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Protective mechanism of Yinchenzhufu decoction against cholestatic
liver injury induced by lithic acid based on network pharmacology
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Abstract: Yinchenzhufu decoction (YCZFD) is a classic formula for treating Yin Huang syndrome, which can
improve liver injury caused by cholestasis. However, the mechanism of action of YCZFD still remains unclear.
This article used network pharmacology, molecular docking, animal experiments, and molecular biology methods
to explore the mechanism of YCZFD in treating liver injury caused by cholestasis. A mouse model of acute
cholestasis induced by lithocholic acid was used to investigate the effects of YCZFD on liver injury. The
experimental procedures described in this paper were reviewed and approved by the Ethical Committee at the
Shanghai University of Traditional Chinese Medicine (approval NO. PZSHUTCM190823002). The results showed
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that YCZFD could reduce the levels of blood biochemical indicators and improve hepatocyte damage of cholestatic
mice. Then, multiple databases were used to predict the corresponding targets of YCZFD active components on
cholestatic liver injury. An intersection target protein-protein interaction (PPI) networks based on String database
and Cytoscape software was used to demonstrate the possible core targets of YCZFD against cholestatic liver
injury. The results indicated that core targets of YCZFD include tumor necrosis factor, interleukin-1£, non-receptor
tyrosine kinase Src, interleukin-6, etc. GO (gene ontology) and KEGG (kyoto encyclopedia of genes and genomes)
enrichment analysis indicated that YCZFD may regulate the tumor necrosis factor signaling pathway, nuclear
factor- kB signaling pathway, bile secretion, and other related factors to ameliorate the cholestatic liver injury.
AutoDockTools software was used to perform molecular docking verification on the core targets and components
of YCZFD. To verify the results of network pharmacology, UPLC-MS/MS method was used to determine the effect
of YCZFD on levels of bile acid profiles in mouse liver tissues. It was found that treatment with YCZFD
significantly reduced the content of free bile acids, taurine bound bile acids, and total bile acids in the liver tissues
of cholestatic mice. Then, results from real time PCR and Western blot also found that YCZFD can upregulate the
expression of hepatic nuclear receptor farnesoid X receptor, metabolizing enzyme (UDP glucuronidase transferase
lal), and efflux transporters (bile salt export pump, multidrug resistance-associated protein 2, multidrug resistance-
associated protein 3, etc) in cholestasis mice, promote bile acid metabolism and excretion, and improve bile acid
homeostasis. Moreover, YCZFD can also inhibit pyroptosis and inflammation by regulating NOD-like receptors 3
pathway, thereby inhibiting cholestatic liver injury.
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(2875C153) W 3% F 55 [E Amresco 2 ] ; R £ 1 i)
(P0252). — T # FE WL (P0256) — 1t i B WL (P0258)-
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FluorChem E %t % i 1% & 4t (3£ [E Protein Simple
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LCA (pure water, i.g.)

LCA+YCZFD-L (3 g of crude drug-kg-1, i.g.)
LCA+YCZFD-M (6 g of crude drug-kg-1,1.g.)
LCA+YCZFD-H (12 g of crude drug-kg-1,1.g.)

LCA (dissolved in corn oil, 150 mg-kg-1, i.p.)

LCA+PCN (pure water, i.g.)

PCN (50 mg'kg-!, i.g.)

g

LCA (dissolved in corn oil, 150 mg-kg-1, i.p.)

Figure 1 Experimental flow of Yinchenzhufu decoction (YCZFD) against lithocholic acid (LCA)-induced cholestatic liver injury in mice.

PCN: Pregnenolone-16a-carbonitrile
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S NHER (D4-tauroursodeoxycholic acid, D4-TUDCA) 73
SHIRAE, TN 150 L B, IR % 16 & A vilE, &
O Je B B R

7 ACQUITY UPLC-Triple-Quadrupole 5500 Jifi it
I ] F§ Waters ACQUITY UPLC BEH CI8 column
(2.1 mm x 100 mm, 1.7 pm) {0 3% K 3 47 (0 1% 16 23 55
WA A: 2 mmol L S R 42 7 0.01% HRRIA W, B:
LIE/FEE (1901, vA) 7 0.01% FER W, H shitk ke 28
IR E 8 °C; Yk 0.45 mL-min; F:IR: 45 °C; FFEIR
;5 ul. Pl FE 40 F 0~2 min: 20% B; 2~3 min:
20%~25% B; 3~6 min: 25% B; 6~8 min: 25%~
35%; 8~11.5 min: 35% B; 11.5~18 min: 35%~99%
B; 18~19 min: 99% B; 19~20 min: 99%~20% B.

LT 55 B9 TR (ESD): 3 FUR I 120 °C; i i 771
HEE: 350 °C; B 7R (N,) Hiid: 600.0 L-h'; HEFLS
(N,) ¥iii#: 5.0 L-h"; B4 s E: 2.8 kV; HEFLHJE:
55 Vv, AR 2 R (MRM).

