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Comparative analysis of aconitine alkaloids in aconite tube using
direct ionization and wooden tip spray mass spectrometry
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Abstract: In this manuscript, a rapid and simple analysis method for aconitine alkaloids was established. The
method was based on the use of direct ionization and wooden tip spray ionization technology to detect the aconite.
The aconite tuber slices were wrapped with wet filter paper overnight, cut into triangles, and extracted with a few
solvents for direct ionization and wooden tip spray mass spectrometry. The results showed that alkaloids in aconite
tuber can be rapid detected by two mass spectrometric methods without tedious sample pretreatment. Both methods
are superior to that of traditional capillary electrospray ionization mass spectrometry (ESI-MS). The direct ioniza-
tion MS is better than the wooden tip spray MS for analysis of aconite except under the condition of methylene
chloride as extract or spray solvent. Different types of alkaloids in aconite tuber can be selectively detected when
different solvents are used. The experiments provide a rapid and no pretreatment MS spectrometric method for
analysis of alkaloids in aconite. These sample methods are important for research on aspects of plant varieties,
storage, prescription compatibility, and quality control of aconite.

Key words: ESI-MS; wooden tip spray; direct ionization; aconite tube; aconitine alkaloids

M 5% 55 JiT 3% (electrospray ionization mass spec-

DR AT W& A EVIR G, £ 8 SUE
B NS, H AR Gt 0 s S5 o A R A

kR H 1 2019-02-24; & 19] H 191: 2019-04-23.

FETH: BIRILA H AR AL T E (B2018011).

*JEIEH Tel: 13214615962, E-mail: yanjing_002@163.com;
Tel: 13895713386, E-mail: xugx@hlju.edu.cn

DOI: 10.16438/j.0513-4870.2019-0131

R D9 B ol T TR PR AR RN 5 55 3 8 DR I R L A 5 3
B ROR — FE 5 B R RE R AL B, 75 0 27 A
25 5T T U H Fn Ak & W i B AR, O HL3E i R 2

B 3 T RE T B 5 B A A 8 DL KR TR Y



- 1272 - 222224 Acta Pharmaceutica Sinica 2019, 54(7): 1271 -1276

75 9% 2004 4 Cooks 5518742 H 1) I A7 HL 5§ (ambient
ionization) 57 AR Bl A B 52 W F) 5B 4 BT U7 v, B AT
DULAE R AR EE T, BRI A 240 /i b 2R B AT b 22
R b B S EAT A

U Ak, BT ESTHAR [ ek, B T FH 9 1 [
AT SRy 3 A4 1 38 B HL I8 25 (solid-substrate ESI) 757k,
GR4ET L% %5 (probe electrospray ionization, PESI)[$,
4R % 25 (paper spray ionization)!'% K 22 % %5 (wooden
tip spray)!" "3, A T 1) DA T 4 Sy S A (1) HEL S 55 7 1,
ARG 25 0] 2 3 Ml A K R AHE U 55 2 o o
%7 AT 25 () 9 vy e EURE i, TRCELTE IS AN T
Ak, A I R, TS R R . 5 R IRED
AH L, A 9 3 R 5% 7K 1 A2 18T 22 AL 1 e FAIC r s 5%
WA SO 28 %, INTIES 115 5 F 22 8], Jf HoR
A G BG4 B AE A, AR TE HERA BRI E AR S
WA, F3 Ak, T ORI 5 1 O 25 8 — I PRI, AT T
DAYk A A8 X5 G R AZ AU o ARSI 5 T D B H T
PRIA S 5 X 7y BT AU, FRA B IR W], AR
55 %%t ] T AE Wi AR h 2500 1) 5 B4y el

