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[ Abstract | Objective: To identify and analyze the chemical constituents in Bufei Jianpi formula by UPLC-
Q-TOF-MS/MS. Method: An Agilent Poroshell SB-C,; column (4.6 mm x 100 mm, 2.7 pum) was used with a
mobile phase system of 0. 1% formic acid solution ( A) -acetonitrile (B) for gradient elution (0-10 min, 3% B;
10-100 min, 3% -50% B; 100-120 min, 50% -100% B) under positive ion mode and water (A) -acetonitrile (B)
for gradient elution (0-5 min, 3% B; 5-60 min, 3% -100% B) under negative ion mode, the flow rate was
0.6 mL-min "', and the column temperature was 30 °C. Mass spectrometric data were obtained under electrospray

inoization ( ESI) in positive and negative ion modes, the collection range was m/z 50-1 000. Agilent MassHunter
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Qualitative Analysis software was used to exiract and match chromatographic peaks. Result: Combined with
reference, related literature and database analysis, 95 compounds were identified by mass spectrometry
information, including 41 flavonoids, 23 alkaloids, 12 lignans, 9 organic acids, and 10 other compounds.
Conclusion: The chemical composition of Bufei Jianpi formula is complex, and the cracking rules of different
components are different. Flavonoids are prone to deglycosylation, dehydration, Diels-Alder reaction ( RDA)
cleavage of the ring during lysis, and loss of some neutral molecules such as CO, CO,, CHO. Lignans has a
substituent such as a hydroxyl group, a carbonyl group or a methoxy group on the benzene ring, and it is easy to
obtain a fragment ion which loses H,0 or CO. The basic structure of organic acids is a phenolic hydroxyl group-
substituted aromatic ring, acrylic acid, fatty acid or the like, this kind of compound is easy to lose H,0 and COOH
in negative ion mode, and it is easy to break at the carbonyl to form fragment ions. This established method is

rapid, sensitive and accurate, which can quickly identify the chemical constituents in Bufei Jianpi formula and

provide evidences for clarifying efficacy material base of this formula.
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Fig.1 Total ion chromatograms of Bufei Jianpi formula under positive( A) and negative (B) ion mode by UPLC-Q-TOF-MS/MS
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Table 1 Identification of compounds in Bufei Jianpi formula under positive ion mode
W4 1g/min gy ¥ m/z LR 8/ppm (4t WREF m/z P33
1 1.76 CsH,, NO, 118.086 4  —0.84 Fizemw *o 118. 056 4 a/b
2 3.44 C4H,N,O 137.0459  -0.07 yikmEsl?) 137.045 9,119. 034 5,110. 035 3 c
