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Screening potential quality markers of Weichang’an Pills for treatment of
irritable bowel syndrome with diarrhea based on MALDI-TOF-MSI technology

XU Hongyan, ZHANG Zhongmou, LI Xia, GAO Wenyuan
Key Laboratory of Pharmacology School of Pharmaceutical Science and Technology Tianjin University, Tianjin 300072, China

Abstract: Objective To screen potential quality markers (Q-Marker) of Weichang’an Pills (WP, § Jl7%¢ #1) for the treatment of
diarrhea-predominant irritable bowel syndrome (IBS-D) based on matrix-assisted laser desorption/ionization time-of-flight mass
spectrometry imaging (MALDI-TOF-MSI) detection of colon tissues after intragastric administration of WP, network pharmacology
prediction, and the “Five Principles” of Q-Marker, and to establish a multi-component quantitative method for the potential markers in
WP. Methods SD rats were intragastrically administered WP at a dose of 25.12 mg/kg. Colon tissues were collected at 3, 6, 8, 12,24 h
after administration. Key active constituents of WP and their metabolic transformation products in colon tissues were identified using
MALDI-TOF-MSI. The intersection of the predicted targets of in vivo exposed WP constituents and IBS-D-related disease targets was
used to construct a protein-protein interaction (PPI) network and screen core targets. Core active constituents of WP for the treatment
of IBS-D were then identified based on these core targets. Potential Q-Marker of WP for IBS-D treatment were further screened by
integrating the “Five Principles” of Q-Marker, and a multi-component quantitative method was established for the selected potential
Q-Marker. Results A total of 22 in vivo exposed constituents of WP were obtained based on MALDI-TOF-MSI detection. The predicted
targets of these 22 constituents were intersected with IBS-D-related disease targets, yielding 70 overlapping targets. Based on the top
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10 core targets ranked by Degree value and the “Five Principles” of Q-Marker, naringin, neohesperidin, chrysophanol, emodin,

honokiol, and magnolol were screened as potential Q-Marker of WP for the treatment of IBS-D. The screening results were verified by

molecular docking, and a multi-component quantitative method was finally established for these six potential Q-Marker. Conclusion

Potential Q-Marker of WP for the treatment of IBS-D were identified. This strategy provides a reference for the identification of in

vivo exposed constituents, Q-Marker screening, and quality control research of traditional Chinese medicine compound preparations.
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Fig. 9 KEGG enrichment analysis of WP treatment for IBS-D



* 8096

F 8B 2026108 $57% B208  Chinese Traditional and Herbal Drugs 2026 October Vol. 57 No. 20

{5518 (phosphoinositide 3-kinase/protein kinase B
signaling pathway, PI3K/Akt) {5 5. 4if
HUHE S JERE AR RIS s 4R 7> (cellular
component, CC) FEEN T M . ZHEE 5.
A B B 40 B BT S X s 4r 728 (molecular
function, MF) W ULEE UGG 14 IR 4% # i
PE. ATP &5, EEESEENT. W B EnT
A 1 15 2 Bl S 2 AR A SCEE A, S 54
Gk P R E IR AN R R T RE 4 RE .
KEGG &80 trisR, Blais 1BS-D &4k
BB AU E AR TS 3 -1 (hypoxia-inducible
factor 1, HIF-1). MSKHEZE I O (forkhead Box O,
FoxO). KPR & (ratsarcoma, Ras). C it
LR 2R, WEIREE D 15 TdRk, [RIN i L2
JiHRg AH DG K o 3K L ) R e B O AR B e AL
Y897 IBS-D 5 EHEAHOC, T2 FEmix Lo i
A R E A E R s R R, W 20E . AR
HHMIT . BERRAE N G g% BB A O S ZRA R
&, Bl IRIT 1BS-D ATAEEA Z Mo 25,
Z @ FIE FREAE, WL AT Re S 40 7 1E 20
SR T PIBK/AKt S5A% 05 Sl B B8 i R

