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Anti-acetylcholinesterase Active Ingredients from Aconitum tanguticum by
UPLC-Q-TOF-MS/MS
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[ Abstract] Objective: To identify the anti-acetylcholinesterase active ingredients in Aconitum
tanguticum , so as to lay the foundation for finding new anti-Alzheimer's disease (AD) drugs. Method: The anti-
acetylcholinesterase active fractions of 4. tanguticum were screened by the modified Ellman's method, and the
chemical composition of the active fraction was analyzed by ultra-performance liquid chromatography-

quadrupole time-of-flight mass spectrometry (UPLC-Q-TOF-MS/MS). The chromatographic separation was
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performed on an ACQUITY UPLC BEH C column (2.1 mmx50 mm, 1.7 pm) with acetonitrile (A) -0.4%
ammonia aqueous solution (B) as mobile phase for gradient elution, and the column temperature was set at
30 °C with the flow rate of 0.4 mL-min". Phase A of the dichloromethane fraction changed with time as follows:
0-3 min, 5%A; 3-7 min, 5%-20%A; 7-11.5 min, 20%-33%A; 11.5-15.5 min, 33%-50%A; 15.5-20.5 min,
50%-80%A; 20.5-23 min, 80%-85%A; 23-25 min, 85%-95%A. Phase A of the n-butanol fraction changed with
time as follows: 0-2 min, 5%A; 2-8 min, 5%-20%A; 8-11 min, 20%-33%A; 11-15 min, 33%-95%A. Mass
spectrometry was performed on electrospray ionization, data were collected in positive ion mode, and the
detection range was m/z 100-1 500. Result: Both the dichloromethane and n-butanol fractions had a certain
inhibitory effect on acetylcholinesterase, their half inhibitory concentration (IC,,) values were (64+4.4) mg-L"
and (85.7+3.8) mg-L", respectively. By UPLC-Q-TOF-MS/MS analysis, a total of 21 alkaloids were identified
from the dichloromethane fraction, and 11 alkaloids were identified from n-butanol fraction. Guan-fu base I ,

found in both fractions, was first discovered in A. tanguticum. Conclusion: Diterpene alkaloids are the main

anti-acetylcholinesterase substances of A. tanguticum , which is worth further exploration.

[Keywords]  Aconitum tanguticum

(Bangge)

; acetylcholinesterase; ultra-performance liquid

chromatography-quadrupole time-of-flight mass spectrometry (UPLC-Q-TOF-MS/MS) ; diterpene alkaloids;

guan-fu base I ; dichloromethane fraction; n-butanol fraction
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A. tanguticum by UPLC-Q-TOF-MS/MS

BPI chromatogram of dichloromethane fraction from
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Fig. 2

A. tanguticum by UPLC-Q-TOF-MS/MS

BPI chromatogram of n-butanol fraction from

SCHk[16] He X, #fE I H: 4 hetisinone., k& W) 6 &
EST#E 0 N 15E7 F B T 1% m/z 416.244 7, MS/MS
FEAERE RS T miz 328.228 0, 4% ) SCHK[ 19, #E ) H:
M guan-fu base Z, bG8 7F ESI LA T 13k 4>+
B T W m/z 472.269 5, MS/MS 7= tE T F B T miz
416.243 6 [M+H-CO-CO]",314.213 1 [M+H-CO-
CO-CH,CH,CH(CH,) COOH ] "H1 121.065 9, & 51 3C
Mk (207, #E9 H K tanguticuline C. k&4 9 7€ EST'
FER R HES> T8 76 m/z 372.218 2, MS/MS 7= 1 g
A B m/z 344.259 4 [M+H-CO1",312.197 6 [M+
H-CH,COOH ]*, A 5] SCk [ 21 ], H 5 5 3k oA X 43
T 371 Da iy i A WA 21, 530 13-0-
acetylhetisine £1 11-acetylhetisine, H #2 #i§ i i ¢ A
Tk 8 o 4540 . A& W) 776 ESI'RE R 1531
3T B T m/z 430.260 7,MS/MS 7714 T W B 1
m/z 328.192 5 [M+H-C.H,,0,]",294.202 6; bk & ¥
11 75 EST A 20 N 15 1 4> 7 85 1 1§ m/z 430.258 9,

