#4554k  Acta Pharmaceutica Sinica 2025, 60(7): 2303-2315 -+ 2303 -

£ T HPLC-Q-Exactive-MS & W48 2538 F R 1T T & LK EL
SRTT R M S5 RA 2 BV TE M R 9 RAE R AL

AEE'™, BRW™, F B KPEY, glEY B T
AMER, B w2 £ F9 ZHRAY

Y

(1. WETERRFZ 2, WEEE AR 010010, 2. A EIE X B 257 ik TRERF 5t
WS PRI RE 010010; 3. IS8 ERRLRC SR e 52 i, N 58 IEAIVERFE 010010)

PO BT MG FEAT B2y « I 4 24 B 25 5 SO0 B0 IF 58 W 4R 91 1 AR %5 Bk i (Tufuling Qiwei powder, TFLQW) &
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Exploring the active components and action mechanisms of Tufuling
Qiwei powder in the treatment of ulcerative colitis based on HPLC-
Q-Exactive-MS and network pharmacology

HU Yu-xia"*, LU Xiao-li'#, LI Jun'?, ZHANG Meng-di'?, BAI Tu-ya'?, FAN Lei'?,
ZHOU Shu-hong™, WANG Han'?, WANG Xue'?, WANG Yue-wu"*

(1. College of Pharmacy, Inner Mongolia Medical University, Hohhot 010010, China; 2. The Engineering Research
Center for New Drug Screening of Inner Mongolia Autonomous Region, Hohhot 010010, China; 3. Basic Medical
College, Inner Mongolia Medical University, Hohhot 010010, China)

Abstract: The objective of this study to explore the active components and action mechanisms of Tufuling
Qiwei powder (TFLQW) in the treatment of ulcerative colitis (UC) based on serum migration components,
network pharmacology and experimental validation. The UC mouse model was induced using dextran sulfate
sodium (DSS), and TFLQW was administered at different concentrations via gavage. The inflammatory factors in
mouse serum were detected using the ELISA, and the mouse colon tissues were evaluated with HE staining and
pathological tissue scoring to confirm that TFLQW could alleviate the UC phenotype in UC mice. Subsequently,
the HPLC-Q-Exactive-MS technology was used to analyze the serum migration components of TFLQW, and 20
serum migration components were identified through spectral library searching and mass spectrometry identification
processes. The Swiss Target Prediction database was used to predict the target of the components, and UC targets
were searched in disease databases GeneCards, OMIM, and DisGeNet. Venny 2.1.0 software was used to draw a
Venn diagram to obtain 113 intersection targets. The "drug-components-targets-disease" network was constructed
using Cytoscape 3.8.0 software, and the Centiscape 2.2 was used to screen for core components. Components such as
palmatine, berberine, jatrorhizine, coptisine, chrysophanol, and resveratrol in TFLQW may be the active substances
exerting the therapeutic effect. The String database was used to analyze protein-protein interaction (PPI) and to
screen for key targets, suggesting that TFLQW exerts the therapeutic effect on UC by targeting STAT3, PIK3R1,
SRC, PIK3CA, MAPKI1, and AKT1, among others. The David database was used for GO enrichment analysis and
KEGG pathway analysis of the intersection targets, and revealed that the pathways involved in TFLQW treatment
of UC mainly include cancer, PI3K/AKT and C-type lectin receptor signaling pathways. Molecular docking was
performed on key targets and core components, and PIK3CA binded well with various active components. Western
blot was used to detect the protein expression of PI3K/AKT signaling pathway in mouse colon tissue. This study
has confirmed the therapeutic effect of TFLQW on UC and preliminarily identified the potential active components
and signaling pathways of TFLQW in treating UC. These findings provide a reference for in-depth research into
the material basis and action mechanisms of the compound preparation, and also offer a theoretical basis for the
clinical application of TFLQW. The animal welfare and experimental procedures were approved by the Medical
Ethics Committee of Inner Mongolia Medical University (ethics approval number: YKD202302093).

