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Study on structural transformation pathway of indaconitine in stir-frying with
sand process and toxicity of its processing products

WANG Yan, TAO Pei, WANG Yu-jie, DENG Wei-jia
Chengdu University of Traditional Chinese Medicine, Chengdu 611137, China

Abstract: Objective To study the structural transformation pathway of indaconitine in stir-frying with sand process and compare the
toxicity of indaconitine with its processing products. Methods Using high performance liquid chromatography to screen out the
temperature and time parameters of the structural transformation of indaconitine. The processing products were separated by column
chromatography and identified by NMR and MS. The cardiotoxicity test was chosen to compare the toxicity of indaconitine with its
processing products. Results Indaconitine was converted into mithaconitine when it was heated at 160—180 C for 10—30 min.
With a dose of 0.06 mg/kg, indaconitine could induce ventricular arrhythmia in rats, such as ventricular premature beat, ventricular
tachycardia. However, mithaconitine had no arrhythmogenic effect at the same dosage. Conclusion The structural transformation
pathway of indaconitine has been defined: deacetylating at C-8 position, generating 14-benzoylpseudaconine, and converting
benzoylpseudaconine into mithaconitine by dehydration reaction at C-8 and C-15 position. Compared with indaconitine, the toxicity of
mithaconitine was reduced.
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Stapf. 208, FEHTIRIT FIRMESST 98 . BT 4R
fadi TERERSEB, ST RUAYIP, (Rl T & A5
PEAE RO, TR S A

HAT, X5 3L I 21 1 0 ) 3 R A K
ik KB 4~6h) K#EHTE (6 6~8h) B,
SHL 0 il B D A R A A o S B K RSN
P O 6 4 A A 1 2 A A 5 T 5 A ) P G R T
JE TR, 0 S B A 2 1 Sk TR R
KRB Gk JE B R R IR M ) 2 Sk 2R 2
M AXTFIEH] 5~10 min BIATE B H . 3R
KA R T AR B A 48], et R by ) A ) SR PR AT
WFFC, AT M o ok 25 S Dy 2 M A A i 3ot v I
I J7 A BRI BN P E BRI AR I
S T =N & AN P VR 4 T I e R I =1
3% B IR VR b DD AR B, S S e A
il R FR AR B3 AR I A R FE VG

B B Sk AR A R R R 1) 5 — 5 F R, R
BEPE AR AT B SRV S . ARS8 DR 5 Sk
1 EZ R 2 — BN B e, SR A A A I
v (1) @i HPLC ik, XPARMHIERE .
B T PR AT 00, Bk B S AT AR R
L) 22 K (R F 06 R AR S MG AL, 08 HE A iR
FEFIRT R 25 (20 PATROE S EUE ke, Xt
ALY TR M 8. G5 %E, R A Ay
Bol B S i S AL = S5 4, B ED S B e b A
RS ARR; (3) EROIEFHMSE
bl 5 B 5 B g FLRE AL oy I BRI KN . AR 2R &
FFIBEIE 2 AN 2 R0 1) B R 5 % Sk )10 kb e o
JREEL, 5 SRR b i T2 i RV A 4R it

SEME .
1 UBEMH
1.1 {28

Agilent 1260 B! = 880BUAH 4 1% 4, Agilent Chem
Station a3l T{Eul, £ Agilent AH]; BL-420F
Z e A AR AL, AR AR B AAE AR A W]
CPA2250 WL #r k-1, 78H Sartorius 2w ;
ULUP-I-10T {4k, A AR S0A PR 2
m); HH-ST S aiA e pEa%, whitt i, IR
FOFHX S s RE-2000A Fet7% k4%, Figiisg
AR XT-4 BAUE R, RIS B R A
AR AW, &I R IE: Perkin-Elmer 341
polarimeter i€ 61X, & [E Perkin-Elmer /A #; Bruker
Avance 600 spectrometer 7 i L ARAX(TMS 4 A A7)

