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Hydrolysis mechanism of aconitine and deoxyaconitine in Aconitum soongaricum
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Abstract: Objective To determinate the hydrolysis products of two ingredients in Aconitum soongaricum under different heating
conditions by liquid chromatography-mass spectrometry method, analyze its hydrolysis change rule, and verify it in 4. soongaricum,
analyze the changes of alkaloid before and after processing, and summarize the change rules and processing hydrolysis mechanism, so
as to provide theoretical basis for the processing parameters of 4. soongaricum. Methods Taking two kinds of main chemical
constituents in 4. soongaricum, aconitine and deoxyaconitine as the research object, the change rule of alkaloid monomer variation
under different heating conditions was summarized combined with HPLC and HPLC-MS results, which was verified in different
processed products in 4. soongaricum. Results There was the significant change in the content of aconitine and deoxyaconitine after
different heating time, the content of the mainly products from aconitine hydrolysis was increased with the increase of heating time,
and aconitine and deoxyaconitine were gradually disappeared, eventually not detected. Conclusion The processing parameters of 4.
soongaricum were preliminarily determined as heating for 5—6 h, and the hydrolysis of aconitine and deoxyaconitine producing new
hydrolysis products, thus achieving the effect of reducing toxicity and increasing efficiency.
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WENES /R 53k Aconitum soongaricum Stapf. NE
Kl (Ranunculaceae) %3kJ& Aconitum L. %4
AR BN, A2 oA T IR R SE AL SR 3 o M X
PARMEZG ), FERS RS SOk RIA], HoR AR NI E 2
MESKAHMEN, HikE, 85, K, G,
BAARIE,. (LM @EEa I That-2, 3
R AT HT A 7B A b, B e DU #oK &Ik AE
D JR 5 Sk R M Rk 72, AR R 5 Sk AR
VIR 53 AT 1y B %8, I HLRHAERSS /R 2 Sk
12-30-BR 5 Skl 5 S BAT i 8 S ShBEAT 1 5 &
MEB), AR Sa R H h 2 TV, R Bk 2
TR A3 EAT DRSS, 8 WS I FH BRI 4347
T 25 AR O3 0 NSRS JS K =4, TRAE
(R ZR 5 Sk 2 J )t P R AT BRAIE, o) B FL 0 ) 7K
R Dyt — D DU HERE R 5 Sk M T 20
PR FEAR, ARVE R R S Sk A T, BOE Hm
PR
1 UFESAE
1.1 {48

Waters2695.2996 = R0 AH Ea 4%, 55 [E Waters
Aw], AFENICHE. ELB VL. DAD Rl #:
XBridgeTM-C s %4 (150 mm X 4.6 mm, 5 pm);
Agilent 1200 G1312B = RiAH (A (BLA = Jofik
ISR G RS —ERESIR TG ). 4000 Q
TRAP A =5 PUZEAF- 25 1 BT 3 . Agilent6300 57 %
A (RARAEHREIE,. BT, £H
Agilent A 7]; Thermo Scientific LCQ ¥ i Bk FH A,
B ERE R RBHCA IR AR AG-135 B TR
F, B -ER 2 AR IR A, 0.01 mg:
Direct-QTMS5 8 4li7K{X, 3% [E Millipore 2 7] ;
SK250LHC U A ESAL, LRl Gk A A IR
~7); DL-820E g /= Pimvhas, LS
AMAF; KDM B HRE, IRMES
PAERA IR A s XMTD-4000 A H HAE i 7K i3 89,
B W A BT AR A PR A A s FAAVE R ST
BRAE, bR T A A PR ] DYQ-188 7K
TR ENL, B L4 B 2 T PR R 2 )

1.2 KF 5%

HEE, N5 R ttal, SZE Fisher AF; 8
gk, Wl Ol = OlE. Al (60~90 C).
Ol =E e BRSSO E PR b al. x
HEL S TS R 2 Skl 12-R - Skl 5 Sl Fn it
A SRR, B DR B DR R B i R R B 245 24

P ESEAR, RESE=98%: HEYMEAMT
2014 4F 8 K HFsE A e ¥ B, Sl FsEER
KM E R Br Ak MBI 5, e HON NS
IR Y3k Aconitum soongoricum Stapf. [FTIEHRAR .
2 FEEHER

2.1 SmKERERRMARZG TR EEHAR
2.1.1  BAHEIE ST

(1) 34 44: XBridgeTM-Cig ik (250
mmX4.6 mm, 5um); HAF -+ )\ bRt &
RERG: BN 2 HE-0.5%% K, FRESEL: 0~45
min, 30%~60%Z.ffE: 45~80 min, 60%~80%Z.
i ARBUAE 0.5 mL/min; I3 K 235 nm; AR
30 C; #EFER 20 pL. FRASAHRCES S Smfit 5K
T 6 500.