Key words: Tufuling Qiwei powder; ulcerative colitis; serum migration component; network pharmacology;
PI3K/AKT
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RH A EES (BRI ARAA);
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Table 1 Databases and softwares

Name URL
http://tcmspw.com/tcmsp.php

TCMSP
Pubchem
Swiss Target Prediction  http://www.swisstarget-prediction.ch/

https://pubchem.ncbi.nlm.nih.gov/

GeneCards http://www.genecards.org/
OMIM http://www.omim.org
DisGeNet https://www.disgenet.org/
Venny 2.1.0 https://liuxiaoyuyuan.cn
String https://string-db.org/
David https://david.nciferf.gov/
Metascape https://metascape.org/
UniProt https://www.uniprot.org
RCSB PDB https: //www.rcsb.org/

Xcalibur 3.0
Cytoscape 3.8.0
Chem3D 20.0
AutoDockTools 1.5.6
Open Babel 3.1.1

Thermo Fisher Scientific, USA
University of California, San Diego, USA
Cambridgesoft, USA

Scripps, USA

Open Babel Consortium,USA

PyMOL 2.4.0 Schrodinger, USA

Origin 2021 Electronic Arts, USA

GraphPad Prism 8.0 GraphPad Software,USA

Image J National Institute of Health, USA
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44 (Control). 1% 714 21 (Model) 3¢ ¥ $7 Z& 4l (MSLZ).
+ 2K 2% B Wk B K (TFLQW-L). 1 (TFLQW-M) # i
(TFLQW-H) &4, f4110 K. L MGG, HAH 5
B2 RO 3% DSS, 827 d, FERE— K T i —
UOHT I DSS ¥, = A R4 TR K. 5ICFEE,
FWHZE % 0.30 gkg ' HEH RV R RIF, LIKEL
IR AL A s 771 B 4H 49 1) 4% 0.15.0.30,0.60 g-kg™'
B IR LR SR B VR B, B K % R 10 mL kg
(45 2R R AT 4R 2, 21 7 d; Fo R 0 E B S AR AR
A H 2R K .

— M TR 5 B e T B AR O 4R 2 AT,
ML/ B — MRAR L, A 33/ B EE L SR R A f
15 O, JF7H 5% 5 30 4 £ (disease activity index,
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TRORRTE, 78 PR BRI, A5, BY B2 i, WU &2 25 W K
B — 853 45 W W R GER R, J5 B T -80 CUKARH 1R A7 -
TR BT 2 R R A€, HE J4 (0 5245 i H 21
I3 B A AR 3 5 i 2H 23R AT 0 B2 T

ELISA Al 137 28 AE PR 57K 7 /N BRU 475 H R B
By IfiL, %8 95, # 30 min, 4 °C.3 500 r'min”' &.0» 10 min,
WA B2 ImiE . MRS ELISA 75 & i B 5 4 0l I 375
o TNF-aIL-18.IL-6 F11L-10 [ & & .

THREFERBULEBITR S BI#HIR

FAMTERIH % ST K SD RRBENL D A=A
ARG 254, B2 6 R o 2 4RE R 4555800 E N+
IRZE B IR BB (0.40 g-kg™), E B AR 10 mL-kg™,
AR SR ER K. RAZ2IK, ARG 8 h,
TS5 do RIREEZH)50.5.1.0.1.5.2.0 h K FUIRJE#E
Jok AR ML, 25 35 5 B 30 min. 4= 1flLL 4 °C.3 500 r-min’
B0 10 min, B EIE W, —20 °CARAE . 0138 A7 B 4% 1 T
RUMLEFEA 500 uL B T [F — B0 R, I 3 65 H
i€ 1 min, 4 °C.12 000 r-min” 20> 10 min, BL_F 5,
BT HEZBEOWRAAACH IR T8 )5, T 200 pL H
SV, IRIES min, 4 °C12 000 r-min” 0> 10 min, B I
TER TR R, FRE e