Bruker micrO-TOF-Q-II mass spectrometer Jii i1,
%% Bruker A # .
1.2 A 5RH

FRETE 5 Sk 25 R B DY A8 H Ao T B R &
5P, MR ARG R P B 25K % E RS IO AL L 4
TE N FERE 53k Aconitum kusnezoffii Reichb., fEiEFR
AL BB e 25 K 5 IR R 1= 24 S B An A =2

2O iE R G MR @i, 200~300 H,
TR T s DS I, fES T-043-
161216, A= E>98%, BRiGRRAEVR AR
ANF BRI, #15 2017090501, RESHANEAL T
W) s AEFEEK, fiES 1218090910, PYJIARMEZY
WA A PR A ] s i Bt A T R 5 60~90 °C
B R O nEaEal, EHE
Fisher 2] ; ACAHBZAIK; HARFIE et
1.3 =

SPF AR SD KR, WEMEFH, AiiE
(200£20)g, ¥ AR S 56 sh A BR A 7 3t
SIS A RTE S SCXK (1) -2015-030.
2 FEEHER
2.1 ENSHEENE
2.1.1  @migE%& M @ik A~ COSMOSIL PAK 5 Cis-
MS-11(250 mm X 4.6 mm, 5 pm); JiZHH N 2. 5-0.03
mol/L kPR EIF . (R KA pH 9.5) (43 1 57)
SEFETRMG; KRR 35 C; AARAE 1.0 mL/min; A%
M 230 nmo BB ARECZR ED 2 0 i 0 TH AN
f&F 3 000,
2.1.2 KRR SR E A RN SR R 46.26
mg, FiEME, B 100 mL A, & bl
B B Y 462.6 png/mL RSk 4. B 4 mL
Z N B 10 mL SR, AL 0 0.1%
EERR- L E 2, K 185.04 pg/mL X HE VAR
PEA), FLUERE (0.45 um), EXSHEW, ENFE.
2.1.3 il pEIE R A EURDR R 20 4,
438120 140, 160, 180 ‘C 4 MEEH, HME
FERWE 5 AEE A (1. 104 204 30, 40 min),
SRR “2.1.27 TR R P& 4 mL, 35T
Je, IR E R AT RS, RN,
A, N 01%Eh - AR, B ZE 10 mL &
A, 0 0.1%2hFR- e A R AR, ME N
PRV, 125, RFLIERR (045 pm), HXEE)E
W, BfR

214 ZRMESRR. RPRAERRER B
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SIS R, N 0.1%3RER-F LM Ui IR A 2
mg/mL FIREE, KB WBOZAME & 0.025, 0.1,
0.2. 0.4. 0.8. 1.0, 2.0, 3.0mL & 10 mL &+,
I 0.1%ERR- B AR ZIE, B BIRE R 5.
20, 40. 80. 160. 200. 400. 600 pg/mL [KIIEW,
BA], WALUERE (0.45 um), HEUSHNEW, ENFE.

At S W3R o R AR 10 pl 39 N AR it
0 3% “2.1.17 TR R, MEigmt, I+
BEFE BB AR (XD, DLAETHBUAIAAER (), i
ITERYERNE, RN Y=11.913 X+1.373 9,
r=0.999 2, FRIFEILHHIE 5~600 ng/mL L5 R
RAF AR 3 50 10 £ 45 M bb B 2 AR B B 1Y)
HIREE, i€ AR IR (LOD) A 1.075 pg/mL,
MR (LOQ) M 3.440 pg/mL.
2.1.5 REE NS R S WO ED S BT R A TR
10 uL, % “2.1.17 WiURN a5k, &8 6 I,
73 B S Hg U I AR 1) RSD A 1.06%, 3R IR 25 5 R 4T
2.1.6  FRoEERES RS WL ED S B0 IE AV T
0. 1. 2. 4. 8. 12h, #% “2.1.17 Wi N a4kt
FT05E, HEFER 10 uL. W95 ED 2 A4 i Y RSD
9 1.30%, RO AVA AL 12 h NERE T R IF
2.1.7 EEMERARE WEEREE 6 4, AalinA
“2.127 Wi R MAEH/K 4 mL, #HTHERE, T
160 C R 20 min, RIGRG, B4, I10.1%
EhIR-F R AR, FFEREAE 10 mL 2=HF, 0 0.1%
HR-WREERRZIE, w5, JdMALIERE (045
um), HUELRJEWR, BIfR. #% “2.1.17 T F @&k
Sy RIHEATINGE , HEREE 10 pL. 075 BN Bl i AR
1) RSD N 1.17%.
2.1.8 EDERMHI AT . SE S EIE 2 B
“2.1.27 TR EPE G R i v “2.1.37 TR AN
TEEE B TA) L ) ARV VR 10 L, RN R
BREN, % “2.1.17 TUN ISR AT S 2T .
22 1EEI T ESHAHE

