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Comparative Analysis of Differential Components in ‘Zhangbang’
Aconite (Linjiang Slices) Before and After Processing Based on
QTOF and QQQ MS/MS

GAN Jia—panl#, XU Xin', ZOU Jia-fen's, ZHOU Xi-ru', Al Jia-hao', HE Si-si',
LIU Yan-fang'?, JIN Hong-li"*", LIANG Xin-miao'"’
(1. Ganjiang Chinese Medicine Innovation Center, Nanchang 330000, China; 2. Key Laboratory of
Phytochemistry and Natural Medicines, Dalian Institute of Chemical Physics, Chinese Academy of Sciences,

Dalian 116023, China)

Abstract: To systematically analyze the chemical composition differences of ‘Zhangbang’ pro-
cessed Aconite (Linjiang Slices) before and after processing, this study screen and quantify the key
differential quality markers, and elucidate the scientific basis of its processing. Ultra-performance
liquid chromatography coupled with quadrupole time-of-flight tandem mass spectrometry (UPLC—
QTOF-MS/MS) combined with principal component analysis (PCA) and orthogonal partial least
squares—discriminant analysis (OPLS-DA) was employed to screen and identify differential compo-
nents. Furthermore, a simultaneous quantification method for multiple components was developed
using ultra-performance liquid chromatography coupled with triple quadrupole tandem mass spectrom-
etry (UPLC—QQQ-MS/MS) to determine the contents of the screened quality markers. PCA and
OPLS-DA models (R?Y=0. 990, (*=0.988) clearly distinguished the samples before and after pro-
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cessing. A total of 43 differential components were screened, with 37 identified as diterpenoid alka-
loids. Quantitative results demonstrated that the contents of aconitine, mesaconitine and hypaconi-
tine, three diester-diterpenoid alkaloids, decreased significantly after processing (p<0.01), while
the contents of benzoylmesaconine and benzoylaconine, two monoester-diterpenoid alkaloids, in-
creased significantly (hy 285. 97% and 353. 59%, respectively, p<0.01). This study reveals that the
Zhangbang processing method achieves ‘toxicity reduction and efficacy enhancement’ by promoting
the conversion of diester-diterpenoid alkaloids to monoester-diterpenoid alkaloids. The established an-
alytical methods and identified quality markers can provide a scientific basis for the quality control of
Aconite(Linjiang Slices ).

Key words: Aconite (Linjiang Slices) ; component identification; chemical pattern recognition ;

UPLC-QQQ-MS/MS; Zhangbang processing; content determination
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DA) PR SEIUAS R AE S DX 43, B S bR R F T4 s i B i 25 ek . AR |
RARAEREE, Bk B i S ROR A - = S DY AR AT H BT RS (UPLC-QQQ-MS/
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Cronos & SBAH RS- Bk B A, BEH C fAiE4E (2. 1 mmx100 mm, 1.7 pm, SN: 04693413515183),
£ E Waters 22 7] 3 Sorall ST8 7 s .00 HL, E[E ThermoFisher Scientific 23 &) ; KQ-500DV BY%L ¥ 88 75
Pomvees, PEEILTESEMEARA T XSR105 81702 —KF, Hit: Metiler Toledo 23

R NS BRI H Sigma-Aldrich 24 0) ;. FUGZLHER . 5. HEEW H € Fisher 20 w] 5 X iR
i BN 1 BR s SEE6 Kok B Milli-Q BB Atk b 248 HARFI Aoy bt

1 OMEEER

Table 1  Information of reference substances

Reference name Purity/% Batch No. Manufacturer
KRR 98.0 PS013469 SRR A R AR

24 FP BT 2 S SR 9.3 111795-202106 o B 5 24 R R T 5 B

E LR =D ST 9. 4 111796-202207 o 2 RS S BE

4 Pk 1 3k SRR 98.0 111794-202307 o 24 R E T 9 B
B Sk 98.5 110799-201608 o B 24 R R O B
U S 99.2 110798-202010 o L 2 R DT 9 B
593 98.51 22091507 TS R A R A B )