Jif I e AR E RS R

225 7% FIH PubChem ¥EE Rk 6 4
TETE Q-Marker 7E R 10 /NI 7EAE F$E 55 p BT XS
JO7 RO 55 () 4B L5 )N PDB ¥ R O
i E 4K PDB #%:00fF (ESR1. ABL1I 5
MTOR [f] PDB ID kX5 2BJ4. 1AB2 #ll 1AUE),
FIFH PYMOL AT &5/ i 38 . A H
AutoDock 1.5.7 A4 #E pi B 1 AN S EE v 1 i 43 it
AT RE B AT 73 TR, AR 32 AR R B s It VAR AL
BWEMNEG T, &N KRG L & 2
ShE s T A0 X3 5 Ao A 1) grid box K
NN (4.0nmX4.0nmX4.0nm, 1 A=0.1nm),
PLORIERC AR B R i AR R AR A5G RE, 45
B e MR A Bk e . KIEy . K&
JE ANy 5 A EANBY AT ESR1 2 A A2 45 & BER IR
A—-8.7. —8.8. —7.5. —8.2 kcal/mol (1 kcal=4.182
kI), ¥R RS ABLI 454 fEN—8.3 keal/mol,
B2 £ 5 MTOR (1456 689—7.8 keal/mol, 55 H
PYMOL 347 nf M 73 A7, 4558 WL 10,

2.3  Q-Marker S =MEMR

231 il B LC-2030C B ROBO i

B

10 K& (A). K#EE (B) 5ESR1, HEKHE (C) 5 ABLL, #EE (D) 5 MTOR, EftE (). FEE (F)
5 ESR1 B3 F3H4E AL E
Fig. 10 Molecular docking visualization of chrysophanol (A) and emodin (B) with ESR1, neohesperidin (C) with ABL1,
naringin (D) with MTOR, and magnolol (E), honokiol (F) with ESR1



F 8B 2026108 $57% B208  Chinese Traditional and Herbal Drugs 2026 October Vol. 57 No. 20

* 8097 »

X ; Kromasil Cis (34 (250 mm X 4.6 mm, 5 um);
TBNFHA CIE-0.1% RIS, BREEBENL: 0~30
min, 5%Zf%: 30~40 min, 5%~40%ZfE; 40~
60 min, 40%Z.fE; 60~70 min, 40%~58%Z./i§;
70~80 min, 58%Z.Ji&; 80~100min, 58%~80%7.
fi§: 100~110 min, 80%~95%Z.JE; ik 40 C;
R E 1 mL/min; &K 254 nm.

232 W SIERBIHIES SRR ERRIUR B R
KB EANG . AN AR E S B R Bt

MG R, INHBEMIERBEEZIE, #55, 25
HFFEIREEYI Y 1.00 mg/mL L — 5 [ f i 25

Mo 43RG 2 B E IR B — X IR WL i 45 0.045,
0.180. 1.500. 1.800. 2.100. 2.280 mL, & T[{]—
10 mL &), I EEMmBERZIE, 85, HIRR
B0 FE VAR o RS IR I VR R R R KE I
JEANY  ROJEANGY AR BB R T A
WIKHN 4.5. 18.0+ 150.0+ 180.0 210.0- 228.0 pg/mL.
233 AU H A BUS LR, R R
Ky, FREL 1.0g, FEEMOE, B THIRM S, K%
HIFEE 50 mL, FREMTE, HA 60 min, JBA, N
FEEAN R i, S8, HUERIEVRAE N B W FU R
PRGBS . MERT, H 0.22 pm FFLIENE
234 LjEMLe  REERAEIE 2337 BUR T
EFTH A ST A I, “2.3.27 TR IRA X HE
mn VAR R BRI (R R 45 10 L,
IR “2.3.17 TUR ik & AT I e, 45K,
& B bR ot oy B R R A, HIE A ik
oM, SR EGEE LA 11,

235 BMERRFEH KL “2.3.27 WU IEG%

t/min
L-MREH s 2-9TR s 3- K3 E: 4-FUEANEY: 5-EAbEY: 6-K
W
1-naringin; 2-neohesperidin; 3-emodin; 4-honokiol; 5-magnolol; 6-

chrysophanol.
11 BERAMKEER (. BEMBRER 0 5
FAXMRAR (¢) B HPLC
Fig. 11 HPLC of WP test solution (a), mixed reference

substance solution (b) and blank control solution (c)

[PVRA X RS IETR, MBI 150%3K 5 IRIVE & %) FEL Ay
RER, B H o IR 150% 125%- 100%- 75%-
50% BE IR A BRI, I “2.3.17 TR
T S AR R HE RN 5 o A FE S VA PR o R
BEARAR (XD, WETRURMPASR (V) ZeiilbniE 2k,
PRI /N AR SR LR A T R, &5 3430
R Y=3331.7X+27705.0, R2=0.9979, Z¥Eiu
70.00~210.00 pg/mL; Hi# K Y=3 321.8 X+
28 955.0, R2=0.998 9, Z&M:yufE 76.00~228.00
pg/mL; KX Y=33913.0X+484, R2=0.9959,
LRPEYEH] 1.50~4.50 pg/mL; K#EW Y=38151.0 X—
45 676.0, R2=0.993 6, Z 1% H| 6.00~18.00 pg/mL;
JEANEY Y=11 544.0 X2 388.4, R2=0.9995, £k
JEH 50.00~150.00 pg/mL; AIEFMNE Y=21 726.0
X—120015.0, R®2=0.994 2, £k %[ 60.00~180.00
ug/mL.

