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tase, AKP) . TN & % % Z i} (alanine transaminase, ALT) . K& 2 @&%ﬁhﬁ@(aspartate aminotransferase, AST) . B9 JH 2T 2 (direct
bilirubin, DBIL) . B AHZT 2 (total bilirubin, TBIL) . SRR (total bile acid, TBA) . - (malondialdehyde , MDA )  AH [# B 7a—$2
A (cholesterol 7a—hydroxylase, CYP7A1 VAR Rk K E T (P<0.05) 5 TR R & . ﬁﬂ%ﬁﬂj%lﬁi{h%(super oxide dismutase,
SOD) .25 bt H ik - i3 & 1k & Bl (glutathione peroxidase , GSH-Px) | 1 JE % X Z /& (farnesoid X receptor, FXR) /N3 R AKFEAR
(small heterodimer partner, SHP) Hi 44 | JH % 1} 2 (bile salt export pump, BSEP) F1 22 24 1it 25 4 5¢ &5 H 2 (multidrug resistance—
associated protein 2,MRP2) % H F R K IR (P<0.05) . SR RIZ Huds , 1 2 0R: 4575 40 FBEAS XU R 4L A e\ TBIL  DBIL,
TBA ALT.AST , AKP.MDA .CYP7A1 f{7K-F-1 R (P<0.05) s [l A5t f . SOD .GSH-Px .FXR SHP BSEP /Il MRP2 T} (P<0.05) .
PR 2 245 P 22 Ay B 3 IH , 7 2 UKL AT 8 38 8 I 4% M98 SR BE Al - (tumor necrosis factor, TNF) %l F-kB1 (nclear factor kappa b sub-
unitl, NF=kB1) . 3 JE it X 52 {& (farnesoid x receptor, FXR) 2y 2 MM L H 2 (multidrug resistance—associated protein 2,
MRP2 )55 5 Wi JH I 14 43 D J R AR WA AFUIT 5 00 o 45 18 + 2 B ROURE T RESE A0 00T FXR S R DG HE A, D IV R 450
AR R T Rt DA T Dl D A R 452453
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Investigation of mechanism of action of Kuhuang Granules against
intrahepatic cholestasis through the integration of network pharmacology

and animal experiments
Huang Juan',Fang Wei’, Xiao Yaping’,Du Biao®
(1. School of Pharmacy , North Sichuan Medical College ;2. Department of Pharmacy , Chongqing University Three
Gorges Hospital)
[ Abstract]Objective : To elucidate the potential mechanism of action of Kuhuang Granules against intrahepatic cholestasis by employ-
ing a comprehensive approach that combines animal experiments with network pharmacology. Methods: We assessed the hepatoprotec-
tive effect of Kuhuang Granules in mice with cholestatic liver injury induced by alpha—naphthyl isothiocyanate by evaluating the liver—

to—body ratio, serological indicators, oxidative stress, and other blood biochemical parameters, and pathological characteristics of the

liver. The potential targets and key pathways of Kuhuang Granules
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EEUIR: ERTHAMEARAIE 2 AR B (FHERXAE) (BT
2023TIAD-ZXX0013) ; & R A KA+ 5 R4 L5 7 A
(%% . CSTB2022NSCO-BHX0709) ; & /& % 7 M| K+  80UP» the model group exhibited significantly increased levels of
“H R AR E AR (%% s waste=20220124) liver—to—body ratio, alkaline phosphatase (AKP) , alanine transami-

in the treatment of intrahepatic cholestasis were uncovered through
the integration of network pharmacology and bioinformatics. The
identified key pathways were validated through Western blot analysis.

