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 OE: BEY ETMKAIEE. o108 LR P SO0 36 IEER T LA fbxd BV URS 14 B T FF (non-alcoholic fatty liver disease,
NAFLD) (78U AEFNUS]. ik FIHSCEIG R E LA BRE 7Y, KA SwissTargetPrediction 24 & U 8 75 48 A4,
KM DisGeNET I GeneCards 4/ ik NAFLD BER{, JRE 25048 MO BE il lUSe 5, Ay 3 2 19 - A 1 ORH ELA T IR
%%, 5B DAVID 4R 2 AT 2L R AR T RE AN 5 #02E [R SR DR 40 E R4 150 B & SR AT, A <0 il - 0L A - s - s~ )
%%, R AutoDock SFEFRAEXS SBEIE T B AN Lo 8 R UEAT 70 F X 00 0E . R A il s BB (5 5 NAFLD /D RBH, &
BT B, MERS SRR (10 mg/kg) LRV ILABMIK. . wfIE (200, 400, 600 mg/kg) 41, L2 8 J. Kl
& =B H W C(triglyceride, TG). SIH[EEE (total cholesterol, TC). K% FE g 25 (A IH[E ¥ (low density lipoprotein cholesterol,
LDL-C). % g ANAEEE Chigh density lipoprotein cholesterol, HDL-C). WERMRE L HE (alanine aminotransferase,
ALT) J R A TR K5 % % i (aspartate aminotransferase, AST) {5 &t ; ELISA AT+ TC. TG E 41/ % -6 (interleukin-
6, TL-6)+ IL-1B M JHJEIABEE T-a (tumor necrosis factor-o, TNF-o) 7K>F; JHZL O YO FITRAR K- (HE) YLt i
LU B AL Western blotting Rl 21 2R i3 55 K 524K (insulin receptor, InsR). BEAREENIEE-3- " (phosphatidylinositol-3-
kinase, PI3K). &% B (proteinkinase B, Akt). ¥¥JF-& G IEE-38 (glycogen synthase kinase-38, GSK-3p) & HKIA.
R OEWAER L A B . B AR AL 4,4-dihydroxy-3,5-dimethoxydihydrostilbene . #fi 7 %% 38 AMNMEMERY, 5
NAFLD LFFE A 1554, fER TSR, AKTL. F&EA. TNF. IL-6. M N EAEKE T AL WSR3 s vios
ARy TL-1B 25 19 MZ SRS, T MEIERE . PI3K/AKt IBIE. WRIIREIEAL &7 L B2 AR (5 SR . LA B S 1
E5iEM. TNF (E5@85%, 2 FRHRERET S M0 5T 5 Mz O A RIF G T SRl 25 ALk
Dty /N NAFLD B8, SRl b, 8 LAt/ A B & PR FE # UL &g TG TC. ALT. AST. LDL-C AfF
JIE TC. TG /KT &3 Mk (P<<0.05. 0.01), IfiLi HDL-C K-V 83Tt (P<0.01), BB HFHAEAR M & AL E, AHIE InsR
PI3K. p-Akt/Akt & AR KFRZERIN (P<0.05. 0.01), p-GSK-3p/GSK-3p & AEE TR D (P<0.01). & EA
fil%t NAFLD BA R IEH, P AT RE S80S PISK/AKt I . o508 5 S IRPURE D 405 N %o
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Abstract: Objective To explore the therapeutic effect and mechanism of Dendrobium huoshanense on non-alcoholic fatty liver
disease (NAFLD) based on network pharmacology, molecular docking and in vivo experimental verification. Methods The active
components of D. huoshanense were searched by literature, the potential targets were predicted by SwissTargetPrediction database, the
targets of NAFLD were screened by DisGeNET and GeneCards databases, drug targets and disease targets were intersected to construct
protein-protein interaction network. Gene ontology function and Kyoto encyclopedia of genes and genomes pathway enrichment