2.3.6 FEHEEAL  REEWEL “2.3.27 DUNRAXT
HE SRV 10 ul, %08 “2.3.17 TR itk 2 ERE I
5E, FAT 6 o SiREoN, MR, Fiflg k. &
A AN KB R KM AR RSD 43
54 0.84%- 0.81%- 0.86%- 0.91%- 0.76%- 1.00%.
237 FEtilie  BE—#E RS (SD,
PR “2.3.37 TR J7 ik AR AR . R B R X
HECTA 10 uL, 3 TR (225 °C). #bl
YMETIE 0. 6. 12, 24, 48h, #%IE “23.17 T
SR RARIATIE . SRER, M SR
. EANG . RN KIE . KRy R
RSD 735175 0.76%- 1.21%- 0.88%- 0.65%- 1.90%-
1.29%.

23.8 HEMWRE BEHEBEA (ST M,
R “2.3.37 IR R FAT I 6 I Bhil s i,
SRS BT 10 uL, 4408 “2.3.17 T 3 23kt
ITIE . THEAAME T Bl R, B, fME
Y. KEEER . KEM B E 28 RSD 704N
2.84%. 2.31%. 0.06%. 0.33%. 1.40%. 0.38%.
239  InFEECRIREE O ARAE (R EZ ) 2025 4F
Fi o0t T R 2 B E IR ACRRIR FE R, B I
WL 3 PN [E T IR AT IR T . B
HUFRbRI A& B0 B W IR (ST 025 g,
L9 4y, ol IR s B SRR s IINE: 1
0.5.1: 1.1 L5 MBIl (i 0.793 mg.
B 1.586 mg. 1 2.379 mg) . HiFE I (f€ 0.611 mg.
1222 mg. = 1.832mg). JEFNE (K 0.577 mg.
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1,154 mg. & 1.731 mg). AEANE (K 0.712 mg-.
1,423 mg. 7 2.135mg). KM (fik 0.063 mg-.
H10.126 mg. 15 0.190mg) 5 K#EHE (£ 0.011 mg.
i 0.022 mg. 15 0.033mg), FAFEIREKE 34
SPATRES, FEIRIR €2.3.37 TR ik A R AR
B o BB AT 10 uL, #5018 “2.3.17 TR
G SFAFFEATIE , VA P B B R
T BN ARG KM S K =M
FERICR . g Rt s . JEANE . R
N NN BN N OR S I LS 5l |
100.94%. 103.40%- 97.23%- 103.32%. 101.77%-
101.15%, RSD 73514 1.51%- 1.68%-2.24%- 0.84%-
2.55%. 2.56%.

2.3.10 FEPPRATERIR BC2.3.27 TR X
G s, DIPREE P MR G R, DS
Fboh 3 A 10 153 R i o 5% s 2 PR ARG PR A
BIR, SRMEE. PR E. KER. K.
JEANEY . AR AN FR A I BR 23531 9 0.150+ 0.029.
0.055. 0.094. 0.160. 0.034 pg/mL, € &R 5N
0.500. 0.098. 0.150. 0.360. 0.500. 0.113 pg/mL.
2.3.11 Q-Marker S&EME &M “2.3.37 LIHJ7
EF 15 B W e R R IR ik
SRHEL 10 ul, % “2.3.17 TR i 231l e
TSSO VREE S rPobl B TR . AN . A
JEANEY . KRB 5 R R 6 Ml e &E, 48R0
%3,

#x3 ZHXRBHRAMERT Q-Marker IEE (X+s,n=3)
Table 3 Contents of Q-Marker in each batch of WP samples (X + s, n =3)

FEN(mgg™")

RS (mgg™")