I E B SR AR, SRS AR ]
AR Btk B R O L R I, RERE BV
Hby s Bt B S B E AN R B L BTSRRI A i
o, ERIE 1. 2 KR 1.

mR 1 Pros, AT BT S B i K T
185.04 pg/mL, 7E 160 CHIfH| 10 min J5, FiEKE
BN 74.82 pg/mL, JEH] 20 min J5REREREN
38.47 pg/mL, 180 CHIf] 10 min 5, JFiEWERE
N 8.65 ug/mL, 20 min i, FREIKEREN 0, WEL

* 1207 -
A120 C 40 min B 140 C | 40 min
| 30 min | ~ 30min
| 20 min | 20 min
| 10 min | 10 min
| 1 min | 1 min
| 0 min | 0 min
C 169 C 40 min D180 C 40 min
30 min 30 min
i 20 min ~ 20 min
o L 10 min _— 10 min
J 1 min | 1 min
7 l = 0 min = A)W'l‘i 0 min

0 15 30 45 60 0 15 30 45 60
t/min
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Fig. 1

processing temperatures and time

Chromatogram of indaconitine at different
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Fig. 2 Content variation trend chart of indaconitine at

different temperatures and time

*1 TEEFRTENSHSE
Table 1 Content of indaconitine at different processing

temperatures and time

BN 5/ (ng-mL™)

B 7] /min

0°C 140 °C 160 C 180 C
0 185.04 185.04 185.04 185.04
1 184.40 184.25 185.02 162.01
10 181.83 162.84 74.82 8.65
20 179.98 155.96 38.47 0
30 178.79 137.93 26.17 0
40 175.58 133.57 10.67 0

