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B T AR E-a Kb A8 5T Sk B AT P A2 it 5 AR (intrahepatic cholestasis of pregnancy, ICP) 9 5 i #LAE &
WRAH, ek gE, FH, FEEREEE TS EEZ-ORGF A %5 ICP 69 Lk, AR R & F 37 A #4790 475002
PR AR BT Ty BiE A W 42 IR S T A A ICP WA A LA AT o F e SR IE EAN 68 B H
F, 6Tk S AEM Lok BRZNGGY, BATHREITEF BH-RE-HRTF-E2- R KX T,
Pk R R EF R AE RS T AR A T & G 88 B (serine/threonine kinase B1, AKT1) .BCL-2 #8% X % & ( BCL-2
associated X protein, BAX) 4.0 328 AL B 5 BLLEE 3-0 B/ % & B B ( phosphatidylinositol 3-kinase/protein kinase B,
PBK-AKT) A% %3 S8R ZFEETICPHER, EoTxEF FEEZL 11 Mo 564 5308 2 F 40 TH
K & B-4 B, HTR-8/SVneo 40t 5236 R W | 7 3 & %+ 4F B A2 8% (taurocholic acid , TCA) # $-49 28 10 = % Bax/Bel2 & &
FK B LA R E AR A (P <0.01) , 5+ T4k p-PI3BK/PI3K . p-AKT/AKT & @ # &3k (P <0.01) , /7 LY294002 T/ 4 22 7T
HIFRZORA TR LEZR OO REIRFE, GE 475X aRGTe9C7 TH ICP 95 RiE 7 MARBEAE L X
MR T K FE T ¥4 TCA %5 HTR-8/SVneo 20 L8 o B A 04 97 ICP 69 71, o AuH] 7T 4% 55 942 PI3K-AKT 15 5 i %
LB

RHE] AR AT A A R E s -8 R e PI3K-AKT 455 il %
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The Herb-Prescription-Effect Correlation of Prescriptions Containing
Scutellariae radix and Atractylodis macrocephalae Rhizoma in the

Treatment of Intrahepatic Cholestasis of Pregnancy
WU Bin, WU Zhong, WEI Xiu-yan "

(School of Life Science and Biopharmaceutics, Shenyang Pharmaceutical University,
Shenyang 110016, China)

[ Abstract] To explore the application regularity and mechanism of formulas containing Huang Qin ( Scutellariae radix) -Bai Zhu ( At-
ractylodis macrocephalae Rhizoma) (HQ-BZ) herb pair in the treatment of ICP (intrahepatic cholestasis of pregnancy). All literature
on prescriptions containing HQ-BZ herb pairs against ICP was screened from the VIP, Wanfang, and CNKI databases. Subsequently,
the R language was employed to analyze and summarize its medication rules and core prescriptions. Network pharmacology was used to
predict the mechanism of core prescriptions against ICP, followed by molecular docking and experimental verification to confirm the po-
tential mechanism. A total of 68 prescriptions were included, involving 67 herbs characterized mainly by cold, bitter, and spleen me-
ridian. The core prescription “Artemisiae scopariae Herba-Rhei radix et Rhizoma-Gardeniae fructus-Scutellariae radix-Atractylodis mac-

rocephalae Rhizoma-Poriacocos” was obtained based on the comprehensive analysis of traditional Chinese medicine data, among which
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quercetin, apigenin, and other key active components may act on core targets such as AKT1 ( serine/threonine kinase B1), BAX
(BCIL2-associated X protein) , and participate in PI3K-AKT ( phosphatidylinositol 3-kinase/protein kinase B) , apoptosis, and other
multiple targets and pathways to play the role of ICP therapy. The molecular docking results showed that apigenin demonstrated superior
binding affinity with the top 11 core targets compared to quercetin and beta-sitosterol. HTR-8/SVneo cell experiments proved that api-
genin significantly reduced the apoptosis rate induced by TCA ( taurocholic acid) and elevated the protein expression levels of Bax/Bel-
2 (P<0.01), as well as p-PI3K/PI3K, and p-AKT/AKT (P <0.01). Pre-treatment with .Y294002 could reverse the anti-apoptosis
effects and the expression levels of the aforementioned proteins induced by apigenin. In summary, the core prescription that includes
the HQ-BZ can provide references for the clinical prescription of ICP. Apigenin, a key component of core prescription, can inhibit the