¥ O ¥ O
WO T mE wEEE JrE m Ehm RERm| il WEEE KRE kKM RGNS
S1 7.93+0.48 6.1110.54 0.11+1.56 0.63+2.54 5.77+1.23 7.12£1.30S9 9.76+1.20 7.58+0.87 0.17+4.37 0.79£0.19 7.72£0.21 9.49+0.13
S2 7.714+3.76 5.38+3.55 0.11+1.02 0.64+0.40 6.64+0.48 8.194+0.57|S10 5.90+1.89 4.62+0.60 0.10£0.05 0.59+0.13 5.47+0.07 6.85+0.03
S3 7.831+3.16 5.39+3.57 0.11+0.35 0.621+0.46 6.461+0.36 7.99+0.38(S11 7.96+0.19 6.261+2.74 0.15+3.78 0.71£2.99 6.62+1.15 8.25+1.05
S4 7.12+4.50 4.94+291 0.11+0.22 0.58+0.41 6.0440.22 7.49+0.40(S12 10.85+2.32 8.40+2.30 0.18+2.87 0.85+0.87 8.291+0.85 10.24+0.71
S5 8.451+4355914+3.62 0.121+0.13 0.6710.66 7.231+0.51 8.96+0.39(S13 9.63+2.36 7424192 0.161+3.50 0.77£0.76 7.41£0.87 9.15+1.24
S6 8391031 6.111+0.43 0.12+1.82 0.70+1.89 7.49+1.30 9.26+1.21|S14 11.16+1.82 8.49+1.54 0.17£1.99 0.88+0.54 8.21£0.70 10.01£0.95
S7 7.291+3.50 4.941+2.65 0.10+0.59 0.591+0.47 6.38+0.43 7.85+0.30(S15 10.96+3.82 8.44+3.42 0.19+0.29 0.88+0.99 8.33+1.16 10.35+1.09
S8 7.05+3.24 5.41+3.08 0.10+4.17 0.58+0.86 5.57+0.88 6.92+0.85]F(H 8.54+2.46 6.36+2.25 0.13+1.78 0.70+0.94 6.91+0.69 8.54+0.71
3 g B R ARIER N PR IS ST A
%A R, R A, B SRR AE . GO Ml KEGG 44k
EHEZE. B, KERFEEHE RN, 1 Por, B igyr IBS-D Al ft 5 PI3K/Akt. HIF-
SHERMBIM NS TS . R —BUbHL 1. FoxO. Ras. C LB X IR R BEIRNG D (52

IHE R B R bR I 7, M LA TH R L 2 7
W A K G PRI RS T . ASHIE 78 LA N 2 22 1l oy
RNYINE, 454 MALDI-TOF-MSI. 4% 243 2%
PR K& HPLC &&lE, §iiik B e iaTr
IBS-D ¥ 7E Q-Marker, NI BN A R I 5E 8
PEHE T SR o

MALDI-TOF-MSI 5 8/r, BN EH)E
AT TE K B &5 i 4 23 oA I 21 22 A SR Y8 1 4k J7 2454
P PER 7 S AR =, JLREG AT 22 MAN
FHEIY, PoRILTTRES 5iE R ThRE R . W
RAGH NN, 1X 22 MENRFER TS IBS-
D 4§ SAC AR F] 70 MBLEIE AL, A AKTI.
EGFR. STAT3. ESRI. KRAS. EP300. MTOR.
PIK3CA. PTGS2. ABLI %54 T MZA% O E, &

THEEAE DG, IBS-D 1E NS -l BBl leAS, HK
ARESIRERE BRI A SRR, B
Wil 73 70 BRARE SAE B  F  25 6L D) A 26271,
HATEREIT MR &I, 1BV52. sy, FliE
H I SO EATRRIT N E, T RESRR. ER
R, B LA 2B ISEA T RS RT28,
Hr, ESRI SR EE S TR SN ER. B
W5 73 F I IS U AH G s MTOR Al PI3K/Akt
TS T, S HEAME. SRR & YRR
A ABL1 AHOCRE RIS = W v] Resdd o
P25 ST A P B EE W % R RS ) BERE A IBS-D IR
J5E 9 A RN S B et S i 29-30, (Rl KA P R R
S E AR RGN Q-Marker ik, A
B “RTNIHZHZ. AT ORI AT kb 77 5%
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BRAR” A Q-Marker 1 BER A HEME .

