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Abstract: Based on ultra-high performance liquid chromatography—quadrupole time-of-flight tandem
mass spectrometry (UPLC—Q-TOF-MS/MS) , this study developed an automated matching algorithm
for the theoretical m/z values of characteristic fragment ions, utilizing NumPy matrix operations and
Matplotlib visualization in Python. By integrating self-built databases of molecular formulas and char-
acteristic fragment ions, the platform achieved rapid screening and automated identification of multi-
component in Shangke Jiegu Tablet. The MS/MS fragmentation patterns of various compounds were
systematically investigated and validated through comparison with the reference standards and litera-
tures. A total of 77 compounds were identified, including 28 triterpenoids, 16 saponins, 9 amino
acids, 9 flavonoid glycosides, 6 alkaloids, 6 fatty acids, 2 iridoid glycosides, and 1 pigment. Per-
formance validation demonstrates that this Python algorithm achieves the detection rate of 100%, rela-
tive standard deviations (RSDs) less than 3. 0%, and false matching rate of 2. 5%. This research pro-
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vides scientific data and technical support for the study of the pharmacodynamic material basis and
quality evaluation of this traditional Chinese medicine prescription.
Key words: Shangke Jiegu Tablet; UPLC-Q-TOF-MS/MS; Python-based algorithm; automated

identification of constituents; mass spectrometry fragmentation mechanism
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Fig. 1 Total ion chromatograms of Shangke Jiegu Tablet sample

A: positive mode, B: negative mode; peak numbers in this figure are consistent with those in Table 1
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Fig. 2 Workflow of the automatic interpretation algorithm for the MS data in this study
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Table 1 Algorithm-assisted MS identification results of the multi-component in Shangke Jiegu Tablet

No. Compound L/min Formula mlz MS/MS fragment Score
1 Y 0.78  CH,N,0, 175.1187 [M+H]" 60.056 0 [CHN,]", 89.38
70.065 4 [C,HN]T",
116.070 1 [M+H-CH,N,]",
158. 092 0 [ M+H-NH,]*