apoptosis in HTR-8/SVneo cells induced by TCA and has the potential to treat ICP, and its mechanism may be related to the regulation

of the PI3K-AKT signaling pathway.
[ Keywords ]
AKT signaling pathway

U QR 30 4 P RE 1 9 BURE (intrahepatic cholest-
asis of pregnancy, 1CP) &2 015 UL A% 4 7 M i
5, FENBE PRI N 0.3% ~15% , I LUIBE AR
FEHUE I RESI0S K s A WK 7 FARAE
ICP J2& [ P 0T R S BEERFE T2 E 2 Horp
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1.1 ZRpakk

NG IR 5 3% 2 41 L ( HTR-8/SVneo 411 Jifd) It
H EK-Bioscience ¥ H]
1.2 FEKFFNUE

FEREE (4l =98% ) PI3K ##H1#) LY294002
A1t FHFR 4 (5% 50 9 b S31423 . S43088 , S26985 ,
TR A YRR A BR A F] ) 5 BCA 2R VR BE D e
R & SDS-PAGE #E i il 2 7 & (8 5 2 3l
XY91070 . XY96010, Fig{E#AMFHELARAF) ;
CCK-8 i & ($75 CA1210, b st R E R A IR
/N 5 Annexin V-FITC/PI X #) & B i ECL 1k
RIGIAF & BAX Uik BCL-2 HUik (5754051 4
C1062S .P0018S . AB026 . AB112, |ifF28 = KA WH
ARARAT]) 5 PIBK HLiA  p-PI3K ik  AKT Prif,
p-AKT HLA (18 5 431l &y R22768 341468 . R23412 |
R22961 , AR IE R IH AR A R T{T/AF] ) ; GAPDH
oIk (585 60004-1-1g, I = M 4= ¥ 35 R A BR 2
Al) o

TR FRAS (HF90 Y| it S B R 2R 38
BHIRANTE]) ;9% 44 (HF safe-1500LC %, J13804%
() ARRA ) HYK TS RS (DYCZ-24DN
AL AL TS — XA ) 5 AR 3 B0 B (TGL-16
ARV WA O HLAL A A BR A A ) 5 9 =X 4l B 4Y
( CytoFLEX %! Beckman A H]) .

2 FHik
2.1 HHRISEEMGE

DA 25 P AR T G R YT P9 IR BRI Ry
KrZ23a) , BEE 20100101-20220701 K462 S5, 404
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K &Yk (VIP) J3 7 (Wanfang) | H [E 1% ( CNKI )
Bi B SCIRERE, TR A bR i . D £55 1CP
WA HLAL I PRI 56 26 B SOk @ IR L 7 8
FE-FIRZX A 25 8 25 5 PG 2459697 T
Tt ;@ BT LH Y FBELE R Fahn 5 X BT AR L B
AGEE S, SCRRR R v O % & IFBR 1CP
A B s @ b2 O 25 R B < 3 BR R HIR T
253 SCHRFT AL J5 v 2515 BB s @ BESE 3y
SCE BARAZ I SRR
2.2 AFEEERE

FIH MedRef (V5. 0) B X Eodle 14 ke 28 /9 3C
BRVEAT A E AT B, 275 SCRR 14 ] 0 25 BEA T A5
HEARAL S, TR 25 B R RGBT R O - i 42
R R KB J5 g r 1CP BUHl e . 4 A0 Wi a4
4 275 FAHOCSCHR, TEFF S A HEBRFRHELL BT
e R SEAL b, R 2R E T 68 e SCHk B9 5 ) ST
ICP Kudha %
2.3 HHFRISH

A R Studio (V4. 1. 3) BRI EAT AR IR Gt
i1, I3 T arules fUH Apriori 583 £ 57 G HE A U AR
BB S L =40% |, BARE =80% , T > 1
HEAT SCTH AL 23 Ay K mT AL, R IO FLBR VH 2
geitiz BRI 6 (V3.0) A SE o3
PR FEAT 73 M, JF 3 TR K-means 599 X 5
WU 2 AT AE T RSN R T
2.4 LHEEULEYS ICP AR

