ETMEHEF K EWHIFRR — A =Kk 2xHEE
&1 BE BT BT A X B AR TT 1E R FnaL sl
A oW, EEEY, OB KL, £ &, TER”Y
VLR R 2 K2 2y S b PG GO, bR 102488 2L A B EE AR A IR A s 3 LR R
A RAFEEBRFUR, 65 100079

OB A H2ZHKIRY (water extract of Orychophragmus violaceus (L.) O. E. Schulz seeds, OVSWE) 377 dE1H
FhEPEE I ¢ (nonalcoholic steatohepatitis, NASH) ¥677 1 F & /B FIML . 5% H o [E %1/ (China National Knowledge
Infrastructure, CNKD) %R I 3R OVSWE WLy, A FH 0 204fE e DASKIX NASH [FIAH K EE B . $2H0 OVSWE Al
NASH (IR 5, HE—B% “ M-SR TG TRy VARS8 AT AT JR R o B AC R FE SN STRING %
I8 P I R (- R R ELAE T 4% S8R5 BEAT GO Thfe Al KEGG % & S5 /04 JE T Ak, ] Autodock sz
Gy F 0 B AR (¥ R o e S S T ) 40 S 5 ke ) 4 24 B A T £ A R G e AT SRR IR UE . IO 4 24 B A A3 AT R
OVSWE ¥477 NASH (4% 0§ £ 22 %02/ #3255 W5 1 (Akt serine/threonine kinase 1, AKT1) i ER LA 3 ¥
BT 3E 1 (phosphoinositide-3-kinase regulatory subunit 1, PIK3R1) %%, #ZORrHEE LM A, EHEEB &
WK ER C; OVSWE J4I7 NASH 55k 5 FIKPL Cinsulin resistance, IR) « ARBACHIEMISE S@B K RET. 4
T x4 R R OVSWE H %0 5% OB 55 AKT 1 %82 R T . OVSWE V&7 i i Bl I & BA CCL % 5 NASH
KRNI Rrh, i AR -Gt (hematoxylin-cosin staining, HE) &% KIRJE LT 4L 0 7] W 22 5] OVSWE
T AR IFFIEAR BRS04 AR IR I, OVSWE m R LT ZUH I =M (triglycerides, TG) MAK®
JI5 2 1 IE[E B (low-density lipoprotein cholesterol, LDL-C) & (P << 0.05 B{ P << 0.01); K iR L& & % ## (glucose,
GLU) . VB JIRIIER (free fatty acid, FFA) . FEEBHESELX IR SBEUFRERIK (P < 0055 P < 0.01) &
FEHE ) R A A3 TR 4 OVSWE TS, NASH KRR 2 F IR 22 S [l i, xd Hod B e 4R I AR 3L 3=
TR IUAE B IR A B H it i A . Western blot 45 R 57k, OVSWE A & 25 8 4 45 & 2 2 4% (insulin
receptor, InsR) il p-AKT/AKT & FHRIEKT (P < 0058 P < 0.01) . PAEKIIFEKHE, OVSWE X &= mbEiR
HELE CCLE S M NASH KR AGYT 7T B2 BT B0E InsR/PIBK/AKT {5 5%, o IR, 1 IR BAR kLT
KRB RS HEARITEERT 98 20K MR 2GEE RIARHE: S R HEHT

FE 2T RI6S SCHRPRIRAD: A

Study on the therapeutic effects and mechanism of



Orychophragmus violaceus (L.) O. E. Schulz seeds in non
-alcoholic steatohepatitis rats based on network pharmacology

and experimental verification

SU Rui', PEI Hai-luan'?, TIAN Jiao!, WANG Jing'*, WANG Zhi-bin**

'Department of Chinese Medicine Pharmacology, School of Chinese Materia Medica, Beijing University of Chinese
Medicine, Beijing 102488, China, *Beijing Zhongyan Tongrentang Pharmaceutical R & D Co., Ltd., >Beijing Tongrentang
Corporation Scientific Research Institute, Beijing 100079, China
Abstract: To explore the therapeutic effects and mechanism of water extract of Orychophragmus violaceus (L.) O. E.
Schulz seeds (OVSWE) on the treatment of nonalcoholic steatohepatitis (NASH). The China National Knowledge
Infrastructure (CNKI) was used to retrieve and obtain the water-soluble active ingredients of OVSWE. We used diverse
disease databases to obtain genes information related to NASH. And we extracted the intersection targets of OVSWE and
NASH, further visualized the network of "drugs-potential active ingredients-potential targets". We imported intersection
targets into the STRING database to construct a protein-protein interaction network; performed GO function and KEGG
pathway enrichment analysis and visualization, and then used Autodock software to construct molecular docking models.
Finally, the targets and pathways predicted by network pharmacology were experimentally validated through animal
experiments. The analysis of network pharmacology showed that the core targets of OVSWE was Akt serine/threonine
kinase 1(AKT1) and phosphoinositide-3-kinase regulatory subunit 1(PIK3R1), etc; the core components were schizophylline
A, schizophyllin B and schizophyllin C, the treatment of OVSWE is closely related to insulin resistance (IR) and lipid
metabolism signal pathway. Molecular docking results suggest that the core ingredient in OVSWE have strong binding
ability to target AKT1. The NASH rat model was induced with high-fat and high-sugar diet combined with CCla.
Hematoxylin-eosin staining(HE) and Sirius red staining showed that OVSWE could alleviate liver lipid accumulation and
damage. Biochemical tests showed that OVSWE could significantly reduce the content of triglycerides (TG) and low-density
lipoprotein cholesterol (LDL-C) in liver tissue (P < 0.05 or P < 0.01). Serum glucose (GLU), free fatty acid (FFA), fasting
insulin content and IR index were also significantly decreased (P < 0.05 or P < 0.01). Not targeting lipid omics analysis
showed that OVSWE could regulate a variety of lipid differentials. The enrichment of their pathways showed that the
disorders of lipid metabolism mainly focused on the sphigolipid metabolism and glycerol phospholipid metabolism in NASH

rats. Western blot showed that OVSWE could significantly increase insulin receptor(InsR) and P-Akt/AKT protein



expression levels in liver tissue (P < 0.05 or P < 0.01). These findings suggested that the therapeutic mechanism of the
OVSWE on NASH rats induced by the high-fat and high-sugar diet combined with CCls might be related to its activation of
the InsR/PI3K/AKT signaling pathway, improvement of IR, regulation of lipid metabolism and reduction of inflammatory
response.
Key words: nonalcoholic steatohepatitis; Orychophragmus violaceus (L.) O. E. Schulz seeds; network pharmacology; Lipid
metabolism; insulin resistance

