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Abstract: Based on ultra—high performance liquid chromatography—quadrupole time—of—flight tan-
dem mass spectrometry (UPLC-Q-TOF-MS/MS), this study developed an automated matching algo-
rithm 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
characteristic 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
literatures. 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 pig-
ment. Performance validation demonstrates that this Python algorithm achieves the detection rate of
100%, relative standard deviations (RSDs) less than 3. 0%, and false matching rate of 2. 5%. This
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research provides 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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Table 1  Algorithm—assisted MS identification results of the multi—component in Shangke—Jiegu Tablet
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No. Compound L/min Formula mlz MS/MS fragment Score
1 Y 0.78  CH,N,0, 175.1187 [M+H]*  60. 0560 [CH,N,]", 89.38
70. 0654 [C,H,NT",
116.0701 [M+H-CH,N, ],
158. 0920 [ M+H-NH, ]*

2 R 0. 89 C,H,NO,S 124.0083 [M-H]™  79.9563 [M-H-C,HN]", 94. 74
80. 9690 [M-H-C,H,N]"

3 WL 0.95 CH, NO, 118.0876 [M+H]"  55.0550 [M+H-NH,]", 96. 05
72.0814 [M+H-HCOOH J*

4 SERIR 1.10 C,H,,NO, 132.1014 [M+H]"  86.0952 [M+H-HCOOHJ*, 92. 64
69. 0690 [ M+H-HCOOH-NH,]"
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81.

73.
79.

86.

90.

74.

74.

69

43

91

48

84

99

94

.28

.08

. 65

.61

.32

.33

.39

61

71

86

.97
.62

.23

.46
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(g% 1)
No. Compound L/min Formula mlz MS/MS fragment Score
50 B2 NI R R 21.09 CsH,0, 247.1323 [M+H]*  229.1225 [M+H-H,0]", 87.12
109. 0641 [C,H,0]*
51" AB A Rb1 21.93 C,Hy,0,,  1131.5633 [M+Na]® 1091.6028 [M+H-H,0]", 88.20
929. 5469 [ M+H-H,0-Glu ]*,
767. 4938 [M+H-H,0-2Glu]",
443. 3883 [M+H-H,0-4Glu]"
52 NS BHAF P13k 22.02 C, H,0,  683.4402 [M+HCOO]  475.3818 [M-H-Glu] 74. 66
53 (245)-20, 24-FR%-25-%HK 22.05 C,,H,,0, 459.3823 [M+H]*  441.3743 [M+H-H,0]", 75.43
FHS NS -3- B 423.3594 [M+H-2H,0]"
54 P LR A A 22.36 C,H,,0 425.3767 [M+H]"  407.3659 [M+H-H,0]", 80.91
369. 3134 [M+H-C,H,]*
55 N AT Rd/SHAD A 22,39 C,H,0, 991.5478 [M+HCOO] 927.5232 [M-H-H,0], 73.69
783. 4890 [M-H-Glu]",
621.4362 [M-H-2Glu]"
56 &ZjiM 22.44  C,H,0, 279.1615 [M+H]"  261.1390 [M+H-H,0]", 71. 84
247. 1360 [M+H-CH,0H]*
57 P o A A 22.95 CyoH,0 425.3766 [M+H]*  407. 3669 [M+H-H,0]", 83.52
369. 3182 [M+H-C H,]"
58 NS BFF RS 22.96  C,H,0, 991.5514 [M+HCOO]™ 621.4378 [M-H-2Glu]" 74. 15
59 9- VAU HE 18 25 i/ S A 23.37 C,H,0, 259.1326 [M+H]*  227.1057 [M+H-CH,0H*, 77. 67
109. 0640 [C,H,0]"
60 S A P2/ AR A 24.63  C,H,0, 829.4961 [M+HCOO]  621.4437 [M-H-Glu]", 74.31
459.3802 [M-H-2Glu]
61 FATFRR/ AL A 24.72 CyH,,0, 303.2319 [M+H]"  187. 1464 [C H,+H]" 72.45
62 NS B P2/ 25.49  C,H,0, 829.4934 [M+HCOO]  621.4332 [M-H-Glu] 75.63
63 S 25.60  C,H,0, 289.2170 [M+H]"  121.0644 [ CH0+H]* 73.92
64 9- H 4R L BL 24 /S F 1k 25.81 cléngoS 259.1316 [M+H]"  244.1099 [M+H-CH,]", 72.57
227.1057 [M+H-CH,0H ",
65 P R/ 54 28.26 C,,H,,0, 303.2301 [M+H]*  257.2263 [M+H-HCOOH]", 82. 99
187. 1485 [C,H,+H]"
66 il TEALEN 31.29 C,:H,,0, 283.2635[M+H]*  265.2544 [M+H-H,0]", 74. 87
67 113 de-B-FL A IR 32.31 C,,H,0, 471.3470 [M+H]*  453.3363 [M+H-H,0]", 88.59
435.3273 [M+H-2H,0]",
425. 3427 [M+H-HCOOH |*,
407. 3310 [M+H-H,0-HCOOH J*
68 AT RIS R 33.23 C,,H,,0, 303.2303 [M+H]*  257.2255 [M+H-HCOOH]", 79. 06
187. 1489 [C,H,+H]"
69 DRI 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. 3527 [M-H-HCOOH ]~
71 TASBRIGR 34.52 C,H,,0, 253.2185 [M-H]™  235.2062 [M-H-H,0] 73. 24
72" RIATH 37.89 C,H,,0, 279.2346 [M-H]"  59.0139 [C,H,0,-H] 73.3
73 AR 38.55 C,H,,0, 255.2343 [M-H]™  237.2226 [M-H-H,0] 76. 88
74 a-FLERI AR 39.24 cwH4803 455.3564 [M-H]~  409. 3449 [M-H-HCOOH ]~ 81.23
75 il TEALEN 39.39 C,:H,,0, 283.2635[M+H]"  265.2515 [M+H-H,0]", 72.41
247.2431 [M+H-2H,0]",
76" 113 b -B- LT AL AR 39.50 C,H,.0, 513.3587 [M+H]*  495.3567 [M+H-H,0]* 98. 15
453. 3368 [M+H-CH,COOH ]*
407.3311 [M+H-CH,COOH-
HCOOH]"
77 a-FLER IR 42.09 C,H,.0, 455.3563 [M-H]~  437.3484 [M-H-H,0], 84.48
409. 3441 [M-H-HCOOH ]
*: confirmed by standard samples
2.3 BERUAYFUERBNE
U BEWIZE 1o B A A T AR, 4 SR (0 R (9 ) | BRI AER K A (11
). BEREIR(13%5) ., 6-FFEILRN-3-EF/T-6-Aa i (199) . BETm(215), AZEHRel
(359) . WIHER (725 ) Rl 1 1-FREE-B-LBEFLATR (765 ) MRV B AT IR
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def find_candidates(self, exp_precursor_mz):