2 A {2 0. 89 C,H,NO,S  124.0083 [M-H]" 79.9563 [M-H-C,HN]", 94. 74
80. 969 0 [M-H-C,HN 1

3 R~V 0.95 C;H,NO,  118.0876 [M+H]' 55.0550 [M+H-NH,]", 96. 05
72.081 4 [M+H-HCOOH ]*

4 SERIR 1.10 CH,NO,  132.1014 [M+H]" 86.0952 [M+H-HCOOH]", 92. 64
69. 069 0 [M+H-HCOOH-NH, J*
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No. Compound L/min Formula mlz MS/MS fragment Score
27 JEHF-2-0- M A BT .73 C,H,0, 5951656 [M+H]" 433.1154 [M+H-Glu]", 73.69
121.027 9 [C,H,0,]*
28 FRAEE-3-0-(2-0-RAERIR)-  11.98  C,H,0,, 6251765 [M+H]" 479.1150 [M+H-Rhal*, 71.43
WA 147. 063 9 [Rha+H]*
29 o= TR I e/ S A 13. 50 C,oH,0,  441.3726 [M+H]" 423.3610 [M+H-H,0]", 82.91
235.202 1 [C, H,,0+H]",
191.179 1 [C H,+H]*
30 RESTTE LN 13.86 C.H,0,  247.1327[M+H]" 229.1206 [M+H-H,0]* 97.48
91.0552 [C,H, ]
31 - T NG TR 1/ S A 13.92 C,H,,0, 441.3719 [M+H]* 423.363 3 [M+H-H,0]", 81.84
235.207 3 [C, H,,0+H]*
32 NS BT RS K 14.02  C,H,0, 991.548 8 [M+  783.492 6 [M-H-Glu] 73. 14
HCO0]
33 NS B RISA 4 14.09  C,H,0, 845.4909 [M+  781.476 4 [M-H-H,0]", 79.99
HCO0] 637.434 1 [M-H-Glu]",
475.381 6 [M-H-2Glu]",
391.2836 [C,H,0,~H]
34° = ERBIFRI 15.28  C,H,0,  955.5256 [M+Na]® 801.501 8 [M+H-Rib]", 86. 94
783.491 0 [M+H-Rib-H,0]",
753.478 9 [M+H-Glu-H,0]",
621.436 8 [M+H-Glu-H,0-Rib]",
459. 384 3 [ M+H-2Glu-H,0-Rib]"
35" AZAF Rgl 15.86  C,H,0,  801.5029 [M+H]" 783.4903 [M+H-H,0]", 83.28
765. 478 4 [M+H-2H,0]",
639. 447 1 [M+H-Glu]*,
621.437 1 [M+H-Glu-H,0]",
603. 427 8 [M+H-Glu-2H,0]",
459.383 4 [M+H-2Glu-H,0]",
441.374 4 [M+H-2Glu-2H,0]"
36 NS AT P35l 15.90  C,H,0, 815.478 7 [M+  637.439 7 [M-H-Rib]", 74. 08
HCO0] 619. 426 8 [M-H-Rib-1,0],
475.370 5 [M-H-Rib-Glu]"
37 -7 I I Pt/ S5 £ 16.22 C,oH,0,  441.3683 [M+H]" 423.363 6 [M+H-H,0]", 76. 65
191.178 6 [ C, ,H,,+H]"
38 NS A RIS 18.64  C,H,0, 845.4936 [M+  637.436 6 [M-H-Glu]", 74.10
HCOO ] 475.386 0 [M-H-2Glu ]
39 B2 NS R 18.76 CH,0,  247.1340 [M+H]" 229.1226 [M+H-H,0]", 89. 61
109. 0659 [C,H,0]",
91.054 1 [C,H, ]
40 FATFRR/ AL A 18.81 CH,,0, 303.2306 [M+H]* 257.227 6 [M+H-HCOOH |*, 76. 32
187. 1456 [C, H,+H]"
41 - TR i T P/ S A A 19.08 CyoH,0, 441.3724 [M+H]" 423.3615 [M+H-H,0]", 72.33
191. 178 1[C,,H,,+H]*
42 NS A P35 19.08  C,H,0, 815.481 1 [M+  637.434 0 [M-H-Rib]", 72.39
HCO0] 619. 425 3 [M-H-Rib-H,0]",
475.381 6 [M-H-Rib-Glu]",
457.375 8 [M-H-Rib-Glu-H,0]
43 RESTITE LIS 19.24 C.H,0,  247.1318 [M+H]* 229.1215 [M+H-H,0]", 90. 61
91.0547 [CH, ]
44 AT IR SR AR 19. 69 C,,H,,0 303.236 S[M+H]"  257.227 1 [M+H-HCOOH ", 74.71
187.146 9 [C, H,+H]"
45 Jhi AT IR 19.76 C, 0,0,  301.2160 [M+H]* 255.2115 [M+H-HCOOH]", 74. 86
69. 069 6 [C H+H]"
46 NS RAT P25k 19.93  C,H,0, 829.4979 [M+  621.437 4 [M-H-Glu]" 75.97
HCO0]
47 PR S A A 20. 08 C,H,0 425.377 1 [M+H]* 407.365 8 [M+H-H,0]*, 78. 62
369.313 0 [M+H-C H,]"
48 NS BAT P15k 20.16  C,H,0, 683.441 1 [M+  475.3832 [M-H-Glu]", 72.23