RV RS PE G PERT % (nonalcoholic steatohepatitis, NASH) & A5 1A% 1 i i 14 A% (nonalcoholic
fatty liver disease, NAFLD) [1oCsadt 2, FH 111 BR%RE A LA A B 4505 RV R AR B8y . DAORIE
P FFF 200 M RV M IR I A S R A I PR B LR B HEDY, 2 5 B0k 22 RO MR s G AL . P4
if PP g 4 ) B B PR ), {HLH RTI R 6T NAFLD A1 NASH MG 806 7 ik, ks Aam iR
A G LR EITIENE N FBRYT J7 B, X423k NASH J NAFLD KM H at 34 hn, w7t If
TF I 22 A6 U 25 LA AE 2 5 10 i L F A — A i 75 AR R 1) 1 A

W27 NASH HEIT R R IEE EEAEH . —H 2K (Orychophragmus violaceus (L.) O. E. Schulz
seeds, OVS) &+ FALRFE B R B S8 @A AR B AKEY) — H 2 IF 1. — H 22F K3 (water
extract of Orychophragmus violaceus (L.) O. E. Schulz seeds, OVSWE) 1 3 EA5 AEMHE . FE KK,
i RN B 28 A A, AR A BT A 708 i UHPLC-LTQ-Orbitrap MS JL %55 H OVSWE w147
A8 P EEAER S, WG KELRARET. 2-BREHRR. M REE. %835 A, %
- FA B IR B -9-O-B-D-ML W HUR 2 Bl . 15580k B 1 B2 B MEE 3 A, JRilid Se56 3K o
OVSWE REf% 2 35 FRARAR AR - R 75 S 11 L-02 4i fg b H i =8 (triglycerides, TG) A4 A

T, A¥FHEWAEY, OVSWE B A KB MHIEM I AN, FTIHAEE A (aspartate

aminotransferase, AST) . & N4l (alanine aminotransferase, ALT) iftE, F#MiK TG AP, W
S ISR 00 1) JF 4 PR T2 S50 FHS), 6 o503 NASH HAT B 19 2538 {H H AT % F OVSWE Xf NASH
(YR TT LI AT HR0E o DRI, AR S e i ik [ 24 24 38 2% K 43 7 % et OVSWE YR 9T NASH 14 )it B filf |
P IR BAH SCHE SO AT T, i8I IR = B R S CCLa 155 NASH KBRS HEAT 24 S5,
SRR FEIEhAE . EIEZHZU0 25X OVSWE JAJT NASH HEAT 2580540 78, F LU #8170 AR
AR ZH 5 S Western blot S56: % [0 4% 24 B 2 0 45 ik — P30 ik . #8978 OVSWE X NASH K fAAY
HIIRTT VR F B AE BT, LATA OVSWE 7597 NASH R — 25 F 70 B4 52 s L itk
1 R 55



L1 RHSHERE

B e FEFIM Chttps://www.cnkinet/) . SwissADME #(#i %2 (http://www.swissadme.ch/) «

Swiss Target Prediction #% #& & ( http://www. swisstargetprediction.ch/ ) . GeneCards % # /&
( https://www.genecards.org/ ) . OMIM #{ #& % ( https://omim.org/ ) . PharmGkb #{ ¥ JF
( https://www.pharmgkb.org/ ) . TTD #{ #% £ ( http://db.idrblab.net/ttd/ ) 1 Drugbank % % &
( https://go.drugbank.com/ ) . PDB #{ #fi £ ( https://www.rcsb.org/ ) . STRING 7t £k ¥ &
(https://cn.string-db.org/) « PubChem %{#z /% (https://pubchem.ncbi.nlm.nih.gov/) -

BAF: Cytoscape 3.7.1. R % 4.1.2. PyMol 2.6.0. Autodock 4.2.6. SPSS 20.0. GraphPadPrism
8. Image J 5.

1.2 )

H oAb s e B R A R 0 B A R I #31) SPF 2% 90~100 g it SD KRR 80 R, VR AHE S
SCXK (3%) 2019-0008 » A< S5 V28 [RI - S BfF 7L Be s WS B0 A0 B o % (AR LS+ YTY-2022-041201).
LI R RS 77 T AL RS B AL B s & B B A s v, SR E: 22~25 °C, HHXRE -
55%~65%-

1.3 25 K35

TH R QRIS TREAR AR, #t5: RZ0035) ; 5BE (F8EIE dbrd) HZA R
nE], 5 CBID256) 5 miflRtk (IR R IR A A, fib5: 2022032802) 5 A4 (b
HRRE P R IR A, 5 2022032802) : CCl ( Rifg 5 B HARGIRA A, fit5: 56-23-5);
TG A& (5 220841) M FENRE EIHERE (high-density lipoprotein cholesterol, HDL-C)
W& (5 221661) | REENEE A REERE (light-density lipoprotein cholesterol, LDL-C) i
& (M5 221712) | Hi%ERE (glucose, GLUD i5fl& (5. 220881) | WFESJIGITER (free fatty acid,
FFAD G5 & (HE*5 = 22018 1) I+ A Qb= LW RBCA TR A R 5 InsR 2 7 BESLIR (HE5: 23413T).
FEPre Pt (5 200007300 « AKT RFEHLIA (S 9272S) |« p-AKT RIEHUAK (iL5: 13038T)
T35 [ Cell Signaling Technology A &; GAPDH W& #ifk (Ll mAEMRARGRAR,
5 10029187) .