ResE"

if self.library is None: return pd.DataFrame()

1ib_mzs = self.library['Precursor_MZ'].values

ppm_errors = np.abs(lib_mzs - exp_precursor_mz) / lib_mzs * le6
mask = ppm_errors <= self.msl_tol

candidates = self.library[mask].copy()
candidates['ppm_error'] = ppm_errors[mask]
return candidates

def match_fragments_matrix(self, exp_mz, exp_int, theo_mz):
o G IURE (ppm) "
if len(exp_mz) == @ or len(theo_mz) == @: return []

abs_diff_matrix = np.abs(exp_mz[:, np.newaxis] - theo_mz)
ppm_matrix = (abs_diff_matrix / theo_mz) * le6
match_mask = ppm_matrix <= self.ms2_tol

exp_idx, theo_idx = np.where(match_mask)
return [{

‘exp_mz': exp_mz[e],

‘exp_int': exp_int[e],

‘theo_mz': theo_mz[t],

‘mass_error': ppm_matrix[e, t]
} for e, t in zip(exp_idx, theo_idx)]

def visualize_custom_mirror(self, matches, theo_mz_list, title_info, save_path, precursor_data=None):
" PR AR LR
frag_mz = [m['exp_mz'] for m in matches]
frag_int = [m['exp_int'] for m in matches]
base_peak_int = np.max(frag_int) if len(frag_int) > @ else 1.0

plot_mz, plot_int_norm, is_precursor_list = [], [], []

# JCTREEH SR

for mz, intensity in zip(frag_mz, frag_int):
plot_mz.append(mz)
plot_int_norm.append((intensity / base_peak_int) * 100)
is_precursor_list.append(False)

