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Abstract

Objective: To explore the potential targets of Polysaccharide of Moutan Cortex in the treatment of
non-alcoholic steatohepatitis (NASH). Methods: The mechanism of action of Polysaccharide of Mou-
tan Cortex was analyzed through component identification, network pharmacology, and molecular
docking. The efficacy was verified through cell experiments, q-PCR, and Oil Red O staining. Results:
The key targets of Polysaccharide of Moutan Cortex are AKT1, PI3KR1, and MMP9, which may im-
prove NASH by regulating hypoxia response, apoptosis, and signaling pathways such as PI3K/AKkt,
AGE-RAGE, and MAPK. Molecular docking showed good binding with target proteins, and experi-
ments confirmed that it can significantly reduce steatosis and lipotoxic damage. Conclusion: Poly-
saccharide of Moutan Cortex treat NASH by regulating the PI3K/AKT pathway, providing a new
strategy for the treatment of NASH.
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1. 51§

AR R 7 1R BT 28 (NASH) 2 A P4 15 5 P T (NAFLD) gt PRV A, DL A A2t R
AEFNET A RFAIE, BRI AR TIX 30%IF 554 ETH 1], NASH B3 W & AL 155 SR ARGTALiL IR =
WO ARYS - SORE - SRR BIEAEIR, 29 40% K 1E 10~15 SR EER IR, HH AT = AR
FLRZYI2]. ERERRE, 2 40%H) NASH B RAE 10~15 SEABERE VAT, Al R 4 8 = 208
UEBR A I UE I RE VR TT 2590(3].

NASH HIAIRHLEIR S, W R ARREIE . ZRRIR DD BERRRS « SO0 SN T BRGS0 55 “ 2 BT 77
HRE[4]-[6]o BUAIAYT T ZEMMUR AN BRI, (B 25 A AR R R BEAR . ST k22 AR

HFF 2R AL R B bR SRR 5y, IR SE A AR ORI R o SRR RS
RH, MC-PS MYAEIHI AGE-RAGE i i G AU 28 AL, 3l 2 Mg 40 4t ) JORE /A 4K K
LPYEAL[8]-[10]. 2RI, BLAHERZ R T B —HUHIRD, RRE4 T RIS, AR 1 im AR H AL
W RN DA o
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2. MRl
2.1. PR EREHEMRTEE

MR AR B T R R (552-41-0), £l fg 5 #OKIRHE(1:20, 90°C, 3 h), HEHUKKYEE N 4
1% ZEESTIE 2 M . Sevage WEME A, BTG DEAE-52 FEZMT 708 Elk. Kl - IIRIEN 2058, Bk
A 1, IC 2 B R 11].
2.2. B EPERE NASH ;AT PRB N IR EL

AH7EiE i PharmMapper (https:/www.lilab-ecust.cn/pharmmapper/). SwissTargetPrediction
(http://www.swisstargetprediction.ch/)fl SEA %{(#fi # (https:/sea.bkslab.org/) T4t P+ 2 2 HE#E &, 2 Venn
T4, M GeneCards (https:/www.genecards.org/). OMIM (https://omim.org/)F! DrugBank
(https://go.drugbank.com/)$EHX NASH #HICHE 5, 28 UniProt ArifEfb A3, 2 H¥E 2228 A0 UEAf CRFE 55 mT 58
YE[12].

2.3. PPI EERMEEIES

T ZIRBE FE MR AR HAEM (PP, EAPRUT: w5t STRING HdEfE
(https://cn.string-db.org/) % 7 5 FE RIHEAT HAE TR A s Wl is M 4% . BEEFI ARG = F &
(https://www.bioinformatics.com.cn/)i# 47 WX £& A1 A4 [R] B SR FH (5 AT i B s A Sz 5 s DABR T T AL 813 ]

2.4. GO M1 KEGG $iBESHT

AR I T 22 R IE K (DEGs) BT Z 4EE Thit 0. GO & % (clusterProfiler f1)% &5 BP/MF/CC, £
FDR K IE(P < 0.05); (2) KEGG i@ #T(P < 0.05, FDR < 0.1)ifid pathview A& i i i #4 & K /T M4k %
SIE14].

2.5. FFIHERARS R

AT 5E H AutoDock Vina %}#% PDB & 15 PubChem 411} 7 Z 0%, DeepSite Tl 7 55, exhaustiveness
=24 §fii% AG <-5.0 &%, PyMOL ZrHrA B AEF[15].