1.4 {437

BX61 Y2 B8 (HA Olympus) ; Epoch2 BbriX (EEMAMBIARERAT) ;5 AU480 = H

AT (U8 B REF 206 R AEPRAT]) ¢ 1.7 um, 2.1x100 mm ACQUITY UPLC BEH Cis



iR (3EE Waters A7) ; Q-Exactive Plus Fiii5{¢ (Thermo Scientific) .
1.5 MKZEIRETN OVSWE 877 NASH HI{EF#LHI
1.5.1 9 & & P & 5 Fo e 5

10 T 2R v L0 X S TS S OVSWE HKIE AL 2 B 7 o IRFE AL 54017 ADME B 2547111
WU oA AR AT 254880 )1 % JE M i OVSWE (A RS PER 7. SwissADME £ 4 22
DL B I e, K25 PEFRAR: Lipinskil®l. Ghosel”. Veber!'%l, Egan''fil Muegge!'2! 91 /&
PhUL FoNFRAETRE OVSWE H & PE 5, AR¥E Swiss Target Prediction £ B0 i M 170 1EAT HE A3
T, FIH Cytoscape 3.7.1 BAFHEAT 2540)- i 7 - B8 R 2% R 2531
1.5.2 #y3# NASH %4 # ¥e & 4 3% &

4 Genecards. OMIM. PharmGkb. TTD F1 Drugbank #7442, LA“nonalcoholic fatty liver
disease” M “nonalcoholic steatohepatitis™ A < Fa 748 2 F ik #E 15 o Ho ' GeneCards (4 2 H LA Relevance
score KT 5T 1 240k ; OMIM %dE %+ LL Gene Map 25 14-7ii% ; PharmGkb #4f /£ A Gene 2514
fitiik; TTD % 2 b LA Search drugs and targets by disease or ICD identifier 25 f7ii%; Drugbank (¥
JEH L) Indications 2517
1.53 Ao n

X OVSWE K VA PEVE P 73 (R HE s A0 NASH B HE sl BUAC 4, FIRT STRING fE4F &, W E
BNEAEECN 0.9, Zrfr OVSWE HKIEMEE R 5 NASH R EE U EE B UM BEAEH R R, &
A Cytoscape 3.7.1 FEAT AT LAk, fii% H OVSWE K ME G E 43 ¥8 9T NASH (A% Co8E
1.54 @3%F Ko7

i R1ES 4.1.2 . ColorSpace. Stringi. Ggplot2. BiocManager. DOSE. ClusterProfiler.
Enrichplot A1 Org.Hs.eg.db #2/7 4L, LA pvalue fll qvalue 4 0.05, T % H A 7 817 AT R KA
A1 (gene ontology, GO)'E £ 43 #T; {1 R iEF 4.1.2 A ColorSpace- Stringi~ Ggplot2 . BiocManager
DOSE. ClusterProfiler. Enrichplot. Org.Hs.eg.db il Pathview F£/5fL, UL pvalue F1 qvalue 24 0.05,
SR H R 30 18T AR AT s AR R SRR R A H A4 (kyoto encyclopedia of genes and genomes,
KEGG) #%&4r#f.

1.6 53 F X%

U ORE U TS PDB B E R 8O 1450, R Pymol BRARRR EK 41 BBk EE . HAR,

M PubChem %#8 2 N #A% 0o 853 1 43 F- 454, 183t Open Babel # 4 4:y “mol2” SCfF. H4bE



IR R
iR, EPRES

1.7 Eh4PsLie

SR KA o N T RO Autodock BPFREAT 73 T RS & RE S M ARPE S A RE
FRRIKNESEA-N TRAR SR RIER, #4770 TR LR .

1.7.1 OVSWE #| %

B 50 kg I H =¥ IR 2500 b AT B, R RIZG 60 7042, DUIRA KRR, — R 5 EIKRT, 2
hy THI: J\fFEI/KEL, 2h; S FFELRL DL 70 °CIR B HE 2R MRk 4 E B AR, JE TR TE, KT
BITHEET /. HEFE: 12.36%.

1.7.2 Sh4higse

SD K 80 A, FEEMMEMETE 1 )G, BENLT AL, ZEXER (control, Con) 416 R, i&
B 64 o Con R4 T IEEWRIANOK, AR LLS R IRE (88%EEAl A kl+10%58 1 +2%
AR B 524 10% SRR ISR, 55 12 FANES 13 JEXT HR AR Ty S RONE il i v, A4 B i 4 40%
f) CCLy MHE VAT (3 mL/kg) , FFE PR, %5 13 K Con HANERIAH KB 4 R KRBT HFF4L 41
IIAKG- A Yt (hematoxylin-eosin staining, HE Je) iV, 455 ERIERA K FAFEA S H
PR B IRIEPEAR T 2, RV I N, RN AN, AR IR AE, NAS
GRT 45y, BIELRE T, FIEEE 13 AR NASH B8 i i .

1.7.3 shaap4a

T5E 13 AR K 60 RABAY | il D oK B A% HR 43 IR BE AL 23 H R U] 23 A7 (model, Mod) 2H. %)
4 (essentiale, Ess) 20 OVSWE 1i&55)& (OVSWE in low dose, OE-L) 2H. OVSWE H5§]& (OVSWE
in middle dose, OE-M) #1Al OVSWE &i5f|#2l (OVSWE in high dose, OE-H) , #4112 R. hnk
PERTEr A 12 H Con KRR, 3t 72 K. 6 KRB 5/RE4AH k.

1.7.4 sh4h#th

55 14 T2 24, Ess 4. OE-L 41, OE-M 411 OE-H 413 B W JE /> 54 : 0.14. 2.5 5. 10 g/kg,
Con & Mod HA/KHEE . HELHEB A 9 . 45251 Mod 41 RIZ5 25 2H 4k 52 DU e AR 1Rl B2 i K
MEFE, IR RIS 40%000 CCla ¥, 2 mL/kg, BEHRE—IK, 35K
1.7.5 #ARE

2525 1IA] OE-L 4447 1 RBRAET:, e 2idiaam, 71 ARRHATHEARSE . 1%KE % 40
mg/kg WK SUREE 5, % I 3 B kR 25 T 28 00 Ph SR SE B I, W IRCE 30 min, 4 °C, 3500
r/min B0 10 min, B EJEF%E, T-80 CCUKMRAEAT AL . UGG, &880, HIH KM 5E8ET



BT 4%2 B H RS e o B . RIARATIFA SV A LF, T-80 °CfRAE, FITRFAESI%.
1.7.6 4848 % 32 J= & IR AT Mk 40 42 5% 32 4R 4%

HE et HUH [T T 4%2% 5 FREIE e b iR, b4 Tl Fom s e e, R U LD ey
4 um PR AT B AR T, SRA TR AR AL AT Yt B 5 8 F A St AOos 1 4300 Fridt
ATHHE, ] Case Viewer 2.3 B WA IR ELEAS, JBOKAREEL 800%, RAEEUG I HT.

