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Abstract: Objective To establish the fingerprint of Buyang Huanwu Decoction (BHD) based on core-shell column for its quality
control. Methods The extract of BHD was separated on an Agilent Poroshell 120 SB-Cis (150 mm X 4.6 mm, 2.7 pm) with a
gradient elution. The mobile phase consisted of acetonitrile-0.1% formic acid. The detection wavelength was 280 nm. The similarity
evaluation of 15 batches of BHD was carried out by the “Similarity Evaluation System for Chromatographic Fingerprints of TCM”.
HPLC-Q-Orbitrap HRMS/MS was used to characterize the 21 chemical compounds of the extract of BHD. Results The
chromatographic fingerprints of 15 batches of BHD were generated 21 common peaks (P1—P21), belonging to all seven medicinal
herbs in 38 min. Methyl quinate (P4), calycosin-7-O-B-D-glucoside (P11), calycosin-7-O-B-D-glucoside-6"-O-malonate (P13),
ononin (P15), (6aR, 11aR)-9,10-dimethoxypterocarpan-3-O-B-D-glucoside (P16), isomucronulatol-7-O-p-D-glucoside (P17),
calycosin (P18), formononetin (P19), (6aR,11aR)-9,10-dimethoxypterocarpan (P20), and isomucronulatol (P21) were from Astragali
Radix. Succinyl adenosine (P3), 6-hydroxykaempferol-3,6-diglucoside (P5), and kaempferol-3-O-sophoroside (P10) were from
Carthami Flos. Gallic acid (P2) and paconiflorin (P9) were from Paeoniae Radix Rubra. Vanillic acid (P7) was from Angelicae
Sinensis Radix. Guanoside (P1) was from Pheretima. Amygdalin (P6) and prunasin (P8) were from Persicae Semen. Ferulic acid
(P12) and senkyunolide H (P14) were from Angelicae Sinensis Radix and Chuanxiong Rhizoma. A total of 21 components were
identified by UHPLC-Q-Orbitrap HRMS/MS. It was the first time to establish the UHPLC fingerprint of BHD by core-shell
chromatography technology. Conclusion The method is simple and accurate with a good reproducibility and time consuming,
which will provide a basis for the further research on effective constituents in BHD.

Key words: Buyang Huanwu Decoction; fingerprint; core-shell chromatography technology; UHPLC-Q-Orbitrap HRMS/MS; quality
control; Astragali Radix; Carthami Flos; Angelicae Sinensis Radix; Chuanxiong Rhizoma; Paeoniae Radix Rubra; Persicae Semen;
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1, &) REGRIR Y SR AR %, WK AER
WO R A Y 500 9K Astragalus membranaceus
(Fisch.) Bge. var. mongholicus (Bge.) Hsiao -5
s AR Y H R 2V Angelica sinensis
(Oliv.) Diels M) TR FRATNEBEBIATZ BT
24 Paeonia lactiflora Pall. [T AR Huow R Rl

W16 B 5238 5| Pheretima aspergillum (E.
Perrier) [T Ak IS NPTERIBEATE Y )
) Ligusticum chuanxiong Hort. )T 1AHR; 216 8%
BT BEYLIE Carthamus tinctorius L. 15
W s A SRR B AIPE Prunus persica (L.)
Batsch TR AT

#F1 BHD 7+ 7 RKAMKIEER
Table 1 Sources of seven herbs within BHD

M w5 R #t5 UM w5 Sl 5 wM we KR it

WK Al Hil 181002 | #E A2 WETH 20180905 | ¥ A3 WEL 171203721
EJE Bl HA 180902 | %13 B2 H 20181003 | %13 B2 Hm 20180905

A Cl A 180901 | AR C2 MBS 20180501 | #**A5  C3 WE 180500401
ke DI JOF 180702 | HiE D2 TR 20180802 | HuJz D3 i 171202981
NE  El wunro171101 | JIE o E2 WP 20180802 | JII®  E3 U 180506521
AR HEE 180301 | 4ft F2 o 20180930 | 4ft  F3 Pyl 170103911
i Gl mde 180701 | MRS G2 7R 20171010 | HKiZ  G3 U 180507291

VETNEEZ, 2 E IR R, 3WEBEE KL, FRA

1 was purchased from Zisun, 2 was purchased from Tongren Drug Store, 3 was purchased from Kangmei Store, same as below
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i 444 Agilent Poroshell 120 SB-Cys #¥ (150
mmX4.6 mm, 2.7 um); JBIAHA 0.1%HERIKE
-2, BEEEVERL: 0~5 min, 5%~10%Z0E; 5~
8 min, 10%~15%Zf5; 8~20 min, 15%~25%7.
f; 20~38 min, 25%~55%ZE; AR EN 0.8
mL/min; KK N 280 nm; HE N 30 C. Hig
AR FC LAV 11 158 190 000,
22 FRiEEH

B rmA i S B TR (HESD: £
W77 e IE A7 AR W85 L +3 500/-3 000 V;
HEVAIRE 310 °C; BAIEIRE 320 C; #AA
JitE 13.5 L/min; BRI E 3 L/imine — 25
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RO 5 R AT o
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6.80%, FREHAVEME I R 4F .