BT 2y R G2 MBI 1 5 0P & (TCM-
SP) %4 % ( https : //old. temsp-e. com/temsp. php ) Fl
UniProt 504 /% (https : //www. uniprot. org/) , 3 & K
A9 F) FH B (oral bioavailability, OB) =30% Fl12&
%‘@(drug likeness,DL) =0. 18 AFrAEM LB B . K
wOHE T A R ARE B Y, T4 Sk
KO T PR3 5 R R 2 0 T 4% R 2 AT b o AL Ak
B, L) intrahepatic cholestasis of pregnancy A £
1A, X} GeneCards ( https ://www. genecards. org/ ) %{
3 2 HEA TR R AR 1CP AR SGHEL AT
2.5 1Z0FIRYT ICP BYiE R 5 R B 2 5 4

F F Venny V2.1.0 ( https://bioinfogp. cnb.
csic. es/tools/venny/ ) IR HUAZ 0> 7 16 P AR 53 ¥ 78
U5 ICP AHOGHE SR 2 AR A, I Al A« v 24 -7 1
B - AR 0 AT AR B, BE T String (V1. 5) 2K
Y5 (https://cn. string-db. org/) , 43 H % & B 15
B >0.900 \Organism >4 Homo sapiens FIAS R 5,
5 M -25 FUAH EAE F ( protein-protein interaction, PPI)
M2, 5L Cytoscape( V3. 10. 1) #f4: CytoHubba i
i B K A o0 P ( maximal clique  centrality

MCC) F K APk 43 & ( maximum neighborhood com-
ponent, MNC) & H.00PE (degree centrality , Degree) |
14451553 1 (edge percolated component, EPC)
Kbt (betweenness centrality , Betweenness ) 'S5 %
HrLE (closeness centrality , Closeness ) %4 725 fifi 176 HE
CARIENE TS0 G /Y AN (LYW
2.6 BubFTRIT ICP MEREEDT

i i} Sangerbox (V3. 0) F £ (http://vip. sanger-
box. com/ ) X AZ Lo o5 B AE AL B AT BRI IR 5
FEPR 20 A R4 (kyoto encyclopedia of genes and ge-
nomes , KEGG ) FIEEF 44K (gene ontology, GO) & 4R
b, FExE KEGG (HI 15 £i2) Al GO (R 10 i) 4 H
HEAT AT
2.7 TN

FEHL 2.5 4 (K% 0 55 Degree {E HE 4 7T =
() SR M B A A T 00 X BGIE . K28R PubChem
( https://pubchem. nchi. nlm. nih. gov/) FI PDB
(https ://www. resb. org/ ) B R 43 AR A5 16 PE Ao
FIHE 50 3D 2544, B AutoDock Tools( V1. 5.7) %k
PEERT 20K & A5 B B uE AN 45 5 BE TR, OF LU
ZEABE < =5 keal/mol HHATEE S IRMEG )G, 18
FH PyMOL XXt 45 i1 7 nl #i4k
2.8 F3XEST HTR-8/SVneo 4HHE 1A 20

TE 2.5 5 ) PPI Network ' Degree {E Al = fY
RBETEPE LT A B 3R (Degree = 184) (B-44 i 7
(Degree = 52) . /T3¢ & ( Degree = 44) , {H 5 i} Jiz
BB S WA TE PR A3 A L O 3 3R N 7 A
SEEICEE TCIA AR AR RRET B S A0 A A
A RETEPE AL, PRt 4 0 S R AR HE— 2B ny AL
BUERTSE

BUE T 37 C 5% CO, RPMI 1640 15373 fa
TEAEAR G AP EA KW HTR-8/SVneo 41MI, LA 1 x
10*4/fLEFP T 96 LAk, B¢ # %5 112 (RPMI 1640
AR IR XA (F 0.1% DMSO ) RPMI
1640 eI IR AL B IR ANML) TSR 4 (5.10.,20,
40 .80 pmol/L) , 24 h JF/LA 10% CCK-8 ¥k EE
I E A 2, BEERR SO 5 450 nm PR IIOGEE
2.9 FAXREI TCA %55 HTR-8/SVneo A Hf1iE