RRBLLGe . 5 EiR HE Je GRS B I [ e . BRIy, J5RA AR RA R
YR, B ETE IR A TSR TR I AL, R A5 EL 400%, SRAE UG IE 04T .
1.7.7 JHIEAEAL TR BR Ao

AR A= A4 3207 £ 18 B 2 AFAE Y TG LDL-C A1 HDL-C ff17KF
1.7.8 o if AL A5 ARAR M

REIE BRI, 5% M3 o A% B B AR AR R BRI i75 7 2 IR R L7530 25 IR T TR 1) 25 2
88 ELISA B0 G VE U I R BRI 2 IR B KPR R A AR (1D dHER RS 3R
IR0

I=4xBR25 (1)

A TS EIGUIEE: 4 AT EIPEE (mmol/L) ; B ATMHESEM (ngmL) ; 225
N IERF .
1.7.9 e i 485 5 A7
1.7.9.1 FFHEREAS AL 2R

FEACHRES N 200 uL 7K, MTBE 800 puL, 74 HEE 240 uL, WieiRE, (KiRKHHE A 20 min,
FEIRCE /NS 14 000 g 10 °CEC 15 min, B EEAHAHE, ZART, 1A 200 pL 90% 57 A
B2/ S, AW iE, T 14 000 g 10 °CES Ly 15 min, BB EFE.
1.7.9.2 ik ik b

REEE: Crs BB FEFEIR 45 °C; Wii# A 300 uL/min. FENAHA: A (2 @ K=6: 4, +0.1%
R+ 0.1 mmol/L HIRE:) , B (ZJE : FHEE=1:9, +0.1% HE+ 0.1 mmol/L FIR#H) . HHEW:
JEFEFF: 0~3.5 min, 40% B; 3.5~13 min, 40%—>75% B; 13~19 min, 75%—>99% B; 19~24 min, 40%
B.

ESIVE LAEZ % InFAJriiE 300 °C, B IHE 45 arb, HHEAIE 15 arb, HBIZ HE 3.0 KV,

BIE AR L 350 °Co A SIS ER R 57 705 AN IR B Py F) ot B FL AT L



1.7.10 & G RRBA & G %IZ PP T ik

{4 ] Western blot y£3l 2 FFAEZ14 InsR. AKT H1 p-AKT HIE A RE /K. @i Hin 7 & A
A 75 S ol TR A6 79 ) RIPA A8 BT EAT 24 . ) BCA BRI &l e R & &, B 32 g
HIE FAE A, 3] SDS-PAGE HEJI LUK 73 B i F U F 6 #2 1) PVDF JEE 1. Ll TBST AEHIECE 5%
BSA %W, HM 1hJE, MA—$HiInsR (1:1000) . AKT (1:1000) . p-AKT (1:1000) X%
GADPH (1:5000) 4°CiHER. —PiiFHEEH/a TBST BEMk 3 I, &K 10 min, —4i 37 °CHF
H 90 min, TBST FHAVEME 3 K, &K 10 min J5, ¥IN ECL W HTEEM B . FIH Image J
XS I FEEAE AT AL B 54T o LA H IR s I BEAE/ 5 56 IR FEABL 2 LA B ISR AR X s &
1.8 Gt F75%

JIi G H4E 8 ) SPSS 20.0 BAFALFE, Bl LU EebREZ ( x+s) FoR, MFHBIHNIE
AR, ZHEHERA ANOVA #7757 2290 #1: — K% LA BB S AR S filt, RAIES
A58 (Kruskal-Wallis H BRAIRLE) .

2 SR

2.1 OVSWE J&f7 NASH B P REAE A #E = R B B LR 25T 2 45 R0 4R

2.1.1 OVSWE # K7k & M ik 2

S o 0 P B R LR 2R OVSWE Hi/KVE R4 55 A4S, Hrr L8 6 il 39 UR A 4o i
UHPLC-LTQ-Orbitrap MS %5 ] OVSWE FEAL Ry, . 2-FERHIR . & Fa b la e .
T A TS By 1 ESEH B MR Ao SwissADME 45 7 LA B BRI RE A 2
PEAE bR UETT i H OVSWE i Co /K eI M & 20 4~ (LR D .
#* 1 OVSWE B LiE 5

DS

\

Table 1 Core active ingredient of OVSWE

5 )
F5 No %5 Ingredient %5 Ingredient %5 Ingredient
No. No.
1, 3-FRAL R 7, 8- FILALIE
EYLZI EYLZ8 EYLZ15 SE{f£& Genkwanin
1, 3-Dihydroxyanthraquinone 7, 8-Dimethylpyrazine
T-F-6- AR T ER RIS WAy 573
EYLZ2 2-32 3K HER 2-Hydroxybenzoic acid EYLZ9 EYLZ16

7-Hydroxy-6-methoxycoumarin n-Cetanoic acid




EYLZ3

EYLZ4

EYLZ5

EYLZ6

EYLZ7

3, 4, 5-=WEIEFEHER H A N BE B Cinnamolactone W A
EYLZI10 EYLZ17
3, 4, 5-Trimethoxybenzoic acid B Schizophylline A
4-f2dk-3 FE IR R WEKER A
EYLZI11 KH Benzoic acid EYLZI18
4-Hydroxy-3-methoxybenzoic acid Schizophyllin A
HHEKR B
4-FZFEF R 4-Hydroxybenzoic acid EYLZI12 JEI A HEEE Larch resinol  EYLZ19
Schizophyllin B
5, 7, 3, 5-PUrpdk A WHHKRC
EYLZ13 PRI ZE Genistein EYLZ20
5,7,3", 5 -Tetrahydroxy dihydroflavone Schizophyllin C
5, 7-C ORI
EYLZ14 % E  Adenosine