HCO0 ] 391.2835[C,H,0,-H]
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No. Compound L/min Formula mlz MS/MS fragment Score
49 - T B/ S A A 21.04 CyoH,0, 441.3729 [M+H]"  423.360 4 [M+H-H,0]", 82.46
191.178 5 [C,,H,,+H]*
50 2l N/ 1A 21.09 C.H,0,  247.1323 [M+H]" 229.1225 [M+H-H,0]", 87.12
109. 064 1 [C,H,0]"
51 AZ 4 Rbl 21.93  C,H,0,, 1131.5633 [M+Nal]' 1091.6028 [M+H-H,0]", 88.20
929. 546 9 [M+H-H,0-Glu]",
767.493 8 [M+H-H,0-2Glu]",
443.388 3 [M+H-H,0-4Glu]"
52 NS BT FI5RMk 22.02 C,H,0, 683.4402 [M+  475.381 8 [M—H-Glu] 74. 66
HCOO ]
53 (245)-20, 24-FF-25-F2HEE 22,05 C,H,,0, 459.3823 [M+H]" 441.374 3 [M+H-H,0]", 75.43
HHS N -3- B 423.359 4 [M+H-2H,0]"
54 PR LI b A 22.36 C,H, 0 425.376 7 [M+H]" 407.3659 [M+H-H,0]*, 80. 91
369.313 4 [M+H-C,H,]"
55 NS BT RS A 22,39 C,H,0, 991.547 8 [M+  927.5232 [M-H-H,0]", 73.69
HCOO0] 783.489 0 [M-H-Glu]",
621.436 2 [M-H-2Glu]"
56 2 M 22.44 C,H,0,  279.1615[M+H]" 261.1390 [M+H-H,0]", 71. 84
247.136 0 [M+H-CH,0H ]
57 PR A A 22.95 CyoH,:0 425.376 6 [M+H]*  407.366 9 [M+H-H,0]", 83.52
369.318 2 [M+H-C H,]"
58 NS AT Rd/5AG T4 22.96  C,H,0, 991.5514 [M+  621.437 8 [M=H-2Glu] 74. 15
HCO0]
59 9- I S AL 2 B R R 23.37 C,H,0,  259.1326[M+H]" 227.1057 [M+H-CH,0H]", 77. 67
109. 064 0 [C,H,0]
60 NS BHAF P2/ 5 i 24.63  C,H,0, 829.496 1 [M+  621.4437 [M- H Glu], 74.31
HCOO0] 459.380 2 [M-H-2Glu]"
61 P R/ 53-A 24.72 C,Hy,0,  303.2319[M+H]" 187.1464[C H,+H] 72.45
62 NS BH F2I5 A 25.49 C,H,0, 829.4934 [M+  621.4332 [M-H-Glu] 75. 63
HCOO ]
63 S 25. 60 C,,H,,0, 289.2170 [M+H]® 121.064 4 [CHO+H]" 73.92
64 9- H AR FEBL 2 /5 F 1 25.81 C,H,0, 259.1316 [M+H]" 244.109 9 [M+H-CH,]", 72.57
227.1057 [M+H-CH,0H]",
65 WAT R S A 1A 28.26 C,oH,0,  303.230 1 [M+H]* 257.226 3 [M+H-HCOOH]", 82. 99
187.1485 [C H +H]
66 MR/ 5 i 31.29 C,H,,0, 283.263 S[M+H]*  265.254 4 [M+H-H,0]", 74. 87
67 11-HIE-B-FL A R 32.31 Cy,H,0, 471.3470 [M+H]* 453.336 3 [M+H-H,0]", 88.59
435.327 3 [M+H-2H,0]",
425.342 7 [M+H-HCOOH ]*,
407.331 0 [M+H-H,0-HCOOH *
68 WA W S A 14 33.23 C,oH,0,  303.2303 [M+H]* 257.2255 [M+H-HCOOH]", 79. 06
187.148 9 [C, H,+H]"
69 VBRI 33.44 C,H,,0, 277.2183 [M-H]™ 59.0145[C,H,0,-H] 73.21
70 a-FLER IR 33.52 C,H,0,  455.3559 [M-H]" 437.3332[M-H-H,0], 83.56
409. 352 7 [M-H-HCOOH |~
71 AWAY 7 34.52 C,H,0,  253.2185[M-H]" 235.2062 [M-H-H,0] 73. 24
72" VIR 37.89 C,H,0,  279.2346[M-H]" 59.0139[C,H,0,-H] 73.3
73 ERi]E 38.55 C,H,0,  255.2343[M-H]" 237.2226 [M-H-H,0] 76. 88
74 - FL R AR 1A 39.24 C,H,,0, 455.356 4 [M-H]~ 409. 344 9 [M-H-HCOOH ]~ 81.23
75 il TEALEN 39.39 C,:H,,0, 283.263 5[M+H]"  265.2515 [M+H-H,0]", 72. 41
247.243 1 [M+H-2H,0]",
76" 11-B K- L LA IR 39.50 C,,H,0, 513.358 7 [M+H]" 495.356 7 [M+H-H,0]" 98. 15
453.336 8 [M+H-CH,COOH]*
407.331 1 [M+H-CH,COOH-
HCOOH ]
77 a-FLER IR 42.09 C, H,O0,  455.3563 [M-H]" 437.348 4 [M-H-H,0]", 84. 48