1.2 HAFREE
1.2.1 HHRER FMEITVEAEZNIMES PR O R T EAEZ5ITEE YC-1~YC-18 A7 (YC),
fEEWE2,

2 FRER

Table 2 Information of samples

No. Place of origin Batch No. (Salt Aconite ) Batch No. (Linjiang Slice)
1 AT R e & YC-1 YP-1
2 AL E e vE e Ef & YC-2 YP-2
3 AL RNV S E S YC-3 YP-3
4 Pay e SN RN e S AL L) LSS T YC-4 YP-4
5 ZH A IRV S ANV ) & YC-5 YP-5
6 PUNIAR 4R BH T T T = A YC-6 YP-6
7 VU4 4 BT VT3 T = A4 YC-7 YP-7
8 P48 4 BHTT VT3 T = A48 YC-8 YP-8
9 VU8 4 BHTT VT3 T — A4 YC-9 YP-9
10 VU IAR 4R BT VT — A YC-10 YP-10
11 VYT T 7k R YC-11 YP-11
12 [P LI PART v 138 YC-12 YP-12
13 NIRRT NN S YC-13 YP-13
14 VYL T YC-14 YP-14
15 VYT T 4 B YC-15 YP-15
16 PO )14 45 BE T T T = A YC-16 YP-16
17 VUS4 BT VLI — A4 YC-17 YP-17
18 PUIAR AR BT VLT — &4 YC-18 YP-18

1.2.2 REWEFE BERM 256, MR, SRR, ZBRIEZGHE Y. FENEGES T
BRI 2 d, BRIKIK, ZERATHRR . HAIIE B0, BEDIREEE A 3~5 mm A9 JE R (LU A
). BlJEARIHKIRI2 A, 2617 h, EHIREABD 120 'C, 2REEA M. ST P4
TG b, B, AR S H TR i — 2 E0E | JEIFMBRIRGE M . BE T T7~9 h, BT ERK
FrRGF AN I 13. 0% T i, RIS 58 e Bt - (R R ) 2R (YP) .

1.3 4 & UPLC-QTOF-MS/MS #& Il

1.3.1 XBEARHHE UZEHRSSEEA 1, BREORSEBCAER, KBRER . K
Pk 5 S Tl . R HE TR Sk T 5 S B BRI % Sk S o) i B R 4 o 8L 10, 20, 10 wg/mLIH)
T . Bl )G 50% B2y ARG RE A 80, 100, 200, 100 ng/mL, AF Ak He AT .

1.3.2 #Hil@ARNHE 40 g TSNS R, BETHEFHEHP, MA 25 mL 50% H i
WL, %, BE/GTE250 W, 40 kHz, /KIRAKT 25 CHAFE AR 30 min, FRHEWIS EETE )R
i, SRR

1.3.3 UPLC-QTOF-MS/MS 4 #r&tF  faifisctt: BEH C fE(2. 1 mmx100 mm, 1.7 pm; EE Wa-
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ters v H) )5 JBNAH: ZHE(A)-0. 1% HERKIEW (B) o BEEEVERL: 0~11 min, 5%~25% A; 11~15 min,
25%~50% A; 15~16 min, 50%~95% A, P 470. 4 mL/min; FEAEE A 1.0 wL; FEIRA 35 °C.

it S HR: EE PR, R Auto MS/MSAE B RAEFRFRBUTES S, B FHH50
FBl: MS m/z 50~1 500, MS/MS m/z 50~1 000; #&F-J5 >k BT 52 U5 8% Y5 (Dual AJS ESI); TSR
8 L/min; #HAME . AAAIME 320 C; B FALHBIE +3500V, BHEBRETS V, hEERER20. 40,
60 eV,
1.4 #& UPLC-QQQ-MS/MS #& il
1.4.1 MBSEAGENHE U&HRSRAERE( 0 DIRGEBCHER, SR P B LR, 28
BB Sk S 2 F R UR S5 Sk S . B S5kt IR 3L, B SL e il i ot S B 4y i) A 19. 541 2
9.9009. 9.8193, 5.3141, 5.1386. 5.0959 wg/mL M) ik & W . BB Jo H 50% W % 4 5 F B M
195.4120, 99.009 4., 98.1930, 10.6282. 10.277 0. 10. 191 8 ng/mL, 4 WIWERA K> 54 5 %,
53 X} B SHASTR
1.4.2 HiXHRBARMOEE BERIUS MMM K2 0g, BRIEFEMHEP, MA3 mLEIK
W, FFIMAN S0 mL A FE-Z RO (1 2 1, BREO)IRGEW, FRE., FEJ54E300 W, 40 kHz, 7K
25 CLUF#F AL B 30 min, JRRIEHHATRE, M ERRGEEANEHRINER, BAGERD . MEE
25 mLEEIEWE, TE40 ‘CLLTBUEZAT, BRI MM 5 mL Y 309% HINE . 509 HIREFIHREA R, I8,
SR NS
1.4.3 UPLC-QQQ-MS/MS &##r &% ik 5&4F: BEH C 4H(2. 1 mmx100 mm, 1.7 pm; FEE Wa-
ters 8] ) s TBIAH: HEE(A)-0. 1% HER /KB (B) . BEEELENL: 0~1 min, 5%~30% A; 1~2 min, 30%-~
33% A; 2~3 min, 33%~45% A; 3~10 min, 45%~48% A; 10~10.1 min, 48%~90% A; 10.1~11 min,
90% A; 11~11.5 min, 90%~5% A; 11.5~14 min, 5%A. i 40.3 ml/min; FHHEEH2.0 wL; VSR W)
35 C,