Results : Animal experiments showed that, compared with the blank

£ 5 H BR : https:/link .cnki net/urlid/50.1046.R.20240926.1056.028 nase (ALT) , aspartate aminotransferase (AST) , direct bilirubin
(2024-09-27) (DBil) , total bilirubin (TBil) , total bile acid (TBA) , malondialde-
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hyde (MDA) , and cholesterol 7a —hydroxylase (CYP7A1) protein expression (all P<0.05) ; the body mass, superoxide dismutase

(SOD) , glutathione peroxidase (GSH-Px) , farnesoid X receptor (FXR) , small heterodimer partner (SHP) antibodies, bile salt export

pump (BSEP) , and multidrug resistance—associated protein 2 (MRP2) expression levels were significantly decreased (all P<0.05).

Compared with the model group, the Kuhuang Granules groups and bifendate group showed significantly decreased levels of liver—to—
body ratio, TBil, DBil, TBA, ALT, AST, AKP, MDA, and CYP7A1 (all P<0.05) ; meanwhile, the body mass, SOD, GSH-Px, FXR,
SHP, BSEP, and MRP2 were significantly increased (all P<0.05). Network pharmacology analysis indicated that Kuhuang Granules

may alleviate cholestatic liver injury by affecting bile acid secretion through regulating targets such as tumor necrosis factor, nuclear

factor kappa b subunit 1, FXR, and MRP2. Conclusion : Kuhuang Granules may alleviate cholestatic liver injury by activating targets

associated with the FXR pathway , reducing bile acid synthesis, and enhancing bile acid excretion.

[ Key words ] Kuhuang Granules ; cholestasis ; liver injury ; network pharmacology ; FXR pathway

iLER AP T i B i R 19 A3 A £ 1 o
FEOMT RS # R, Em s R . 2 £
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N -2 50 FUR BE (alpha—naphthyl isothiocyanate , ANIT,
#5:140018) , 1 F 5% [ Sigma 23 7 5 B XUER T L (LS
H33021305) , I T J7 RN W) 5 i P 5 12 1§ (alkaline phos-
phatase , AKP, 5. 20230308) . N & 2 1% 2 i (alanine trans-
aminase, ALT, it %5 : 20230307) . K & % i % & il (aspartate
aminotransferase , AST, #t 5 : 20230308) . BL 32 H £T £ (direct
bilirubin, DBIL, #t 5 : 20230308) . & IH£T. & (total bilirubin,
TBIL, #t5:20230307) . & BT (total bile acid, TBA, #it*5 :
20230308) ., # S fb P 157 ALl (super oxide dismutase, SOD, #it
51 20230409) . N — [ (malondialdehyde, MDA, it 5 :
20230409) . 7 It H K — i3 %0 fk 2L (glutathione peroxidase,
GSH-Px, L5 : 202304092) HJ 1l T 5§ HU A s 4 4 TR0 5%
BT o 1) B X 521K (farnesoid X receptor, FXR) RN EiiR=
001013007) 113 F 5 X Proteintech 2 ] 5 /N 5 = B & £ 18
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i 3 22 (bile salt export pump, BSEP)$i /& (It 5 : BO7TRC23)
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RS T R K INEBERL Yk 6 20, B2 8 L, 435l
925 14 (Blank 2H ) ERIZH (Model 4H) | 37 4 TR AR 570 20
(KH-L#1,0.50 g/kg) v B ik 0 22 (KH-M 4, 1.00 g/kg)
1 B UKL 5 ) i 41 (KH-H 20, 2.00 g/kg) 6 28 XG40
(LBSZ41,0.15 g/kg) o oo 8 JURL I PR A 4224 18 g/d, A=
Y5550 R 2.34 ofkg, A5 A HTI TR SE 40, e & B KH-L.
KH-M . KH-H 41}y 24 ¥ 5 4001 1 0.25:0.50: 1.00 %5 . 7% 3C
ik 1A, 4% 20 A/ B B Y 2590, Blank 415 Model 21
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T T RE AR A AR K R 1K, 12T do TR SR,
Blank £17# 8 #AEH , AR 419 45T 60 me/kg ANIT B
VBT 4 . SR 2GS R T HRBE SR o, WO 1T o
() IS, K PR BT K B PR, 0 i A T 4% 22 56 W I Uk
HFI-80 ‘CIKARTFI .