analysis were carried out by DAVID database, and “active ingredient-target-disease-pathway” network was constructed, molecular
docking verification of key active ingredients and core targets was carried out by AutoDock and other software. NAFLD mouse model
was induced by high-fat and high-sugar diet, control group, model group, pioglitazone group (10 mg/kg) and D. huoshanense low-,
medium-and high-dose (200, 400, 600 mg/kg) groups were set up, drugs were continuously given for eight weeks. Levels of triglyceride
(TG), total cholesterol (TC), low density lipoprotein cholesterol (LDL-C), high density lipoprotein cholesterol (HDL-C), alanine
aminotransferase (ALT) and aspartate aminotransferase (AST) in serum were detected; The levels of TC, TG, interleukin-6 (IL-6), IL-
1B and tumor necrosis factor-o. (TNF-a) in liver were detected by ELISA. The pathological changes of liver tissue were detected by oil
red O staining and hematoxylin-eosin (HE) staining. Western blotting was used to detect the expressions of insulin receptor
(InsR)/phosphatidylinositol-3-kinase (PI3K)/protein kinase B (Akt)/glycogen synthase kinase-3 (GSK-3f) pathway related proteins
in liver tissue. Results A total of 38 active components were screened from D. huoshanense, including moscatilin, dendrobixin A,
4,4'-dihydroxy-3,5-dimethohydroxystilbene, naringin, and 155 common targets with NAFLD, acting on 19 core targets such as insulin,
protein kinase Bl (AKT1), albumin, tumor necrosis factor (TNF), interleukin-6 (IL-6), vascular endothelial growth factor A,
peroxisome proliferator-activated receptor v, IL-1B, mainly involving cancer pathway, PI3K/Akt pathway, advanced glycation end
products-receptor for advanced glycation end products signaling pathway, hypoxia inducible factor signaling pathway and TNF
signaling pathway. Molecular docking showed that the top five core components have good binding ability with the top five core
targets. The animal experiment results confirmed that the mouse NAFLD model was successfully established. Compared with model
group, body weight, liver index, levels of TG, TC, ALT, AST, LDL-C in serum and TC, TG in liver of D. huoshanense group were
significantly decreased (P < 0.05, 0.01), and HDL-C level in serum was significantly increased (P < 0.01), improved the accumulation
and degeneration of liver fat. And expression levels of InsR, PI3K and p-Akt/Akt proteins in liver were significantly increased (P <
0.05, 0.01), while the expression of p-GSK-3/GSK-3p protein was significantly decreased (P < 0.01). Conclusion D. huoshanense
has protective effect on NAFLD, and its mechanism may be related to activating PI3K/Akt pathway, improving insulin resistance and
reducing inflammatory reaction.