5, 7-Dihydroxychromogen

2.1.2 NASH % Ja ¥e = 338 &

GeneCards FEA2ZF] 1 119 4> NASH FpAH KL ;. OMIM L2 ) 328 > NASH Hjp Al G HE
#i; PharmGkb JEAR R F] 135 4> NASH S AHSGHE £1; TTD JLAa 2 ) 39 4> NASH S AH S HE 51 12
Drugbank FE46 2 1] 5 4> NASH Fi AH CHE 10 R PITA $E sUdE 47 25 4 BB AR 434, B 3L R B NASH
PRI RHE AT 1262 /s
2.1.3 OVSWE Kzt & & %7677 NASH #9403 e 5,

OVSWE HKIEEIEE s 5 NASH BRI O sl OS2, et 133 AMHERL, STRING X 22
LR A TR BEEMN S 2 (WLE 1), Cytoscape 3.7.1 X PPI P28 ¥h 4 oA CILIEL 2)
CIRTERE LR HT 8 T SN 2 IR/ 75 AR HI M 1 (Akt serine/threonine kinase 1, AKT1)
WERR 3244 1 Cestrogen receptor 1, ESR1) « & 5 - S M s 0% 13 (signal transducer and activator
of transcription 3, STAT3)  #RFEE 1 90 aZK % A Z5A A 1 Cheat shock protein 90 alpha family class
A member 1, HSP9OAA1) . TIRILEE 3 Wl iH 15 WFE 1 (phosphoinositide-3-kinase regulatory subunit
1, PIK3R1) . REHEKREFZIK (epithelial growth factor receptor, EGFR) . WFL3¥)H A5 2 4L
5 1 (mammalian target of rapamycin, mTOR ) Fl1f% 5 B ULEE 4, 5- R BR 3- Ul i 4L 0 o

(phosphatidylinositol-4, 5-bisphosphate 3-kinase catalytic subunit alpha, PIK3CA) .
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& 1 OVSWE H1 7k ¥ ME R4 5 NASH SR HHEE & PPI 4% &)

Fig. 1 PPI network of water-soluble active ingredients in OVSWE and targets associated with NASH disease

ESR1

& 2 OVSWE HiK#HIEME G ST NASH KO8R
Fig. 2 Core targets of water-soluble active ingredients in OVSWE for the treatment of NASH
2.1.4 GO #2 KEGG & £ 547
X OVSWE HKVEEIE PR 7 5 NASH i A R 4L fi USSR 4L AT GO B &b, 3455 1
982 WEWAd i, Hh B AUR E R ML S H L H, PARFUR E RN AE R, A
ST IREAAFR, IKR/MUREE R ECE, B R R EAR PEB/NER, PEMNSS
D3 . FEFEEMNEYF LA (WK 3D, 21k (aging)  IhEE-2 2 &1 (peptidul-serine

modification) . JEEZ 2K (insulin receptor)  JEE FEFEAK T (insulin-like growth factor) %5.



X OVSWE Hi7K M s i 73 15 NASH Ji AH DG HE s ) S B2 HE s E AT KEGG & 5047, 345
F 151 A5 51, HrhREARAARRIE R I w0 SR, YRR R IIB 2R, KIEEE
BHAZRERRPEMGA/PNEKR, PEBNERBRESE. FEEFENGESEBAE (WK 4 , Y
FHEPU Cinsulin resistance) BB MBI K FEAE 1L (lipid and atherosclerosis) % .

response to nutrient levels 4 .
response to metal ion- .

muscle cell proliferation -

peptidyl-serine madification

aging

regulation of smooth muscle |

- : Count
Jo! Ihprollferatlu
smooth muscle ceéll | ® s
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@ s

0=
meqwbra e microdomain - . 25
ransferase complex,

transferring 4

PhoSP QIS SRR SIRAES

000
d9

vesicle lumen -
membrane raft

20

gvalue

3e-05

cytoplasmic vesicle lumen-
phosphatidylinositol | °
3-kinase complex 2e-05

carboxylic acid binding4 . 1e-05
monocarboxylic acid binding - [ ]
nuclear receptor activity 4 P
ligand-activated | @®
transcription factor activity
fatty acid binding+ ®
insulin receptor substrate | °
L indin
insulin-like growth '?acqarq 1
binding

4N
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GeneRatio

& 3 OVSWE HiK#HEIERZ 5 NASH SORAAREL S GO B&

Fig. 3 Concentration of water-soluble active components in OVSWE and GO targets associated with NASH disease
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Fig. 5 Molecular docking of AKT1 with key water-soluble active components in OVSWE
TE: A: AKT-5, 7, 3, S-PUSRdk “Z3H; B: AKT-IEE2E0 A; C: AKT-IE52E0 B; D: AKT-IEHZEE C.
Note: A:AKT-5,7,3 ', 5 "-tetrahydroxy dihydroflavone; B: AKT-Zorostrine A; C: AKT-Schizophyllum B; D:
AKT-Schizophyllum C.
# 2 OVSWE R K EFEIER S & AKT1 K% &8

Table 2 Binding energy between key water-soluble active components of OVSWE and AKT1

#R REETEIE R 2 i

Target Key active ingredient Binding energy (kcal/mol)

5, 7, 3, 5-DU¥RIE S
AKTI1 -5.68
5,7,3", 5 '-Tetrahydroxy dihydroflavone



T B 220 A Schizophylline A -5.83
W 53 % B Schizophyllin B -6.66

B & C Schizophyllin C -6.85

2.3 HIEIER
2.3.1 OVSWE xt NASH K R A 28 42 % 22 5 7 & 49 %5 7R

HE Je045 R BoR, Con LK RUFEALGHS %, /a5 5e %, 8 WREUNED 29, i
MBS IEH . Mod 41K B AEALZUHEFIRA B, ALET P RT ILOR BRI MR MR s 20, JHF 4 i B S22 fe
Ak, FFAUMAZ AR — 0, MRS, RYEAIIZEA . SAAAEAFRESEE, RN

y .- o S ath L’f‘@:‘ &*‘ )
2 WA e [T AR

6 OVSWE X} NASH X RATHEAL SR ELL IR (800x)
Fig. 6 The effect of OVSWE on liver histopathology in NASH rats (800x)
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Note: "1" represents fat vacuole; "2" represents liver cell swelling; "3" represents inflammatory cell infiltration; "4" stands
for cytoplasmic vacuoles.
2.3.2 OVSWE *f NASH X R Ak R AR 69 % v
RIBLAG O R TR, Con LUK WA D> BREATOR, FEZNZREIRAL R . Mod 41K i
FERER R DU B, A tamie S IR IR IR 2, R A T X . 545 25 AL IR B TR Ok
A, TR SR CILIEL 7D .
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& 7 OVSWE X} NASH X R AFIEH SR R UTAR IR (400x)
Fig. 7 Effect of OVSWE on collagen deposition in liver tissues of NASH rats (400%)
e Atk BURIE; SEaTk: TRERE.