Bt 5 “1.3.37 dRE A3
1.5 EESW

S HER 5 M A S 0 22 SR sy AR E S E SE N UPLC-QTOF-MS/MS R 58 1) it 1% B 8 28
MSDIALFAF ARG , SN SIMCA 3R AR T A2 AEE M o0 BT o il i oS B Y PCA 9125 % 48 AR )
i, FER A WE M OPLS-DA Se KAKALRI 25, 45470 B B UAE (VIP) > 1 ik R i 7E ) 22 ek
EE sy . PRSI F o BEGR  DCIEC R RS E R I | AT RS SR A S 2 SR S U7 5K
oF Ui 126 H0 1) 22 SV i oy BEA TR B o BT Vi I LR M R I A Y DB 22 e it B R AE Y, AU UPLC-
QQQ-MS/MS F- % % i 53 [ I g SAG I 7 vk, SEBLHS B 0K il e . 2R 18] bh A R F SR I 3 07 200
(One-way ANOVA), RJ5K:50 R Tukey HSD %, p{E/NT 0. 05BN BA G525

2 RS

2.1 #H¥tF5MF (l5IR)H UPLC-QTOF-MS/MS 43 #f

BERK F25 MRS (YC-6), #ZHR “1.37 Jiihdb i . et S EE M. 450 ER, &
B AIE WA A O 52 B 1] B RE X bR v (i 22 (RSD) ¥/ T 1. 0%, 3 R ARG A A I T AR RSD ZNT 5. 0%, 3
WIRE R . faEtE . EEMEYR. EHIEAEE, SRA 137 JIEOIEREE ISHEELM T 254 5 18
TR ORI A ) B9 1E 8 TR F 8 iR i [ (T1C) , 43200 2410k TIC & 3FEnE 1 . M
ATLVER], Ml R ST B TIC AR E—E 22 5% . (Bl T3 7 S5 dr ik 2 nli s 46
WA, RE R MELITE 16 min WSELSE o0 Bk, TIC RIFRFE R — @ik ig A 2 Fhik &9 el it
PR BLG:, SBOGTE T TS i B s 2200
2.2 fEEKIRA
2.2.1 EESIHW  TEEE TIC 45 RIGERN O Hr G H G5 87 22 5 i B 00T, 1% 4 MSDIAL
3. OB BREY 18 HEERRH 15 18 ML IT A FE S B S 208 5N SIMCA 14, 19, DI HES 155 TR
WETH AR &, TN PCACINE] 2) . 4R ER, MAINMRERZERX #0.905, FHiEE 12
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B h0.874, FWIZERFRE T SE. MRl LIRS, MRaR R, SRR E MR &1
RAfo 18Rt 75 18 T FE s 2 W) 58 4223 5, 23 A AL T B v B AN IR DX, HAT W) SR B IX 73
e, RWIERR T2 i et o kA T WAL
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Fig. 1 The TIC of 18 batches Salt Aconite(A) and Linjiang Slices(B) in positive ion mode by Q—-TOF
peak 1: mesaconine(m/z 486) ; peak 2(S1): songorine (m/z 358) ; peak 3: fuziline (m/z 454) ; peak 4: neoline(m/z 438) ; peak 5: m/z342;
peak 6(S2): benzoylmesaconine (m/z 590); peak 7: benzoylaconine(m/z 604); peak 8: benzoylhypaconine(m/z 574); peak 9: m/z 588 (%
L B3k 5 (m/z 486) 5 WE2(S1): ACRR (mlz358)5 WE3: TR (mizd54); Wed: JRYMK(m/z438); WES: m/z342; I6(S2): H
HABERT 3k S5 (/2 590) 5 W7 FRHIBELS KIS (m/z 604) 5 WS JRHIBRIR KIS0 (m/z 574) 5 WE9: m/z 588)