Key words: Dendrobium huoshanense C. Z. Tang et S. J. Cheng; non-alcoholic fatty liver disease; network pharmacology; rutin;

moscatilin; naringenin; InsR/PI3K/Akt/GSK-3f3 pathway; insulin resistance; inflammation
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EWAMTRE BT ERAG KRR RTEE
A s e N=FRHEYE (LA D. huoshanense C. Z.
Tang et S. J. Cheng 1T/, FT451d 100 Hif Chi
12 Do, 115~120 pm) £ H . FREUE 28 LA i
ik, IN— @RI K, FRRRW, 55T
(56.7+2.9) mg/kg. Aifitly (11.9+1.6) mg/kg.
Kz (78.7£2.4) mglkgll,
1.2 )

SPF 2% C57BL/6J HEPE/NER 36 H, 1A & 18~
22 g, 5 JAE, MEBUNFIRSEE IR AR A
7], WAES SCXK (#) 2019-0004. i sh¥nt)
TRIFEAEIRIRE 20~25 C, MHAHEE 40%~70%,
BREAEH 12h ZH R, ABENEy, RE
60%J1 7 Bt g i MR AL LI K] . S SR A 3
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1.3 @5

g FIEE (S H20110048) T [ VL7525 24
WM EBRAT; b (iS5 D809612) WHZE
MAEMFBHE AR AR ANR B 48R0 %-1B
(interleukin-1B, IL-1p) ELISA X7 & /N BUMIRAR
BLIAF-a (tumor necrosis factor-a, TNF-a.) ELISA i
A&, /N OIL-6 ELISA W7 & (S 05 A
JYMO0531Mo. JYMO0218Mo~ JYMO0012Mo) My [ i,
DL EEYRHE AR AR HEHFEERE (total
cholesterol, TC) Byl 7 & . 48 TG Bk
ERAE 52008 Al11-1-1. A110-1-1) THH
A AR TAEIEFE T RIPA 25, BCA &
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T (A543 5125 PO013B. P0012S. P1081. BL502B)
W6 H FiEE S REDEARFIRA R 8 ECL &t
KA (L5 P10100) T4 H B FE e MR IR
AT 2 TR EERIER (5 EA0006) 6 H L
RERHEEDHEAREIRAF; HEEZFEZMA (insulin
receptor, InsR) $ifk (L5 204331AP) W HEE
Proteintech A w] ; # JI§ BE WL B -3- B B
(phosphatidylinositol-3-kinase, PI3K) Piif. ¥ A
R EE-3B (glycogen synthase kinase-3B, GSK-3)

R TR (M5 20508 YN5487. YT2082) 14
H Immunoway Al ; & H A B (protein kinase B,
AkD) RZ REHUA (M5 380617). B-WLBNE A (-
actin) P IEEEGIIR (HL'5 380624) W H AR IERE
AEIRA T ; p-Akt. p-GSK-3B Hidhk (#5535
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Spectrum % D felghni (£ E 2B K AF]D; DYCZ-
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nih.gov) ¥ FE AN 7L G W 44 PR K S5 K AE R
Chem Draw 20 BAF 2L S 7> T a5/ 2, 1RAF
N sdf £5#4) . 7E Swiss ADME Chttp://www.swissadme.
ch) HRANEMER, 18I 258N TiE. ik
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PRAERI B EE Ll kA RS 1 R 7000
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FrREAL .

2.2 NAFLD #0254 Aem 2 R8s i 5
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genecards.org) Fl DisGeNET #(#& /& (https:/www.
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disgenet.org) H', LIIKHEE “non-alcoholic fatty liver
disease” WU £E NAFLD MG, Z:fpEH I G,
454 UniProt 088 4 48 s A AL, T € NAFLD
T LA A A A Venny 2.1.0 K528 11 A fishv
A B 55 NAFLD e AH O HE fi iAZ 4R
23 ZEHAKR-ZEARMEEIER (protein-protein
interaction, PPI) PW4Eiy3E

K L AfS NAFLD JLFR#E AT A STRING
Bl FEBEAT o0 b, R ORAF N *tsv A& U IE A
Cytoscape 3.7.2 b+, 1M “Network Analyzer”
IThREXS PPI 45 BLkAT W48 S 4827204, #4%E PPI
W%, FIF Cytoscape 3.7.2 A H I #fifF CytoNCA
HEAT BRI e
24 “HY-ERSRRT MERIDE

¥ 227 BUFWCRE LA LS NAFLD 3L
[ 48 55 5\ Cytoscape 3.7.2 #4J 4t “ Z4)-48 55 -5
K 2%
2.5 EFEZAKK (geneontology, GO) E4)INEEFR
HMEERSEFEBRMEHE (Kyoto encyclopedia of
genes and genomes, KEGG) B EENHT

i8IS DAVID #0408 XS 2 A8 S5m0 T GO
Uy Re 7 B Al KEGG 18 B 40 . R H A 1S
(http://www.Bioinformatics.com.cn/ )X} GO il KEGG
TP A A AT nT A A AT 02
2.6 “SEMRT-IES-ER-BET MEEE

FE A HE MRS NAFLD. | 20 % KEGG
% S P K (R R B A, 5 N Cytoscape 3.7.2
AR IS - R R 7 2
2.7 HFRHE

W ISR R - R - X2 A HE
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TERE 35 3E4T 43 T X 4% . 7£ PubChem %4 22 SR EUE
WA RSP L5 1 SDF SO, AR AR SO, B E
J ARSI PDB %0 #5E Chttp://www.rcsb.org/)
FEREY, 1#IE AutoDock Tool 3RAFX 2 A2 AT
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PR THR A IR, 2RI A B 45 & R EE W] LUl I 7y 1
XHEEE R a5 & e KR A . IR as & Re /T
=5 kJ/mol, Ut B B s 546 &M — & 4 G s,
ZEE RIS, XHERCRBEF, H] PyMOL 45 Bli
AT ATARAL DI,
2.8 {ARISLIRIEIE