(2D ARt ) 4« A 2RI S8k K 3.5 mg,
& 50 mL BB, FEZMA 10 mL H4iK, 2
W24 h KABRENREFIEE, kR 30, 50,
70. 100. 120. 240. 480. 600. 720 min, %) %75
FIRES, BUREBEAT HPLC A, 753K,

(3) Z55%: X Eb 5 SLmg i FAAS R[] ) HPLC
B, i 5 S AR A 17 LB R B ) B (B 1D
BT 0T, RIS SRR I Y 2 U T R I
K, RHHE L PR KERT, MICHH 5K
e I, FEINAE AR K AEAR AL, 20 min PR
AKMRTEA:, FEA B EIEE I, R B
e, FEEAAERE AR I AR, BT AR BRI A

A P 0 5 SR S B BT N, R
G S AE Gl FE R R AR T AR, B AR A T HoAh K
5y, X5 SCHRES RS —F. B I AAS [FI B R] PRI
I i 75 2] €2 1% Pl m 25 B . ) £ T D O T ARUE A T EL
B, 0 R A B S T £ P R T L PR
HEAT R B FH 5
2.1.2 B ST

(1) WA EREZME: Agilent 1200 G1312B 7%k
WO 34X ; 4000 Q TRAP 7 = 5 PU 24 #7551 i &5
TR XbridgeTM-Cis fa i (250 mm X 4.6
mm, 5pm); HEARFT/\GEHEEG AR
AR CIE-1% %K, BREEMEL: 0~45 min,
15%~60%Z.J15; 45~55 min, 60% /15 ; #EiR 25 °C;
AR E 1 mL/min, KK 230 nm; #EFEE 5 pL.
PR IR A% S Sk Bl MK T 6 500.

(2) Figaft: ESI B, IEE K, ESI
W% HLE 4 500 Vs S (Gasl): 60 psi (1 psi=
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Fig. 1 HPLC diagram of aconite alkali solution heated for different time

6.895 kPa); < (Gas2): 50 psi; K75 (CUR):
30 psi; & FUEIEE (TEM) 450 C; LFEHE (DP)
60 V; TIRESAFRE 10 L/min, HFHEE m/z
200~800.

(3) B FF SNSRI 12 h AN
#30. 50, 240, 720 min CFRHE ] 2 FhBkidk k1
WAL HIRE A o

(@) 453 B3 S oI FAAS [R] B 8] FrO 9
TR 1% P 5 5 S Aok R (090 o % 13347 % B 4
Mrs VTR I 20 T 43 21 5 S Bl KA M AR AN [
N A e B i B DA Sk IO #4450 min Y
FERRE P (B 2) N, ZAE S A AR
WEAME, FRER, HAEMRERE =T
DT BT m/z 500, 586, 604. 646, HE/r T BT
miz 646, LAY 41.03 min, 51 K087 75
FUE—B, R miz 646 BT 53K T 5T
HET BT m/z 604, HIERSEN 31.06 min, 515
SLE miz 646 B THZE 42, 42 9 ZBERE AR 20T
R, S SCERIEP Y, N m/z 604 81 N5k
UHg, 52123k C-8 MLBR K MR =4 . HED T 58
T m/z 586, UG 8] N 41.47 min, 5 2 S0% m/z 646
B TAHZE 60, 60 A LFRIAENT > T &, UL %Ak
GRS R L LR PR, S22 Uk iRaE P,
N miz 586 BT NS, 25 kbl IR IT
ISRFH) . WEST T miz 500, HIUERE]A 10.75
min, 23905 523008 miz 646 B TAHZE 146, 5153k
B m/z 604 FHZ 104, 104 522 HI R (AR %43 1
iR, 5659k S5 RS2 SOk iaEl 1Y, A