3 5.98 C,H;3N50, 268. 102 7 0.48 fryleso) 268. 102 7,136. 061 8,119. 035 2 a/c/d
4 13.67 C,3H, NO, 254.1399  -0.47 codonopsinol B'® 254.139 9,161. 061 2 d
5 14.73  C4H,0, 127.039 6  -0.47 pyrogallic acid'"’ 127. 039 6,81. 520 7,53. 038 2 e
6 15.00 C,,H,NO, 268. 153 7 0.45  codonopyrrolidium B® 268. 153 7,161. 059 7,88. 076 2 d
7Y 25.61 C,H;40, 329.087 6  -0.27 ‘HpzExlt 181.048 8,151.038 3,131. 049 2 f
8 32.85 CyH,; NO, 182.080 3 0.49 e R 182. 080 3 d
9D 34.28 C, H,NO, 342.170 7 -0.06 A= 7Eg% 12 342.170 7,297.113 0, 282.089 5, b/g
265. 087 0,237.091 9
10 37.10 C, HyNO, 342,170 7  -0.29 Spgedpmpm 342.170 7 b
11 37.80 C,,H,,NO, 314.176 8 -0.38  JEFpE ) 314.176 8,269. 117 7,107. 050 3 b
12 40.57 CeH,, 04 285.076 6 —0.32 5,7-dihydroxy-40-methoxy-isoflavone' ') 285.076 6,179. 060 5 a
139 40.65 C,Hyp,O04 447.1295  —0.20 3 S EEA A Ay Y 285.074 8,270. 051 4,125. 986 2 a
14 41.48 C,;H};NO, 268.1349  -0.67 gkl 268. 134 9,251.107 6 b
15 42.35 CyH O 355.113 5 115 B epikR ez 355.113 5 g
16 44.01 CyHyNO, 594.397 8 0.37 i 00 =45 ok 00 A R 245 11 594,397 8,576.387 4 h
17 44.47 Cy HysNO, 356.186 7  -0.31 3aesEgg! 2 356. 186 7 b
18 44.62 Cy3HyyNOg 592.383 3 0.19 7 I B 3wy LS 592.383 3,574.372 8 h
19"  45.46 CyH;,0, 581.187 6  —0.19 i gz 4El'e! 273.074 7,195.028 5,153.017 3 i
20 46.96 Cy,H, NO, 428.314 6 0.30 I #g3 428.314 6,126. 127 3,114.091 6 h
21 47.82 CypsHy,CINGOg  534.2122  —0.15  astin DU 534.212 2,106. 065 1 e
221 48.16 C,, H,NO, 432.3478  -0.14 [ggZmp s 432.345 9, 414.336 2, 256.205 5, h
148.111 9
23 49.75 CysHy3 NSOy 532.238 5 0.32 436 Ttk A1 532.2385,106. 065 9 e
24 50.02 Cy3HssNOg 594.398 7 0.22 #0045 ak 0 A i 24 1) 594.398 7,576.383 3 h
25" 50.50 C,,H,NO, 430.3325 -0.21 pigzz ) 430.330 6, 412.320 6, 257.214 8, h
175.147 7
26 50.56 C,, H,;NO, 430.331 0 0.14 i nn ) 430.331 0,412.320 9 h
27 51.66  CyH,oNO, 370.129 4 -0.24 i sk 2 370. 129 4 b
28 51.91 Cy,H,,0, 4311342 -0.12 e 269. 081 9,254. 058 7,213.091 7 a
29 52.94  C,,HyNO, 276.066 1 -0.22 o2 gk 12 276. 066 1 b
30 52.99  C,H, CL NSO, 586.181 4 0.27 astin ALY 586. 181 4,106. 065 3 e
31 55.41 C,sHy;,N, O, 516.243 7 0.31  astin J''° 338. 174 1,106. 065 7 e
32 56.65 Cy HuNO, 432.346 6 0.14 Wi D7 sl 55 DUk 28 Y s DL 5 il 432. 346 6,414.336 3 h
SO REE
33 57.74 C,4H,, 0 285.076 3  —0.36 F3 5" 285. 076 3 a
34D 57.92 CyH,,0,, 595.2030  -0.15 fifgqrlte] 287.091 0,195. 028 3,153.018 4 i
35 58.57  CaoHyyO0y 839.299 0  -0.26 wiFEE Al 531. 186 7,369. 133 8 g
36 58.70 C,, H,5NO, 416.3527  —-0.10 =0 g g ) 416.352 7 h
37 59.36  CyH,0,0 809.289 1 -0.35 #zEs Bl 531. 186 7,369. 134 3,313.071 6 g
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g1
IS tg/min AFX m/z EPR{E 8/ppm (=] R B F m/z K