2.6. {HREEMESCIEM TG KM
ST ES YT, 12450 30N ab228554 Al A110-1-1,
2.7. q-PCR #&3

q-PCR fill: $2HL RNA FEHEs%, MAGIY). #REF. ANTPs 1 Taq B, £ 95 CTUALYESS 40~45 76
W4, bt CoETHHIERERIAE.

2.8. 4HRAMLT O 6

FEAUES: AP 52 (4% 2 %, 15 min), BB E e mett . et Di%: I O TAEH(0.5%
SRR HDIEE 10~15min, BOCERAIE. ML 585 60%5F L3>, PBS kiR B dukl. B
PeGe. FHFARRE R, HimE A, R T WEa TR

3. MRER
3.0. RS EEIERTEE
A B A AC) AT B, 4 A AT RE(79.61%) B RLAAHE(6.98%) - FLHE(5.88%) D-2f-3.
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BRI (4.62%) S 1 B BERETR (1.41%) A L H By o« ZTTEIBIE AR RSB > R AiA P B, W
T 2R GEMAE L 1),

Table 1. Identification of Polysaccharide of Moutan Cortex

F 1. HARSERSEER

R4 oE
A 79.61%
(TER(ER 6.98%
S=hi 5.88%
D-2f- FLH R R 4.62%
CEAE A 1.41%

32. HREEES FRAMEE(ERAER

AT Pubchem V& Rk 1 4LPF 2 2 0E 5 P s i 258 S04 (] 1(A)) . 38 PharmMapper (Norm Fit >
0.8013). SEA. SwissTargetPrediction. GeneCards. DrugBank fIl TTD 4 FE#E T AL LAVHBR EE J5, 3t
343 2051 A NASH AHOCHE 510 Rx Se3E R 5 203 MGMPEEILRAC X, FRAHE T 48 NEBEER, H4
BT 4ERRIE (5 1(B)).
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Figure 1. Molecular formula and main targets of Polysaccharide of Moutan Cortex

I HRREES FRMEEERER

3.3. PPI M H

AW I HET STRING Hdi 21 6 54 P12 28 5 NAFLD ) 108 AN 3 8 53k 47 285 1 HAE Mg iy 2,
¥ PPI MZE 4 Z IR RN S5 BonAZ 088 it . TR IERR L AT 10 MLAIHXAIRE &, fF5 AKT1. PI3KRI.
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Figure 2. PPI network diagram
2. PPI (4% [E

3.4.GO EEDH

HMIH David #ffi Fxt EIRSRAFH) 108 DML R HET GO BHHEDHT. LLP < 0.01 RIbrAEREAT =4,
LR 175 24922 F& (biological Process, BP), 37 24415 (cellular component, CC)F1 33 454 \¥Ijjﬁ‘é
(molecular function, MF). ¥HEZ BT HOIMAL AL 2> FIhRE. AWidd R ) B 7E 2k 22 B I i 4 i AR P o
HoA A RS SO AN S TS R RIRE . T IR AR E . B A FE
TRATENE. B H KRR E TS R4 AA RN IR, E  ficolin-1 BURTRLE . 4RSI X 15
E(E 3).

3.5. KEGG &t

Hm}

XA P < 0.01 BIARAEREAT & 4R 1E1T KEGG &0, SR ER, EER 101 X E 5. RiEp
fEIEEHEA 1T 20 (iEEs, FIRREGEL T G4HIERE, Sxbaeg & £EEWHT, Pl-Log P {E ATk
FAF, HEATHT 20 pOMOE R SR K R EUE S AAE . BEIEE . PIBK-AKT. FATHER(E 5. HRN K
JEH ) AGE-RAGE 15 5i@#s . ME53IIK#AEI{L . MAPK 15 518 BS54 4).

3.6. PI3K-AKT {558 i 81% % 4pRiH 2 SR mHLH

PI3K 7£ NASH St Uil s A G, St B Nors a5 R A A S B AF S Bh[ 161 1EulR
BRETHE %007, PBREE T T BUMEBR S ZHI0 et iRiise # . R, PIBK/AKT il
RS NF-xB S5 RADEHE, DRI 2E R R stAt, PIBK il s AR S 5L 4.
W, PI3K AL RE S A7) ) 0 25 0% NASH FEREAE, I ONEE 71 ey T3 5 (5] 5).
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Figure 3. GO enrichment analysis diagram
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Figure 4. KEGG enrichment analysis diagram
4.KEGG E& 51 E