# QLFRRER T
if precursor_data:
pre_mz, pre_real_int = precursor_data
if not any(abs(m - pre_mz) < ©.e1 for m in plot_mz):
plot_mz.append(pre_mz)
plot_int_norm.append((pre_real_int / base_peak_int) * 100)
is_precursor_list.append(True)

fig, ax = plt.subplots(figsize=(15, 9))
bar_width = 0.4

# 2HIAEE (L)

for mz, intensity, is_pre in zip(plot_mz, plot_int_norm, is_precursor_list):
display_height = 4@ if (is_pre and intensity > 78) else intensity
ax.bar(mz, display_height, width=bar_width, color='black')

label_text = f"{mz:.4f}*" if is_pre else f"{mz:.4f}\n{intensity:.1f}%"
if display_height > 2:
ax.text(mz, display_height + 2, label_text, ha='center', va='bottom', fontsize=12, color='black'

# 2HEeEE (Fh)
theo_y = np.full(len(theo_mz_list), -10)
ax.bar(theo_mz_list, theo_y, width=bar_width, color='red')
for mz in theo_mz_list:
ax.text(mz, -12, f"{mz:.4f}", ha='center', va="top', fontsize=12, rotation=90, color='red')

# DE A bR S P

ax.axhline(@, color='black', linewidth=1)

all_display_mzs = np.concatenate([plot_mz, theo_mz_list])

if len(all_display_mzs) > ©:
margin = max((np.max(all_display_mzs) - np.min(all_display_mzs)) * ©.1, 18)
ax.set_xlim(np.min(all_display_mzs) - margin, np.max(all_display_mzs) + margin)

ax.set_ylim(-40, 115)

ax.set_yticks([e, 20, 40, 60, 80, 100])

ax.set_ylabel("Relative Intensity (%)", fontsize=12)

ax.set_xlabel("m/z", fontsize=12)

ax.set_title(f"Match: {title_info['name']} | Score: {title_info['score']}", fontsize=16, fontweight='bold')
ax.legend(handles=[

Line2D([@], [@], color='black', lw=2, label='Experimental'),
Line2D([@], [@], color='red', lw=2, label='Theoretical')
], loc='upper right', fontsize=11)

plt.tight_layout()

plt.savefig(save_path, dpi=300)
plt.close()

3 AW H AT AR
Fig. 3 Screenshots of the partial algorithm codes in this study
A. primary anchoring and secondary matching; B. Matplotlib visualization (A. —ZRE M 2Tl ; B. Matplotlib u k)

2.3.1 SEHBE FILPREERAR FHES A HCOOH it E4e, RS EHLNH,. H0Z/NSF,
FEAHRHIERE ol VE iz 2 e e ek . LEETIR B, HEsr T3 m/z 205. 097 4 i 2 C 072
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FEFE R B F m/z 188.070 3, [l )5 SRAKFEAE IR 851 m/z 170. 059 4, B BT m/z 159. 091 1 J:5H
FZEJHCOOH(46. 005 5 Da) Jrf . HeAh, FFAERE R m/z 118. 065 1 I IZ AL A1 b & BB 05| W (R JF
NEEMEC ) 25 Y, bRl ST, B A AR

2.3.2 BFRE HFHEE PR UAEEOEINE, BEFMEAEGY, Hawh S
HREH, 2 S5HERIE T . DORRRAAER A A h], ERT Kl 181 mlz 613. 174 1HKIK
SRKPEA miz 595. 161 3H1 577. 158 9 BT 85T SR I FEIR I X SO E 56 Y /= 1) S0 42 5 00400 2w i
P A BIDCEC, 25 A AH SRS E IR T PR R AR A K A,

2.3.3 IRMBEABEEE  PRGEENE IR & AR R R R SRR, W VE LA S i PR
IR IR AE U T I 2E0E TR I /M A I 2 E 2L, 4K /KA m/z 195. 064 9 FUFFIERF o It
Gb, BB mlz 331,137 3 HBEE TR FER CO R, miz 161. 045 0 A TR T i) 2 B 25 O FRAE
BT SbrESIEA, R ZP O DR, FLSTI /S R B [ WL 4,