1.3 7k

1.3.1 JFUIRe A iR AP A i e & i ol 00
A5, KGN B 35 H ALT , AST . AKP, DBIL  TBIL 1 TBA 1)
T,

132 FFAZURBIE AT 8 8 b 19 2 4Lk
AT AL, A D) B 2K e B K 3 e SRR
o ARl B R I 5 45 2 A 2 e B2 AR A

133 FHBUEARR KPR #eal0) & r B 55
K25 21/ BT ZU20 9 7P SOD \MDA il GSH-Px Y 35 4
1.3.4 95 B HORL A 4 KBS S 0 B e 38 A TCMSP $HE Fg
(https://old.temsp—e.com/temsp. php ) Fl SCHik 46 2% 2 B 0k
(1 FLBR 1 25, SRS AR TCMSP B4is 42 11 IR A FE (oral bio-
availability, OB) = 30% 2k 25 (drug—like properties, DL)>
018" Ft) i 355 AL IO Ar 4 v B8 UL 136 4 i 7 S A S i, I
M ETCM g Hjt J% (http://www.tcmip.cn/ETCM/) W EE R 2G4
RO S AT FE . 5 Bl UniProt £ )& (https://www.uniprot.
org ) RHHE SR AT — b S AT GO,

1.3.5  JFPIRHTT AR 2 f s sE 38 GEO BUE % (hitps://
www.ncbi.nlm.nih.gov/geo/ ) 3B GSE79850 % di 4 , 1% 5 4
XiF 8 44 felt B S A R 9 44 8 16 S A ME IR T PR LA 48 (Primary
biliary cholangitis, PBC) f& % By JFBE#EAT 7 B E )T . i
R limma $AAHF 5T mRNA 122 53 3635, SREUE 265
¥ ¥l &5 . 7E GeneCards (https://www. genecards. org) . OMIM
(https://omim.org) Fll DisGeNET (https://www.disgenet.org) Z iz
FErR, P “intrahepatic cholestasis” A 2 i) , #E— L WCE N
ERRRY AV EP S ST (VW 3 e Gl Wy €L Y b e i
X,

1.3.6 vy 8 OREVA 7 T AR T 94 FUHE 5 4 WA 45 T PPT ) 2%
P B UL A o3 FIEE A BT SRR L SR, A 8
P, AT AR A v 8 ORGP I AR AP R R e 0
TEH0 5 4 A B) String £ 45 % (hitps://en.string—db.org/) H , L
FRICHE 11 5T -4 11 0 A B VE I (protein—protein interactions,
PPL) A5 B . 2T 3k, R HH Cytoscape B {4 ¥4 # AT R4k
B PPI 4%, T 45719 s Degree (B, , 3545 PP 28 H 5G4
1.3.7  GOMKEGG @ i w4 K BEORIIG Y7 F N AR
T U R A VS 7 05 S A Metascape 038 5 R, $E 4T GO NI
KEGG [ & 55011 P<0.01 A2 % MEHATR R , i B A
15 Wk (http://www.bioinformatics.(:om.(:n)Xﬁﬁ:ﬁ‘ﬁ‘% AT AT
MALALHE

1.3.8  Western blot A5 FXR A ¢l i 8 H &k K )
I8 SCHR B A 1 S 58 7 ik, ASBIF 5 SR T Western blot £ AR
il FXR .SHP . CYP7A1,BSEP il MRP2 7K [ 1) ik 1 14

7
o

AT & 2, J e AU R B R (H , HF7E 100 C R EA T
BEERN . BEJG ATk BB A SR BTk,
4 BT A KR B IS (9 FXR . SHP . CYP7A 1 BSEP Fil MRP2 %5 —
P (1:1000) 1, 7E 4 CHEF id % . B, FH TBST ¥k % % 3
W, 4R 10 min, IS5 M A —HT(1:5 000) 7RI F 2 he
I e At kb sUAE R [ 4 TR .
14 %it#Esk