409. 344 1 [M-H-HCOOH |

*: confirmed by standard samples
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2.3 BEUESYHNRIERENE

TR 1 & RS ) R TS R, AR (95) . BREaEE A FE AL
). BERFTR(135) . 6-BRELLARE-3- SR -6 AR (195) . BETFmM(215). AS BT Rel
(35%5) . MEIMER (725 ) F 11-BRHE-B-LBEALEIR (76 5 ) AREIE S T8
2.3.1 SEEBE FAMRBEEHN PR EA HCOOH ik ESL, BLFEJRNH,, HOE/NMMrT,
FEAERFERE R AT VR A2 B TR . LS9, HofE 4> 7251 m/z 205. 097 4 it 2 C A&
FEPP R B T m/z 188. 070 3, Bl 5 RAKF2 ARl 851 m/z 170. 059 4, B 73T m/z 159. 091 1 S BE S
T-EKLHCOOH(46. 005 5 Da) o MeAb, FHAETE m/z 118. 065 1 FHHIZAL A4 & A i g Wk (R I
MRERS ) 244 ZEhRHEShEL T, i HOh AR .
2.3.2 BFFE GRHEE PO ERRUOERCEINE, BEHNRLEY, Heih &2
HHREH, 5 ShEER T . DRI A3 A ), IEAGE T HWE T8 7 m/z 613. 174 1HRIK
FIKFEHE mlz 595. 161 31 577. 158 O MR BT o R EIEIGIXSURE T - m/z 1R SEI0AE 55008 122 i
P B BIDCEL, 25 A HH S SCBREE E IR T PR R AR A K A
2.3.3 INGEAREE . ERMRERNE RN R A ME R B AR IR, WIS A 0 E PR
BT TR AE GO I 0 T S 2 A A B L, AR I 2R K P AE mi/z 195. 064 9 IFFIERE o Itk
Hh, WEFTES T miz 331,137 3 BB TR T4 CO MR, miz 161. 045 0 A Fpi = T ) 2 B BL A ER A
BT SbrESIELT, TR IZP O SRR, LSS R B [ WAL 3,

Loganic acid
Precursor:375.132 2

. — Experimental
161.045 5 E OH —— Theoretical
1HO OH
161.0450 %
100 100.0% ~o
HO . oH
< 80+
Z.
£ 604
é 195.064 9 375.131 94
E 40+ " 37',8% -CpH,,04
E “
= <
204 -
~Glu-H,0 331'%37 3 o
2.6% 2
04
l T T
) o N o © \n =
i % g s8R EE 2
g = = o = =
= o 5% BEE &
200 250 300 350

mlz
3 SRS L) SRS (F) Uik
Fig.3 Experimental(up) and theoretical (down) MS/MS spectra of loganic acid

2.3.4 EEREHFZE WEHHZUEH 2AEGED 3AMRIE A EERENT A RN 25 &Y, Llc-C-C,
FFEAEI, FEGRHEE B EEUERTE A DL e- BRI -3- S -o- i a st o], IR
NN HUESY T8 7 mlz 773. 212 4 50 5 B B BRI B2 EL , P2 mi/z 611. 158 4 F1627. 156 4 ()14
FE T MR B milz 465. 103 4 B B &5 -1 28 080 % BB LA SR 2B AL J5 7= A8, IESE 254 b &
PR ZEREET . M LR THEFIAHSE SR, S5 1Yk 6- 83k 1L 23 -3- 25 1 -6- M A B i .
2.3.5 &E9mwE GEHEE R AEYRZSDISIERS, §, AR E R &4 CH, . G HNO
PEEL LTI [ M+H ] BF 2 m/z 395. 195 4 435l 4 C,H, M1 C,H, ,NO, TERE m/z 367. 166 6 Fll
milz 244. 097 4 WRHIERE Fr, SR HAG WSR2 e . ZbriEsn b, B0E iz S0 Dk 10,
LS AR 2R B E LR 4