Note: Red arrows: type I collagen; Green arrows: Type III collagen.
2.3.3 OVSWE #f NASH X it TG, HDL-C #= LDL-C &% 69 %R

5 Con 4 ELE:, Mod 411 TG M LDL-C /K FEZEE (P<0.01) . 5 Mod 4HLL#E, Ess 4.
OE-M 4071 OE-H 41 TG /K VB Z K (P<0.058 P<0.01) ; Ess 4l. OE-L 4. OE-M 41/l OE-H

%H LDL-C /K FRZEFEL (P<0.058 P<0.01, WFE3) .

% 3 OVSWE Xt NASH KB AFHEA4 TG, HDL-C 1 LDL-C SBHHM ( x+s,n=11,12) (AL OE-L 4k
RAET-—H, #iZ4F 1 R, CERIRERREFHTER)

Table 3 Effects of OVSWE on the contents of TG, HDL-C and LDL-C in liver tissue of NASH rats ( X+ s,n=11,12)



5 Grouy n TG (mmol/g)  HDL-C (mmol/g)  LDL-C (mmol/g)
p g

Con 12 0.74 £ 0.06 0.09 £0.01 0.57 +0.04
Mod 12 1.56 £0.17% 0.08 £0.01 1.08 £ 0.06*
Ess 12 1.22+0.14" 0.18 £0.02 0.63+£0.06™
OE-L 11 1.60 £ 0.17 0.12£0.02 0.77 £0.09™
OE-M 12 1.02 £0.08™ 0.17 £0.02 0.88£0.10"
OE-H 12 1.16 £0.07" 0.17 £0.02 0.87+0.07"

e XA, *P<0.05, #P<0.01; SEERALE, "P<0.05, "P<0.01, . Note: Compared with the Con,
#P < 0.05,"P <0.01; Compared with the Mod, "P < 0.05, **P < 0.01, the same below.
2.3.4 OVSWE * NASH Xk & 24 GLU. FFA Aok & & &2 69% 7R
5 Con 4L, Mod AR IMIE GLU. FFA. FIEBES RN & E LB RIKPHEHEE T &
(P<0.058( P<0.01) ; 5 Mod 2Lk, OE-L 41 GLU & & &3# ~F (P<0.05) ; EssZl. OE-M
Z1H1 OE-H 41 FFA &8 S FEMK (P<0.058 P<0.01) ; OE-H 0% I8 & 2K T M i i K3k btk

BEE T (P<0.05, W& .
3 4 OVSWE Xf NASH KR GLU. FFA. 28 2K KBS RHAEEM ( x2s5,n=11,12)

Table 4 Effects of OVSWE on serum GLU, FFA, fasting insulin levels and insulin resistance index in NASH rats( x+ s, n=

11, 12)
i i SR AR R £
45 [ iy R o
n GLU (mmol/L) FFA (mmol/L) . Insulin resistance
Group Insulin content (pg/mL) )
index
Con 12 9.13£0.46 0.43 £0.06 22.02 £3.08 9.19£1.52
Mod 12 17.16 + 0.82% 0.58 +0.08% 32.90 + 1.86* 22.72 +1.25%
Ess 12 1573 £1.29 0.41 £0.02" 32.71+£3.33 23.18 £2.27
OE-L 11 12.70 £ 0.79* 0.74 £ 0.06 3476 £ 1.55 20.52£1.71
OE-M 12 17.68 £ 1.15 0.43 £0.03" 29.16 £2.96 23.74£2.74
OE-H 12 17.04 £0.95 0.30+0.01" 25.55+£2.17" 17.00 + 1.85"

235 dFfemlE AT TER
2.3.5.1 BEIRAREG 53 #
F 53434 (principal component analysis, PCA) 1F7r K45 R (WK 8A) EIx, Con 4. Mod

H e I e AR 2 B AFE 22 7 o IR mdse /> — 3L F0 5] Corthogonal partial least squares



discriminant analysis, OPLS-DA) 4% (JWLIK 8B) £H], SFHNFEARRER L, M GHEE, £
] Mod 41K SR A OVSWE Y697 J& K BRI 5 A #5231 — %2 RS2, 528 18] B i Jo A A AE —
SERRFENZ S . 200 (X B b gn g R RPN 45 SR Bon (LK 8C) , BAURR A BEMLAG, 4528
EE, H&BA RX > 0.5, FRUHBA MR R
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Fig. 8 Results of PCA, OPLS-DA and permutation tests for each group
7E: A: PCAIW/rEl: B: OPLS-DA iF4rKE; C: EHukrit

Note: A: PCA score chart; B: OPLS-DA score chart; C: Replacement test

2.3.5.2 RIS 2 AR
AL OPLS-DA, PAVAREHGLEEM (variable importance in the projection, VIP) fH > 1.

P<0.05 K #7550 (fold change, FC) fH> 1.5 8(<< 0.81 {EANRIR 4> T 10825 M 2 R ok ),
FEOR R TR S . Huh RS HuhBEIEE . MRS EY . 5 Con HAHEL, Mod HILA 32
MRV R T RERN. FHLFERERYRSR (WX S5 BIR, 5 Con AL, Mod HA
21 MflE W& &R E B, . TG, Hil P (diacylglycerol, DG) . #§##fi§ (sphingomyelin,
SM) . #Z&EEZ (ceramide, Cer) ZEl5fii, OVSWE 4255 LRGSR EZE TI%; Mod HA 11
G B S R IR, N AR ENE AR (phosphatidylcholine, PC)  BEfREE 2, 2.l (phosphatidyl
ethanolamine, PE) %%, OVSWE 4%/ FiRfE & & 5% LT,