2.7 BYEEHEN SHBIELRARE

271 FREUERERESL 7 DRI 3 HEEHBEL
HAHH 4 154 BHD #£i (S1~S15), W& 2. Xt
X 15 #OAE ST T, SR “ R et teglA
EARIVET RS (2012 4ERRD BETEIE T, DL

%2 15#t BHD HRKER
Table 2 Information of 15 batches of BHD samples
FEm I A AR ok IIE 448 BE
S1 Al Bl Cl D1 El Fl1 Gl
S2 Al B2 C2 D2 E2 F2 G2
S3 Al B3 C3 D3 E3 F3 G3
S4 Al B2 Cl D1 E3 F3 G2
S5 Al B3 C2 D2 El Fl1 G3
S6 A2 Bl Cl D2 E2 F3 G3
S7 A2 B2 C2 D3 E3 F2 G2
S8 A2 B3 C3 D1 El Fl1 Gl
S9 A2 B1 C2 D3 E2 F3 Gl
S10 A2 B2 C3 D1 El F3 G2
S11 A3 B1 C2 D1 E2 F3 G2
S12 A3 B2 C3 D2 El F3 Gl
S13 A3 B3 Cl D3 E2 Fl1 G2
S14 A3 B3 C2 D1 E2 F3 Gl
S15 A3 Bl C3 D2 E3 Fl1 G2
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0.973. 0.965. 0.982. 0.963. 0.959. 0.970. 0.892.
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1 15 $it BHD BY4FEFE U EE R E X RIELEE (R)
Fig. 1 UPLC fingerprint of 15 batches of BHD and its reference fingerprint
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2 BREEAHM (A). HEKZDHM (B) & BHD #& (C) B UHPLC &l
Fig. 2 UHPLC of sample without Radix Astragali (A), Astragali Radix (B), and BHD sample (C)
3 it BHD 1 7 Bk 252 1, A5 B 52 9% HAVE T &%

AR, BT HR M H Bt sl A 2 d i R
R )38 T 2SR I R 54, SEIR T AE S0 %
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BH 2.7 pm, H 1.7 pm BEARR SO RAZ AT 0.5 pm
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IR R AR R BR IR AL AR AIAE R CHU R PRI
40%~60%), SRTIFHATIIR BA B 4% T % AR 55
fNRARIER L A . SRR, AR K,
NI TE 8IS AT B oA R 202, ik, 5%
BRI E FREETE 2 im &2 1L
UPLC il S A tE e, (370 W A &R
2t BRI B PE 2 B IR

HAjEr % BHD HJFRSCEE 1, R A
AT VR 1A K 285 100 mint!™ 7191, i A ¢
KH 5O R (Agilent Poroshell 120 SB-Cs
ik, 250 mmX4.6 mm, 2.7 pm), HIhSZH
T7E 38 min N &7l BHD R4 L, wf W HAZ
FEAEM A WA R B T H M HPLC, 5
UPLC #H2%4.
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#*3 BHD HmPHBENSIPHRRTITER

Table 3 Qualitative analysis of main common peaks in BHD

g5 pmin BB miz) LB () RE (X100 TR B LR R KR
1 348 2820833 282.083 1 [M—H] -0.59  CioHiNsOs 192,152 & e
2 430 1690131 169.0134 [M—H] 143 CHOs 125 BEFm i}
3632 3820993 382.098 7 [M—H] -1.54  CuHiNsOs 252,206, 136 BEHIBLE R H ai
4 779 2050707 205.070 6 [M—H]" -0.17  CsHuOs 143,129, 115 ETRHH HEK
5935 8011720 8011702 [M—H]" -231  CxuHxOn 625,463,299 6-F2H&IER-3,6-0-ZHARE-7-0- M EIHEIRT 418
6 1039 5021555 502.1545[M4HCOO]"  —2.02  CxHzNOy 323,263  H#{-H B
7 1164 1670339 167.034 1 [M—H] 129 CsHsOs 123 HER 4H
8 1257 3401027 340.1022[M+HCOO]"  -1.33  CuHiNOs 219, 161, 113 BFiBHF B
9 1367 5251603 525159 0[M+HCOO]  -240  CxHisOu 431,165, 121 A2 Vi
10 1569 609.1450 609.143 8 [M—H]" -382  CyHxOrs 284,255,227 L &W-3-0-tH ate
111622 4911184 4911173 [M+HCOO] 221 CpHnOin 283,268,240 EE T HHHH" HE
121692 193.0495 193.049 8 [M—H]" 123 CiHiOs 178,134 FIBEY ===
132083 5331290 533.1264 [M-+H]" -4.68  CpsHuOn 285,270, 137 BEFHEIH-6"-0-F MK HEK
14 2172 2251121 225.111 3 [M+H] -083  CiHieOs 207,189,179 ¥ )11 E Pl H ===
15 2343 4751235 475.1224[M+HCOO] 227  CpHnOo 267,252  TRfEH" HEK
16 2525 5071497 507.1484[M+HCOO]  -2.62  CaHaOw 299,284, 152 (6aR,110R)-9,10-= F I LM H-3-0-p-D-A A HiH 1K
17 2607 4631599 463.159 | [M—H]" -1.71 CxuHasOw 301,286, 121 FA M SIMFPHEE-7-0-B-D- 4 & ¥ T HE
18 26.51 283.0601 283.0599[M—H]" -0.67  CigHnOs 268,240  EEFHE" HE
19 32.65 267.0652 267.0651[M—H]" -047  CiHnOs 252,224  THREE HE
20 3347 3011071 3011059 [M+H]* -382  CuHicOs 167,152,123 (6aR,11aR)-9,10-— FAFE LM HE
21 3399 303.1227 303.121 6 [M+H]" -357  CiyHis0s 167,149, 123 Sty yhig HE
28 0t R ik Lt

*comparision of refence substance
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