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Abstract: In this study, the mechanism of Xiaoyan Lidan formula (XYLDF) against 3,5-diethoxycarbonyl-1,4-
dihydro-2,4,6-collidine (DDC)-induced chronic intrahepatic cholestasis (CIHC) in mice was investigated based on
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metabolomics, molecular docking and pharmacological methods. In the pharmacodynamics study, a dosage of 5 g-
kg (clinical equivalent) XYLDF was administered in DDC-induced mice, then the effect of XYLDF against CIHC
was evaluated by measuring the levels of alanine aminotransferase (ALT), aspartate aminotransferase (AST),
alkaline phosphatase (AKP) as well as total bilirubin (TBIL) in serum and observing liver histopathological
changes. All experiments were approved by the Ethical Committee Experimental Animal Center of Guangzhou
University of Chinese Medicine (ZYD-2021-001). The serum metabolites of mice in each group were detected and
identified based on ultra-performance liquid chromatography quadrupole time-of-flight tandem mass spectrometry,
and the relevant biological pathways and molecular key targets were further enriched. Molecular docking
technology was used to further evaluate the binding activity of the main active ingredients of XYLDF with
potential targets. Subsequently, the in vitro experiment was conducted for the validation of the vital target. The
results showed that compared with the model group, XYLDF significantly decreased the levels of ALT, AST, AKP
and TBIL in the serum of CIHC mice, as well as alleviated inflammatory infiltration and hepatocyte necrosis in
liver tissue. According to the metabonomic study, a total of 35 differential metabolites was identified as biomarkers
associated with cholestasis, 12 of which were significantly recovered by XYLDF treatment. These biomarkers were
involved in the pathways of primary bile acid biosynthesis and linoleic metabolism, which are closely related to the
mechanism of XYLDF against CIHC. Protein-protein interaction network indicated that cytochrome P450 3A4
(CYP3A4) and cytochrome P450 1A1 (CYP1AL1) are significant potential targets with good binding properties with
six major active ingredients of XYLDF. Furthermore, it was found that 4-methoxy-5-hydroxycanthin-6-one,
dehydroandrographolide and isodocarpin, three of the main active components in XYLDF, markedly induced the
expression of CYP344 mRNA in vitro. This study revealed that XYLDF mainly mediates the biosynthesis of bile
acids in CIHC mice to improve liver tissue lesions and bile efflux disorders, among which, CYP3A4 is the key
target in the protection of XYLDF against CIHC. This research provides a reference for further elucidation of the
pharmacological mechanism of XYLDF.
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(obeticholic acid, OCA, ftt*5: #G1929133), ) [ i
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7, JLEFR 3 . £ DDCHRIETE 1 5, St IR 2 A
BUAH /N B 26 T WK, HRSHDNRIRG TR
HEB G TX NI, LG22 .

BENEREN DRRRGLAE 1L EHL
ik JBR T /1N B Fi HIR BR B AL, SR A 14 L3 LA 3 500 r-min™
B0 15 min 5 43 B9 I3, 4 B G 1 BE A, R i
& AST.ALT.AKP F1 TBIL [ 2, 4 I3 4R 4%
T-80 °CUKAEH T J5 L5255

FFBEFRIRLALRFAARE /N BREUIL S 45 B0 T E, B
JREZHZY (B KM [ 52 T 4% 2 5 R RV, G0 FE it
KA ISR A D) R TR R 3R - AP AL G 8 e A
e dt i S5 IR I, 16 62 R AU T WL %% T U 26 2 ) 09
HEAR AV IEBEAT FFE 20 21 2205 BE VT 431 R 4 2 R
1780 °CUKFE & H -

RigHRZ

MIEREA A EE  BYIE H 41 AL 20 A 2% R BE



W B Ags: 3 T AQUHEL 2 B 0 70 5 BB 7 28 MIRET T F00 P AT A R B 9 41 T BL - 3411 -
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37 °C5% CO, B 7= 4 o HUAL -5 #A4E K ) LO2
9 ff 32 b 96 FLAR P, 45 40 BV 4 B & 80%~90% /7
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FFEBEFRI, NS 10% CCKS8 85371, T 55 37 46 h iy
H 1 h, BEFRAX 450 nm K I AR FL IR G B AE T 54
WA 26 ] IC, ff -

IR EEREIED R (real-time quanti-
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Table 1 Primer sequences list. CYP344: Cytochrome P450 3A4;
GADPH: Glyceraldehyde-3-phosphate dehydrogenase

Gene name Primer Sequence (5' to 3")
CYP344 Forward AAAGTCGCCTCGAAGATACA
Reverse GAGAACACTGCTCGTGGTT
GADPH Forward GGGAAACTGTGGCGTGAT
Reverse GAGTGGGTGTCGCTGTTGA

%53k K SPSS 25.0 #4748 i 0, 2k
BOE S DA B br v 25 (o £ 5) Foos, P4LIR LR A
Student's ¢ 16 56, % 2H [A) EL 3% SR SR 25 7 2 A
(one-way ANOVA), P< 0.05 K/~ A REEER.