2.8.1 FRAIGEST, 54525 CSTBL/GT MEME/NER
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H, FHe6 R XA @R, SIS
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2.8.3 IMIGHASEARNEE 5258 )5, Frfih
RAEEAZEK 12 h, ip 10%/KA ABERRE, MIEE
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284 [iEH TC. TG. WRAIREIL 21 (alanine
aminotransferase , ALT ). K& & MR & 3 # % i
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[ElE (low density lipoprotein cholesterol, LDL-C)-
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2.8.6 JFUERAEFMlE  BUORAFET-80 CHIMF
i, %08 ELISA 5550 & id B P RG /)s BT o )
IL-6. IL-1p Al TNF-o [ &5 & .

2.8.7 Western blotting &l InsR/PI3K/Akt/GSK-38
W EARIE B 100 mg FEEATAFAL, WA
JEJE I RIPA R A, S ORIUSEA
JEEL FiE, BCA VEIE EAWE. EAMFEME T
Tt FETR BN - SR NG I e Bk i FL bk, % % PVDF JiE,
HHEMA—d, 4 CHELIR. BAZh (1
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Graphpad Prism 8.0 BAFEAT Gi it 220, Hrh 24
() 22 S LU FH B R 22 07 22490 1T (One-way ANOVAD
3 #R
3.1 ELAHRKTEERS

T Ik SR LA R A A Ay, RN 38
AMEVERA T EER, WK 1.
3.2 ELAREMKSS NAFLD R [E3E &

38 ANE A S M o #E R S I R E
SRS E] 613 NMEA, /£ GeneCards Ui A
DisGeNET #i#f 2 H11i4E NAFLD MW7, 2%

*1 BELAREEERS

Table 1 Active components of D. huoshanense

75 B X F R E
DHP1 4,4-dihydroxy-3,5-dimethoxy- 274.31
dihydrostilbene
DHP2 L%z 11 24428
DHP3  3-hydroxy-4',5-dimethoxybibenzyl 258.13
DHP4 3,4- 3 5:-5-H AR H g 168.15
DHP5 4-F23E 2K HiR 138.12
DHP6 FHE % 152.15
DHP7 RWRE 286.28
DHPS (+)- 1 &M 418.40
DHPY & 272.25
DHP10 T &R 198.17
DHP11 &fb A% g 244.24
DHP12 2,3,4,7-VU FF 434 3E 298.30
DHP13 % Jx A 5 L% i 283.32
DHP14 —&S A% 230.26
DHP15 tristin 260.28
DHP16 £~ % 318.40
DHP17 B fAffl & N 436.15
DHPI18 (R)-3,4-dihydrox-5,4',a-trimethoxy- 304.34
bibenzyl
DHP19 chrisotoxene 314.34
DHP20 dendrophenol 27431
DHP21 3,4'- —§3%E-5.4"- — W FLHEE 244.28
DHP22 3,4-§23E-5 4'"- — H A FLER 274.31
DHP23 # A= T 498.53
DHP24 4,7-dihydroxy-2,3,6-dimethoxy- 302.33
9,10-dihydrophenanthrene
DHP25 chrysotobibenzyl 332.40
DHP26 kA= A 304.34
DHP27 £ fighiy 304.34
DHP28 (7S5,85,8R)-4,4-dihydroxy-3,3,5,5- 434.44
tetramethoxy-7,9-epoxylignan-9-
ol-7-one
DHP29 ¥ 446.40
DHP30 Rt 302.28
DHP31 £ fifHER 279.38
DHP32 A4 i 263.38
DHP33 ¥E45H% C 281.35
DHP34 = xUA b3 257.33
DHP35 #kFZ AR D 304.34
DHP36 ) fifil& B 290.32
DHP37 ¥ EF 676.70
DHP38 ] 610.50

HEEE) 1041 AR A B LA RGP o #E 5
NAFLD ¥ B Ac e, /93] 155 NMEFEREE A, BN
1A BREME R4 3T NAFLD (VB eSS (& 1),

.