K 1-C. 1-D &K¥, 160 C-10~30 min S 180 C-
10~20 min 35 &, FEOREIIE 8. 15, 43 min
ib, HELT 3AETRIEE G, @ R E . B
) €0 R B, (R B IS TE) 43 min AL SRR 2
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U, WORSEE N AT TR % .
2.3 ENSEEHEIEEILR SRS EEREE
231 HEERES BRI S 520 mg,
B 250 mL BRI, InidE s S P, A
JE e MR 2 A GZE TV, A B 2 B35 ) Hb B 35 7
FERBH A EE, T 160 C T 30 min, HUH,
B, MR WA, BB KT, ET
WA, 1 EED AR HI=Y) (450 mg), fE EAA .
232 SrEAAG KBNS BRG] AT R A
% (200~300 H, 120 g), - - = 2% (8 :
1:001. 6:1:001. 3:1:0.01) BAEEBEM,
ANBEEE 1.5 L, EERKMN, &S G, 23
A. B. C34 4% . 445 B (260 mg) #t—K A
RERAT A RE (200~300 H, 120 g), B A4
k- E-= 20 (5:1:0.01), B34LE% 1 (90
mg).
233 ISR RS ST ED
1: AfEE, mp: 109~111 C, [a]hy +220.1° (¢ =
1.05, CH;0H), C3,Hy3NOg. HR-ESI-MS: m/z 570.306 0
[M+H]" (i+51E 570.298 9), M. NMR i (£ 2) 7]
DB, WED 1 ET 5L i B, A
H—N-N-CH,-CH3 (6y 1.09, 3H, t, J = 7.3 Hz; on
2.56,2.65, & 1H, m; oc 13.6 q, 49.8 t), 4 I HIE
(01 3.24,3.27,3.39,3.32, % 3H, s; oc 56.4 q, 58.1 q,
59.3 q,57.2 q), PAJ 1 AKRFEEEEE [0 7.42, 2H, t,
J=17.7Hz;7.53, 1H,t,J=7.7 Hz; 8.05,2H, d, J= 7.7
Hz; dc 168.1 s, 130.4 d, 129.9 d (2C), 128.2 d (20),
132.9 d)]; 0n 4.96 (1H, d, J= 3.7 Hz) J7J& T H-14B,
TR EE RSB T C-14 A72021, HMBC imi2AH
Rt , 1-OCH; (0u 3.24, s), 6-OCH3 (0u 3.27, s),
16-OCH3 (du 3.39, s) 18-OCH; (0n 3.32, s) 255
C-1 (dc 83.2, d), C-6 (dc 83.6, d), C-16 (dc 83.5, d),
C-18 (6c 76.7, t) #Hi% (& 3); M PC-NMR #EHm]
UEH, a1 BG 7 40hE&8mES, Wik, B
TORHELEAD 4 NHRARES, a1 EEA 2
¥2H, HMBC K8, C-3 (6c 72.0,d) 5 H-2 (6u
2.18, 2.26), H-5 (6y 2.10), H-18 (0 2.69, 3.79) A%,
C-13 (6c 77.6, s) 5 H-9 (0u 3.06), H-10 (on 2.22),
H-12 (0n 2.25, 2.00), H-14 (04 4.96), H-16 (0n 3.47)
FHIR, HIESEIX 2 N HIALT C-3 A F1 C-13 fif
(R 2.

AP 1 SEISER NMR BEARL, X 57
T (D) ENSEM C-8 i F | NLBER, miks

Y1 1E C-8 A LA SE: (2) PC-NMR 1, Bl
L) C-8.C-15 AL =L FE 43 il 85.3 Hi1 39.41221,
MAEY 1 1 C-8. C-15 ML 2EALFE 53 ) K3 IE
F£ 3 146.6 F1 116.3. [Ft, 'TH-NMR 1, dy 5.57 (1H,
d,J=62Hz) HET H-15, £ C-8 Il C-15 2|
TR T WU AR 4 TH-NMR . 3C-NMR & 2D-NMR
(HMBC. 'H-'H COSY. NOESY) ¥4 (£2), o
DL E &Y 1 K454 mithaconitine [8,15-
didehydro-1a,6a,16B-trimethoxy-4p-(methoxymethyl)-
20-ethyl-aconitane-3a,13p,14a-triol 14-benzoate].
2.4 BELSLIRPENSREIELIERINIESE
24.1 ik AEHSN Polar-phenyl (250 mm X
4.6 mm, 5 um); JBNAHAN LNE-0.03 mol/L kIR
B CGRZ K pH 9.5) (37 1 63) SEFEVEML; #+
I 40 C; B E 1.0 mL/min; A& K 230 nm.
PR HCH BN 5 Bl (35 06 T B AR T 3 000,
2.4.2 TMESEBRIHE] S B “2.1.27 BUT ENS
i % 2 mL, & 10 mL =i, I 0.1%3h- H FE
TEAS, A 92.5 pg/mL BRI IR, RS,
FLUERE (0.45 pm), HXZLJEWE, BPTSED LR80T i i
AR