R SPSS 26.0 GE T A 4T 434 , 22 4[] bL A3k FH B
K27 2200, T A 45 X ISR = b 2E (v = ) TR 6
I8 7K HE «=0.05

2.1 FFHFE T ANIT BT 800 AR & Ao B4R L 6 %o

TEARA , 25 4L/INEURRE MRS T S7KOF R PERITR
VR (6 5 AR R LA AR R B S 25 5 . AnTRT L IR, 45 25 2
W5, Model 2 /N B 57 2 I8 T Blank 21 (P=0.000) . 4n3% 1
Fi 7 , Model 20 AT 44 Lt & F Blank 44 (P=0.000) ; KH-H £ J%
LBSZ #H /)y BLUAY T 4R EE AR T Model £H (P=0.000, P=0.001) ;
KH-L . KH-M 20 T4 Lt 5 Model 41 4H 1L 22 T 451122 2% X
(P=0.408,P=0.063) . RMHLHFE I Z#HTHI =00, 2
S G F 8 L (F jy44=13.358 , P 44,=0.000)

301
-o- Blank4{

284 7 - - -o- ModelZ
“e \ KH-1.41
1 264 3 KH-MZ]
= -~ KH-HZ{
% o - LBSZ4]

22

T T T T T
1 2 3 4 5

F) (d)
¥ s a, 5 Blank 4 L %8, P<0.01; b, 5 Model 4H %5, P<0.05; ¢, 55
Model 2H FL#5, P<0.01

B EEFRERERH (x +5,n=8)

R HEFRISAER LR (x +5,0=8)

215 4 (g/kg) FFHAREE (%)
Blank 2 - 3.71+0.19
Model 2H - 498 +0.45"
KH-L# 0.50 471 +0.28
KH-M 4] 1.00 4.54 +0.37
KH-H 2 2.00 4.16 £0.34"
LBSZ 4 0.15 428 +0.21"
FAH 13.358
P 0.000

¥ :a, 5 Blank H HL#, P< 0.01;b, 5 Model 2H %, P< 0.01
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22 EFHHAI ANITHT 800 R 38T 9 A 46 AR 09 e

ST VA ORI IR AR PR IR A B R PR AR L A
RS R IN T L5 5040 R0 IR R BURE DG 9 i i 2B Ak bR .
2% 2 JIi7N , Model 41 DBIL  TBA \ TBIL ,ALT ,AST , AKP 7K -5
F Blank 4H (¥ P=0.000) ; KH-L 21 DBIL,TBA . ALT. AST,
AKP /KK T Model 2H (4 Py, =0.015 #b, Hi4y P=0.000) , Tiii
TBIL /K- JC B i 2% 5 (P=0.066) ; KH-M ,KH-H } LBSZ 4
DBIL. TBA . TBIL. ALT . AST . AKP 7K ¥ {fk T Model 4 (P=
0.000) . RHHEZEF ZHITR IS5, 27051
B SL(F,,,=351.412, P,,,=0.000; F,,,=466.695 , P,,,=0.000;
Fon=362.094 , P, =0.000 ; F,,=450.647 , P,;;.0.000 ; F,=
334411, P,,=0.000; F,,,=321.428 , P, ,=0.000) , 7 W] & 2
AT B AR AL N R DI RE . LA, KH-H 41 F0 LBSZ 417
TBIL (94.04 + 6.19 vs. 97.60 + 10.84) . DBIL (87.04 + 7.58 vs.
90.84 + 9.85) 2 4145 b o g, Uhd A 35 i Uk R AR A 210 R O
[ES RS
2.3 FEE AT ANIT AT 300 RT IR 4L 80% 22 52 6 % v