ZHR

1 HRFIREF X181 AT R BE R RN R AR P 1E R
1.1 XBFREThEERUR M 25 W& 1A~D fiow, 5%
HEZHAH Eb, B8 4 /)N BRUIfLIE 1 ALTVASTAKP & TBIL
JKAF 8 2 T (P < 0.01), £ B DDC 5 5/ B I
T FNE I S HERRAS, T Bote P A IE A R AR 5 A
LA L, 9 28 R IE J7 F T00UG AT 2 35 B AR CTHC /) BRI
i 1 AST.ALT.AKP #1 TBIL 7K °F (P < 0.05), % B
K FIE 7 AT %22 i DDC 7 5 ¥ CIHC /) &1 FF IE 35
A5 R0 YRR VAR
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Hepatoprotective and liver histopathological effects of XYLDF against DDC-induced chronic intrahepatic cholestasis. A: ALT

levels; B: AST levels; C: AKP levels; D: TBIL levels; E: H&E staining of liver tissues (100x); F: Histological score of liver. n = 8, x + s.

P < 0.01 vs control group; *P < 0.05, **P < 0.01 vs model group. Yellow arrows indicate inflammatory cell infiltration, red arrows

indicate thickening of the bile duct wall, and green arrows indicate areas of hepatocyte necrosis. XYLDF: Xiaoyan Lidan formula; DDC:

3,5-Diethoxycarbonyl-1,4-dihydro-2,4,6-collidine; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; AKP: Alkaline phos-

phatase; TBIL: Total bilirubin
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Figure 2 Analysis of metabolic profile of serum in mice. A:Total ion chromatogram of control group, model group and XYLDF-treated

group in positive ion mode; B: Total ion chromatogram of control group, model group and XYLDF-treated group in negative ion mode; C:

PCA scores plot in positive and negative ion mode; D: OPLS-DA diagram of serum metabolites in mice from control group and model group

in positive and negative ion mode; E: OPLS-DA diagram of serum metabolites in mice from model group and XYLDF-treated group in

positive and negative ion mode. PCA: Principal component analysis; OPLS-DA: Orthogonal partial least squares discriminant analysis
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Table 2 Summary of identification and change trends for potential biomarkers. M/C: Trend of model group vs control group; X/M: Trend of

XYLDF-treated group vs model group; VIP: Variable importance in projection; " T ": Up-regulation; " | ": Down-regulation; "-": No significant change

No. RT/min m/z Metabolite Scan mode Formula P VIP M/C  X/M
1 6.66  347.1585 Corticosterone ESI+ C,H,0, 5.46x10™" 1.51 1 -
2 10.06  405.300 1 Androstane-3,17-diol dipropionate ESI+ C,H,,0, 7.67x10™" 1.44 1 -
3 5.41 449.326 1 3a,7a,12a-Trihydroxy-54-cholestanoate ESI- C,.H,0, 1.69x10™" 1.41 1 -
4 438 6333673  Digitoxigenin bisdigitoxide ESI- C,,H,,0, 5.25x10” 1.40 1 -
5 3.75 4643019  Glycocholic acid ESI- C,H,,NO, 4.89x10° 1.38 1 -
6 442 4072768  Cholic acid ESI- C,,H,0;, 1.12x107 1.37 1 !
7 7.23 4322764  N-Eicosapentaenoyl glutamic acid ESI+ C,.H,NO, 7.65%10"°  1.33 1 !
8 7.27 4072788  7-Oxodeoxycholate ESI+ C,,H,0, 1.42x107 133 1 !
9 239  153.0200  2.5-Dihydroxybenzoate ESI- CH,0, 4.08x10™" 1.32 1 -
10 459 4343266  Glycolithocholic acid ESI+ C,H,NO, 3.01x10® 131 1 T
11 3.75 4072790  Hyocholic acid ESI- C,,H, 0, 1.75%107 1.29 1 !
12 723 3912832  3a-Hydroxy-7-oxo0-5p-cholanic acid ESI+ C,H,0, 1.24x10™  1.29 1 !
13 250  273.1238  N-Acetylaminoglutethimide ESI- C,.H,N,0, 530x10"7  1.28 1 !
14 7.18 389.268 8 3-0Ox0-7-hydroxychol-4-enoic acid ESI+ C,H,0, 7.52x107 1.27 i !
15 500 3151311  Progesterone ESI+ C,H,,0, 3.37x10" 125 1 -
16 7.62 5832492  Biliverdin ESI+ C,H,NO,  283x10° 1.22 i -
17 8.32 447.249 2 Estrone glucuronide ESI+ C,H,,0O4 6.35x107 1.15 1 -
18 3.07 226.107 1 Hydroxytyrosol-acetate ESI+ C,H,NO, 2.94x10™"° 1.20 1 1
19 6.26 371.258 4 3-Ox0-4,6-choladienoic acid ESI+ C,H,,0, 2.60x107 1.19 1 !
20 7.12 4313147 7a-Hydroxy-3-oxo-4-cholestenoate ESI+ C,.H,0, 1.88x10™" 1.19 1 -
21 2.12 2450128  N-Acetyltryptophan ESI- C,H,N,0, 1.38x10° 1.07 1 -
22 2.04  188.9859  Hydroquinone sulfate ESI- CH,0.8 1.71x10° 111 i -
23 2,62 254.1018  N-Lactoyl-tyrosine ESI+ C,H,,NO, 1.43x10° 1.07 1 1
24 543  194.0804  Phenylacetylglycine ESI+ C,,H,NO, 4.41x10° 1.03 1 1
25 476  257.1752  Tetradecanedioic acid ESI- C,0, 536x10"°  1.01 1 !
26 3.51  224.0898  N-Acetyl-L-tyrosine ESI+ C,H,NO, 2.83x10” 1.19 1 1
27 8.14  319.2250 15-KETE ESI+ C,,H,,0, 1.15%107 1.01 1 1
28 3.75 4072790  Ursocholic acid ESI- C,,H, 0, 1.75%107 1.29 1 !
29 252 172.0989  N-Acetylleucine ESI- CH,NO, 1.24x10"  1.10 } -
30 12.15 5832531  Bilirubin ESI- C,H,N,0,  2.94x10° 1.09 1 -
31 6.21 311.220 7 13-L-Hydroperoxylinoleic acid ESI- CH,,0, 2.24x10° 1.13 1
32 4.18  301.1170  Adrenosterone ESI+ C,,H,,0, 2.02x10™  1.00 1 -
33 3.23 567.299 1 Protoporphyrinogen IX ESI- C,H,N,0, 4.81x107 1.28 1 -
34 9.05  290.1350  Ophthalmic acid ESI+ C,H,N,0,  4.71x107 1.12 i 1
35 5.43 194.080 4 Phenylacetylglycine ESI+ C H,NO, 4.41x10° 1.03 1 1
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Figure 3 Results of metabolomic analysis of serum metabolites in mice. A: Heat map of potential biomarkers changes in control group,
model group and XYLDF-treated group; B: Differential metabolic pathways related to chronic intrahepatic cholestasis; C: Changes in key
metabolites in control group, model group and XYLDF-treated group; D: Correlation analysis of potential biomarkers and pharmacody-

