAS 5 2752-64-9, 4 99.4%). &3k
(aconitine, CAS 5 302-27-2, 4fiJ¥ 98.0%). 572\ 7 i
(wilforgine, CAS 5 37239-47-7, #liff 98.1%). T&/AHERHH
(wilforine, CAS 5 11088-09-8, #li [ 98.6%) . I #d & %%
(sanguinarium chloride, CAS 5 5578-73-4, #lif 98.3%)(ZE [
Quality Control Chemicals /A F]); #¢/7-B#(DL-coniine, CAS 5
3238-60-6, 4lif% 98%). T HLytdlER (seneciphylline, CAS %
480-81-9, 4l 99.5%) . 18] T B St 5 (retrorsine, CAS %
480-54-6, i 99.0%) . Z2 ) X fik(veratridine, CAS 5 71-62-5,
4l 99.4%)(3E[E CFW labs 2~ F); a-7iiffi(a-solaniine, CAS 5
20562-02-1, 4l 98.6%) . a- i (a-chaconine, CAS 5
20562-03-2, #fifF 99.1%)(3 E ChromaDex /2 Fl).

N, Wl Wik, Wik, ZROBE. 2R, LR
B R W bR (ke fE Merck A R)); K. AL
(egkal, £ CNW 24 #]); #iib(NayB,O;- 10H,0) (4 Hr4li,
TR o

WR-E R BN s (pH 9.6)FL I i fERIR A
0.05 mol/L FYFIES, FREL 19.05 g Na,B40;- 10H,0 /KL,
1000 mL; {459 B: 0.2 mol/L FY A A 1L4N, FREL8.0 g A&
LB KBCAL 1000 mL, ffAIRTEL A ¥ 50 mL Al B &
23.0 mL {R&, M/KEZRZE 200 mL.

IR R 2% vP YR (pH 8.0) AL 1y i2: : HUBRIR A — 31 5.59 g,
5wm A8 041 g, F/KECR 1000 mL.

YR & R EkT AREAE TR IR BIR
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{%#%: API QTRAP 4500 SR = FPUMAT SN (£ AB
Sciex 22 +]); Shimadzu LC-20A FEHUHEA O (H AR HA
#l); peek Infinity 1031 & ALERREEE peek ZAF]); XS-205DU
T3 22— RV G LR 24 w]); KQ-250DV i1
PRI A {AEEIRARD; Allegra X-22R FdiA gL
HL(EEE Beckman Coulter 23 ]); Turbo VapIIEIMR & e 4 L (35
Caliper A H]); MS3 BUER R #(TEE IKA AH]); Oasis-HLB
[EIFHZEBUE3 cc, 60 mg, SE[E Waters 23]); DIKMA Leapsil Cjg
IEF(150 mmx2.1 mm, 2.7 pm), Waters ACQUITY UPLC
BEH Amide fGi%41:(150 mm x 2.1 mm, 1.7 pm). 0.22 um A4
T LIRS g 2R (I 5 DIKMA A F]).
1.2 XWHEE
1.2.1  AR/EE % BLH

ST ANKE R PREL 23 FPAE WA AES: 0.0100 g, A
1.0 mL 10% W BREW, AEYmis g, HAREEAET
10 mL tF AR, B =N 1.0 mg/mL 4RI
AW, -20 °CHREOGIRAE . HERRFLHL 100 uL 1.0 mg/mL 545
WG T 10 mL FEERRP, HFPEREES, BUR
10.0 mg/L 114 23 Fh A= Wy HdiR & An i Hh RV, -20 °CE R
T2 I IR, B 10.0 mg/L B9TR-Ahr v o B) R K B B
1.0 mg/L [FIRA T FHW
122 #suara®

BUEPEE e 2 b 5 ¢ ZAGEHE 0.001 g)F
50 mL .04, A 10 mL BiEb-S &AL i (pH 9.6),
IRAIRTE 37 °CKVATLE 30 min F84ME L, AL 30 min,
5000 r/min 0> 5 min, B 2 mL F3EWT 15 mL 808,

A S mL R B, BEWRIEIEE 15 min, LA 5000 r/min
B0 5 min, BUAHLZ; EERR—K, GHAH02, &
45 °CAKIBH AR AR ZIE T, A 1 mL #IiGR G sh A,
it 0.22 pm HALUEMEE, fF UPLC-MS/MS 347 .

2 LRI 4G BBAEIA S 23 A Ymay
25 A Ik B S S I AR, HERT R S R AR R vk AL
HEREH
123 &S ftt

(HEIEFM: EAI%H R DIKMA Leapsil Cig @34
(150 mmx2.1mm, 2.7 pm); WA A: 0.1% 2 FR Al
2 mmol/L Z.FREE (I7KIER, B: 0.1%Z B2 2 mmol/L Z. 1R
BRI Z GV W, BEREEE: 5 ul; W 0.3 mL/min; KR
40 °C, BREEVENIRRT W3R 1.