I HO 2

K 100 wmol/L TCA 1EH T HTR-8/SVneo 4l
it 24 b, HES7 ICP AAMATARL ST E IR X AR
L (NC) BRI (TCA) JTHFA (AP, TCA 4.
HTR-8/SVneo 414 5 100 pwmol/L TCA + il 24 h;
API 41 . HTR-8/SVneo ZHAIEAL S5, I API(10 .20
pmol/L) T 24 h; NC 41 A %5 5 A~ & TCA 158
LREFREL, 42,87 IR CCK-8 VA 2 4h f i Pk
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2.10 AFEE3XF TCA i 55 HTR-8/SVneo 4 il
BT HIF I
¥ 2.9 9 N4k NC 41, TCA 244, API 4H (20
pmol/L ), LY294002 4 (5 mmol/L'™® ) K&
LY294002 + API ZH4b ¥ 40, PBS W9 %k 2 1K, A 22
MR E S, 5 wL Annexin V-FITC/PI i 7%
BT EEIEE 15 min, AR ZE T I T %
ME
2.11 ZEBHRIEENITFE ( Western blot) ;£ p-
PI3K/PI3K . p-AKT/AKT  Bax/Bcl-2 Rix
HTR-8/SVneo 4HfifiH# 2. 10 35 R4 2HAL B )5, ff
FHE 2% B AR 7 RIPA SR BUR & A, L
BCA 7 I & 25 [ ¥k B ; 48 SDS-PAGE % Jit H Uk |
PVDF %4 0 f5, 5 M B 09—t PI3K | p-PI3K |
AKT .p-AKT Bel-2 Bax,4 C WHE®R; ZiRMEE
$L 90 min, i il ECL & YW 47 6 Wi, L

GAPDH %, B H] Image J (V1. 48) B #E77 J% <
BB ,
212 itsin Gy e >

HOE LI = 47622 (v £5) %5, R Graph- " SR
pad Prism(V 9. 4. 1) Z AT 8RS 0 i1, 240 Q '\\«5\}&" = o
6] L One-way ANOVA #85 P {f,P <0. 05 Jy25 5 A SR K £
At v X, s o
3 EREHH - Yok
3.1 RERRMINS E, J3E % B\ o) ¢

XA AHEFRIERY 68 1 M TIIR ge it A % v ©, 77
G 67 ke 2, MR 701 U, 19 RSB ZG ’ y ™
(FIR = 10 W) HAR AT 6 5r 1Y 43 31 4 ¥ % (68 2%
W) AR (68 ) (B FR(66 1K) HET (49 ) AR %2
(44 ) KRBT (39 W) ; A LAFEM: S 3 (387 1K), 86
VCHIPE (161 ¥0) 3 MR LA B (447 1) S I, K (0 AT T
HR (329 W) s 22 LLRZE (465 IR) (AT 48 (282 BIL 2lide U Tk A g g
YQL'\) A , mE 1 fis, Fig. 1  Statistical diagram of frequency, four qi,
3.2 thE5LEEH M FnEE K44 five flavors, and meridian tropism of TCMs

FET Apriori B30k AR g 31 rh 24 #E AT OCHK AR ®1 SEZ-ARGZEYWAS EBEAN SR
AR 6 25294 & (R 1), R A6 & Table 1 Association rules analysis of TCMs
22 Al O (P 2) . R T L 44 & Lift combination containing HQ-BZ
By > 1 R K T R - LT
R Z 2 0 2 o B

Xt 19 BR E i A 25 5L T factoextra f1H K Y {H R B AA RS oWBE 72,06 97.56 103 49
KB 7L (K-means clustering algorithm ) #1725 43 REE AR —BBE 57.35 100 1.03 39
VF . IS IR K-means fefk K (B, py T HE L EE AR —BEPE 55.88 100 1.03 38
1B 4 REUTIRIUR AR I Ty R T R A 0o
A ALHTT IR i nbelust BECH 3 g gy 05T IET Tl 12 L0