namics indicators. n = 8, x + 5. *P < 0.01 vs control group; **P < 0.01 vs model group; ~"Coefficient of correlation > 0.8
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Figure 4 Potential targets for XYLDF treatment of chronic intrahepatic cholestasis. A: Compound-gene network, created by MetScape; B:

Protein-protein interaction (PPI) network
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Table 3 The docking energy values of the six key compounds
with potential targets (CYP3A4 and CYP1A1). CXL: Andrographis
paniculata (Burm. f.) Nees; XHC: Isodon serra (Maxim.) Kudo;
KM: Picrasma quassioides (D.Don) Benn.; CYP1A1: Cytochrome
P450 1A1

Docking energy

No. Compound name Origin /kcal-mol ™!
CYP3A4 CYPIAI
1 Andrographolide CXL -6.34 -3.30
2 Dehydroandrographolide CXL  -10.75 -7.23
3 Nodosin XHC -1345 -10.28
4 Isodocarpin XHC  -14.03 -10.70
5 4-Methoxy-5-hydroxycanthin-6-one KM -8.62 -5.70
6 1-Methoxycarbonyl-f-carboline KM -6.32 -5.82

Rk, MR 4E iR g R, 4% 0.1.1.10 pmol - L ¥R & % 5%
% LO2 4l il CYP344 mRNA R IE 520 o S0 % )
& F (10 pmol-L™) 1 v PH M XF R, 45 S Wi & 6B Fios
X RAAR L, AR 45 25 )5 W35 B 1 LO2 4H e
CYP344 mRNA {13k (P < 0.01), Fl4&°F A& CYP3A4
(75 5 711, 2 B LO2 4H M v LAAE S vPfik #1544 24 47 %t
CYP3A4 mRNA ¥ 5615 520 (1) AR SME Y . 5 ARl F
R 7K 2 0 % N R ZE 0.1 pmol-L™ 9K K Xt CYP344
mRNA KT 53 520, 76 1 pmol- L' A1 10 pmol- L™ ¥k B
N a] L # B8in CYP344 mRNA £ i5 (P < 0.01),
FerP B K 50 E N BEAE 10 pumol LK B R X CYP344
mRNA {155 5K F 5 B P2 FIAE P A 24 BRE KK
FAE0.1~10 pmol- L ¥ B VG [l N 35 2.2 1R CYP344
mRNA [k (P <0.01), 3 2 EKBE, DL ELER

A
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Figure 5 Molecular docking models of main active ingredients of XYLDF with key targets (A) and cluster heatmap (B)
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