2.2.2 EXREMNZFHRNDN kP wES

®YC
e, T SILTRR R eE ] o
WP ES, (EPCASMHTIEERE b, H5 18 ahbit P 518 17 NG
U T B i 9 % 8 00 47 4 W B OPLS-DA &b € 0 B
Mo AR BRI 3A FrR, B R°X=0. 868,  -10- V6o
RY=0.990, (*=0.988>0.9, 54 200 KEEHLHETIRGS: 0 4 bt
(E3B), FHHETHYOPLS-DARAIfAE HE, HAR —40 20 o 20
SPEIBUNAE IR B, BB S, MR B2 184t ERI -5 18 T FESL Y PCA 1545 &

VIEZR], 184#tEhr 2545 5 18 G KRS T A5
Mz, R R s, 5PCALIR—
ES QR e AL I i T OF UL RS G R e

Fig. 2 PCA score plot of 18 batches Salt Aconite and

Linjiang Slices

sy FTF OPLS-DAZER, LAVIPELRT 1 Jgbrife, Jiiik kbt 5 5T 2 w8 22 5k s ey

434, B VIPE I 3 B

A B oR?
20 000 ves :gg =g
s 0.9 "
vvao |~ "\t =
7 0% 0.6
= YC-15 9 o ] e & .
% O T|":kfffln{'*YW‘§‘Yklt — 2 0.31 .—/ ,.—: Y
— WD 9 g 1 |+
—-10 000 \vu).vu 16 = 0 e -
WEHB L
-0.3
~20 000
T T T T -0.6 T T T T T
~40 000 20 000 20000 40 000 o 02 0.4 0.6 0.8 1.0

1.000 55%([1]

200 permutations 1 components

B3 ST 18 HEERH T 5 18 KT R OPLS-DA 4353 [ (A) £ 200 K E ek 4 Bl (B)
Fig. 3 OPLS-DA score plot(A) and 200 permutation tests plot(B) of 18 batches

Salt Aconite and Linjiang Slices
2.3 EFRMMSTERE
&% OPLS-DA [ VIPA5SR, X i H ) 43 A Z2 AL S EAT IR o 258 o AR 00 JE ot ) 2R L
He, S5 ORBENS ] —ZOR TN 3 1 S R B AR R, IR AR I RS DL SR 2
HEFEAATT, BRI 37 Moy, BRIy Ho s 5 A ¢, 2
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Bl 304 Cp i S LA S 24> € AR . HARL S 4 R WK 3, NG Tk