HR L % AR MET WK 42.65 100 1.03 29

SRR EE AT Al AL (151 3) o
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B2 v 2SI LN I 25 14 (AR =10 1)
Fig. 2 Network diagram of association rules of

TCMs (frequency =10 times)
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Fig. 3 Cluster analysis diagram of TCM prescriptions

3.3 ZOLAFEERSE ICP & iFiE

CEAHZG IR | S BH I AR A M 3 A4
B, e 23R A5 HQ-BZ i)Y ICP WU R B BR-K
HAE -2 B - RS, Rl 5 € (1) OB Al DL
{EKEZ TCMSP 4 e A1 SC ik 3 4R 15 4% .0 J7 87 Fi
BT S (S EE ), HPh i BR(YC) 13
il , K& (DH) 14 F 8 (Z2) 13 Ff, 5% (HQ) 36

i, AR (BZ) 4 B, 4K% (FL)7 F (&l 4) . £ Uni-
Prot 23 FEFRAE AL AL B 5 | 25 B 52 B T M A B 1%
PR, A4 81 Fhis LR/ 1 258 NHE AR, 28
GeneCards £ H5 %2 K5 2R J5 3R B 1 326 4> 1CP #H ¢
AL
3.4 ULTFIRYT ICP HE MR 5 R BB R 4 #

FIH Venny 3145 123 ML I5RYT 1CP Y54
HE AL, Cytoscape R/ vy 24 3% M 1 7332 B2 B
SRR (T S) o HR4E Degree {E AT A1, %00 J5
R R (A) B-AFHIEE(B) PR (HQL) ] fiE
JE ICP IGTT Y RSEIEVE M 2 o FIHT String BiHE 4 3k
FehE 123 A9 1R 436 NI S B2 HE L PPL Y]
4%, 2% CytoHubba 419 6 FPEEE TS 11 M
OB, HAM B R - 4R S B1 (AKTL) |22 34503
AL H P4 B 1 ( mitogen-activated protein kinase 1,
MAPK1) . B ¥k & 40 il 552 ( B-cell lymphoma 2,
BCL-2) MK 44l 3 (caspase 3, CASP3) Wi &
F p53 (tumor protein p53,TP53) . F 4 fifi /2 6 (in-
terleukin 6,116) MEFLZE 321K 1 (estrogen receptor 1,
ESR1) , Jun J5 4% ZE A ( Jun proto-oncogene, JUN) |
BCL-2 #15¢ X Z 11 (BAX) 4 fie I 1 D1 (cyclin
D1,CCND1) | Jii 983 IR B8 I F ( tumor necrosis factor,
TNF) , @i 6 Frs
3.5 BubFiRIT ICP MR EE N

FTF Sangerbox BIRE TR &K R (false dis-
covery rate, FDR) < 0.05 F1 P < 0.05 X #% 008 53
AT GO FI KEGG & 4R 70 M, I 1 N BOtEAT HE P
JER . GO HHiE AL 46 A= W ik 78 (biology process,
BP) 57 ( cellular component, CC) F143F DI HE
( molecular function , MF) &5 ZEH 4, Hd BP £&
W L AEAR AN A PR TS AR CC EEA

40
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[

r 33

— w
0w S U S
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14 DH o I
13 77 . I
36 HQ e
479 BZ .
7 FL °
3530252015105 0
ol J7 1 143 8L
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Fig. 4 Upset diagram of active ingredients of

core prescription
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Fig. 5 Visualization diagram of TCM-active component-intersection target
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Fig. 6  Screening diagram of core target PPl network

TR SRR I MIEEE 53 s MF 224055 DNA 254
ORI AN BRI G TR (B 7)o ARYE
KEGG 43 #4871 PI3K-AKT {551 % 25 £ Fh
TR [ 1T e M A0 5 BT TCP Y AR R P i 42, 4
Kl 8 s,

3.6 oHFxE

WO R 3 AN SEEE M A B2 2R (quercetin) |
B-4+ 5§ 15 ( beta-sitosterol ) \ JT-2% 2 (apigenin ) 5 11 4~
S 45 A B < -5 keal/mol, WHE 9 T 7,
SERB 0 Ir EHERr S OIS B A R RS
REI T AT ICP IUPERT . HeAh X455 Re S IRy R
4 NSRRI, JnE 10 R,
3.7 FAE3EZEXT HTR-8/SVneo 40 BEiE 14 A 220