Loganic acid
Precursor:375.132 2

. — Experimental
161.045 5 E OH —— Theoretical
1HO OH
161.0450 *,
100 100.0% w0
HO . oH
= 804 ¢
Z.
£ 604
é 195.064 9 375.1319
E 40+ > 37',8% ‘(“mHu()s
E “
= <
20+ <
~Glu-H,0 3311373 o
2.6% 2
04
l T T
v o N e o 0 v o
¢ : 2 THRILE
g g = = o R o
= = & 5+ BE B
200 250 300 350

mlz
P4 SERIFRRANSEIN L) HEE(F) "R
Fig. 4 Experimental(up) and theoretical (down) MS/MS spectra of loganic acid
2.3.4 HEEEZHE WHEFZOEH 2 MR 3 MR T B ERATAE R R A, LLC—C-C,
FEAE A, FEGIRNEE B E DB . DL 6-FIR L ARy -3- SR AT-6- B A O, IER
P HUED T8 T miz 773. 212 453 Bl E S B HERE AR 20, 774 m/z 611, 158 4 1 627. 156 4 (%
FETo MW BT m/z 465. 103 4 B B12 TS E R A PR R 2R 5 774, IESE 250 h &)
ZPREFA R ZEREER . Ml LR THE RIS SR, S5 %Wk 6- 553k 1L 22 -3- 255 1 -6- M A B 1T .
2.3.5 H£WWEZE GFHEE AP EYZELIEIVER A 5, 7EIERS R &4 CH, . CH, NO
PEER ) WD) [ M+H ] BE5S 1 m/z 395. 195 4 50 3 5% C,H, I CH,,NO, JEK m/z 367. 166 6 Fll
mlz 244. 097 4 WRFIERE F, SRBHFE BAAWIWRIRIAE M idishte . ZbniEm s, Wiz &9 S8 70,
LS A R s E UL S
2.3.6 BEHE HELERNR =GRS RGPHEE Fh R EEEER S, EEARIREAS R
B =RER S HA A B 4024 S ik R A . i ERE SR A2 B Rel IS T3 1 miz
801. 502 9 MK IR ZIK, 43 BB BITE H 55 F miz 783. 490 3 F1765. 478 4, FRAFHE T m/z 639. 447 1t £ 551
FERNANEEPEIRIG, FERIKIK, A= Em R 8§ miz 621. 437 1/1603. 427 8. MeAb, #EH
F-mlz459.383 4F1441. 374 4 HBES TR 2R HEAL S, BHIRIOKFE A, il EakiHeZs S hnik
SEERY, WEZY T NS AT Rel, HSEI/ARE R RE I DLE 6.
2.3.7 FERAEEZE HEWIRR LKAt B MR B D 2R AE , FE OB T N SE i, iR s
TR S 24 0 DX ) B BN BE KRR BE D 25 55 . L, @B b T B AR K At e 3 i e A B RRAE R
Vi AZ 2B BT PEARAE . 0T TR I HE 45 -85 F mi/z 279. 2346 A TREEINZL, P2 i BRI A i
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F-m/z59.0139(C,H,0,) . ZebnifEdnbb X, e i b &Y A mImeE .

Brucine

Precursor:395.197 0

— Experimental
— Theoretical
367.166 6
100.0%
100
2 397440974
z 63.3%
£ 607 395.195 4
£ 404 —CH,
= <
£ 01 L -C,H,,NO
0+
oo L el o~ o =)
5 I s = =
3 & g 2 B
T T T T T T T T T
240 260 280 300 320 340 360 380 400
mlz
El5 DR S5 () H53EE CF) Z il
Fig. 5 Experimental (up) and theoretical (down) MS/MS spectra of brucine
Ginsenoside rgl
Precursor:801.499 5
— Experimental
— Theoretical
441.374 4
i 100.0% 603.427 8
100 90.0%
8 80+ 0.
= 214371 4o ¢
g 607 54.4.0% OH
B 459.383 4 < ! = i
2 4 33.3% T 7834003
T p 11930447 1 22.2% §
=20 h . 15.6% 765478 4_11 1)
~Clu 10.0% le—2%
110 14995 *
04 2 o+
<+ < 0 —~ = <t et
<+ o ~ o~ 0 S
5 & §§ % g g
- (=N o0 et [=)) o
I % e ¢ 8 S R
T T T T T
400 500 600 700 800
mlz

o AZ it Rel H3E(L) HRIECF) 203kl
Fig. 6 Experimental (up) and theoretical (down) MS/MS spectra of ginsenoside Rgl