[M+H 5K,
F3 R BRI M T S ) 22 S R S R
Table 3 Identification results of differential components in ‘Zhangbang’ processed Aconite(Linjiang Slices) before
and after processing
No. t,/min  Formula mlz ViP MS/MS Compound Error/ppm Alkaloid
value type
1 0.629 C/H NO, 214.9177 1.74 140.9168, 112.9218, 96.9274, ARA 0.16 -
84.959 5
2 1.78 C,H,NO, 166.0863 1.18 120.0805, 103.0543, 77.0388, AA 0. 04 -
51.0232
3 1.851 C,H,NO, 394.2597 2.54 394.2596, 376.2483, 358.2378,  Columbianine(HF& LIl 6i%) 2,35 C, %
340.226 7
4 2177 C,H,NO, 378.2649 2.87 360.2540, 342.2427, 324.232 1, Aconicarchamine A(3LFR#  0.47 €, il
297. 186 2 HIA)
5 2.665 C,H,NO, 378.2646 1.35 360.2639, 342.2423, 281.1899, Aconicarchamine A isomer(% — 1.67  C, =52
223.1475 SR AW A T8 73 A 1A
6 2.763 C,H,NO, 424.2698 1.60 406.2592, 388.2484, 370.2382, Senbusine A(fIIZF 3 A) .05 C,Zis%k
356.222 1
7 3.277 C,H, NO, 424.2688 1.26 406.2586, 388.2476, 374.2322, Senbusine A isomer(flIZF% A 0.86  C, il
108. 080 7 [Fil 73 S A4 )
8 3.358 C,H,NO, 378.2647 1.03 360.2450, 342.2429, 328.2273, Aconicarchamine A isomer(£%  0.98 €, 53
259.169 0 SR A A TR 2 AR )
9 3.398 C,H,NO, 408.2751 2.67 390.2644, 372.2525, 358.2376,  Talatizidine (BEH1.% %) 0.43  C, %k
108.0805, 58.0652
10" 3.724 C,H,NO, 358.2380 3.04 340.2278, 322.2154, 251.2789, Songorine (KA R ) 126 C, 5%
98.096 6
11 3.903 C,H,NO, 360.2539 1.96 342.2436, 324.2321, 263.178 8, Lepenine(GE#7*) 2.1 G, ik
58.065 4
12 4.018 C,H,NO, 330.2070 1.70 312.1956, 294.184 5, 266.1899, Hetisine (FF5 %) 141 Cy ik
105. 069 6
13 4.213 C,H,NO, 346.2021 1.54 328.1907, 310.1803, 292.169 4, Tanguticuline A -2.07  C, 5%k
144.080 3 EHARSLRA)
14" 4.701 C,H,NO, 454.2793 4.54 436.2702, 418.2587, 404.2435, Fuziline (B 53¢ ) -0.29 C, %k
354.2064, 154.1225
15 4.864 C,H,NO, 528.2796 2.28 478.2439, 468.2604, 436.2337, Carmichaenine C .20 C,, iz
418.2229 (RS C)
16© 5.108 C,H,NO, 438.2846 4.94 420.2753, 388.2488, 370.2376, Neoline (J& BLH) 0.79 €, k%
356.2222, 154.1226
17 5.353 C,H,NO, 420.2743 1.25 402.2642, 384.2530, 370.2374,  Dolaconine(ZH7 %3k i) 1.84  C, iz
342.2326, 124.1119
18 5.500 C,H,NO, 450.2859 1.05 432.2748, 422.2533, 400.2482, Condelphine (275 ) 0.95 C, 53k
340.229 1
19 5.639 C,H,NO, 454.2812 1.12 436.2688, 422.2542, 404.243 6, Fuziline isomer 0.05 C, i
372.216 5 (B R IF) 43 SR )
20 5.720 C,JH,NO, 496.2916 1.64 464.2647, 436.2704, 404.2437, AA 1.87 -
376.2478, 344.2219
21 6.029 C,H,NO, 344.2587 1.53 326.2470, 300.1951, 282.1854, Atisine (P ) 0.29  C, %k
129.069 3, 91.054 1
22 6.167 C,H,NO, 422.2905 2.52 390.264 6, 372.2533, 358.2375,  Talatisamine (G754 k 1) 0.27  C, %
340.226 8, 98.0962
23 6.209 C,H,NO, 512.2869 1.97 480.2600, 452.2657, 420.2393, KA 1.73 -
356.186 7, 231.1622
24 6.453 C,H NO, 438.2856 1.28 420.2715, 406.2589, 388.2484, Neoline isomer 0.79  C,, %k
360.2172, 114.0912 (Je BARTR) 53 St )
25 6.574 C,H,NO, 542.2952 1.23 482.2741, 450.2485, 422.2534,  Vilmorine D(Z# K4 Hf D) 2.34  C, ik
390.2275, 216.138 1
26 6.998 C,H,NO, 480.2961 1.12 462.2856, 430.2593, 398.2329, 14-O-Acetylneoline(14-0-Z#  1.18  C,, M52
154.122 6 ERE S )
27 7.145 C,H,NO, 452.3013 1.93 420.2748, 402.2642, 388.2483, Chasmanine (£ 57%) 0.24  C,, k%

356.2224, 154.1225
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(8:5£3)
No. t/min  Formula mlz Vi MS/MS Compound Error/ppm Alkaloid
value type

28 7.455 C,H,NO, 452.2956 1.07 436.2700, 420.2750, 406.257 1, Chasmanine isomer .97 C,Zih%k
388.247 1, 256.2202 (W7 A iR)