MS/MS 7= 4 ¥ R B F m/z 310.181 7 [M+H-
2CH,COOH|",292.179 3;4k-& W 12 7E EST' L L
S UESr T8 T8 m/z 430.260 2, MS/MS 7= A Tt /B
+ m/z 400.250 4, £ b SCHK[20,22-23], HEH Sk
HRI R 43 7 R A 429 Da g 3N AR A kA )
w4 Ak ok M W %, dihydrogeyerine Al
tanguticuline B, H: /7 3¢ fff I 2 I tanguticuline B AY
HE S T8 F U5 5 m/z 430.222 8,430.258 7. iff
e A U A ) BT S A R T 0
Ao, — M R0 U C(14) 7 TR BB,
Bifd C(2)ak CO11) M & AU, H oy 7 8 1 AT
SRIE R IE 2 C(1),C(6) M C(9) i A & F BT
BF DU MR R R 55, B B BRI 5 5 C(14)-OH 1Y
BE WA, A CI3) AL R AL, T C(1)
TC A BRI, 43 B 1 06— i Sy 5k 6 i iR 0 T Bk
AR 9 0 35 A A A W, — M DA G BROA I 5 B
W Z K — AR R B E A5l C
(14)-OH 1 C(13)-OAc(Ac s CH,CO ), M C(1)
o AR, 7 T B g S R R R C(2) -
OAc, X F %< OH 1 CO M W A B T W& .
tanguticuline B £5 #4 =X A~ & C (14)-OH, fH & C
(9)-OH, M" 5 £ sk 55 , JE i b s 0, H & 2K C(2) -
C,H,,0,75 % m/z 328.192 5 B¢ i » dihydrogeyerine
i A A& C(14)-0H,H 5 C(6)-OH, M4
BE D 55, T8 B b oam g s Ah O g5 M C(13) -
OH, it i B8 C(13)-OH it & A= J Bk JE 1125 2 CO 1Y
W R, B m/z 400.250 4 B R BCfEMAL A9 7,11,
12 4+ % A tanguticuline B, & Mf B &£ M
dihydrogeyerine,

b & W13 76 ESUBL LT 18 4 70 T 5 7 0% m/z
477.314 1,MS/MS = A W R B m/z 459.303 1 [ M+
H-H,0]",209.134 4,121.066 2, £ [ SCHk[ 18], 4=
H: M navirine B, 1k %) 19 78 EST R F 154 7> 1
BT m/z 346.274 6, MS/MS 7 4E B8 B T miz
296.200 0, 278.192 1, 4 & SC#k [11], #E o H K
dihydroatisine, 7E iF T B2 HOH A2 o, AL & 9 25 176
ESI' X F 4 1fE 73+ 25 1% m/z 330.208 4, MS/MS
PR B T m/z 312.197 6,294.186 3. A4 W 30
TE BST RN 45 2] 1 4> 1 B 1% m/z 330.208 2,
MS/MS 7= 4= 7 B F m/z 312.196 4. 2 [ 3C ik
[14], HH 5k AEXT o3+ B ity 329 Daf7 34N 1ff
A B WG A ek, 4 Bl oA delfissinol, FE 5 B,
hetisine, FUAR 98 0 3% 7 | JC 78 i o i A 454 . 4k
G710, 12 1 T % SR AR DL IR 3~5.

- 133 -



527 B4 20 ) hESREHFFFERE Vol. 27,No. 20
2021410 H Chinese Journal of Experimental Traditional Medical Formulae Oct. ,2021

x1 HESLZSRREERBA S UZE K UPLC-Q-TOF-MS/MS 53 17
Table 1 UPLC-Q-TOF-MS/MS analysis of chemical constituents in dichloromethane fraction from A. tanguticum