N milz 500 BT R SSKERR, 25 SkiREE C-14 A7
FR I S 7K PRI =420 o

MG L ESERERH], 5 Sk BloK VA I #4 i i
TR AR T Sl ARk, Sk, B
InFART R AR AL, 3X 4 R I bl 2 B A,
X EE 5 SEAK UM AAAS [ B TE] (304 50+ 240, 720
min) LS FRE (B 3), v 0L Skifie = it
MO KA T /DERIKAE, BEAE M E T,
L SR & B F k>, KA R S S COR
FIE S AR (e TR ARG K, oAy 3 Pk A
FEVVR M I, (H AR AR 2R, BEI TR E K
EANFERRAES, A REAZEERN, AR
TAUEIE R, PRI, 005 Sk e m# i i
Frb, JerKAE R IR S Sk S, PRy HoAh 2
Py, HIXECR o fEEA B AL . B Shmai i 2554
DL 4, KR @A DL E 5.
22 BRELLBKAREFSRMBAEZEG THRE
MRS
2.2.1 AHERE ST
(1) i F: XbridgeTM-Cis foifit: (250
mmX4.6 mm, 5um); EAFAT/\ ikl S
WEME; RN ZHE-0.5%% K, BREEDENL: 0~45
min, 30%~60%ZJi5; 45~80 min, 60%~80%Z.
{5 80~120 min, 80%ZME; AR E 0.5 mL/min;
Kl & 235 nm; ki 30 C; HEAEE 20 pL. FE
WIENCEZ S ST BT 6 500.

(2D A R 1 6« A B PR DU 460 LB, 2 mg,
#H 50 mL [AEREE S, FEZMA 10 mL 4K, &
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Fig. 2 Total ion flow diagram of the sample was obtained by heating the aconite alkaline solution for S0 min

15 LB K BOIN A 30 min BE A TR E 13 SRR UM B 50 min
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£ ST A 240 min B g 36 8 T S SCTUKIB B 720 min
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Fig. 3 Total ion flow diagram of aconitum alkalis solution heated in different time periods
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Fig. 4 Structure of aconitine
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Fig. 5 Reaction pathway of aconitine in water heating

BIFR 12 he 3R 24 h S AEIAE IS, %
WBIEIA 5. 204 30. 50, 70, 100. 120. 240. 330,
480. 600. 720 min.

(3) 4553 BWLAE S S B A BN AN [F] i ]
(RE S EAT HPLC A5, (63 AT X LG, Jifik
BRI R R EREE (B 6) AT T,

JI 4% SRS

Jt AL Sk BRI T
InFA 5 min BE G

T 4 #r
(1) WiFi&tF: Thermo Scientific LCQ Y35 ik
R, XbridgeTM-Cis 13 #: (250 mm X 4.6 mm, 5
um); IEFEFIN )\ e e SRR, BN
CE-0.5%Z A, EREVEI (80 200, AR
& 0.5 mL/min; MK 235 nm; Al 25 C; ik
FE& 5 uLo ESI BT, ER B, S
m/z 95~800.
(2) BRI SO A S SRR I 24 h
PLEIn# 50, 120 240, 480. 720 min IFESM
(3) 25 5%: IS I A (0 7293 B 75 380 i 4
5 S In AR = it S8 B P, 7R s f e
AP T HE T BT miz 630, 588, 570 484,
466, DIAENE R 2 Sn#k 720 min FE 5 61, AR
i B I LA B LR 7 T i EsE T (B 7D,
223 M AR SR R . AR SRR 24 h
FE G R0 it 420 AR5 720 min BE S OXTEE, AT
JE AR S Sk IR R R R A KR I B, i
INFACLE KRR T 4 MRy WD T &1 miz
588 1£ 36 min g, FEH DR, 2B Sk
B C-8 £ EREEK AR 7= 13T B9+ m/z 484 1E
32 min g, &56 2L InIAEIL, A miz 484
BN EE LD KR 1155 F m/z 570 4 54 min
s, B e O 5 Sk IR BT m/z 466 7E 9 min
g, mE HONEE XA SR E, BT m/z 630 N
FH 50 58 S B 7K VA TN AN [] i [ 149 J s PR
B, B M R E, WA Sk (m/z 630)