/ \
886 | 155 458 |
\ /
\ //
FWEM —_—  NAFLD

1 ZY-FRmEREEES Venn
Fig. 1 Venn diagram of drug-disease common target
3.3 PPI MM

¥ “3.27 T LR S N STRING 04
155 PPT Wi, JLib o 155 AN1T £URI 2213 5630, R
H Cytoscape X AFAEE PPI W45, FEAERCR, 950
K. B2 H CytoNCA #f4F1 “Network Analyzer”
Mo RedEAT AN M, TFE O (degree
centrality, DC) H1 41 H1.0o % (betweenness centrality,
BC). K%k (closeness centrality, CC) f°F
BIME, 43Rt 28.55. 148.41 f10.52, DC 1 BC K
T2 A ERREAIEE 194, WK 2 FI%k 2.

3.4 “HY-ESRRT Mg

Cytoscape T “ 2544 s -5 7 Wi, 24
Yo TEVERL Y R I AT iR, ME R R AL
Ron, WK 3.

3.5 GO EHIINEEFI KEGG B EE T

FIH DAVID TEZ Wit o) 52 B 58 fUdEAT AR &
o0, JRREIRAS AR X (P<0.05) K] GO I)
ReE®E%H 1708 2%, HHAYdRE (biological
process, BP) 1444 7% 4> I (molecularfunction,
MF) 163 %%, 4ifig2is; (cellular component, CC)
101 %, HE4HT 10 5 H LA 4-A.

KEGG B RN, 155 MCHEHE Ak
WRE) 1191 ki, MH P EAF 2w T 20
¥ KEGG il LK, W& 4-B. mHELRERE
LA A PE R 6T NAFLD [R5 76 35 B0 A7 7R S i
B PI3K/AKt B B PRI I AR I SR B A 24
FEW) N H 3z 4K Cadvanced glycation end products-
receptor for advanced glycation end products, AGE-
RAGE) {55 1@ % . %A 155 H 7 -1 Chypoxia
inducible factor-1, HIF-1) {5518 ki =G 518
FE A TNF 15 5B 5%, XL@EB SR G . S
AP S RIE N ALV R R
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Fig. 2 PPI network (A) and core targets (B) of inhibition of NAFLD by D. huoshanense active ingredients

&2 PPl XS
Table 2 Key targets of PPI network topology analysis

F5 FE DC BC cc FF5 SR DC  BC cc
1 INS 103 1839 0.75 11 STAT3 76 348 0.65
2 AKTI 101 1446 0.74 12 CASP3 76 454 0.66
3 ALB 96 1524 0.73 13 HSP90AAI 75 738 0.65
4 TNF 96 935 0.72 14 HIF1A4 72 344 0.64
5 IL6 95 1189 0.72 15 ESRI 71 731 0.64
6 VEGFA 89 675 0.70 16 MTOR 67 267 0.63
7 PPARG 85 1526 0.69 17 MMP9Y 66 293 0.62
8 ILIp 81 494 0.67 18 PTGS2 65 395 0.63
9 MAPK3 79 613 0.70 19 CAT 59 454 0.61

10 EGFR 78 677 0.67
crsa 6 TNFMAPSKBGCK rRpvs
g o g RKOFOGFRENOS2CRERRE ) FABN’SFOCPW
ESRRA m-:!i;’ et o. DCLZSLCZAU CPTIA
ESR:: s E;va ofiy2 D.a > e > @ ofip+ CNZCG:YA::LW?
NS e o waﬂmwc i PIK3CB ol sicsaz  HMOX1
sm2 s HMGCR PTGS1 of@s o A
vearn g N IGFIR PTGS2 P —
MMPY NR3C1
HNFAR ADAMIT oy oy PRF1 PaRR2
CDKs  XIAP ME} QLXIRP, STAT3 SLCATA1
] DHPs
VDR RPSEKB1 MTOR NOX4 PRKCO CHRM3
NR113 MAPKE D.:smoun = OBy s 1A AR
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Fig. 6 Molecular docking of active ingredients and key targets of D. huoshanense
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Fig. 9 Effect of D. huoshanense on liver fat accumulation and pathological changes of liver tissue in mice with NAFLD (x 200)
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