SR 2H 247 B2 W7, Blank 26/ U I S 85 (224145,
FHEDGIT , JC I AR IR ; AT S5 00 1E 5, T4t A R
T [, AZ A 4 o 1T ANTT Ab BEZH /N ROFFIE A o, (B B g
B INR R IR 5 R ZAAT L (5 S8 RE IR /N ]
SR HFRFE . KH-L . KH-M . KH-H 411 LBSZ 41/ BT
JE AR DR FRUYT Sl B 5 0 E A IS0 B DR /D P [ 4
WA b, BIREGER I, w5 Uk T W] % ANIT
51 A AR R AR 403 (L 2) 6

2.4 T L LR AL B g K T 8 Rk

A IR R AR R (AR i A TR B Y i
15, 47 W H K (GSH) 1 LATE 535 15 B3 1 1k A2k 2 ik i 473
R 3 7R , Model 41 20 4147 3¢ rf SOD 1l GSH-Px 7K -k
T Blank 44 (¥ P=0.000) , iii MDA 7K °F &5 T Blank 41 (P=
0.000) ; KH-M £ MDA 7K *F- % T* Model £ (P=0.000) , Tfij
GSH-Px 7K -5 F Model £H (P=0.000) , SOD 7K - 22 7 JC 4%
P22 X (P=0.769) ; KH-H 2 1 LBSZ 44 SOD H1 GSH-Px 7K
35 T Model £ (P=0.000) , MDA 7K - & T Model 41 (P=
0.000) , 5 BRI 2y 22 AT B T2 40 W, 28 A Gi it o
Y (Fy,=72.263, Py,,=0.000; F . =143.519, P, ,,=0.000;;
Fopy=321.422, P =0.000) , % W 75 8 R m] e 38 455 780 /N B
ALY KT
2.5 EHHEERR S A

AR5 TCMSP FUCHHE 22 77 355 AU V0 e 412 47 3 0L 11 356 i 43
I HAR SO, FERIBRAR TR S5y . 454 SCHk A ETCM
B R S B R R R 626 AR, L
=4,
2.6 FF AR AR R R e b 0 5 ik

i3 R T & B GSET9850 B 48 th A 763 2%
SEHEA, L P<0.05 FlllogFCI=2 356 4514, #2570 L [&] AR
P, LA 392 425 S IR, FA 308 A FE K] 190, 84 A4~ BE A
T, WL 3. SR )5 K Genecards . OMIM | Disgenet fil GEO %
PR ARAT I 55 9T N 8k i 2 0005 AR AR 512N TRYT N
R A T FE R AL

®2 HEFHIMFELIERSENHN(x £5,0=8)

21 5] il (g/kg) AST(U/L) ALT(U/L) AKP(U/L) TBA(pmol/L) TBIL( wmol/L) DBIL(pmol/L)
Blank 21 - 83.83 £ 8.60 28.30 + 6.39 116.27 + 15.58 470+2.11 0.94 +0.27 0.77 £0.28
Model 41 - 414.44 +16.66°  489.94+13.44"  695.88+3527"  370.75%19.45"  146.39 +7.74" 143.58 +7.24°
KH-LZH 0.50 339.85+21.77°  403.00 +25.88°  663.23 +20.89°  305.98+24.61°  138.45+8.28 132.45 + 8.63"
KH-M 41 1.00 239.71 £27.56°  337.57+19.18° 59237 +38.96°  200.90 + 17.40°  122.65+9.41° 115.15£9.19°
KH-H £ 2.00 205.17 £ 13.13°  292.92+33.09°  584.78+56.57°  178.54 = 14.68" 94.04 +6.19° 87.04 = 7.58°
LBSZ 4 0.15 197.32+17.92°  280.87+19.27°  523.22+28.63°  180.29 + 16.54° 97.60 + 10.84° 90.84 + 9.85°
Fi4 334411 450.647 321.428 466.695 362.094 351.412
PIy 0.000 0.000 0.000 0.000 0.000 0.000

¥ :a, 5 Blank 40 H#, P< 0.01;b, 5 Model 4 38, P< 0.05 5¢, -5 Model 2H 38, P< 0.01
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®3 EHEBUMAFARENRHA TR (x £5,n=8)