Jht L5 SRR I 24 h A

o4 S BRI VI B 240 min A 5

10 3 0 70 90 110

t/min

6 BRE SRR RMATFEER HPLC
Fig. 6 HPLC diagram of different heating time of deoxyaconite alkali solution
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t/min

l 0SS SRR T TR A
720 min Ff & 88T

||
. j
‘ i
m\“\"”’w{f&u‘ﬁ}'w‘ L "‘-Ww»mmv} Vs
5 15 25 35 45 55
t/min

miz 630 BT i i ]
(Bt

150 300 450 600 750
miz

m/z 570 BT i
(FEdD

150 300 450 600 750
m/z

mfz 630 BT ik K
R B AD

150 300 450 600 750
miz

it S SRR K LI £ 720
min F iU TR R

ORI NS WY VPN PR | d‘. e i b
150 300 450 600 750
miz

miz 588 BT J i

(BEdD
150 300 450 600 750
miz
m/z 484 BT i
Rl
150 300 450 600 750
miz

7 BRI B R KRR 720 min KRR BFRERBEFRIEER
Fig. 7 Total ion flow diagram and ion mass spectrometry of deoxyaconitine reference substance and sample heated for 720 min

(BB B A R 298RS SR (m/z 588)
A F S Sl (m/z 570) 7E3RIE 24 h (IFES, R AT
DIAGIN R Je5 2k AR (m/z 484) A JL5 123k
JEBH Cm/z 466)7ETNFA 50 min FIFE i AR AT ARG 2],
EEEAD; BEMARERER, X4 FP=KE
BTN, 2 Sk SRR £ 2 AR Sk SR B AR
#4480 min IR H K, REEEKINFANTE], &
SXIBWIR D B T R s 25 SR IR B 7E 330 min
WA B, Bl 58D Bk SERESk
B 120 min BAREAE, BEJG WD B2 H
o WA LB A5 LI 8, i A S S m #
N g ILE 9,

2.3 EERE L AM B ESI KR HI R

2.3.1  HEME IR Sk 1 S RN i A S
T ASUREA T A OO0 S Sk RH bt A S =t

AT, FHEAT 7 ks gzl

(1) il &f: XbridgeTM-Cis il (250
mmX4.6 mm, 5um); AT\ iRt isd &
WEE: BN ZIE-0.5% 2K, BREDERL: 0~45
min, 30%~60%ZJi5; 45~80 min, 60%~80%Z.
5 80~120 min, 80%ZME; AR E 0.5 mL/min;
Rl K 235 nm; AR 30 °C; #EFEE 20 pl.

(2) BRI & e R 5 Sk 2584 H
KIZE 24 h, JH7KZ& 5+ 50, 240. 720 min AS[H]
B, B, 1A, 60 CLLNHET

W E 3 hn FR AN (B I R) 15 21 £ 4 18 R 5 Sk e o)
i, FE 3SR, M G 3 50D, BB AKL 1g, K
BT, B 5 mL 10%20/K% HEE, A
20 mL £J8, K% RRE, BA (25 CULR, 53 kHz)
PEH 10 min, JUEER, FWEERERE, *HMNEREH
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P, EEER, M, JFH 30 mL ZEEEWOY 3
RVEGLE, JEIT 40 CLATHT, BREMONE
SERE S mL B, AL, BEE.
(3) HENME: WA “23.1 (D7 Bk KH,
A it o 5 SRl S 5 ke Bk 23 931 6.484 8+ 0.268 5
mg/g (n=3)o 1 IT A i S 5 Sk B i 7 A o] Bk (1]
AR Ak il 2 & 10 o
S (4) G52R: REHENR K 5 S AN RIS [a] 1 ) bt
YRR G PRI HEAT LA, 9% AR B B 2 1 i
8 BiE IR EIREA T (B 1D
Fig. 8 Structure of deoxyaconitine 707
OH  oem, 6.0
o m"'?/'OE'Z 4 _‘ggs.o- I
C2:?-_N N oo - ;;i’ 40
bew, | OcH, WESS n 630 ﬁ[} .
l ¥ et ) 2.0+
T oo oot S Lo U] B
CZH'E’—N:\ (-)-'_'LOH W “:\“ ~ow M t/min
Ul Dok e OcHy  OOH: mmsAmE e [E) 10 OfERE/R B SKTEAT R B SKRAE 6 SRR 1
T HhL [