29 8.025 C,H,NO, 372.2175 2.11 354.2066, 312.1957, 294.1853, A 1.78 -

266. 190 1

30 8.122 C,H,NO, 464.3008 1.17 432.2749, 414.263 8, 400.248 4, 14-Acetyltalatisamine 3011 C, ik
154. 1221, 98.0962 (14- 2.5 53 1% )

31" 10.485 C,H,NO,, 590.2957 4.06 572.2853, 558.2700, 540.260 4, Benzoylmesaconine 2,17 C, ik
503.2332, 105.033 6 R H BT 2% 3k i i)

32" 11.381 C,H,NO, 604.3102 2.49 586.3006, 554.2753, 540.2595, Benzoylaconine 0.5  C, %
522.249 3, 105.0336 O P gk 2% 3 S )

33" 12.033 C,H,NO, 574.3002 1.64 542.2763, 510.2493, 105.0336 Benzoylhypaconitine .02 €,k

R VR 2% 3 S

34 12.848 C,H,NO,, 648.3029 3.02 616.2755, 598.264 6, 588.281 6, 10-OH-Mesaconitine 1.0l C,Zif%k
556.254 4, 370.164 6 (10-¥2 351 5 3 %)

35" 13.418 C,H,NO,, 632.3079 6.12 600.2804, 572.2869, 540.260 6, Mesaconitine GH 2 3k 6i) 1.28  C, %k
512.2653, 354.1708

36 13.597 C,H,NO, 662.3183 1.68 630.2904, 612.2799, 602.297 1, Aconifine (5K IEH#) 0.37  C, %

570.2702, 384.1804
37 13.825 C,H,NO,, 618.3286 1.80 600.3169, 586.3009, 568.2913, 8-O-Methyl-14-benzoylaconine 2.11 C,, i

337747

554.274 7, 464.207 2 (8-S JE- 142 FH 1% 3G 5
i)
38" 13.988 C,H,NO, 616.3131 5.25 584.2865, 556.2921, 524.2657, Hypaconitine (%% 3 %) -0.24  C,, %K
338.1759
39" 14.070 C,H,NO, 646.3245 3.37 614.2971, 586.3029, 554.2763, Aconitine( %K) -0.12 €, k%
368.209 6
40 14.248 C,H,NO, 600.3166 1.57 568.2900, 540.2955, 508.269 6, Isodelphinine( 52 47H) 1.54  C, k3%
476.242 8
41 14.558 C,H,_NO, 630.3267 3.47 598.3012, 570.3077, 538.281 1, 3-Deoxyaconitine -0.66  C,, il
510.2858, 478.2590 (3B 5 e k)
42 15.089 C,H,_NO, 614.3335 1.56 582.3069, 554.3127, 522.286 1, Chasmaconitine 1.66  C %
494.290 6, 462.264 2 (237 5 53K 050
43 15.602 C,H,NO,, 770.3183 1.0l 710.2951, 648.2799, 622.2426, A 1.58 -

560.227 6, 500.2057

*compared with the reference substances

2.3.1 C,BITREEWm C, M iAW a4 G L™ T C, iy, HuER
fipid e R B2 AR | A SRR R TS 7 IES TR AN, Wb &Rt A F R
B IM+H WS T3 i, @l rEESR, REHO M COAEMM A& T, MIM+H-H.0]" . [M+H-
2H,0 "HI[M+H-2H,0-CO 15§, Kf)5, #—PRRHE . SHEFER, B[ M+H-H.0-CoHa ],
[M+H-2H,0-C,H4=CH;3]" . [M+H-Ho0-CsHs "85 8 770 MRHEIX — R HIEE, 256 0 BUSH L AT
PR VU LR Sk 22 55, SRS e R 5 A4S C, il A