215 Fl ik (g/kg) SOD(U/mg) MDA (pumol/g) GSH-Px(mg/g)
Blank 41 - 342.88 +27.74 2.57+0.22 100.68 + 10.45
Model £ - 185.21 + 18.80" 7.45 +0.43" 41.16 +5.28"
KH-L#{ 0.50 191.35 + 19.37 7.12£0.35 42.83 +3.64
KH-M £ 1.00 196.00 = 15.69 6.76 +0.23" 55.09 £5.65"
KH-H 4] 2.00 232.13 +21.44° 6.69 +0.18" 59.57 +3.28"
LBSZ 41 0.15 288.71 +21.39" 4.64 +0.28 76.70 + 5.26"
FA 73.263 321.422 143.519
PAi 0.000 0.000 0.000

1 :a, 5 Blank 4 Fb 8, P< 0.01 ;b, 5 Model £H 48, P< 0.01
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P T P AR A AR G B S, 2 B B JOURE P Rl 2o 4%
FLRR IR A, U I P IR DR B AR 3 1) SR, R s I
it .
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Gt 1 Y (F,,=9.899; P,y =0.000; F\,,=6.293 , Py, =0.000;
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B 13234 K KT Model 21 (P=0.009) ; LBSZ 41 FXR .SHP .

BSEP F1 MRP2 £ 4 2 ik 7K F & T Model 41 (P=0.005, P=
0.016.0.008 .P=0.001) , CYP7A1 & 1 75 K A% T Model 41

Fup=8.312, P,=0.000 ; F\,=9.115 , P,y,=0.000 ; Fyypy =
4.936, Py, =0.000) , b3 25 R WY, i 2 MBORLIE o8 i 4 AR

THRR A HEME R a2 HEHE A TR AR SR AR P A
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. f5cc; —ABCB1L
4 5 HRLI @ SLCO1B3 ABCC.
& TLR7  ABCBL
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- - PO - i signaling pathway .
2
8 15 % % Chemical is - receptor activati [}
2 2
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w 5. e . 5 Endocrine resistance { [ ] 0008
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Viral protein interaction with cytokine and cytokine receptor [ ] 0.001
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5 5 5 ;753 §= E gg; gg 5§ g‘ Natural killer cell mediated cytotoxicity 1 it
R5s5segsey o
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# E”& gg g’g C and c °
$° &
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Biological process Cellular component Molecular function 02 04 08
A. GO &5 B. KEGGHY R 45t
5 EEBFRIRTHAETRRABELESGOMKEGGHEES T
F5 EHEFHIX FXREBBEEANZME(x £5,n=8)
21 51 il (g/kg) FXR SHP CYP7A1 MRP2 BESP
Blank 2H - 1.00 = 0.00 1.00 = 0.00 1.00 = 0.00 1.00 = 0.00 1.00 + 0.00
Model 41 - 0.47 +0.09" 0.50 +0.10° 1.60 + 0.25" 0.35+0.08" 0.51+0.15"
KH-LZH 0.50 0.61 +0.08 0.62 +0.17 1.37+£0.23 0.60 +£0.23 0.66 = 0.02
KH-M 4] 1.00 0.75 + 0.06° 0.85+0.16° 1.11 +£0.19° 0.85+0.16° 091 +0.21°
KH-H 4 2.00 0.80 +0.16" 0.95 +0.20° 1.00 £0.17° 1.10 £ 0.18° 1.16 021"
LBSZ 41 0.15 0.81+0.13¢ 0.90 + 0.08° 1.01 £ 0.21° 1.01 +0.22¢ 0.96 +0.10°
FH 9.899 6.293 4.936 9.115 8.312
P 0.000 0.000 0.000 0.000 0.000
a5 Blank ZH &S, P<0.05;b, 5 Blank 20 H 42, P< 0.015¢, 5 Model 40 H 42, P< 0.055d, 5 Model 4 HL%%, P< 0.01
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