HY mithaconitine & &, M 0.1%hER-H B 5%
mithaconitine %] B8 SR, B250, I FLIERRC0.45
um), HUZEJEW, RI4S mithaconitine X [ 5 W
243 WPMEHRESE B ERBRN, PER
TRAS, REETHEREZ R 160 CH, HANFED
SKUMR G 4 505, Az, 2HEESE
H, B, b, JdaE, BIAS.
2.4.4 ARSI BURE S S A AT kb
a4 505 % 6g, MEME, B 500 mL HIE
HEF A, 2.8k 300 mL AR 12 mL, A2 1
h (I IREED, JEd, IEMIRIR AT, ZREN 0.1%
- AR, R 10 mL &, 0 0.1%
HIR-PEE R BRI, V5N FE S KA AP i
PRI, RES), IALIERE (0.45 pm), HXZLE
N EREIES
2.4.5 EIZ &2 mithaconitine #  43 Ji) W BL
“2.4.27 TR ENSE A mithaconitine X HE &R 10
pL A1 “2.4.47 TR FE5E 5 Sk AR it A 0 it A VR
20 puL, VENERCGEAHERE, % “2.4.17 UK ik
FAFHEAT ARSI .
2.4.6 T DAV P EN SRR BRE S
KAz il ED S B 5T O 50 848.33 pglg, Wb
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F2 1A% 1 (mithaconitine) BYREIEHIE
Table 2 NMR data for compound 1 (mithaconitine)
A ou (J in Hz) dc HMBC NOESY 'H-'H COSY

1 3.09m 832d C-2,C-11,C-17, 1-OCHs H-3 H-2a, H-28

2 2.18 m (o) 333t C-1,C-3,C4,C-11 H-17, H-19 H-1, H-2B, H-3
226 m (B) C-1,C-3,C-4,C-11 — H-1, H-2a, H-3

3 3.65dd (12.4,44) 72.0d C-4,C-18,C-19 H-1, H-5 H-2a, H-2B

4 — 439s — — —

5 2.10d (6.6) 49.7d C-2,C-3,C+4,C-7,C-9,C-11, C-18,C-19 H-3,H-18 H-6

6 4.26 d (6.6) 83.6d C-4,C-8,C-17,6-OCHs H-9, 6-OCH3 H-5, H-7

7 298s 482d C-5,C-6,C-8,C-9,C-11 H-10, H-15 H-6, H-17

8 — 146.6 s — — —

9 3.06 m 464d C-8,C-11,C-12,C-13,C-15 H-6 H-10, H-14

10 222m 48.0d C-7,C-11,C-13 H-7, H-16 H-9, H-120, H-128

11 — 51.7s — — —

12 225 m (o) 38.1t  C-10,C-13,C-16 — H-10, H-128
2.00m (B) C-9, C-10, C-13, C-16 H-14 H-10, H-120

13 — 77.6s — — —

14 4.96d(3.7) 78.5d  C-8,C-10,C-13,C-16, ArC=0 H-12p H-9

15 5.57d(6.24) 116.3d C-7,C-9,10,C-13,C-16 H-7,H-17, 16-OCH; H-16

16 3.47d (6.24) 83.5d C-8,C-13, C-14, C-15, 16-OCH3 H-10 H-15

17 3.03s 779d  C-5,C-6, C-8, C-10, C-11, C-21 H-2a, H-15, H-21 H-7

18 2.69d(9.5) 76.7t  C-3,C-4, C-5, 18-OCH;3 H-5, H-19, 18-OCHs H-18 (3.79)
3.79d (9.5) H-5, H-19, 18-OCHs H-18 (2.69)

19 2.49d(10.9) 477t C-3,C-4,C-5C-18 H-18 H-19 (2.92)
2.92d(10.9) C-3,C-4,C-5,C-17 H-2a, H-22 H-19 (2.49)

21 2.56 m, 2.65 m 498t C-17,C-22 H-17 H-22

22 1.09t(7.3) 13.6q C-21 H-19 H-21

1-OCHs  3.24s 564q C-1 — —

6-OCHs  3.27s 58.1q C-6 H-6 —

16-OCHs 3.39s 572q C-16 H-15 —

18-OCHs 3.32s 593q C-18 — —

ArC=0 — 168.1s — — —

g — 1304s — — —

2',6' 8.05d(7.7) 129.9d C-4',ArC=0 H-3', 5 H-3,5'