R S5 FTIERRRZRYIR

Table 5 Lipid difference substances in liver

) Mod vs Con Mod vs Ess Mod vs OE-L Mod vs OE-M Mod vs OE-H
Z= 53 g i
Differential lipid FEE] FEE] i i
FC  VIP FC  VIP FC  VIP FC  VIP FC  VIP #% Trend
Trend Trend Trend Trend

PC(20:2¢/19:0) 2907 1789 | 1165 0300 1 2258 3.046 1" 2.031 2462 1 2989 2.624 P



PC(16:1/20:5) 1971 1233 | 1228 0900 1 2035 2940 1™ 1427 1583 1™  3.629 3.490 ™
PC(18:2/20:4)  2.065 1969 | 1.063 0750 1 1.151 1475 1 1172 1376 1 1317 1450 1
PC(16:0/22:6) 2225 2538 | 0.887 1.006 | 1.244 2132 1 1193 1.801 1 1270 1.588 1
PE(18: 1/18:2)  1.641 1711 |™ 1155 1.288 1 1330 2.585 1™ 1413 2665 1" 1631 2.786 ™
PE(18:2/20:4)  1.625 1748 |™ 1.193 1.679 1 1.287 2481 1™ 1405 2724 1" 1594 2.794 ™
PE(43 : 6) 2014 1130 |™ 1267 0780 1 1241 0964 1 1141 0.687 1 1726 1.390 ™
PG(16:0/18:2) 2451 1152 |™ 1069 0735 ¢ 1152 0761 1 1322 1.002 1 1068 0325 )
PI(17:0/20:3)  0.174 1240 1™ 0964 0716 | 0809 0962 | 0821 0918 |  0.609 1.200 v
PS(18:0/22:6) 0391 3319 1™ 0865 1352 | 0.838 2308 | 0842 2177 |  0.553 4.847 v
Hex1Cer(t38 : 0) ~ 0.560 5293 1™ 0951 0905 | 0.867 4228 | 0844 5168 | 0772 6.161 v
LPC(18 : 0) 1.694 7.890 | 0953 2131 | 1.091 5858 1 1066 5369 1 1227 6.171 1
MG(16 : 2¢) 0.178 1217 1™ 0839 0655 | 0718 1201 | 0632 1468 |° 0530 1.428 v
MG(18 : 3e) 0.115 3.165 1™ 0922 0398 | 0830 1835 | 0773 2515 | 0685 2.627 v
Cer(t18:0/25:3) 2672 1616 |™ 1069 0.69 1 1318 1382 1° 1350 1348 1" 1100 0.502 1
PI(18 : 0/18 : 1) 0478 1260 1™ 1015 1283 1 0902 0520 | 0935 0533 | 0708 1.665 l**
PS(18:0/18 1 1) 0525 1348 1™ L1117 2190 1 0712 2173 | 0810 1.629 | 0447 2.675 v
PSQ27:0/11:3) 0410 1270 1™ 0806 0220 | 0757 1305 | 0798 1147 | 0610 1767 v
SM(d44 : 0) 0.140 6.669 1™ 0740 7.057 | 0702 7.006 | 0.673 7279  |°  0.622 7.090 N
ST(m17:1/19:1) 1991 6542 | 1.042 2240 1 1185 5323 1 1205 5061 1 1365 4.923 1
TG(18 : 1/18:1/18 1 1)  0.434 7419 1" 0962 4334 | 0942 3992 | 0969 3229 | 0843 50941 Ik
TG(18: 1/18:2/18:2) 0571 6131 1 1.003 4821 1 0869 4393 | 0841 6252 | 0917 3.266 !
TG(18:3/18:2/18:2) 0.650 1256 1 0.681 2811 |™ 1309 1673 1 0844 1404 | 0835 1367 !
TG(20 : 0e/18 1 2/18 13) 0.096 1522 1 0806 1097 | 1326 1988 1 1558 2267 1  3.126 3.579 1
TG(18 : 1¢/16 1 0/22 1 5) 0.053 1.106 1 0734 1293 | 0645 1155 | 0533 1407 |™  0.699 0.960 )
TG(20 : 4¢/18 1 1/18 1 2) 0.136 2.557 1 0.888 2.198 |  1.008 2.689 1 0996 2.169 |  1.887 4.059 1
TG(20 : 0e/18 2 2/20 2 5) 0.100 1.027 1 0.695 1251 | 0891 0750 | 1.038 0756 1 2282 1785 1
DG(32 : le) 0370 1978 1™ 0817 1.896 | 0754 2.183 | 0819 1.860 |  0.763 1.870 v
DG(32 : 3e) 0.126 1.673 1™ 0639 2092 | 0587 2105 | 0615 2016 |  0.564 1.880 v
DG(32 : 4e) 0206 1.150 1™ 0619 1.591 | 0701 1281 | 0.642 1405 |  0.564 1.339 v
DG(I18:1/18:2)  0.656 3.614 1™ 0980 3.641 | 0877 3.012 | 0845 4226 | 0684 6.737 v
DG(36 : 3e) 0470 2269 1™ 0979 1947 | 0865 1451 | 0895 1478 |  0.666 3.330 v
FE: "P<0.05,7P<0.01. 1: & LT | AR TFH.

Note: *P < 0.05, **P <0.01. 1: The content rises; |: The content decreases.
2.3.5.3 ZR AU E i
W OVSWE T il NASH K 5% FFE i Jo X 785 7 22 S AR 0 P b B OO AR DR AR a2, ¢
OVSWE 5 i 2= F A5 5 BT A J@ 1 11 Bl i+« Wa Mt H it (phosphatidylglycerols, PG) . PE.

PG. W/faIHE/ULEE (phosphatidylinositols, PD) . /lEMt22 2R (phosphatidylserine, PS) . Cer. DG.