B9 BiEESmEEK P mRe R &R

Fig. 9 Reaction pathway of deoxyaconitine in water heating

%t

JESPUD NIV N W—— t

il 5 min B

Fig. 10 Curve diagram of aconitine and deoxyaconitine of

aconitum in junggar with processing time

W2 24 h BEG

UL N

M 50 min B

JWUL/NJULJLNLA e I JJHJI‘*H*‘N W\J.JLJ \‘\,”J\u\_.ww'\_:\_ﬁ#’,\vw.

S 240 min FE 5

Hai] 720 min K5

JW‘L‘— /‘A'\_.—_J F\iﬁwﬁw-h

0 30 50 70 90 110

&1

10 30 50 70 90 110

t/min

B /RS LA R EHIE B8 HPLC

Fig. 11 Changes of liquid chromatogram in A. soongaricum before and after processing
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FH VHE e 71K 55 Sk J i) A [R] B TR o ) HPLC [ R
DAE H, #EE RS Sk e B, 5kl
ot 4 S T U T N, B A R
232 R HT

(1) WFi%AF: Thermo Scientific LCQ Wi i ik
FHA%, XbridgeTM-Cis il 4E (250 mm X 4.6 mm, 5
um); IAFEFIN )\ ek akbedd S rE; iR
ZE-0.5%%K, BEEEGEL: 0~45 min, 15%~60%
ZJE: 45~80 min, 60%~80%Z.fiE; 80~ 120 min,
80%Z i AR E 0.5 mL/min; 3% K 235 nm;

‘ Zib TR

Ja i 720 min £ SR B TR E

FEIR 30 °C; HEFEER 5 uL. FIGESCER S Lt
HMNAMET 65000 ESI & U6, 1FE&EFA B,
FAHEVEH m/z 95~800.

(2) fElFh: B “2.3.1 (207 TR AR SR
A5 T A

(3) 455 BAM PSS TR E S A F
S R IR B AT B (B 12D, AT RA RS
1 W85 7R S 75 J6 1) AN () ) TR) PR A o o 1) 28 A0 4
B, GEA S AR NG B, i 250 75 M )it
W=

b BB T
150 300 450 600 750
miz

L] 720 min B T BT

150 300 450 600 750

miz

E 12 CEB/REFAHFMEE 720 min SRR B FREREREE

Fig.12 Mass spectrogram of A. soongaricum in simulation processing at different time

FRAE X B2k ST DU, 7RSS JR 1% Sk (F e 1
R, M S RS 1S SRS K R S Sk ik
Bl R HE S Sk 5D, 4k K g o At LR 4 s
I 85 1 0 1] P A 2 SRl B T k2>, Sk ik
B BTG N, AE M) 330 min AR, B
JE TR, S Sk AR — BARE, W
5 J BT A 35 5 5 SR A AR A A A DG C
R BEE D LB I HOK AL R 2 Sk ms— A,
H B BRI 2 A S Sk B ) AR A e 35 5 i A
IR AR A R K R
3 4

G I AA R 85, 5 S BRiz o i, 7E
I 20 min P FREER, 2R HIE S SRR (12 3kik
WD SR HFEY), 2R S SKERR N S A S 3k
B A e ) ) 2 K 1T S 388 N B e i b,
BV REA TR BRI R 1 SLBINHA A
N B AR df s 32 AR S NP A2 2 2 PR 1 3k Tk

ANk, AR BRI, B SR &
BT, VSRR A SRR T, 5 Se oK
PR S S, P A B Sk e, 5 Sk S el
B F AR, ARl K RS B, ARG A
REMSA IR S5 CHRERM], EmipdEd, 5
Sl e 7 gk 9 LA I B Sk BN 2 (1 22 R s
XL R ERE — P I I AR T A AR A AN
-, [ AN A TR SEG, S N IZ T 1A,
InFGL R B D -

AR 0 4 S I At T 45 R, BT
55 KT Cro HEEYII, SSHARLL
KB AR, IS SR I R v,
TR RS R 25585 3K SRR £ 25 4 5 Sl
XU, R RE T, A5 SR 5 S K
TR IR, o A SRR, i
AR, RO T BCA B, 7R e
L2 mallESI
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4 Wie [M]. & AT FamA R AR, 1977.