iy ! [M+H]" N
0 ty/min 43 F3 o . ¥ F T A
m/z9ME m/zBEME 8/ppm
1 0938 CHNO 1661236  166.123 2 2.4 122.069 0 RZz 2
2 3.769 C,,H,,NO, 388.2133  388.2114 2.3 328.1913,310.1800 KM RO
3 5.146 C,H,)NO, 328.1913  328.1920 2.1 310.1813 hetisinone!®!
4  6.287 C,H,NO, 3782273 3782280  -0.7 360.253 1,346.161 7,299.1762 heterophyllidine!!”
5 6.643 C,,H,,NO, 3442582 3442590 -0.3  326.2481 fif 3 4 /isoatisine/chellespontinel!!#]
6 7.382C,H, NO, 4162447 416.2437 1.9 3282280 guan-fu base Z!1%)
7 8.560 C,,H,,NO, 4302607  430.2593  -2.2 328.1925,294.202 6 tanguticuline B2
8 8.855 C,H,NO, 4722695 4722699  -0.8 416.2436,314.2131,121.0659 tanguticuline C2
9  9.054 C,,H,NO, 3722182 3722175 1.9 344.2594,312.197 6 13-O-acetylhetisine/11-acetylhetisine?"
10 9.267 C,,H,;NO, 3442604 3442590 4.1 3281978 BT 85 4= /isoatisine/chellespontinet!*!8]
11 9.673 C,,H,NO, 430.2589  430.2593 -0.9 310.1817,292.179 3 K BT R 22
12 10.356 C,;H,;NO, 4302602  430.259 3 2.1 400.250 4 dihydrogeyerine!*’!
13 10.996 C, H,N,0, 4773141 4773117 5.0 459.3031,209.1344,121.066 2 navirine B['*
14 12.916 C,,H,,NO, 392.2455 3922443 1.5 360219 1,342.208 5 St B S g1
15 15.093 C,H,,N,0, 6254087  625.406 4 3.8 313.2082 anthoroidine B
16 15.840 C,,H,N,0, 7154386 7154381  -0.6 625.406 0,593.280 9,461.320 6,358.226 9, trichocarpine AP
313.205 8,296.204 4
17 16.808 C, H,NO, 3622735  362.2695  -1.4 344.2142,330.2163 heterophylline!!”
18 18.878 C,,H,N,0, 729.4487  729.4479  -1.4 639.4542,365.227 5,320.2314,296.2033  navicularine B2
19 19.148 C,,H,,NO, 3462746  346.2756 2.9 296.2000,278.192 1 dihydroatisine!'!
20 20.613 C,H,N,0, 791.4587  791.4635  -5.0 639.4370,396.2355,296.225 5 tangirine?”!
21 22.876 C,H,N,0, 623.4583  623.4577 1.0 459.3370,342.243 8,280.208 4,230.173 9 navicularine A/tanguticurine AP+

®2 HELKETEZEIRAAMLH U FRHS B UPLC-Q-TOF-MS/MS 53 #f
Table 2 UPLC-Q-TOF-MS/MS analysis of chemical constituents in n-butanol fraction from A. tanguticum

L [M-+H]* )
tp/min 3 F LY 4R
Y m/z SEE m/zHEH S/ppm
22 2354 C,H,NO, 344.1865 344.186 2 0.9 326.1752,121.065 4 tanguticuline E?”
23 3.677 C,H,,NO, 314.161 1 314.160 4 2.2 296.1506,121.006 1 venulol/9-hydroxynominine, tongolinine/
tangutimine , naviculine A/naviculine B#*3%
24 6.365 C,H;NO, 362.1982 362.196 7 4.1  346.203 5,330.208 1 heterophyllinet!”
25 6.689 C,H,,NO,  330.208 4 330.206 9 4.5 312.197 6,294.186 3 delfissinol/J 2 i /hetisine!!¥
26 7.091 C,H,NO; 3882135 3882124 2.8 328.1927,310.193 1 KB TR
27 8.271 C,H;;NO,  344.2598  344.2590 2.3 326.2484 W] #5 /£ /isoatisine/chellespontinel!+!®)
28 8.656 C,,H;;NO,  344.2603 3442590 3.8 326.2484 FA[ 5 A= /isoatisine/chellespontinel! ¥
29 9.097 C,,H;;NO, 3442597 344.259 0 0.6 326.2477 B[ 3% A= /isoatisine/chellespontinel! %]
30 9.332  C,H,,NO;  330.208 2 330.206 9 45 3121964 delfissinol/J# &% fif/hetisinel'*)

31 12,689 C,,H;NO, 3922450  392.2437 3.3 374.2337,360.218 7,342.208 3 St L Sk gkl

32 13343 C,H,NO, 4342563 4342543 4.6 371.2427,344.260 6,309.701 0 6-Z,Jik 55 - % 3k g 33

L& W 57 EST B0 N 45 1 7 7 B T 1§ m/z EW107E EST R X T U4 T 55 T 1% m/z 344.260 4,
344.258 2,MS/MS j= 4 g R B F m/z 326.248 1., 1k MS/MS 7= A # R B F m/z 328.197 8. 2 [d 3¢ ik
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Fig. 3 MS fragmentation pathways of tanguticuline B
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Fig. 4 MS fragmentation pathways of guan-fu base A
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Fig. 5 MS fragmentation pathways of dihydrogeyerine
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