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Comparative study on differences between co-decoction and individually
decocted-mixed preparations of Buyang Huanwu Decoction and its modified
formulations based on UPLC-Q-TOF-MS/MS technology
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Abstract: Objective By analyzing the differences in chemical composition between the co-decoction and individually decocted
mixed preparation of the modified Buyang Huanwu Decoction, this study aims to provide a theoretical basis for the clinical application
of different dosage forms of the modified Buyang Huanwu Decoction (£FHi4 717%). Methods Based on the UPLC-Q-TOF-MS/MS
technique, the separation was performed on an ACQUITY UPLC BEH Cis column (100 mm x 2.1 mm, 1.7 um) with a gradient elution
of 0.1% formic acid acetonitrile solution-0.1 % formic acid aqueous solution as the mobile phase, with a volumetric flow rate of 0.35
mL/min, and the column temperature of 40 C, and an electrospray ionisation source (ESI) was used. The data were collected in

negative ion mode and analysed by Masslynx V4.2 mass spectrometry software on the basis of this method and the composition was
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identified by using the databases such as Global Natural Products Social. Molecular Networking (GNPS) and Pubmed. Identification.
Results The co-decoction of the modified Buyang Huanwu Decoction was found to contain 630 characteristic signals, while the
single-decoction mixture showed 724 signals, with 585 shared between them. The co-decoction had 45 unique signals, and the single-
decoction mixture had 139 unique signals.Through database comparison, 73 compounds were identified, primarily including 20
flavonoids, 16 fatty acids, eight phenylpropanoids, and a small number of triterpenes, tannins, anthraquinones, glycosides, alkaloids,
and other compounds. Among them, 69 compounds were common to both decoctions, while four compounds were unique to the co-
decoction. Semi-quantitative analysis revealed significant differences in chemical composition between the co-decoction and single-
decoction mixture. Specifically, epicatechin, raffinose, and cinnamic acid were significantly higher in the co-decoction, whereas
flavonoids such as calycosin, apigetrin, and apigenin decreased after co-decoction. Conclusion Through a systematic study on the
chemical components of the co-decoction and single-decoction mixture of the modified Buyang Huanwu Decoction, significant
differences in chemical composition were observed between the co-decoction and single-decoction mixture. These differences provide
a theoretical basis for guiding the clinical application of traditional decoctions and granule preparations.

Key words: Buyang Huanwu Decoction; co-decoction; single-decoction mixture; UPLC-Q-TOF-MS/MS; principal component

analysis; OPLS-DA; epicatechin; raffinose; cinnamic acid; calycosin; apigetrin; apigenin
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Table 1 Composition of medicinal flavours in modified Buyang Huanwu Decoction formula

4 T 4 Espjikiky) 2 FFRAL &g
A Astragalus Radix GRMEYIIEIEF T Astragalus membranaceus (Fisch.) Bge. TR 30
#ilX3  Rhei Radix et Rhizoma  ZIRHEYH 7K 3% Rheum tanguticum Maxim. ex Balf. TR EUR 25 10
JIIZ-HE Cyathulae Radix TERME )14 Cyathula officinalis Kuan. FIEAR 12
i Persicae Semen LHRHE IRk Prunus persica (L.) Batsch. LBk P. TR A T 1 12

davidiana (Carr.) Franch.

i) A Lumbricae ¥ R 5h 2 A F05| Pheretima aspergillum (E. Perrier) . RRCLUN 12
JEEFA M P. vulgaris Chen. JBAR E1i5l P. guillelmi
(Michaelsen) BiA1iE ¥ &5 P. pectinifera Michaelse.

%573 Plantaginis Herba ZEHIAHEYI - HT Plantago asiatica L. B°F- %=/ P. depressa T4 %0 20
Willd.

w5 Codonopsis Radix i RHEY %2 Codonopsis pilosula (Franch.) Nannf. & TR 15
1£52% C. pilosula Nannf. var. modesta (Nannf.) L. T. Shen
871142 C. tangshen Oliv.

e Poria % fLE R E H 1% Poria cocos (Schw.) Wolf TR A 15

HA Atractylodes rhizome 2§ BHEY FIA Atractylodes macrocephala Koidz. TR ZE 15

2 7k % 12g. KX 15g. AR 15g, EE/KIZIEL05h,

2.1 HEFISRREUE & FIRSI&
2.1 JEEIFIMHIE EE30g. HWIKH 10g. I
TR 12 g R 12 g0 MR 12 g ZERTEL20 gv 3

Bl 2h, AL R Bigl. HAERMN 2K,
I 2 BTG IR AT, IRE R TR
TERIA, RAFT-80 CHERLII,
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YeWE (0~9 min, 5%~95% B; 9~10 min, 95%
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Fig. 1 BPI of modified Buyang Huanwu Decoction co-decoction supplies versus single-decoction mixed supplies

|9 BPI

F2 HEIFIFREFDREAFTHREUML A TOF-MS/MS ¥ ELE
Table 2 TOF-MS/MS identification of compounds in compound and granule extracts