2.3.2 C, EBiEEMwmE LR E S C, B e, HA 2 FEE R TR A
R R H R A S RIS AE R S 1 B 22 R, TEIEE AT, XAl re A 5w i)
[M+H ] 5y 7 & 7, HOE i h FEERRPES T, MCM(CH;COOH, —60 Da) . HIJiE
(CH30H, -32 Da). 7K(H,0, -18 Da) ., —% ALK (CO, 28 Da) . &M (C.H4, -28 Da) . KHR
(PhCOOH, -122 Da)%, C U iAW FEZIRIEERF A C-LBEEE> C ~H 3> C -FH>
C—HAE S > C -/ C-3 88> C -S> C -3 Rk, R &7 [ M+H-CHsCOOH ]*
[ M+H-CH;0H-H,0 ]'F1[ M+H-CH;OH-CH;COOH-H,O0 "BIRE &5 1. IeAbh, 76 C B s,
B0 i A e S 7R i A e T AR A 7 B D BRI (R I 2B I ) AT 0 2. 6T X A
A (S . B SLa . R SEAR) , HE R T [ M+H-CH:COOH J* A& HH F7E C, 8% C  hi 5
BINCES T MTEACHANERENAESY, B2 IR & [ M+H-CH;:COOH-CH30H-H,
0 ]"FI[ M+H-CH;COOH-CH;0H-H.0-CH:0H-H,0 ]*. RFMHAL &P 2L A s 4A s . LI2KEH
Skl S H B IR Skl S5 AR B SRR R i AR e, i B - [ M+H-CH;0H-H,0 | 5[ M+H-
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CH;O0H "M F4%% 14 CH:OHEL 1 N H0 70 1. edh, PSS RES M HEIL, B4 4
— RIS, [ M+H-H,0-CH;OH ]*Hl [ M+H-H,0-2CH-OH ]*45 . fo WAk 41 ) 2L A A 2 1]
4BFR . MRAELL 2L, 45O R IR T L BRI DO IC DL R SRS A, S S A Y 30 4
Co i A=

2.3.3 C, BIfEAWrE C iAW a48s5i 5 C B i Y mAH 1l HEC M EJC-
18, EEHE . FBESERFEEA ™ FEIEE FAECT, C B i A RE e AR om0 [ M+H | HE 5> T35
T, ZZEAEYCE WL BURIEALHE OH . OCH:FI OCOCsHANHCOCH ;. H 5 ik 4 g B 32 224 H,0
(=18 Da) . CH3;0H(-32 Da)Fl CoHoO3N(—179 Da) S5 Fr iy sp P EJe, Kk, MRIFHEURIEA T2 S
BIARE, PSS M+H-H.0] . [M+H-H.0-CH:OH ", [ M+H-H,0-CoHsOsN "5 F 1 AR —
SURAE, Z5EBAREICIC LR SRS % 4, JRS e A S 24 C s AE il

m/z:632.307 9 mlz:572.286 9 m/z:512.265 3
-CH,0H i -CH,0H i -BzOH-2H,0 i
H*
0 ] H
HO, ()J\ | | _l
7 LN N
= 0— H 0—
0 “OH ) o
W A
0
m/z:540. 260 6 m/z:354.170 8

5 OHZ
| oH

m/z:574.300 2 mlz:542.276 3 m/z:510.249 3

"\&_O
m/z:105.033 6
B4 ML &2 R

Fig. 4 Fragmentation pathways of representative compounds

A: Cy-diester type, mesaconitine; B: C -monoester type, benzoylhypaconitine

(A: C USRS, H753kmhs B: C, BARSTY . AEHEU 5 L5
2.4 ERMRERETEYESENENE

2.4.1 EBRMREFRZYFIE HET “2.37 EENBNEFHEAEWLER, MRHELUT RN iE H
FE BT EREFRAREY . (1DFEOPLS-DA A VIP> 1.5; (2) 972025 4F . (hEZhh)
MR “BPERERA B CSRIE" BhR. Tk, WK R 37 M EY R E T 6 S,
oy, RGBT WEAL A, FATBR RS ) MOHT kil . R 23k il 5 3kl ; LUK m TR ms i (5K
HEAT S R0 ) B H BT 2 Sk Dm0 . A Y B 2 Sk D 5 2 R I O 1 Sk DR o bk 6 AN o ik AT
PCA 5 OPLS-DA 73041, £ Rih bt ST R R IH AT R X, IR TV ok 25 S P i bR s
Y. VARF, H BT ISR ORI ) v 6 A 25 etk B bR ) UPLC-QQQ-MS/MS [] i i & it
ik



