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(5 =] B R TFREHIE S F 25T 8 R E B4 F i GAE (osteoporosis,OP) 494 2Lk 4 B A% A
M, FikAER P h R G FEIE R L 5H-F 4 (traditional Chinese medicine system pharmacology,
TCMSP) §f % 45 B 15 64 7 P sk A 2 4 ¥e 5 1) ) AR JL B 4048 & (the human gene database,GeneCards)#e
BEARANEFZIERiGTAAS4EE (online mendelian inheritance in man,OMIM) 5%k OP 48 3% $e.5 2 R ; 2+ 4 f&
¥ b Ao 0P ¥ 5 IR L £, i@ 1T Cytoscape 20 2 5 S IR B —7& M R o — 32,5 L A -0P W 4% ; 3 4 IR 3 F= OP L&
Yo b W4T E G -& B E4E (protein—protein interactions,PPI) M & 447 . L B A4k (gene ontology,GO0)
BRALR S AL HAEH 4B (kyoto encyclopedia of genes and genomes,KEGG)'E EoHr. 4% : ik
R R B BGE R 244, B ¥ B 1204, 5 0P R £ ¥ % 87 /4~ ; IL-6 . AKT1 . VEGFA .MAPK1 % +T 4t 2
LRI 6 0P ey e b T 2 BAR LR E3) BRS04 1 A T8t K BB E R E I m e R
FZARLGE SR OB T A A 4 it A2 ; £ 35 & AGE/RAGE . A3 3R 5L B F . IL-17 MAPK vA & P13K/AKT 512
B, A BURER S OPRA S M. B b Bl AF S Xk Y S i@ B 5 B Rt fe B A K.
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Network Pharmacology-based Discussion
on the Mechanism of Jiaogulan in the Treatment of Osteoporosis

LIN Yanping', YUAN Jiayao™’, GUO Haiwei', HUANG Hongxing'®, CHEN Tongying’, HUANG Jiachun', JIANG Tao'
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3 Guangzhou University of Chinese Medicine, Guangzhou 510006, China;
4 Guangdong Second Traditional Chinese Medicine Hospital, Guangzhou 510095, China

Abgtraot Objective: To explore the active ingredients and the mechanism of Jiaogulan [Gynostemma
pentaphyllum (Thunb.) Makino] in the prevention and treatment of osteoporosis (OP) based on network
pharmacology. Methods: TCMSP was applied to screen the active ingredients and the targets of Jiaogulan;
GeneCards and OMIM were utilized to screen the genes of OP-related targets; the network of Jiaogulan-active
ingredients- target genes-OP was constructed via Cytoscape software after intersecting the targets of Jiaogulan
with OP targets; PPI network analysis, GO and KEGG enrichment analysis of Jiaogulan and OP intersecting
targets were performed. Results: The study has yielded 24 active ingredients, 120 herbal targets of Jiaogulan, and
87 intersected targets of OP; IL-6, AKT1, VEGFA and MAPKI1 might be the core targets of Jiaogulan in the
prevention and treatment of OP; the study mainly referred to the biological processes of the activity of nuclear
receptors, the activity of ligand-activated transcription factor, the activity of steroid hormone receptor, cytokine
receptor binding and the activity of cytokine; involving AGE/RAGE, tumor necrosis factor, IL-17, MAPK and
PI3K/AKT, and other signaling pathways. Conclusion: Jiaogulan could prevent and treat OP via many ingredients,
many targets and pathways, these targets and pathways are associated with bone metabolism and bony remodeling.

Keywords osteoporosis; Jiaogulan; mechanism; network pharmacology
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TG IR S A8 D0 OP A5 2 /N BB 5
B 20 M T i A T R AR K R 4 R
AR TR BH , & B 0 T T AE A AR A KRR 4i
Jf %52 1,0, 5 5 (0 S8 AL B 4, AR 40 4 ) i 48
3858 5 o AL, B R B & 35 7 76 OP (1) BAR L
il o AW 5T FE T X 2% 24 PR S R 4 ik B VR OP
() 32 A AL, DU D9 2 i i 1) — 282 91 R R
FH 5l R A 2 i 36 B 76 OP $2 4 — & 5 A4 o
| ARDE