A B VA T B R AREE Bria T A
B /NEERR S R XTI, BT 10 mL &, i
FBE 78 0 WAL, SE 2%, 4 o LIS AT, P G 1) ko
BV E 53 91 H 245~420 ng-mL™ VRS 6T B SA T

TARZ LR B A & FREICEIRE
WREGA T8 1.0 g T 10 mL S, I € 2 5 R
J &, 200 W/50 kHz i# 75 20 min, ¥ #) 2 35, B
€ i, DL AN 2 0D I BT &, 42 0.22 pm TlSLIE
fEEyEE, RI1S

3l %+ K A Shim-pack GIST-HP C, & 1% £+
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W (B) NS A HEATBE FE Ve ML 0~5 min, 10% A; 5~
10 min, 10% A—30% A; 10~20 min, 30% A—70% A;
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MS %3 ¥ % 70 000, dd-MS* %3 #F Z 17 500, 1 # 76
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% WL 3.80 kV, B 4% i B I B 300 °C, i B AR
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3.1 KV, B AL 5 FE 400 °C, 4 B 100 °C, 4l
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W0k (GI absorption) J4 High, 25214 (druglike-ness) &
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Prediction 4 22 1E 47 ¥ A5 T, 126 4% probability > 0 1)
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UC # S 3K 7F GeneCards. OMIM #1 Dis-
GeNet 4 72 73 7l 3R B UC BIAH S HE A 38 &R QB 1A
“ulcerative colitis”, FFif it Uniprot T LARZ IE, L4 Fi
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B e B R AT AR A
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M ROCHRRE S K TS R AT B R AU UC
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2 ; %4 PPI Y 2% 1 Degree {H HE 42 7l 6 [ 9% B8 ¥ 55 1F
NKAY T34 . i@ id Pubchem £ FE F #_ik 6 Flak
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G A LRAT N mol 2 #% 3X; >R H AutoDockTools 1.5.6
X HEAT N A Ak A B B T L B S AR AE N
“PDBQT”#% 3. F|H Uniprot fl PDB ##5 & N % 32 1A
3D 4589, K F PyMOL 2.4.0 3 1E 440 & (1 45
¥, LK FF/N T, B E A S5 S AutoDock-
Tools 1.5.6 HEAT I ik 32 44 FF R 47 4 “PDBQT” #%
. iz H AutoDockTools 1.5.6 A4 HE4T 75 T %F $%, K
FH PyMOL 2.4.0 B 45 B AT nT AL 537
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DR SEA, FllEEA L&, EEMEMEL SDS-
PAGE ik 7> B )5, % ¥ £ PVDF . BE)5, B Piikiz
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(1:1 000)<AKT (1:1 000) PL & B-actin (1:10 000) Hii4k
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7, A8 Image J 80 B8 (4% 7 10 2R FE AR AT € &
3T o

Giit 20 M K GraphPad Prism 8.0 %14 o} %
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5, P<0.05 RN ERARITFE L.
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2 A, B A N R AR R R B SRR A
bb, BARZS LR B 45 25 41N BRUPR EE T BRI B 2 BT
e, Homnv a2 e F B i 2, 3R AR LR 3%
B T DSS 75 5 19 UC /I BRI 1 S s B A2 1, LI
1A. DAIZE R IR, 523 (A i, B ZH /N R DAT
W ESRE, HERESRITFE X (P<0.000 1).
SRR A, TR LR BE- 45 25 41 (1) DALV 43 33
B PR, Hom R & 4 N PR R B 5R (P <
0.000 1), /.4 1B.