2.3.8 =mEZE RHEE F PR =5 R EIE T I E M (REMEE R A FAETRZE), HEEE
ARG IR R . SRR B R . SRS, AR EARA T E &4
[ M+H-CH,COOH I'fHEE T, wIE R B @ th i . DL 1130 -B- S BE AL &R A, HifEsr+
25 mlz 513.356 5 B2 LR R4S B 8 1 miz 453,334 1, BET £ 28 HCOOH P2 A 7 Fy 85 1 miz
407.331 1, Mehh, FEEFIRu] g KRBT H B m/z 495. 356 7, B Zehrf b, SE %k &Yk
1-BRIE-B-L AL AR, HS2/AE e — R ik kI UL 7,
2.4 Python it & &4 BELEIIE
2.4.1 HWHE HIEEREEOMETME, SEHCRE T O MRS PREE ) UPLC-Q-TOF-MS/MS %
5, IFHIN Python S BT, S5 R R, FELL1009% K 22 N ICEX 9 MR, HLRA RS S
KT 85, ARBBLEE.
2.4.2 EEEM NIHMNEEMEEM, SSEESCRE TS IRIEHEE i ESEHE, 53 A5\ Python B
BT . SEREOR, FESANM ISR E Y, BRI T AR 79 M S (G L R 2 AMERRYE)
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%
HZEETESr S BRI bR 22 (RSD) #)/8F 3. 0%,

Acetyl-11-keto—beta—boswellic acid
Precursor:513.3575

— Experimental
—— Theoretical
4533375
100.0%
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

B7  11-BEB-C B A M 52 () 53e (F) e muig i
Fig. 7 Experimental (up) and theoretical (down) MS/MS spectra of acetyl-11-keto—beta—boswellic acid

2.4.3 RERZE XMEEMHARET T ATEE, 24 EE AR AR R PEICE ..
5AE 8. 53 min Ab W] I DTG 21) S B -0 S R Ak, e RAH il b, Sl e e B 5T HO6
N7 AR T 0 . SEER R I, Eh R TR SE AR 2 & A ESTIR N R AR T, PR S TR T
W 5E 4 — B T3 TR R0 o PRI, AR I IRIC LR AA 2. 5%,
2.5 AFEEUEHEILL

SCER AL R, B AR A AR AE €8 R - 5 MRS I #S 5EH (HPLC-UV) & & 7/ RHZE Fd 3~4
ANFEVRIBS ", WIEIZE JT A B s - B I HOR (LC-MS) S il . s, K ATk
EHA 255 77 UPLC-Q-TOF-MS/MS /3 J5 153607 T Heds, 452,

2 UiRHEE R B ST S AT R X

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

Evaluation item Existing analytical method This method
PILIRSE PEMBERE™ | i g DR E
Bl X N LRIt KA B SCHR [ 4= NS E2E TR R
SrHT A H <601 8K 7711
Bl 34 R 39 R UL EIBRAFE S < 1 min/BAFE R,
LRERIES RS S BT RAIAOTS, R R

HIR T UL, A58 LC-MS Bl N AT B SRR ZR B, A TEARRORE I, | BRI R = vy 4 ok
Fo AT7iEEIE 5N Python A ZNMENT S %, RIEIETH W Blrdes M e 8o . A= BiEr
B, ARG TR T, GRIE 72 iR, SuUiPHEE P B At 25507 1) o b S i3t 1
3 & it

AT RE XS 2T IR SOk AT I AERYBUIR AL T R T UPLC-Q-TOF-MS/MS £ AR Z;
5 Python SR PHE R A 2 i POk i & 5 8 2l 225 SRRk . 207 AR T ARG AR N A ik
B, sdd A Ao 2 TR AR R T 8 7%, SR B 4 Python BIASSEEL T H ARfb S Pt
FEHECHL . WGRHEE R 77 MEE Y, as T ERERZE (9 . RO | BREEENG 28
(24 EEEZEOON) . WL (641Y) . BER(64) . JEIIRZE (6 M) M =iFZE (28 1) 8 k2K, I
PRNTEI T H TSR, B0IE 17 i% B ST RS AE P 25 5 2 (R R 2 A b R 1

SEARWIAE R R T B R, (B RIR T B, AWETIE
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TR EVERAE, ARIE T EE R TR BT HIK, SZBRTOEEE o i A A, A
SRRy [F 7 A PRI Xy RE A R8T o ASRWETUR AR R A EE— Ak . — 7, @i
ORI R 2B INLER S T E i, R R S S it — I, AW e s
BRI+ BRI REALHE AT R B AT ROAE T, T3 e 2 HoAt b 25 52 07 Lo T 5 L AR AR AR 1)
(AN s
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