WHE Q-Marker “ TR, e 2 e Al K HF
Wb R . KR Kol JEANG S5 E AN A
B W% AIRTT IBS-D [P AE Q-Marker. JE ANy 5 A1
JEFNR 2 JEL AN R 2535 () R B S kAl A DI
PRI EA PR L PUEE R P& - G i S
H, nTgRgi@E % K ¥ «B (nuclear factor kappa
B, NF-«B) SRS T IR F PRI, H5
5 1wi-Ra A0 B R B P Aa A A TT, 5 IBS-D -1
BZREL P U B RO SRR B A
A BEB38Y R e My m] I # ) i AOE . S 4
TG A R A SRR TR IO, R 3R 3
BRI RNE O R b T e S s i) i i
TR A AR ARTA0-420 ol Bl S T ek g T JORE S BT A AL,
R, S SR AR OCE R, R
YTl TE B G143, s e K A St v 5
BAPUR . YU I8 AU 1 A a4,
M AR i S R FEER, 31X 6 Fhsisr 43 kIR T
FR5E. REEANEAN, B S WAk J7 S8 240k (1) 4L 5
TR M A RER, X8 B or TEAAR P 2 25 2 Hr
PR, SR OB S BEA — S E
W7y, HhREER. KEm. EAS. RS
ESR1, #i#&H 5 ABLIL, k¥ 5 MTOR {141
XEREGIRBRE, SE T 7.0 keal/mol.

TR A2, Q-Marker HHIF) “UFE M HA
R T A Y AE B AR T B 2 B IR ) 40t e —
P, AR SR AL T7 20k 2580 PEAN T A s
SR BRI bR IR o [Bltl, AHFTURTRR “REA 17
FEHERA LU R T B 2 A TT TR N AR
AETE” B8R TTRRARYE”, T AR R IR ) 4 X)W
— M - PEEETTMC R, B AR,
DU A RNE, 5. BN R BEENE,
NE R, K& NTEERE. BEATE
S BRI, ER 2 NE B R AT AURRTE
75 N T AR PR, VA 23R BAT AU L 1M
FEZ5 A 5EERH . 6 METE Q-Marker £ ERJHT
F5E REEMEAS, 200l AR BT, Ko
N, EAMT AR B R TR . S IR
FAER, 3 Kl aeisd |l Bash /1. iRk
FESRNRE . DRAF IR BERR . O R A A A5 G
%5 2 S R 2 5 B i AL IBS-D i,
S UbRIE, I sy 35 B B R SR ) £
T N, A T B A R bR T DU K

KHFF B EL T 6 FIEE Q-Marker (1)
HPLC [FIZDIE Tk GRER, &8 RIT,
TR R E AR I R R I
RAF, VI RHERR TR, 25 B ARG IV Bl Y 26
PR R R AR, LOD Al LOQ UK, FMTj1ER BUE
REW WL 2 U IEF R . SEMES RER, M
PR HTRE B JEEANE AR AR 2 AR
KRB FAR M & EA AR, EHALE AR ] e fs
TEWI o 1245 KRB ZFahr o BT A Sk B
LU B SRR 2 RN ZE

KW FAAAAE—E JRRPE. B, 6 MBTE Q-
Marker J3F 5 i 2 FUBURT R FLIR 245 47 (0 26 060 5 A
gy, e CREANEY BRI A AL TT TR AR
PN 2 Fe AN 25 ROER B KA AR IROME, ]8T
SEEURIRAE A PR 2GR AR P 2 B
EHSRIE DT AN B @ i . ik, B bR
FUUE FENBY, ZE 2SR, 510,
TR S T BNy A Ry 5052, AR SR I
MALDI-TOF-MSI Fl HPLC &4k & 5 3&E & 2471 6
AN M B S 4 R A A ) A 28 i R
S, KRR NE L ARF RS S A R B f A
A, ANBEATH R WOE 25 7E4T S I R
KI5 2k bt JA SERI A GC-MS. LC-MS/MS
AR AL A AE RO, 0 29 AH G o e AR gt
ITRGUERE, BTN, SRR ELER R ELATLT
FIE 6 4 Q-Marker 575 25 73 L IAI R 1 [R] 5C &R

i EPTE, AT B W2 FuA N B R o)
K, i aia MG H A 7T 4HEM Q-Marker
W, RGHIHEH HIRTT IBS-D KIJELE Q-Marker,
FHFRESL T 6 Ry IR D & Bl T . RN
AR b T SR B AR A R R 0 3k 7 2
REAR T4 P B B R AIE L W 5 24 BRI S ot B A | m]
71k

FBAFAR AR FRRELEAZFR
&3
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