/NG HE e g B oR, = A 45 H 2145
Fa 5 R, 5 3 AIPRDR 240 P 77 BT, A AL A4 ot v AR 2 1k 4
JIRIE . 57 E AR E, B 2E S5l R b R e e K
T AR 2% B RN T 2 A )12 1) 98 A 4 BIR i, 9
AR HRALAT RN b R A i V5 O HL45 i BRAL 20 Oy
BEAE, ZRAGIFE L (P<0.000 1), S
L E A, HAREE LR 25 20 2% i 41 BRIR D, e
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SER LI, L EEZH 20 4y B BRI, Hom
HRVE N B2 (P <0.01), WK 1C.D.
1.2 SIERERFRIEM  FH ELISA A6 I/ i
M7 ) JRE R /KR, 25 R 2 fos: 5 A4t
B, B2 /N R P 2 PR F TNF-a, IL-181L-6 7K
SRR TE S (P < 0.000 1), 47198 K7 IL-10 7K °F- B & B#
ik (P <0.000 1), SHAHLLE, HRE LRSS
245 4 13 TNF-a IL-18.IL-6 % 5E K F /K V5 A [
FEEIBEAS, MR R R AR, B 5650
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HE TR, HEdl 26855 L (P <0.001), &KW
A FRZE LR AT B I 1 T UC /S BRI H B 48 R
T E5MREF KR RIER
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The effect of Tufuling Qiwei powder (TFLQW) on inflammatory phenotype in ulcerative colitis (UC) mice. A: Body weight

change in various groups; B: Disease activity index (DAI) in various groups; C: Histological sections of colonic tissue stained with HE
(magnification x200); D: Histological injury score of colonic tissues. MSLZ: Mesalazine; TFLQW-L: Low-dose group of TFLQW; TFLQW-
M: Medium-dose group of TFLQW; TFLQW-H: High-dose group of TFLQW. n = 10, x + 5. P < 0.000 1 vs control group; P < 0.05,

“P<0.01,""P<0.001, P <0.000 1 vs model group
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Table 2

Identification results of serum migration components in TFLQW. TFL: Rhizoma Smilacis Glabrae; HL: Coptis chinensis; JYH:

Lonicerae Japonicae Flos; HZ: Chebulae Fructus; ZZ: Gardenia jasminoides; CHZ: Toosendan Fructus; QM: Dianthus superbus L.; A:

Organic acids; B: Flavonoids; C: Alkaloids; D: Terpenoids; E: Phenylpropanoids. "Comparison with standard samples

t Ton Calculated Measured Error . .
No. Compound R Formula Ion fragment Classification Source
/min mode mass mass /ppm

1 Protocatechuic acid ~ 5.53 CH.O, [M-H]" 153.01823 153.01830  0.424 153.018 30, 109.028 22 A JYH

2 Loganic acid 9.68 C,H, 0, [M-H]" 375.12857 375.12994  3.643 375.129 94,195.065 77, D JYH
169.086 15, 151.015 30

3 Geniposidic acid 10.75 C,H,0, [M-H]" 373.11292 373.11322 0.795 373.113 22, 193.050 09, D 77
119.033 84

4 Magnoflorine 11.69 C,H,NO, [M+H]" 342.16998 34216815 -1.835 342.16815,297.110 69, C HL
265.084 53,237.089 54

5 Gardenoside 12.17 CH,0, [M-H]" 403.12348 403.12497  3.677 403.12497,227.092 27 D 77

6 p-Coumaric acid 12.54 C,H,0, [M+H]" 165.054 62 165.05385 -4.669 165.053 85,121.015 85, A JYH

84.959 88

7" Coptisine 12.68 C,H,NO, [M+H]" 320.09173 320.09009 -5.137 320.090 09,292.095 95 C HL

8 Oxyberberine 1326 C,H_NO, [M+H]" 352.11794 352.11615 -5.110 352.11615,337.092 29, C HL
308.090 36

9" Berberine 1332 C,H,,NO, [M+H]" 336.12303 336.12091 -6.321 336.12091,321.097 14, C HL
292.094 27

10 Rehmapicroside 1353 C H,O, [M-H]" 345.15439 345.15433 -0.186 345.15433,159.223 10, D CLZ

89.023 10

11" Geniosid 1393 C_,H, 0, [M+Na]" 411.126 16 411.12411 -5.006 411.124 11,249.072 33, D 77
217.045 84