®1 BERBRERF

Table 1 Gradient elution programs

Fis} 8] /min Al% B/%
0.00 90 10
2.00 80 20
5.00 50 50
6.00 10 90

10.10 90 10

Q)FIE LA HmEZE B FIF(electrospray ionization, ESI),
EE T 2 /)0 Will(multiple reaction monitoring, MRM)
B B FIRGRLE: 550 °C; WEZEHLIE: 4500 V, ATTHUE 10V,
SRS 20,0 psi; BEE O AT, JRINSUE ) 5.0 psi,
HBRUETT 55.0 psi; JEEARTIE] 40 ms; 23 FAEPROE R
FRIE S T RS SRR 2.

®2 I MEVEARESHFER

Table 2 Mass spectrometric parameters and other information for 23 kinds of alkaloids

& CAS 5 {5 B e 1] /min 4rFi/Da BB (m/z) FE T (m/z) flf 2 fiE i/ V
BT 3238-60-6 3.75 127.23 128.1 69.0%/55.0 21
LB 75 17659-49-3 4.12 305.37 306.1 140.1#/122.1 34
REE 51-34-3 430 303.35 304.1 138.1%/156.1 24
BT HLBRK 480-54-6 437 351.39 352.1 324.2%138.1 36
FY) 5% 509-15-9 439 322.40 323.1 236.1%/218.1 36
B F0 57-47-6 4.50 275.35 276.1 219.1%/162.1 15
ThER T 357-57-3 4.63 394.46 3952 324.1%/244.1 42
THEAER 480-81-9 4.65 333.38 3342 306.1%/138.1 34
+1T 57-24-9 4.66 334.41 335.1 184.0%/156.0 48
[TETET 51-55-8 4.78 289.37 290.1 124.1%/93.0 31
AT 20501-56-8 4.80 421.57 4222 390.2%/358.2 39
N 11088-09-8 5.76 867.85 868.5 722.5%/706.6 94
a-Fiifl 20562-02-1 5.80 868.06 868.6 398.3%/722.5 94
a-RA 20562-03-2 5.85 852.06 852.6 706.5%/98.0 95
R 469-59-0 6.01 425.60 426.3 313.2%/114.0 38
1 R G 5578-73-4 6.08 367.78 332.0 304.0%/274.0 37
oKD 64-86-8 6.21 399.44 400.2 358.2%/326.1 29
E YR Q 71-62-5 6.38 673.79 674.8 456.3%/474.3 66
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a7 CAS 5 4 B4 Bt 18] /min 4y F1&/Da BEES T (m/z) F BT (m/z) fill 18 BE &/ V
LN 2752-64-9 6.64 631.71 632.2 572.2%/540.3 45
530 302-27-2 6.95 645.74 646.4 586.3%/554.3 45
TR 6900-87-4 7.00 615.71 616.3 556.3%/524.3 45
TR 107668-79-1 7.16 627.76 644.3 584.4%/552.3 45
AT 37239-47-7 8.01 857.81 858.3 686.3%/840.3 45

1 *E 7 B T (quantitative ion),

2 ZERE545
2.1 RFIAIEREHIIER

KB WORAE T 254 T 5 i T A HLE AL, e
PP S e A RV oK o AR — MR, KRR TR
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A —E 25, AR A AT . BT
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PP R R PR G 22, ST RO, MR
] i 32 A IR W6 TR 6 2% vl i (pHL 8.0) 1 - 2 [ g A4 7
62.7%~70.4%, Xt T8 2 EURA, | 2 Sk Gl 2AS 55 553 B 1 A= 4
B RDSCR IS, BIRD- A AL N ZE s (pH 9.6)XF K £
HCEE Wy A A R ISR R R, A AR T 2 TSR AR
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(R I - S SR AN 2% R P

H
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5 0e6
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0.0

AR T HLB BIAZERVIME . =EB B RS
fi 3 Ffudrib el S5RFH, F HLB [EAHAE U NS EASOR
9%, FHEIBCR R 20%~60%, T H R BEAHZEBUIME S
AR5 e i, ARITF2RE N 2B PalAb B =&
BE 2,18 LRGSR AT, MR 61.2%~107.3%,
FIE AP, RSk CRR R
22 BIEEHFRML

& R EN A WIBR A R, A ST LA T A B AR
YT R IERE R Cog A% HFRLE I3 B0k . # 1.2.2
REBRRS, SRALESCTR A: % 0.1%242-2 mmol/L ZFR%E
KW AN B: 0.1%Z.12-2 mmol/L Z. W24k 2 I 5 Ve J i 5
AH, Z39RFH BEH ZIEAEFI g AL T2 B I5 EALINIK,
HFRY Y MRM 3 & WL 1, B 1 8IR, CigfEmsrEg
BOR LTS, Ko B g IB AT, ke Cig A
FER BT TR