CHEM LM% (hexosylceramide, Hex1Cer) - WA IMBEEMEIHAE (lysophosphatidyl choline, LPC) .
B R R H VS (monoglyceride, MG) « SM & TG, #17 KEGG @i & 4787, &l 9 fiizx, OVSWE
VT2 NASH K BUHE i o A e = B rh e SR AR . H B e AL s i A4 A R AAS
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Fig. 9 Analysis results of lipid metabolic pathways

2.3.6 OVSWE #f NASH K Az 4142 InsR. AKT #= p-AKT & & % ik K-F 49 %@
5 Con AL, Mod ZHATFEZLZE InsR Al p-AKT/AKT 4 F AN RIEE B EFK (P<0.05) &
5 Mod 4Lk, OVSWE &7 &4 F 4 InsR B AMX RIEEEFH FF+ (P<0.058 P<0.01) ;

OE-H % p-AKT/AKT FEAMXM KIEREE L (P<0.05) (AFE6. E10) .

% 6 OVSWE %f NASH K RAFHE4L4 InsR A1 p-AKT/AKT B EARX FABIIHLM ( xs5,n=4)
Table 6 Effects of OVSWE on InsR and p-AKT/AKT protein relative expression levels in liver tissues of NASH rats ( +
n=4)



5 Grou InsR/GAPDH p-AKT/AKT
p

Con 1.05£0.02 0.54 £0.02
Mod 0.65 + 0.03% 0.43 + 0.04%
Ess 0.77£0.11 0.47+£0.03
OE-L 1.05+0.11 0.44+0.03
OE-M 1.25+0.24™ 0.52+0.03
OE-H 1.25£0.06™ 0.53£0.01"

ISR | e———— s gy @S (5 (1),

AKT | o D D D S . 0D

P-AKT(Sre 473 ) | S — - ) |Da

GAPDI | S S S s S| 36 kDa

Con Mod FEss OE-L OE-M OE-H

& 10 OVSWE Xt NASH KB IEA A InsR Al p-AKT/AKT % A HIXHRIA R KM
Fig. 10 Effects of OVSWE on InsR and p-AKT/AKT protein relative expression levels in liver tissues of NASH rats

3 Wi E4%ie
NASH & #.4it: g [ii i (non-alcoholic simple fatty liver, NAFL) U ARFA-4Etl . FHEAL AT

T IOCEEBT B, RIS N kI PR SE B b Bl WIS PEF . NASH 2 2 R R IR S ;I R, e
280 ORI 2R AR I FH 2 RE O VR TT R IR 3 . OVSWE B4 NASH HA B i if 7 1E ),
HILVETT NASH FIFE FIHLE] AN B .

AR PR 2% 25327, ik OVSWE 677 NASH HIRZLHE 08 AKT1. ESRI. PIK3RI.
PIK3CA %5, JLYERF TS5 5 3 S S 41 4R 2 25A 04, M5 32 /A4 (insulin receptor substrate,
IRS) KABERRALIT, HUEH IRS 5 PI3K £5-& 540, BEMEuE Fie(s = B3~ AKTUS, 815 7% &) 68
MG, MTIZ2fE NASH AEIR . 456 70 T XA ROl 43, AKTI X697 NASH HA B E 5 .
H—D 24 GO ®HM KEGG &EL KT, OVSWE JAJT NASH AH IS = (K1 /2 IR 15 538 %,
%0 AL KL AKT1 2 51 InsR/PISK/AKT B AT I 55 B8 3K . M IR DRI BRATTHREIN 81 55 ke & 2R AH 5%
T S A5 5B R IA T B/ OVSWE JAJT NASH U8R 1%, @it sl s w45 Bt 173t —
HHIE

Y I IR B, B 2 R kUL P BREE GLU Sk JF AT R S, AT S5 S LA
WA FIREELR) GLU. AR BARH 2 AL M FFA 860m. FFA FFA AT S5 HERAL, DL TG HJ% U7E FHIE
WREHER, K NASH. A Sl A AL alR) Gl vl 0, OVSWE 45 24 Al 2 2% P AR K BT IE 2




i) TG J LDL-C & &, [y GLU. FFA & &, IS 2K 5 AP BUR B BRI,
KW OVSWE mJ¥k/b IG B 7E NASH KEFHZ P IER, M IR, 8 NASH R KU .

I D A T8 Bt 4 4 SR W i AR 1 B SR AR S MR ARG B T i B IR A QA e 2R L . AR AR

A5 SM. Cer S ZMAEYNEIENR T, SM Wil 8B R RE R A2 KA Cer, Cer it 2 W] 3 S H I

RS, PC 1 PE S0 FLE0 404 P A0 1 B0 H B AR . PE 38 I % 42 F 6k S REE 16 PC K TG %%
PR T I, S HIE PE & PC & ERER, K SEBEZ K DG ¥4k TG, 190 NASH H™
AR, ARSEIGHE T OVSWE 5 2541 R BUHIEH SM % Cer &8 %, PC J PE & &N, *
W OVSWE i el o 142 55 i AR 2 oot 8 R A QA AR VLA P AR 3R 8L 2 TR, 92> g s 6 O o
(i EHERL . InsR/PISK/AKT /2 A #5 B 3/K-T & Sl , LA th I8 775 ) 5 5500 s 4H 3
KBRS AR A7 R I, IRITALZUR A IR, HHI T InsR BERRAL, M40 R il PI3K 0, 2
T PR AKT V14, JRITAE R 2, BFIE AR I A8 1, B5e 287 i NASHUS201, AR SIS 6 7E 1, OVSWE
A |1 InsR & p-AKT/AKT &5 [1%IE KT, 3B OVSWE @it InsR/PI3K/AKT 5 WL & 2 KF,
Zef IR, ek BFREAR W HERR, 577 NASH.

AR SLUG T Tk X 2 25 B 2 T sh ) sE s, R B OVSWE St i i B I & B CCLs 5 5 1) NASH
KREIB TR Mg 5. o m . IR ARG BR & BT s B iy AR 3R T
OVSWE X & g R B IR B KA CCly 15 5110 NASH K RIS /E FI AL 7T B8 5 B0RE InsR/PIBK/AKT {5 5
R IR B S IR Ak FEASKR VAT AL P IRA TR 3 — PR OVSWE X NASH 5 %43)
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