4% wmin ATHA  websk vt R BiERRE AR g O

(m/z) (mz) (X109 (m/z) i
1 084 [M—H] D-R CoHzOu 3411081 3411084 -0.87  341.10,283.10 + 4+
2 271 [M—H] REmEHE CoH:s015 6231982 6231976 096  623.19,297.09 +  +
3756 [M—H] TohiE KRR CiH0sS 3251844 3251837 215  325.18,245.22 + +
4 278 [M—H]" EFiTO CoHsO1s 6391943 6391925  2.82  639.19,477.16, 161.02 +  +
5 271 [M—H] @EREsHL CigH3003 623.1987 6231976 177  595.20,487.14, 461.16, 135.04, 123.04 +  +
6 750 [M—H]" 13-OxoODE CigH3203 2032142 2932117 853 293.21,249.22 + +
7 741 [M—H]" 13-HODE CaHaOw 2952275 2952273 677  295.22,277.21,233.22,195.13 + +
8 394 [M—H] REFEZREEMH  CusHuO 4310974 4310978 -0.93  431.09, 413.08, 269.04, 251.03, 241.05 + +
9 477 [M—H] EiRERM CsHs04 267.0663 267.0657 225  251.03, 252.04, 223.04, 195.04, 13202, + +

135.00

10 075 [M—H] 2-B#5 &K CisHi20r 1290189 1290188 078  129.01,111.00, 85.02, 67.02 + +
11 284 [M—H] RREZRM CisHisOn 3150521 3150505 508  315.05,300.02 + +
12101  [M—H] B-HiEREEETHE CiHOr 3310658 3310665 -211 12502, 126.02, 169.01, 170.01, 331.06 + 4+
13095 [M—H] frEERm CaHxoOn 1910189 1910192 -157  111.00,191.07,191.01 + 4+
14 396 [M—H]" el rsee C4Hs0s 4310932 4310978 -232  268.04,269.04, 431,09, 433.12 + o+
15 084 [M—H] (25)-2-%ET -  CuHuOs 1330141 1330137 301  71.01,72.99, 115,00, 133.01 + +
16 465 [M—H]" 9,12,13-Todea CisH100s 3292365 3292328 -4.25  171.10,211.13,329.23 + +
17 271 [M—H] ABRHZEMD CrHs0s 2850368 2850399 105  28503,151.00 + +
18 121 [M—H ®ETkK de CuHrNOs  169.0126 169.0137 -651  97.02, 125.02, 169.01 + 4+
19 097 [M—H N-RFEEEAZMIE CuHuNOs 2900898 2900876  7.58 12803, 200.05, 290.08 + +
20 632 [M—H A%RGEE CigH3:04 3132332 3132379 287  201.11,313.23 + +
21 242 [M—H] SftEE CuHxO12 4630894 4630877 367  300.02,301.03,463.08 + +
2 217 [M—H] BEBCH CaoHzNOu 4561506 4561506  0.00  323.09,456.15 + +
23 19  [M-H] GEER CisHigOo 3530863 353.0873 -2.83  191.05,353.08 + +
24 935 [M—H]" Bkk:EmR CaoHae03 4533336 4533369 -7.28  438.24,453.33 + 4+
25 634 [M—H]" fFHEM CisH100s 2600456 269.0450 223  117.02,269.04 +  +
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G5 wWhin BTERA KANSE pr WE - REE - RE R g
(m/z) (mz) (X107 (m/z) biokes
26 306 [M—HI"  ()-5-MnuEtZ R CisHis0s 353.0863 3530873 -2.83  135.04,192.10 + -
21 483 [M—H  KEEBR CisH004 2530504 2530501 119 225.05,253.05 + 4+
28 071 [M—H  ERE CioH22011 3411066 3411084 -528  101.02,178.91,341.10 + +
29 218 [M—-H BPEEE C1oHs0s 1750394 1750395 -058  130.96, 175.03 + 4+
30 438 [M—H  91213-=#H+ )\Bt- CigHa:0s 3272166  327.2171  -153  171.09,229.13,327.21 + +
10,15- 15
31 436 [M—H]  FERAEEM CoH22010 4451156 4451135 472 269.04,283.06, 445.11 +  +
32 464 [M—H  HFHERW CaoHegOs 4873452  487.3423 595  487.33,488.35 + -
33 402 [M—H  HExHL CatH200s 4151025 4151029 -0.97  266.05, 267.05,277.05,295.06,41510 +  +
34 093 [M—H  HTHE CisHz2016 5031614 5031612 040  502.17,503.16,504.15 + -
35 517 [M—H  16-HE-9-AMR+/)\  CigHasOs 3071952 3071909 521  185.11,209.11, 211.13, 235.13 +  +
#-10,12,14-= k2
36 528 [M—H @R CrHClLFeN:03 508.9707 5089706 020  350.95,174.96 + +