38 59.82 C,,H,NO, 414.3377  —0.24 =% %R 0 ng ek 0 py 22 00) 414.3377 h
39 60.16 Cy3Hs, 0, 823.304 6  -0.33 mjEE C4 531. 187 4,369. 134 4,313. 071 5 g
40 60.97 Cy3H, 0,5 677.246 5  -0.37 jpgiEir 369. 134 1,313.071 2,129. 055 0 g
41 61.87 C,,H,NO, 414.336 3 0. 10 %0 I g i ke 47 D1 g 22115 414.336 3,396.327 1 h
42 64.42 C;Hy O 725.226 5 0.30 natsudaidain-3-0-( 3-hydroxy-3-methyl- 725.226 5,419. 134 8 i
glutarate ) -glucoside '®)
43 65.25 Cy3HyO0)s 677.245 1  —0.16 iy ALY 677.238 3,369. 134 2,313. 071 1 g
44 65.26 C3Hg0, 821.288 1  -0.22  Fi/KIRFFEZE-3-0-F 20 (1-2) -1k 531,186 4,369.133 5 g
IR -7-0- i Ep
45 66.68 C,,H,;NO, 416.3533  -0.48 pugiedine! " 416.351 1,398.336 6 h
46" 70.13 C, H,,0, 373.127 2 0.27  FHf s o) 343.080 9, 315.085 4, 181.012 8, i
153.018 1
47 70.91  CpHy,Og 389.121 2 0. 49 5-hydroxy-6, 7, 8, 3', 4'- 389.121 2,359.076 5 i
pentamethoxy flavone'®)
48 72.14 C, H,,0, 269.0810  —0.07 M:fgfEzel 269. 081 0 a
49" 74.93 C,H,,0, 373.127 8 0. 11 S s o) 343.080 3,315. 085 4,153. 018 0 i
50 76.90 C,oH,40, 343.118 7  -0.32 56,74 -tetramethoxyflavone! '8 313.071 4,285. 076 2,153.019 1 i
510 80.14 C, H,,04 403.138 8 —0.02 izl 358.067 2,301. 069 8,221.023 7 i
52 80.66 C;;H, 0, 661.247 1 0.30 2" B ZsWE LR LA YA 369. 132 2,313.070 9 g
53 81.83 C,oH, 0 343.118 5 -0.26 tetramethyl-O-isoscutellarein''®’ 343.118 5,313. 065 4 i
54 83.41 C,,H,,0, 433.1505  -0.28 3,5,6,7,8,3 4"~ F 48 SL 2 1O 433.150 5,403. 103 7 i
55 84.56 C, Hy 0, 369.134 0 -0.19 Fkmpagz 313.071 0,243. 065 1,135. 044 8 g
56 84.62 G, Hy 0y 5151917  —0.10 szgeqfl 369. 133 3,313.071 4 g
579 87.12 C,H,,0, 373.129 1 -0.24 fgepzle) 343.080 9,211.023 8,183.028 6 i
58 110.19 CH,,0, 301. 142 4 0.33  EfpAJgE 2 301. 142 4 b
T 50 R O R BN e, BB b AN oL HUE s d. G B e, BB L B 5o TESE A h BT LB S BR AR k. AR (K2 D .
F2 HBFERATHERSTHLERS DT
Table 2 Identification of compounds in Bufei Jianpi formula under negative ion mode
Wgg tp/min TR m/z SR 8/ppm £ F RS m/z U )
1 3.91 C,Hg0; 169.0145 —-0.18 W frFik!2" 169. 014 5,124.827 5 f
2 10.14 C,H(0, 153.0209  -1.05 J&JL2sik ! 153.020 9 d
3 10.74 C, H 0, 353.087 5 0.08 [aztmjk 100 353.091 5,191. 058 2,173. 047 2 e/g
4 11.63 C,H; 0, 353.089 6 -0.51 gl 353.089 6,191. 055 3,179. 036 5 e/g/d/i
5 11.67 C,H; 0, 353.080 5 2.07 g ek 100! 353.080 5,191. 055 3 e/g
6 12.19  C,4H,304 337.094 4 -0.44 3-0-p-coumaroylquinic acid''?’  337.094 4,191. 056 4 g
7 12.48 CoH{0, 179.0357  -0.39 gynfkjig (2] 179. 036 0,135. 045 0 e
g 13.29 C;,H,(0, 327.0751 -0.89 #2pzEpxll 327.075 1,205.017 0,192.008 6,164.013 7 f
9 15.09 Cy5Hy 0, 785.2537  -0.34 AKzfgezir B 623.219 3,477.161 2,161. 024 5 b