688 SR AR (http://www.fxesxb.com) o453

2.4.2 FHEEFEE LS YC-6 IR T 2547,
FEHR 1,47 SFAEEITREEE . R . EEEST,
25 R IR 6 N HY S RSD BN T 5. 0%, FEHHE S
L fREtE . EEMXRIE . BEG REEIE 6 AN Y
Sy AT BR S K AT, LA 6 AN IR RS EE IR A
W, ¥ 147 FFAFBE T AT . DL o Y T K
() M AR, DT AR (y ) AR PR BRI T R I, 15
FAE R [l U975 F 5 R TE  o JH H O H k JE
Bl y=71. 018x+1 829.5, =0.996 3, &I 7U [ 38.795 5~
775.909 1 ng/mL; 2 H Bk 12 3L J5 B, y=40. 1844+90. 77,
r’=0.999 9, ZM:JEH 19. 404 0~388. 080 0 ng/mL; FEH
Pk 12 3L S50 y=348. 11x+623.79, =0.999 9, 2R3 [l
18. 853 4~377. 068 8 ng/mL; 3L y=282. 19x-113. 24,
r*=0.999 2, ZRPETEH 1. 995 7~49. 891 6 ng/mL; K13k
B, y=411. 77x-5.127 9, r=0.999 5, £& 10 [l 2. 047 9~
51.197 1 ng/mL; 3L y=269. 57x-181.78, r=0.999 6,
2R PETE M 2. 013 3~50. 333 6 ng/mL., 644 ) P KT
0.99, WIS R B A M R I . eI
b, BUtSh YC-6 IR F-254, RtV EE, I
YRR, FRHR 147 DRI, PRI 4
REIR, FEHBEE S LR R B L. R EE
S NN DS R S S A E S N T iR B S 1Y N
] Wiz 2245 51 47 101% . 88.2%. 98.6%. 96.9%. 103%.
98. 0%, YIFFA (1 25 8 ) 2025 4 fiw (Y 5B ) He ) #L
EP; RSD H 2r 3k 3.9%., 5.7%. 4.6%. 2.5%.
3.2%. 2.9%, JriKEEE R

2.4.3 ZENELR X I8 T2k 5 18 4Ll
TR i 6 N e B RS 3 T & Bl e, 45
R s s, B 6 FIE 750k 2 et i B bR S (e
IEE AT EIC B 5 i s I8, & =il e 45
AR, SFAIEEG, R S Sk
FT AR 0. 030 09%+0. 011 2% FE B ARK ;2 3L,
B 5t B 43 BN 0. 015 6%=0. 010 8% [ % J7 43 2 —LL T ;
19, L ) I R 43 0 0. 006 4%20. 006 1% & 2+ 432
—LIF ., RGBT SE, A5 8o BE TR P
0.01) HeAb, ERBH o AR08 55 75 Y M 25k SR
7% H Bk % Sk 5Bk 1 5T & 43 20 M\ 0. 003 4%:0. 002 3%,
0. 000 4%=+0. 000 3% 43 7 $& F+ 2 0. 009 7%=0. 001 2%
0. 001 3%=0. 000 2%, 43 A2t 1 285.97% 5 353. 59%,

FERRHB LRI O] R T (p < 0. ODFRUK IS &, X —

0.0644 *

*

0.0484

0.032+ %

wt/%

0.016
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Y YP
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0.0034
sk
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Benzoylmesaconine  Benzoylhypaconitine Benzoylaconine
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5 18RRI T ST Z R BUR PRSI &
R E 4 2R
Fig. 5 Quantitative results of differential quality mark-

ers in 18 batches Salt Aconite and Linjiang Slices
** represents p<0. 01; ns represents p>0. 05
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Fig. 6 The EIC of differential quality markers in posi-

tive ion mode
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Fig. 7 Quantitative fragment ion chromatograms of differential quality markers
A: mesaconitine, B: hypaconitine, C: aconitine, D: benzoylmesaconine, E: benzoylhypaconine, F: benzoylaconine(A: #723L0,

B: WIS, C: D53k, D: HEHBOH DL, e BB LT, T R KRR
3 & it

ARG L4 ] UPLC-QTOF-MS/MS . UPLC-QQQ-MS/MS i AR 54k R IR g, EIR 2% 5
M T RS RA 1 VTR ) M B JE B A o 25 5%, RS T 2 o Ml @ B i ik . 5OE A
FHEG, AR E ARG B, TSkl DS, S5 3L 3 AN AR AR A W i & it U T R 52
P Sk DR, . 2 Y Ok 1 Sk D 2 A SRR F AR B i R BT (p<0. O B AR EE, | IRER T T AR
B TR AR BIBAE AL . oAb, ARBRIE ST A UPLC-QQQ-MS/MS IR I & 5T A 6
AMFEPREYN T, REUES . B AP . AMAERIT X R ] Gt R R
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