KRR 55 I e D N2, A3k 1 DA TEIAA A i 4 5
VRS 3 W 35 )RR )2 90 . G ZHZRME S (tissue
spray)l'7) I F 85 52 (leaf spray)['® Ul B 5% L 2 (direct
ionization)2%. IX = Ff BB 75 143 AHAL, 2 K RE
A 2R /N = A1 T8, S 0 R IR 0 v L, AEZH 2R
Ui % BT 55, FF i B E N N BRI . X L8 Ty
EIEH T AT EAT B % T S M A AR E
o, AMUBER I RE i 3R AL &9, T AE BT V) Ak ks
MBI AN EAA D . FF HIXZE 7507 DA B PR b v AL
ORE i, oo [ AR iy 126 AT B AL 40 B, D81 b gk 2D B o
B, S0 7R & . DURE AR B AR et 5 B AR 1 H
HHEC RN THEHER GEE %
5  RZNSEE) 558 H80 S s A 2R e 2221,

Tl B 7N B ERHEY) S Sk (Aconitum carmichaeli
Debx) -1 AR i 00 1, e D 58 S [m] FBH Rl | %h ok Bl
BH € 1B R T T B R B 9 e AR 556 1 5 55
RER, i) B P A O8N SRR AR R, BT
i) B AR A B AR, TR B AR Bk, DR AR G
G3 AT 7R EAE IR () AT AL B S A R T L 5 0T A
W, BT AL B R — M B AR TR A IR AR R A RS 2
AN PR, il n] DL H, 3K 2 7 05 R AR
THAEE I RBCR, BRI AR 2 T TAEE R
58 FH R 3 550 B K, T L AR P 8 o 52 2% 1) T A 3 AT R
RAEF IS R L, 3805 b 45 AN L SE G = AR
2 o JiT DARR 2 38 37— P AN 5 22 52 A A 2 gk ] DA
SRRSO AR PR ) TV

I AR ORI 55 A EL R L B BOR AN ZE R 2R AT A
B W S R RE 06 FUSC O ML i P K AR A, B
T, b T AR . PRI, A SORER F AR SRS
ZREAZ B EOR, DA R BEAT A, @A A
i % T A T PR e AR SRS P B R T VA
e Ml B 1 R A A

MR5REE

{X2& LCQ Fleet & ¥ Mk i i 1X (Thermo Fisher
Scientific /& &); # 4 /K #% (Milli-Q® Academic); 7 %%
(W SET- A ka1, BATH R .

HEmERF WEE. LN (4, Fishier 2 7);
AT (e, REET ' TR TAH R A ) K4
B2 (JrHral, R el 2 A IR ST A A 5
FGE (M 4l R BT RHE BRA 260 AT IR 5 AE 2 7))
R 24 1 Bt N S 3k (Aconitum carmichaeli Debx) ] #R
FRY ML) o, D) 1 P RS < R 2 )5

FEHlAT o AR H 1% OB F BEIE 1% LR
LGB 1% LBRIKIEI 1% LR BRE R 1% L1
F IR 1% SR A T BRI W

B ERAEREE BT 20 g BREE, A
B 1% R B 80 mL, 8 A5 $2HX 30 min, B L3
2 mL, H 4.5 pm 398, T ESI-MS 4347 .

RIFZERHEMRBIE IEAHKRE, BFETH
) B2 B, AR IR R A B - B InA . A R
WEU BERE SV, R B T RSO AL, AR
I S 4 1) BT AN 1, 2R3 5 B AN R BE B 404
5 mm, JE T H SRR BT H N E 5 A5 R
VAR, B YA, AT IT S

EERBEBENEREE EAAKRE, OETH
HIM TR R R B I BB s = A, E AR
JoT TEASCON VR 77, 1) B 1 1) 2 i L B AN 4K
5 mm, W INVE 7R, FH R LR, 70T B 4

RIEZH  Spray Voltage: 5.00 kV; Capillary Temp:
200 °C; Capillary Voltage: 70 V; Tube Lens: 75 V; 1E %
TR 77 o e PR E o m/z 200~
1 000,