Sy AR PR . CIEVEAAT A, ARV LK
AR, RN R ShAR A I R . 0.1% 2R
-2 mmol/L ZFREHMI ZIEERAN 0.1%Z2-2 mmol/L ZFREH(Y)
ISR, RABSEDRIT T43 8, 23 Pl EDAT R
BOCTRRIIETE R AP o0 B, WA R B 451

Waters ACQUITY UPLC BEH AmidefF
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Fig.1

Comparison of chromatograms for alkaloids between Amide column and C;s column
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Fig.2 Chromatograms of 23 kinds of alkaloids under optimized conditions
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Fig.2 Chromatograms of 23 kinds of alkaloids under optimized conditions
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Table 3 Linear equations, linear ranges and correlation
coefficients (r) of 23 kinds of alkaloids

Fig.2 Chromatograms of 23 kinds of alkaloids under optimized conditions

A 3 FE A5 MR LU (S/N=3 i 33045 31 23 Flr A= S i s 1 B
(limits of detection, LODs). LA 10 {51 H(S/N=10)i 14375
F| 23 FiA=YpHa A4 E SRR (limits of quantitation, LOQs), H124

B g LRMETEE MR
il AR /(ug/L) ) PSR A 0.01~0.30 pg/kg, EEFRN 0.03~1.00 pg/ke,
BRI ¥=6.14x10°X-1.07x10*  1.0~100  0.9995 WP R RS R N 0.01~0.40 pe/kg, & R FR K
B2 = X 4 — X 3 ~
KRE o o 00133 s WASTR, IR 2 R
BITHEOER Y=7.30%10°X+1.67x10" 0.6-100 09993 Hp 2 4 TR 0 P 1 o P PRGN A S BRI SE PRI .
AL Y=1.47x10°X+1.14x10*  0.1~100  0.9989 R R AR N 4 PR,
HRE r=4.22x10°X+2.84x10* 0.1~100  0.9995
EETI Y=1.16x10°X-5.86x10° 0.2~100  0.9993 Fz4 23 THESEYEAKE L RAE 2R (@pe/ke)
THEIER  v=1.22x10°X+5.95x10° 0.2~100 0.9995 Table 4 LODs and LOQs of 23 kinds of alkaloids (ng/kg)
b7 Y=1.16x10"X+4.91x10° 0.5~100  0.9990 e GRS TEYPE
B FE Y=1.55x10°X+1.87x10*  0.05~100  0.9992 ot PR E R ozt BR 7 R
BRI Y=1.30x10°X+1.66x10*  0.03~100  0.9989 B T8 0.30 1.00 0.30 1.00
THARERIL  ¥=3.19x10°X-3.08x10° 1.0~100  0.9997 LB 75 0.01 0.04 0.01 0.03
o Y=6.47x10°X-6.22x10" 1.0~100  0.9999 AR, 0.03 0.10 0.03 0.10
a-FAE  Y=1.01x10*X-2.75x10° 0.2~100  0.9994 1T B 0.18 0.60 0.25 0.83
R Y=6.44x10°X-1.95x10? 0.3~100  0.9997 ) 0.03 0.10 0.03 0.10
MRS  ¥=5.49x10°X-6.11x10* 1.0~100  0.9996 7 S 0.03 0.10 0.02 0.07
BOKAmE  1=2.75x10"X+7.23%10° 0.2~100  0.9996 IhER T 0.05 0.20 0.05 0.17
ZEAWBR Y=1.82x10°X-4.26x10? 1.0~100  0.9992 THOLIER 0.06 0.20 0.07 0.23
AL ¥=1.22x10°X-1.96x10*  0.06~100 0.9990 +17 0.15 0.50 0.15 0.50
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HEHE  1=1.48x10°X-3.07x10" 0.2~100  0.9996 BN YN 0.30 1.00 0.40 1.33
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o= R 0.06 0.20 0.15 0.50
R, 0.08 0.30 0.10 0.33
JIREE RS 0.30 1.00 0.40 1.33
AT 0.05 0.20 0.05 0.17
BPTIRT, 0.30 1.00 0.30 1.00
PR 0.02 0.06 0.04 0.13
535 0.08 0.30 0.10 0.33
WEES ST 0.06 0.20 0.10 0.33
HOFE 0.05 0.20 0.05 0.17
T THE T T 0.09 0.30 0.10 0.33

2.5 MEREWERMEEE

s (R 2y AR PR B AR SRS A, MBI 23
Fh A= P8R A AR HEE DA, Btk 42500 1.0, 5.0,
10.0 pg/L, AMREEAE T, TR ] 28 A X R o f 22
(relative standard deviations, RSDs). 2531, Hh2hi kLS
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2.2%~8.2%, VAN 4 i R f B ER AT, BB A5 Rl R
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FAAHIF S B S 95 S A T 2018 AE I T X SE 1),
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WM 10.6 pg/kg; 1RFEAES 53 mk, &k 8.8 ng/ke;
LY FE A R 3k, 528 13.5 pg/kgs TAHFE SRS H Il
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—EMEYIITE S, BRI, AR EBARANE, A

B R
3 4 1
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