3.7. FFIHERAR ST

2R RIRATEAL ST e Zhi S B R i & S5 PIBK-AKT g4 PI3KR1 #HT2r T8, 454
RER 4SSy I N—T7.1 kealmol ' (L3 2), FKs4s RAkAT AT AL, 455K M PI3KR #%00 8 A 5H T R 2 4
A RERE AT 24 A (E 6).
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Figure 5. PI3K-AKT signaling pathway diagram in KEGG
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Table 2. Binding energy of docking between Polysaccharide of Moutan Cortex and core protein molecule

2. HARSRESZOERS TIHENE SR

[LGREN CAUNC4E] 4 & fig(keal/mol)

61 W PI3KR1 -5.9

Figure 6. Preliminary results of molecular docking between main components of
Polysaccharide of Moutan Cortex and PI3KR1
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3.8. RSN, TG #MA -PCR BIESHT

I CCK-8 SEH(1A 7(A) K IAL P Hz 22 0T IE 5 4 (L0240 M) i 14 J0 12 2 M , R B He e 4.
PA AbEREETHEAMA TG KK 7(B)), BRINEEST NASH B, 4P 28 (25~100 pg/ml) i 3 FF(K
TG R, JUHAE 100 pg/ml I R8RS, $7 ol -4 i g o rORR )38 g o allid q-PCR AN A B, 4
P e 22 ] S 24k e R 4515 FE (K] (Fatp4 . Fabpl. Cd36) /5% T (& 7(C)~(E)) I B _E i A8 5 2 g 3k A
Atgl (B 7(F)), $R7s4tPE I 2 WESEAR NASH [ fE AR (R R 1A 3L

A B
P S 4-24h

150
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< S
5 10 ns 1S ns 5
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Figure 7. Effect of Polysaccharide of Moutan Cortex on L02 cell via-
bility, TG deposition, and lipid gene expression
7. HFHR S HERS L02 HETE . TG SRR AE FREE M0
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Figure 8. Polysaccharides from Polysaccharide of Moutan Cortex improve PA-induced lipid deposition in L02 cells
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4. g

NASH fEN NAFLD iR, CRCNAEBRE MR 1) = B0 R 2 —. & IR S A e
AT, NASH BRI ETH17]. HAT, NASH M#TIARHLE A w4, HikZ 2 FDA #tyEr
R, XA A T S AR g e PR R R A 3 T e R

P AR AR Gl AR B2, 76 NASH 7677 H R B0 R B AR R 3. W R B4 P B2 RO
ISRV RE S T SR, LR IR IR I, B — B AT 2 S BRI AR RS [ 18]; Ik, 4 PHK
JFiEiE AMP 0% & E S AR TR 3 A0 b 32 S AR [19] s S5 E P B 1 DU o i 7 B A I Y0
Nrf2/Keapl 155 i 4 & ¥ 51 EAL BB IMBVE I [20]. 41T Fz 22 0 g rh 250 P e % v Ve R 2y, AE
NASH 677 1 e I8 tHAURR (1) 22 S8 R4 AR 3, AR 7 v 2l “BRili s iR TRt

TERATE A, BATLEEE MG GBS o F XA RSEIGI0IE, KGR T 4P 2 e
NASH Y897 H IV TENLH o 15 5%, AT X2 2530 5 23 B i 8 th T 4L P B2 22 B 67 I e (1 A% O i
U5 AKT1. PI3KR1. MMP9. CASP3 %, FR¥Eai/ERmRuliifiE. MRBERES . RERSFEHRER
TR FEORBAE R . IXELEE NS5 NASH 2N CBEBE % UIAHSC, W1 PIBK-AKT. MAPK 15 55¥i5 5
WEREE . RS A R R, HP R 2 TR S S PIBK @R ) SCH B 1 PIBKR1 KA R P45
GiE T, BRJGHMRSEE . q-PCR FIVHAL O Jeta g iRIGIE | 4E1h i 20 0 538 o5 g 7 A8 Pk S IR #3401 4%

KM FALAE— 8 JR PR U R I P Rz 2 il mld it 2 80 s AE FH G NASH, (HFLIRIR 2 et f
BT TRIRAE . 2 FXHEAN TN 1 456& 1, 7@t SPRATC SLIGIGIESEA 17 4R sLIt4s R TR Es)
VIR 3k — 2B PPl R AR A T 8. e ah, HOU T - R S5 DG L R 1 RE A A
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RRHF TN E R AR N SEE IR T ORI R 245 7 IR R 5 FAW A B BRI I 1, 46
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