12 Columbamine 1426 C,H,NO, [M+H]" 338.13868 338.13657 -6.254 338.13657,323.112 55, C HL
294.111 60

13 Jatrorrhizine 1434 C,H ,NO, [M+H]" 338.13687 338.136 87 -5.366 338.136 87,323.113 37, C HL
294.110 61, 279.087 22

14  Engeletin 1446 C,H, 0, [M-H]" 433.11292 433.11414  2.809 433.114 14, 269.045 68, B TFL
178.997 47, 151.002 85

15 Epiberberine 14.63 C,H,NO, [M+H]" 336.12303 336.12112 -5.696 336.12112,321.097 81, C HL
292.095 25

16  Palmatine 15.19 C,H,NO, [M+H]" 352.15433 352.15231 -5.749 352.15231,337.128 66 C HL

17" Resveratrol 1572 C,H,0, [M+H]" 229.08592 229.08508 -3.670 229.08508,159.111 57, E TFL
119.048 87

18  Fisetin 16.64 C.H, O, [M+H]" 287.05501 287.05453 —0.485 287.05453,247.179 41, B HL
183.028 61

19  Groenlandicine 1832 C,H, ,NO, [M+H]" 322.10738 322.10587 -4.702 322.10587,307.081 97, C HL
108.080 77

20" Hederagenin 2892 C,H,O, [M-H]" 47134688 471.34799  2.341 471.34799,245.445 14 D QM

W45 & RNA RGBT . KEGGHEH  ZaaethvE T U (K 5A), KREEHE I PIK3CA 5 &% iF 1

BTG LR LR HUAT UC T R E W &
(115 5 18 2% 159 %%, £ ZA045 PIBK/AKT.C B Bt &=
AR JERE A5 5 E K, 1B P value HE 44 1T 20 [ 2%
a2k Bl WK 4D,
4 DFINEUHE

PR O B EL B YT (/N BEBR L 2 AR /)N BE R
BB M AR T DL K OOK B BB R STAT3. SRC.
PIK3R1.PIK3CA.MAPKI1.AKT1 #4770 ¥ X . —
BN 4 A5 e /N T —4.25 kI -mol $E /R BUAR 5 324647 —
TE B G AT, /N T =5.0 kI mol™ 43 B UF 1 45 & 3 1,
/NF=7.0 kI mol " H IR ZL I &5 G iE E . AT 0 41

R 45 A e 28/ T =7 kI-mol™, #E PIK3CA 1R 7] fig
s AR LR B DG B A A A0, [RLBE, X PIK3CA
5 BV LAY HEAT 3 TR IR A AT, LI 5B .
5 WIEXBESERER

i KEGG @ ¥ & S 7 1 X 445 3, R AR
LR E UC E H £ 225 PIBK/AKT 15 5 18 #%
Mo, Bk, $HiZ (5 5 % & [ 347 I E . Western
blot 25 . 7x (K 6), 525 A 4L bt #5741 p-PI3K/
PI3K.p-AKT/AKT HH KB W E L, HERH 4T
S (P<0.01,P<0.000 1), SHERAMLL, LR
R B < A 4H p-PI3K/PI3K R A X 25 1 BB
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Figure 4 Network pharmacology research results of TFLQW in the treatment of ulcerative colitis. A: Veen; B Protein-protein interaction

(PPI) network; C: "Drug-ingredients-targets-disease" network; D: KEGG pathway enrichment analysis
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Visualization of molecular docking between key target PIK3CA and various core components
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Figure 6 The effect of TFLQW on the protein expression of p-PI3K and p-AKT in colon tissues of UC mice. A: Protein band diagram; B:

Statistical analysis of p-PI3K /PI3K relative expression; C: Statistical analysis of p-AKT/AKT relative expression. “P< 0.01,"P < 0.000 1
vs control group; "P< 0.05, "P <0.01, P <0.001, “"P < 0.000 1 vs model group
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