37 716 [M—H]  LPC182 CasHsNsO;  564.3363 5643339 425  279.23,280.23, 242.07, 224.06 +  +
38 524 [M—H BERTZER C3oHagOs 5033374 5033309 159  503.33,504.34 +  +
39 447 M—H  TERCER CisH2404 2431583 2431596 535  225.15,243.15 + -
40 623 [M—H  I4T-=RHEFEM  CisHwOs 269.057  269.0450 260  211.03,223.03, 239.02 + +
41 214 [MHCI  opreal 454017 CsHzCIN:O; 493.1492 4931450 852  112.98,493.14 + +
42 068 [M—H AER CsHoNO4 1460434 1460453 -137  146.04 +  +
43 147 [M—H]  AKOS1724953 CorHasCIN2Os 5221501 5221558 651  112.98,522.15 + +
44 991 [M—H  Fphim CiHx02 2552331 2552324 274 112.98,255.23 + -
45 339 [M—H]"  AKOS40738581  CosHasOts 5331251 5331295 -8.25 533.12,281.08 + +
46 3.21 [M+HCOO]" £ 5+ #iHil-O-# %HE CaaH2010 4911195 4911190  1.02  283.06,491.11 + 4+
]t:":[ls]
47 354 [M+HCOOl Ehfetl CaaH2209 4751224 4751241 -358  267.06,475.12 +  +
48 381 [M—H]  EEREH CisH1205 283.0613 2830606 247  268.03,283.06 + +
49 47T [M—H  ElEE CigH1204 267.0663  267.0658 187  252.04,223.03,195.04 + 4+
50 623 [M—H] KR CisH100s 269.057  269.0450 260  225.05,269.04 + +
51 1109 [M—H] PI16:018:2 CuHreOuP 8335178 8335180 —0.24  553.27,391.22, 255.23, 152.99 + -
52 170 [M—H  (+)-FLEEN CisHuO6 280.0710  289.0712 -0.70  304.03,353.03, 289.07 + 4+
53 7.18 [M+HCOO]" SY328 456 CosHsNOP 5653303 5653380 —8.67  565.33, 224.06 + +
54 2.81 [M+HCOO] HEfEH H C1oH28011 4771623 4771608 314 431.15,101.02 + 4+
55 162 [M—H]T  AKOS40738967  CaH24O0 5431249 5431291 -7.73  499.17,497.12,119.04 + 4+
56 1069 [M—H]"  NCGC384950-01  CosHsoOs 5053333 5053377 -871  340.98,505.33 + +
57 892 [M—H] B CaoHagOs 4553527 4553525 044 4573545635 + +
58 174 [M—H]"  NCGC380654-01  CaHasOrs 4871480 4871452 575  134.03,87.14 + +
50 185 [M—H]  1L-HEEMEETT  CuHuOn 4031245 4031240 124  179.06, 223.06, 403.12 + -
60 193 [M—H]"  HMS3357M19 Ca2Ha0014 5171597 517.1557  7.73  355.09,193.05 + +
61 L72[M—H]  AHEZAURBEMEE  CiHasOu 4311560 4311553 162  71.01,101.02,161.04,269.11,431.15 +  +
62 545 [M+HCOO] NCGC386008-01  CasHasOs 5642986  564.2934 922  217.99,101.02 + 4+
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% tmin  FFELR EMmak AR L AR JER ﬁm
(mfz) (miz) (X109 (mfz) BE

63 886 [M—H]”  NCGC380672-01  CzHOw 501.3129 5913169  —6.76 487.30, 285.21 + 4+
64 219 [M—H]" Wi Ca2H24010 4921293  492.1268 508 477.13,161.02, 135.04 + 4+
65 241 [M—H]  S&%T CatH1s013 4770600 477.0669  -6.08 301.03,302.03,477.06 + 4+
68 270 [M—H]  ¥Z¥E CatH0011 4470906 447.0927 470 286.04,84.03 + 4+
69 260 [M—H]T &ZHHA CasH2s011 4771360 477.1397  -7.75 179.03, 161.02, 135.04 + 4+
70 304 [M—H]  EHELiNFFB CasHas013 579.2049 5792078  -5.01 417.15,387.10 + +
71 253 [M—H]T MIFfafH CooH34015 621.1854 6211819 5.63 557.16,297.03 + 4+
72350 [M—HT  WHEER Ca1HaoO15 6512276 6512289  -2.00 193.04,175.04,160.01,13403,13201, + +

113.02
73 258 [M—H AT CarHa016 609.1470 6091456  2.30 373.04, 255.05 + o+

+-REAHE ;s —REAAFHES

+- represents existence; —-represents non-existence.
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Fig. 2 Structure of representative structure composition in modified Buyang Huanwu Decoction
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