FER5118
1 RGeEBIEE R 5 A I F

1] B 7 o R0 A A 355 U R A e R R
AL PR AN T 2 AR R, FG R OO B AR P B IR S
Sk#k (hypaconitine, HA)+ 25 % % Sk % (deoxyaconitine,
DA). # & LB (mesaconitine, MA)+ % 3k # (aconitine,
AC). 10-OH- 2 3L Bif (10-OH-AC) A1 10-OH- 1 1 3k



FEEANAR IR IR 25 I L4 B 0 SO o L 20 ] A7 o 5 Sk B SA A  e - 1273 -

Bl (10-OH-MA). ER P8 2Y A5 Wy s bl AH B2 X e 2 AR
W38 5 C-8 TR B K R T B, 0 ) D 2R R UK Sk
JE 8 (benzoylhypaconine, BH)- % F i it 44 2 Sk Ji
(benzoyldexyaconine, BD)+ 2% H1 [t 41 12 3k Ji7 i, (benzo-
ylmesaconine, BM) Fl 2% H [ & Sk J& 78 (benzoylaco-
nine, BA). JI§ A= W0t 0L IE B4 A= W 1Y) C8 o7 2. Tk
FEA TR L U YHI TR IV JBR R B A R A K IR I R EA
JE T B, AR 9 o B K, AFAE [F) 43 e A AR B R, 75 gk
AT ER IBCJ5T 1% 40 B A AT DARA E &5 4412030, BT S5 4 1
Iy AL, ZE A AE T N 7% 4% CH, 8 C,H BA S C3 A
Cl10fzE /& HELOH. 2 1 4% WL 3 Fft A= W) 85 1) %
AERS 77 i

Pl 1 g L S5 U o Bt R B . i P 1 PO,
A 28 VLS 5 5 1 R W 21 5T A0 1K BH, A H A
AR, T HAR R B RIS, B sty R . itk
AIEN, P AL G R 55 51, AR IR R AL A A A R D
B, EM A HAS TR AR X2 T B HE

2.5%10"q
279
204104 hog
2 1.5%10°
Z
3 "
2 BH+H
£ 1.0¢10° L 574]
5.0<10°
004l
200 400 600 800 1000
mz
Figure 1 The ESI mass spectrum of methanol extraction of the
aconite
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Figure 2 The ESI TIC of the aconite by direct ionization MS

with methanol containing 1% acetic acid

Table 1 The structure of some known aconitum alkaloids in aconite tuber

R, R, R, R, R Aconitine m/z [M+H]"
C,H; CH, OAc H Hypaconitine (HA) 616
C,H; C,H; OAc H Deoxyaconitine (DA) 630
C,Hy CH, OAc H OH Mesaconitine (MA) 632
C,H; C,H; OAc H OH Aconitine (AC) 646
C,H; CH, OAc OH OH 10-OH-Mesaconitine 648
C,H; C,H; OAc OH OH 10-OH-Aconitine 662
C,H; CH, OH H OH Benzoylmesaconine (BM) 590
C,H; C,H; OH H H Benzoyldeoxyaconine (BD) 588
C,H; CH, OH H H Benzoylhypaconine (BH) 574
C,H; C,H; OH H OH Benzoylaconine (BA) 604
CH, H OPal OH OH Benzoylhypaconine-8-palmitate (HAP) 812
CH; H OLino OH OH Benzoylhypaconine-8-linoleate (HAL) 836
CH, OH OLino OH OH Benzoylmesaconine-8-linoleate (LBM) 852
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Figure 3 The ESI mass spectra of the aconite by direct ioniza-

tion MS with methanol containing 1% acetic acid
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Figure 4 The ESI mass spectra of the aconite by direct ioniza-

tion MS with water containing 1% acetic acid
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Figure 5 The ESI mass spectra of the aconite by direct ioniza-

tion with petroleum ether containing 1% acetic acid
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Figure 6 The ESI mass spectra of the aconite by wooden tip

spray with dichloromethane containing 1% acetic acid
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