10 15.23 CyH,0, 163.0412  -0.67 xtstptem 163.041 3,119.052 3 g
11 15.35 CyyHy Oy 771.2357  —0.05 alhagidin'?*) 635. 181 1,609.202 6,161. 024 4 b
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ES
W tg/min 53 F X m/z LR 8/ppm Exi R m/z 3%
12 15.55 CypHy045 593.154 4  -0.54 4ppge2lt02) 593.154 4 ,473.112 2,353.069 6,193.052 8 i
13 16.60 CyHyo 05 623.201 6 -0.56 A2fgir AP 461.170 7,315. 112 1,161.026 9,135.047 3 b
14 18.30 CyyHis0 4 639.1948  -0.27 B-hydroxyacteoside ) 477.160 1,133. 044 3 b
15" 18.44 C,yHy 045 623.2023 -0.67 FE gl 623.200 4,461.170 3,315.111 7,161.026 4  a
16" 18.95 CyHO0, 161.026 3 —1.18 I iEpEE > 161. 026 3,133. 030 4,123.047 7,105.037 2 e
17" 19.59 Cyp,H3, 0, 579.174 9  -0.52 iz 45! 579.178 4,295.063 5,271. 064 5,151.0059 i
18 19.78 C3Hy Oy 677.2093  -0.09 hexandraside E!?% 530. 146 4,369. 100 3 g
19" 20.30 CyHy 0 609.184 9  -0.39 &z 45'e 609. 185 9,447.095 0,325.074 5,301.075 1 i
200 20.32 CyHyO 447.096 4  -0.69 EZ=yiqple) 447.096 4,300. 030 6,255.032 6,151.005 6 i
21 21.09 C3Hy045 661.214 6  -0.12 ;LRI AP 514.147 6,395. 112 7,353. 103 3 g
22 22.23  C3H, 05 315.124 5 -0.22 JEAbARE/K B2 315.124 5,267. 101 3,249. 091 3 b
23 22.94 CyHyOps 675.2315 -0.31 mpgEs? 675.231 5,409. 128 4,367. 118 5 g
24 23.28 C3,Hy04, 645.2212 -0.36 #7E4F B2 366. 113 2,351. 089 1,323.095 8 g
25 23.44 Cy3;H, 0, 659.2370 -0.38 2"RZEMEEEEWRF I 659.237 0,366. 113 3,323.093 2,259. 103 1 ¢
26" 23.52 CyHy 0, 593. 184 4 0.54 Figeryplel 327.089 1,285.079 3,241.087 8,164.013 5 i
27Y 24.28 C,cH,,05 283.0633 -0.74 AV 283.063 5,239.037 0,211.041 5,135.0100 a
28 25.34  C,eHy Oy, 515.155 8 0.02 77t ¢l 515.153 6, 353.101 9, 325.106 3, g
309. 039 9,219. 065 4
29 27.00 C,H,, 04 329.2347 -0.43 9,12, 13-= ¥ H-10-F /U 329.235 0,229. 147 3,211.135 7,171.104 2 d
%%M{ZS,
30" 27.68 C;5H04 285.0417 -0.42 AJprazllo]) 285.042 8,199. 041 4,175. 041 8,133.031 6 e
31V 27.74 CgH, 04 301.073 7 -0.63 fpr ] 301.074 3,285.041 9,164.013 5,136.018 5 i
32 28.17 C;sH,0, 241.088 6  —0.66 [Efj = fL24.30] 233.077 7, 196.054 6, 182.039 3, b
157.067 8,141.171 9
33 28.49 C,HygOy 499.163 1 -0.42 578407 352. 096 7,323.093 9,309.042 1 g
34 28.63 C,sHyg04 499.163 1  -0.42 7 wAF AP 499. 165 1,352.098 8 g
35 29.51 Cy3Hup045 675.2315 -0.31 sEHFEW 675.231 5,367.121 8 g
36 29.63 C,H,0, 267.0683 -0.75 fFpEBY 223.042 5,195.047 3 a
37 31.54 C,H,,0, 253.087 8 -0.32 JEfpEE DI 235.076 3,207.061 6 b
38 32.47 CypyHy 0 513.178 7  -0.41 5764 1Y 366. 113 5,351.090 0,323. 095 5,311.058 4 g
39 40.02 C,5H, 0,4 247.1356 -0.65 HANED" 247.135 6 k/d
40" 40.16 CH,40, 265.1253  -0.72 JEApMEP 265.125 3,245.098 6,223.078 0,193.0673 b
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