BN KB SCIRIRIE T 5 Sk 7K A =4 Fi AR
R, AEAHI T IRE 42 T HENE IR 2 Sk b AR D
IKFRAA AR, 45 SRR AT A fE
IR 3 v 5 SRR I 40 Sk 2 Skl Y Cro
VIR, RAKIRI N . 5 S AR 4 S Sk B &
FEMBURABR PR, (H R H R B
By, ENTHENE K 5 Sk B A Sz I Z A E,
TEJG IR IR B 2 SOy X P B AR B 23 IR 3 1
N2 RS PRI 5K

5 SR 5 Sk SR AR A P R I N 2 5K
B4y, FLAE M AR P K AR AR AR S R R
i AR R, Rk, Sl AR R R, dE
W5 7R 12 S o PR ) ST IR AR 2 50 min B, 123k
B AKAR T 90%, FH A K43 Ak o 2 F I 1 Sk i
Bk, FLFF N 2 B 1/50~1/100, 5P KKK,
12 (REZHY 2015 FRF, WIS, HED .,
T 3K 2R F R Sk SR R S FLR B AR I B R bR
—, EHEREBRD SLER . KBRSk 5
B E N 0.07%~0.15%, ARIEAH ST, 75
TR B I A B e B U R, v R Sk
JELHIIST 8] 4 330 min B, 0G5 il A 2 R 1 Sk DU
W Edm, NIRZMI 3.48 £, RTHI5 ) 1HENES
IR SLAEME A 330 min B 25 PG Sk SRRk ) 2 B At
% I B ) R R I Sk SRR )
0.025%, KT Zj8 R e e, R\ %s, o]
W0 B ) T 2 S 5P IR (A 5~6h, BAZK
FH 9t % Sk TR A = R 7K e 7= A 1) B 80 MR8 AR ik
— BT .

&3k

[1] EFRERER, 8 A Sk RIEED ¥ [J].
rp [ B AR A BRI, 2004, 23(4): 29-30.

[2] FEEAEYLIEVEGT T, B HEYE GBI

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

£, 5k UL, RRAWTKR, & R T
PN 5 3 AL K AL o) BB BB FH 0 5 7 1)
WHFCEERE [7]. 52, 2016, 47(19): 3543-3550.
RATEER. BBV R SR OC R L MU FEROE 1t A AL
EHOIHTSL [D]. BEARTE: HEERIRE, 2015,
Singhuher J, Zhu M, Prinz S, et al. Aconitum in
traditional Chinese medicine: A valuable drug or an
unpredictable risk [J]. J Ethnopharmacol, 2009, 126(1):
18-30.

T8 P2l M) dbst HhE B 2 A,
2007.

P25 [S]. —#&B. 2015.

KR, ) A, dkER:, 5. RORAH - e
VRS SR K AR (9], R AR &, 2007,
16(4): 303-305.

Wbz, XUAKK, FKZHE, 5. HPLC-MS™ ikHE Tk
S BRAE KA SN [T]. b R 2 K R
2007, 30(8): 539-541.

X5, T, K, %5 HPLC WE 7 AL HA
Hil e 3 BN B A S (7] PR E,
2006, 3(14): 1160-1162.

PRERK, 2 K IS ME D e SRt T [A] /) Tk
R 2 5 2 S N T T 25 R S UGRSCER [CL.
i AR 2aE 2, 2006.

8k, KRR, RESR, 55 RS A
Pl K it S L FR) LS 25 T8 A D). BTG AAAR, 2009,
30(1): 1-5.

Desai H K, Joshi B S, Ross S A, et al. Methanolysis of
the C-8 acetoxyl group in aconitine-type alkaloids: A
partial synthesis of Hokbusine [J]. Nat Prod, 1989, 52(2):
720-725.

B, B RUKH. GLBUKIIRIFETE (1],
S HTALEE, 2009, 37(10): 67-68.

£, FEOR, A R, A HEME/RE SRk 4 ALY
BAE M AR P S AR [7]. Rk, 2016, 38(12):
2641-2645.