2.3.6 BEX HFELEANUK=GERETEGRHEE b REEEENS, FRAFBEAS
T =FER %, B AR B 20 g ) B s LA o BRSNS B Rel I 155 F miz
801. 502 9fRIRIAK, 43 BB BIWE 85 F m/lz 783. 490 3 F1765. 478 4, HH{F#E i m/z 639. 447 1 fH BF55 1
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ER I MNHE RIS, BEERIKIK, Sl A F s 1 mlz 621. 437 1 F1603. 427 8, tbob, #EHE
F-m/z 459. 383 4 F1441. 374 4 HEEE T ER 2 MEEHERLG, FRIRIOKFA . KA Ll e ss & bnife
ShEE XY, BE IS NS A Rel, HSE /AR TR Bk LA 5,

Brucine
Precursor:395.197 0
— Experimental
— Theoretical
367.166 6
100.0%
1004
2 397440974
z 63.3%
£ 607 395.195 4
£ 404 -C,H,
ki 7 <
= 0 L ~C,H_NO
04
oo L el o~ o =)
Nel N o v vy
= = 5] ° ©
< I =i X g
3 & B g B
T T T T T T T T T
240 260 280 300 320 340 360 380 400

mlz
B4 SR Taa s (B 5Ris(F) gk
Fig. 4 Experimental (up) and theoretical (down) MS/MS spectra of brucine
2.3.7 MERAEEZE NeWilR2E IR BE R IL N LS MRE , 16 TS P B . ikHEE R ig
BRI ¥ 1 DX ) 2 B A B KRB R 2255 . BRI, @360 Pk B AR K e S P2 A AR IE 8
VEZ 28 i 2 PE AR o DI MR A HE 5> 185 1 m/z 279. 2346 LK BREEWT L, P mE BN 5
F-mlz59.0139(C,H,0,) . Zbrifshbbxs, e &Y e .

Ginsenoside Rgl
Precursor:801.499 5

— Experimental
— Theoretical
4413744
| 100.0% 603.427 8
100 90.0% s
éo 80+ L0
z 214371 4o ¢
£ 60 54.4% OH
B 20 459,383 4 < oL o i
¢ i -C 2
e 33.3% H 0 783.4903%
3 5 17639447 1 22.2%
204 8 15.6% 765478 4_H 1)
—Clu 10.0% 2
110 1.4b9 5%
04 2 0 £
< < 0 = = <t o
: 2 5% % 3
- 0 et Oh 2 @
I 9 € ¢ € = &
T T T T T
400 500 600 700 800
mlz

B5  AZRAF Rgl 9901 SRS (F) 2 fikla
Fig. 5 Experimental (up) and theoretical (down) MS/MS spectra of ginsenoside Rg1

2.3.8 =mEZE RHEE F PR =5 R EIE T I E M (REMEIE R A AETRZS), H3EE
LR AR TR B . S A H e S . SRR, FLERBEEEX T &7 E
[M+H-CH,COOH I'FFIEE 1, I VERZZEY i @ et . DL 1130 -B- BE AL/ R A ), HifEsr+
B mlz 513,356 5 5% Z W HE A5 B0 8BS F miz 453,334 1, B 2 HCOOH 72 A4 7% 1 &5 F miz
407.331 1, Mehb, BEE TR 9K BIRE R BT m/z 495. 356 7, HeXAbrfEshuxt, EEi% &Y h
-BRIE-B-L AL AR, HA2/AE 8 R ik E UL 6,
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Acetyl-11-keto-beta-hoswellic acid
Precursor:513.357 5