K FJ Analyst Softwarel.6 4 HT 3% 48 4b B 5035 :
B (W=1/X?) e/ ZFE AT AL [ VA, 3R % s 1)
v 128, SRS WU ot 308 Ik 4 i 2 T AR

PCRSCH  HUIE W 2H AL 4 1 10 R AR B 2 e 711
24/ B 21, a3 R S PR HUE RNA, Wl 2 iR S
J&i, ¥ RNA BEEC B % 1 500 ng-puL" RNA ££ 5%, i@ it
EZB 77l & 5 1210 ¥ 5 5, {8 FH Step One Plus % 2% it
1T real-time PCR ¥ 38 & I 5 AH ¥t 40 34 AH 5 1 BH 7 R
AU B 18 A % 2 A JNF-xB NLRP3 #E /M K 48
JiE £ TR DG HE AT I mRNA R IL, H bR R AR R0k &
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LA GAPDH fE A &, it 222 3347 i 5, 519
WL 1.

Western blot SE3& B IE 41 (A5 7Y 21 T2 1 BR R
Bt 7 v 70 B 4L/ ROFFAL 23, FH & 1% PMSF ff) RIPA 2
WA A, BH BCAEM EAS &HTIE, R E
F R, AR AR AR B & A 4 1 & 0% B AH B SDS-
PAGE %t J5 , HEAT FLIK 23 25 S B 5, — i —hud& it
WIHMRE, — P4 CIEEER, —NERFE1LE, &
H Protein Simple BUR 73 AT X FR O Fe 414, 25 AL it iy
% f-actin fZ 1E .

GitFE ot KRB RE £ iR
IR . iz SPSS21.0 4i it #pF kAT $ s 0 #r, %
L 10] E AR F SR 3R 5 2 e M, O ZE 5 R e
P 72 F 9% (LSD). 5 Z A 55 I 2K F Dunnett’s 3547 #5 28
FEH. YHBEE2EREESHANR, RAESHK
Kruskal-Wallis H ¥ 56 . P < 0.05 ¢\ N 7776 & 3 1%
ZESt

#ZR
1 BFRARMEZAX LCAE SRR IR R B L
EZ1EH

SR MBI 2A T, 5 IEHW 4AHEE, LCA BEAY /)N

S IM.J% ALT AST.ALP.TBA .DBIL il TBIL & 5 13 &t
T, IR AR M T 009 5, SHEERLZEAE L, BBk
A B 7 AT LA S 3 B A 9 AR/ BRIfL i ALT . ALP.
TBA.DBIL fl TBIL 7KF-. FH{£Z5 PCN Xf LCA 5 5]
PR JA B BT 245 /0 BRI A AL R AR 2 PR ARAE T - T
HAVH&E Yt 4h B oR, 1% T4 & 5%, HE
FIHL, oA PEIRFE I %, LCA A 4 K S, #5570 21 /)N
ST FPE 4 DX R DAL B S P IEE A PR A L R MR IR
T8 S A IR B 28 D R AR B2 T FUS , AR AR /N B
JHF B9 72 357 45 31 17 B I o, VI DX JORE 4 R A
FFF 40 i 2R B0 T AR . 3 kb (B 2B).
2 YCZFD jEMERR 57 -T2 S a9 3R BY

i# i Swiss Target Prediction % 4 FE X v 14 A 43
HEAT BB ST, R 15 3 00 R4 0 R R R, X
probability {i K TP AME M HE 5, FEHEAT 2 5 J5 3615 2
T35 MEE R
3 FEIHIR AR AT I 4 R TR R =L ik

11T GeneCards H4fE 7 15 21 JH VA R4 452 43 AR
KL 847 AN LIl f OMIM % 4% [ #5145 94 A LB i
DisGeNET {4 3k 13 58 4~ . i@ it DRUGBANK #{ ###
JE 3R A4S 22 A VI8 G PharmGKB 04 2 3515 174 4.
SAHIEPER R R G I L HE, 155954 ME AL,

Table 1 Primers for real-time PCR. GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; Nf-«xb: Nuclear factor- xb; IL: Interleukin;
TLR4: Toll-like receptor 4; NLRP3: NOD-like receptors 3; TNF-a: Tumor necrosis factor a; Ntcp: Na'-taurocholate co-transporting

polypeptide; Oatplb2: Organic anion transporting polypeptides 1b2; Mrp: Multidrug resistance-associated protein; Bsep: Bile saltexport

pump; Ugtlal: UDP glucuronidase transferase lal; Cyp7al: Cholesterol 7« -hydroxylase; Cyp27al: Cytochrome P450 27al; Cyp3all:
Cytochrome P450 3all; Cyp2bl0: Cytochrome P450 2b10; PXR: Pregnane X receptor; CAR: Constitutive androstane receptor; FXR:

Farnesoid X receptor

Gene Species Forward primer Reverse primer
Gapdh Mice AGGTCGGTGTGAACGATTTG GGGGTCGTTGATGGCAACA
Nf-xb Mice ACTCCCACTTCCCCAAAAAC CCACAGCTGAAGGACTCACA
1-6 Mice ACTCCCACTTCCCCAAAAAC CCACAGCTGAAGGACTCACA
Tir4 Mice TGGACCTGAGCTTTAATCCC GATTTCACACCTGGATAAATCCAG
1-1p Mice AACCTGCTGGTGTGTGACGTTC CAGCACGAGGCTTTTTTGTTGT
Nirp3 Mice ATTACCCGCCCGAGAAAGG TCGCAGCAAAGATCCACACAG
Tnf-a Mice GGTTCTCTTCAAGGGACAAGG TGGAAGACTCCTCCCAGGTAT
Ntep Mice CAAACCTCAGAAGGACCAAACA GTAGGAGGATTATTCCCGTTGTG
Oatplb2 Mice GCACTGCGATGGATTCAGGAT AGCTTTGGTGGGTGTAGCTTG
Mrp3 Mice CTGGGTCCCCTGCATCTAC GCCGTCTTGAGCCTGGATAAC
Mrp4 Mice CATCGCGGTAACCGTCCTC CCGCAGTTTTACTCCGCAG
Bsep Mice TCTGACTCAGTGATTCTTCGCA CCCATAAACATCAGCCAGTTGT
Mrp2 Mice GCTGCTGAATAACTCCAAGCAT CACAACGAACACCTGCTTGG
Ugtlal Mice GCTTCTTCCGTACCTTCTGTTG GCTGCTGAATAACTCCAAGCAT
Cyp7al Mice CCAGGCACAGGAGAGTACG GGGCAAGTGCAGCACATAG
Cyp27al Mice GAATCTAACCAGGCCATGCT AGGAGCTGGCACCTAGACT
Cyp3all Mice GGATGAGATCGATGAGGCTCTG CAGGTATTCCATCTCCATCACAGT
Cyp2b10 Mice TGCTGTCGTTGAGCCAACC CCACTAAACATTGGGCTTCCT
Pxr Mice GATGGAGGTCTTCAAATCTGCC CAGCCGGACATTGCGTTTC
Car Mice CCCTGACAGACCCGGAGTTA GCCGAGACTGTTGTTCCATAAT
Fxr Mice GGCAGAATCTGGATTTGGAATCG GCTGAACTTGAGGAAACGGG

Mdr3

Mice

CAGCAGTCAGTGTGCTTACAA

CAGCAGTCAGTGTGCTTACAA
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Figure 2 Effect of YCZFD on liver injury in cholestatic mice. A: Biochemical analysis of the serum of mice from different groups. B:

Histological analysis of liver tissues obtained from different groups. Hepatocyte necrosis and inflammatory cell infiltration in liver tissue

sections was marked by arrow. YCZFD-L, YCZFD-M, YCZFD-H, refer to the administered dose of YCZFD as 3, 6, 12 g of crude drug-kg”

whx

body weight, respectively. n = 9 (model group), n = 10 (others), mean £ SEM. "P < 0.05, "P < 0.01, ""P < 0.001 vs model group
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Figure 3  Protein-protein interaction (PPI) networks of YCZFD

in the treatment of cholestasis liver injury
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YCZFD in the treatment of cholestasis liver injury
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Chlorogenic acid docking FXR (docking score = -7.3); f: Chlorogenic acid docking SRC (docking score = -7.7)
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Figure 6 Effects of YCZFD on the bile acid levels of liver tissues in LCA-induced cholestatic mice. A, B: Influence of YCZFD on

individual bile acid of liver tissues of cholestatic mice; C: Influence of YCZFD on unconjugated, glycine-conjugated, taurine-conjugated

bile acids and their sum of liver tissues of cholestatic mice. LCA+ YCZFD: LCA-induced mice pretreated with YCZFD at a dose of 12 g of
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Figure 7 Effect of YCZFD on nuclear receptors, transporters and metabolic enzymes in liver tissues of LCA induced cholestatic mice. A:

Relative mRNA expression of nuclear receptors, metabolic enzymes, and transporters of liver tissues in different groups; B: Relative protein
expression of FXR, MRP2, CYP7A1 and CYP27A1 of liver tissues in different groups. n = 5 (A), mean = SEM. "P < 0.05, "P < 0.01, P <

0.001 vs LCA group
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Figure 8 Effect of YCZFD on NF-xB/NLRP3 inflammatory pathway (A) and pyroptosis (B) in liver tissues of LCA induced cholestatic

mice. n =5 (A), mean = SEM. "P < 0.05, "P < 0.01 vs LCA group
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