3.5 7.42t(7.7) 1282d C-1',C-2', 6, C-4' H-2', 6' H-2',6'

4 7.53t(7.7) 1329d C-2,6 H-3', 5 H-3,5'

2.5 EDSE KA a0 BE S SR

ED S5 = 8% N 72.83 pg/gs W E kb
Witk E (K 4D), RWEHHERT S
mithaconitine (& 4-B) { B W] ] #H— 1) (i e
REUER SIS R, BEE 5 3k (1) B S B 1k,
97 mithaconitine, 5 EIEHRAERS CHIBED

TR AL B — . SR I 4.

I SD K 20 W, MERER, BENL N 2 H
(n=10), BPENZHHZH AN mithaconitine (fL5H) 1)
. A, DA SD K, ip
B4 1.2 g/kg RIS, WAL 2, &8 il
AW BT, #EWREIF LR 1T FEOHEE
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Hyco” OCH;

meo A OCH;

3 kA1 ML E 'H-"H COSY (— ). HMBC (H—C) #1 NOESY (<) #xif
Fig. 3 Structure and 'H-'H COSY (===), HMBC (H—>C) and NOESY (<—) correlation of compound 1

J A~ A

A: B
| NV N
L 2:&#4‘0 T s D'

60

0

t/min
A-F15%§ B-mithaconitine C-FEE kA M  D-FEE Sk
A-indaconitine B-mithaconitine C-raw A. tatsienense D-products

from process of stir-frying with sand

4 RESIE @R IIESE HPLC
Fig. 4 Chromatogram of raw A. tatsienense and products

from process of stir-frying with sand

(electrocardiogram, ECG); 20 min J&, 25Kk
THAEVE 0.06 mg/kg WIED A%, MR ER KR 115
Bt ECG Il VPB. VT SO HEHRHE ECG. 18
I W %E mithaconitine ZH K BRZEAH AR AH 2524
JrECF R H I A 1) O R H BCG, RS B
B, Bt B R R R 15 gl
HEFVE PEAC.

5IEH ECG Mith, VPB FEIRAE T O AN
P31, RPN QRS BRI, HAEFRF, TS
QRS EW T FIAHR, H PIIHAERY; VT & VPB i
—BRERIER, FERIWNESHIL 3 KB 3 X
DL BRI AT 4E, QRS WA % KIaTE, Jote e
1P . [Hik, VPB AT VT n] LE A & Bl S h6 &
HASKE P= WO 5 1 KN IR R

f£ 0.06 mg/kg FIE T, FIEHAHKER 1T FH
ECG ¥JHHIL T VPB.VT iX 2 PO REE ECG,
HE2H Y K ENZEB (ventricular fibrillation,
VF), MBI THNE; HEFET,
mithaconitine ZH K R H L F R S8 ()00 R
ECG. R, SIEAIR NS mAHLG, Ml
¥ mithaconitine FJFEEREME, WFR 3. E S,

R3 ENSWURAI RS LR

Table 3 Cardiotoxicity of indaconitine and its converted

compound
flE/  VPBIERW VT RE FETI%R/
e )
(mg'kg™) 8 Z/% %
EIEERT 0.06 148.8+30.7 100 20
mithaconitine 0.06 — 0 0

“—7 FORMELA Y 30 min N, KHIL VPB
“—" indicates no VPB during the observation period (30 min after

administration)

3 g

9T RIS IO S i R v A [0 28— A=)
B EE M A AT, itk — 20 B I IR M s 2
P A SELG %6 FEE 5 S rp ) T s AR B B
B B 0 G, LIS 77 S D Ml i 75
LR, REUNENS S B &8, &b, A
E T RS 7 AT M, I B AN 2
PO R o DRI, AR SRR H VR R4 T 0 5L
) —Fh A AR K B 207, B R v b A
PR FE, TN S e B R A R

FRT, AT kK2 ], iR FEEERA
IKE S &N, HAMHII RIS AT RUE 28 A= el i
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