— Experimental
—— Theoretical
0
4533375 Y
100.0% 0
100 .
< 80
Z.
§ 60
E 513.356 3
£ 404 ~CH,COOH
=
E 407.331 1
209 14.1% o 495.356 7
L _HCOOH 7% o
Tl
o0 o o
= © ©
& 8 3
S a &
<+ < <+
T T T T 3
420 440 460 480 500
mlz

6 11-Bk-p-L BEFLARRIN SN 1) R CF) —2tiile]
Fig. 6 Experimental(up) and theoretical (down) MS/MS spectra of acetyl-11-keto-beta-boswellic acid

2.4 Python g & ik 14 BEEHIE
2.4.1 WHE NIEEEIREENHETTE, SCCoRET O MRS PRIEA TN UPLC-Q-TOF-MS/MS %
P, FFHI Python Hik iz T, 5 RER, FIELL100% A R MIICi X 9 M, HZESESEIR
T 85, KRB,
2.4.2 EEEM NIHMNEEMEE M, SSEESCRE 1S IRIEHEE AR, 3 A5 Python B
EHIETT. SRR, FES A MSIEGEE Y, BRI TR 79 M S (G 1 R 2 MR
HEZRE VRS AR R Sl 22 (RSD) 34/ T 3. 0%,
2.4.3 RERZE XMEEMHLARET T ATER, Z 2560 AR RHPEPCE .
SIRAE 8. 53 min Ak [R] I DO B 2588 70 f A S, WiE Gt AR i S N BT
R AR 0 . SEIS R I, DR TSR R 2 & A ESTIE N R LR T, PSS
T 5E A — B 2 R o R, AR IR ITERAUR 2. 5%,
2.5 AXFEEWMEFEITLE

SCERVAME R, H RTCR H B R0 e - SR AN ER B H (HPLC-UV) & & T RHEE frb 3~4
BRI ', TR T A A B 00 - D 5 R (LC-MS) S g il . esbh, A T7i%
5 HAh 255 77 UPLC-Q-TOF-MS/MS /3B 5 E 3T T HeAe, 45522,

2 iRHEE A AT TR S A TR RN L

Table 2 Comparison between existing analytical methods of Shangke Jiegu Tablet and our method

Evaluation item Existing analytical method This method
VIRIIPOE P MBI E ™ L Ui g Vit R
B b N T3 iR 35 B A I SCHik [ S UGS EEE ST R
g%y ekl <601 §RZE. 7T
Kt oy B JA 1) R LA E/SRARE G <1 min/HAHE AL
LRIRIES BRI AS R BT EAMAGYSr, HER R

HIR T UL, A48 LC-MS Bdl N AT B SRR ZR B, FEAEARRORE I | R/ 6 = iy & ok
Feo RJ7i%EE 5N Python HBNENTHIEL, RIESRI: EHR TGRSR R0 . R RALIABUE>
FER, ARGERR TR T, GRIE TS iR, SutiPHgE i B At 25507 1) i b fe it 1
3 &

AWETERE XS ST IR SOk AT IR XERBUIR , 57 T —FP2E T UPLC-Q-TOF-MS/MS £ AR 2
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& Python SR PHE R A 2 i PO Tt 2 5 9 2l 225 BBl . 1207 A T ARG N LA ik
B, i B A 2 T RUEIRHE R 2 7%, SR B 4 Python BIARSEEL T H AL S H Pt
REHEPCHC . MAGRHEE R S 77 M S, MR T &EEIRIE(O1) . RO | BT
(24 EEEZROON) . YL (641y) . BEZR(64) . JEIRZE (6 M) M =02 (2818 KK, I
PRNTER T HBOEZYEE, B0AIE 7% B ST R e P 255 2 PR R 20 A b R 1

SEARWIIAE i B R, (B E— R B, AW iE
TR B EVERAE, AR E T P E SR AT BT R, SZBRT RO A A B A B, AR
GBI IR 3 A R B X BE A TR I T . AORDESOBAE AR R bt — k. — T, R il
TRE IR ZHS I LR I Bk, R R S S S s— I, WS e s
BRI+ FR AT A REALHEZE AT R B vl ROAE I, T 3 e 2 HoAt b 25 5 07 o0 T 5 R AR AR 1Y)
(AR s
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