W% 2 R, 5 0 wmol/L API %, HTR-8/SV-
neo 45 He B =40 wmol/L API &b B J5 4 Jitg 3%
PR H B API( =80 wmol/L) i A & 41 1
ARG (P <0.05) ;24 API(5 ~20 pmol/L) X}
HTR-8/SVneo 4 i 4 H A7 {2 485 5 /E H , {H API i
FE4 10,20 pmol/L B HAG Giit 243 L (P <0.05,
P<0.01), 522505 % (10,20 pumol/L) API
HATH T
3.8 AEEX TCA 55 HTR-8/SVneo 4BEiE %

Epp=A 0!

nE% 3 s, 5 NC 4L Hb#e, TCA ZH 4 M6 7%
EREIK(P <0.01) ;5 TCA 4 4, API 1] i 3 ok 3
HTR-8/SVneo 4 M3 14 , 7 7E 20 wmol/L B A 44 fix
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Fig. 7 GO enrichment analysis diagram of core targets
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Fig. 8 KEGG enrichment analysis diagram of core targets

#2 API X HTR-8/SVneo Z0ffliE MBI S0
Table 2 Effect of API on HTR-8/SVneo

cell viability

£ 3 API X} TCA %S HTR-8/SVneo 20 R & 14 24 M
Table 3 Effect of API on TCA-induced HTR-8/SVneo
cell viability

AP E/ (pmol -1, 7") A TG % 20 5 HepE/ (pmol -L71) AT M %

0 100.00 +0.08 NC 4 — 100.00 +0.03

5 100.57 =38. 88 TCA 41 100 58.07 £3.28 **

10 115.84 11.09 10-API 41 10 64.69 +1.50*

20 136.41 +4.50 ** 20.APT &1 . »

40 105.02 +8.30 AR 75.76 £2.08

80 87.57 +3.97* T HUE K £ 5, n=6;—F% HTR-8/SVneo 4ILHG 37 H AR N 52
25,5 NC ZHHER, * R P <0.05, * /R P<0.01;5 TCA 4

W Hx +s, n=6;5 0 pmol/L API 4%, " ™ P <0.05,

KR P<0.01,

R www
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Table 4 Effect of API on TCA-induced apoptosis in
HTR-8/SVneo cells

217 WelE/ (pmol-L-1)  AIRIAT /%
NC 4 — 7.33£1.52
TCA # 100 22.58 +1.87*
20-API 41 20 12.33 +3.55%
LY294002 £ 5 25.61 £2.92
LY294002 +20-API £ 5420 20.72 +2.334

B Jgx +5, n =35 20-AP1 4104, 2 7R P <0.05, 44 KR
P <0.01; * 3R P <0.01;—37~ HTR-8/SVneo 4l i 15 5= FE AR U
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protein expression in HTR-8/SVneo cells of each group
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Table 5 Effect of API on protein expression levels of PI3K, p-PI3K, AKT, p-AKT, Bcl-2, and Bax in
HTR-8/SVneo cells

20531 WP/ (wmol - L") p-PBK/ PI3K p-AKT/AKT Bax/Bcl-2
NC 41 — 1.24 +0.03 0.49 £0.03 0.20 £0.01
TCA #4 100 1.11+0.02" 0.40 £0.01* 2.76 £0.16
20-API 44 20 1.91 £0.07* 0.61 £0.06% 0.62 £0.02%
1.Y294002 # 5 0.49 +0.13% 0.38 +0.12 1.78 £0.05*
LY294002 +20-API 41 5+20 1.25+0.0144 0.55+0.074 1.09 £0.0844

1 BUE M + 5,0 =3;—F /R HTR-8/SVneo 4R IR IR BINLH Y, 5 NC 4l ILE, * /R P <0.05, ™ FR P<0.01;5 TCA 4L,
*RIR P<0.05, ™R P<0.01;520 - APT 44, A %R P<0.05,44 %% P<0.01,
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