1.1 EREFEERSRELFE #ETHR
g2 245 PR B 5 7 HrF & (traditional Chi -
nese medicine system pharmacology, TCMSP)
K2R 4 I W B R 1% O IR AE R A R
(oral bioavailability,0B)=30% & 254 #H Ll 14
(drug-likeness, DL)=0. 18 47 i ik , 15 2 & &
W) B YR -

1.2 S AFREREN K TCMSP H ¥ B i ik 15
B E A S 4 RS A UniProt % 48 FE
(https://www. uniprot. org) , & B AN EWFh , i
i N R IR SV B PR BRAEAL

1.3 OPEE &= 3K EY DL“osteoporosis” Nk
18] , i N S HE R #0 i E (the human gene da -
tabase, GeneCards) (https://www. genecards.
org/) M 1E £ N 25 o 18 /R 8t 4% #5085 & (online
mendelian inheritance in man,OMIM)Chttps://
www. omim. org/ ) Z 3R AT OP AH < 5 K B A, i ik
KR H=1 5, F H Excel S0

1.4 LRIESPHREMLFE KhriEMEH
2 I WS B R 44 PR OP AH DG 28 DR B R gk 47 % LR T
Fe Ak , 3L [R) #E A RD A 4 W VA TT OP ) OGS £ o
{#iFH RiE= (version R x64 4.0. 2)%ZH|FEKE.
1.5 RRIE-TEMR 57 -5 2 & F-0P W 4& 1
BOKCL I SRS 0 g B I A A AR
KT A Cytoscope 3. 7. 2, 1) S £ W — 3 14 B
434 5 FE K 0P AT A4k X 45 .

1.6 EB-EHBE{E(protein—protein inter -
actions,PPI) M 4Z IR  F5 & i i 55 OP S [H] 1
A% N STRING £ 4# FE (http://string—db. org/
cgi/input. P1,Versionll. 0), Bt & N R, i
INEAESEUE 0. 7, BEFUARERETT 1L, KA PPT 4% .
1.7 ZHRE XKL (gene ontology,G0) 5 REE
B5EREEHBR 2+ (kyoto encyclopedia of
genes and genomes,KEGG) EE T # “1.4”
T rp G B B AR D] N A% O B R DR O O\ B
[Al T BE V£ B B4 & (the database for anno -
tation visualization and integrated dis -
covery, DAVID) (https://david. ncifcrf. gov/

home jsp,Version6. 8) , ik AW F, 47 GO 1)

A FH KEGG 38 % & 4 73 # » DL P<<0. 05 347 L B [A]

i 3% , o M £ AP RIS 5 I B

]

2.1 ZRIEFEHRS RS HEREALK

WETEMER Y 2024, AHOCZG PR 51 62340 X &L i 5

(1 ¥3% P B 23 3E AT 0 L R4S B ROE T K 24

AN IR Lo A RGEPER X N EAR 2174

2.2 HRESPHESFRAE L35 0P AHL

BE PR 3027 A, g I i 5 OP JE [R] 4 £ 87 AN, OP

FHIRHERF 3025 >, LI FEFR 1504~ WK 1.
®1 SREGYEEMS

%5 Mol ID H R MR 0B(%) DL
1 MOL000338 3’ -methyleriodictyol 51.610.27
2 MOL000351 Rhamnazin 47.14 0. 34
3 MOL000359 Sitosterol 36.91 0.75
4 MOL004350 Ruvoside_qt 36.12 0.76
5 MOL004355 Spinasterol 42.98 0.76
6 MOL005438 Campesterol 37.58 0.71
7 MOL005440 Isofucosterol 43.78 0.76
8 MOL007475 ginsenoside f2 36.43 0.25
9 MOL000953 CLR 37.87 0. 68

10 MOL000098 Quercetin 46.43 0. 28
11 MoLooogss | 245)Ethyleholesta=S, 22, oty

25-trans—-3beta—ol
4o, 14a—dimethyl-5«
12 MOL009867 —ergosta—7,9(11),24(28) 46.29 0.76

—trien-3g-ol
13 MOL009877 cucurbita=5,24-dienol 44.02 0. 74
14 MOL009878 Cyclobuxine 84.48 0.70
15 MOL009888 Gypenoside XXXVI_qt 37.850.78
16 MOL009928 Gypenoside LXXIV 34,21 0. 24
17 MOL009929 Gypenoside LXXIX 37.750.25
18 MOL009938 Gypenoside XII 36.43 0.25
19 MOL009943 Gypenoside XL 30.89 0.21
20 MOL009969 Gypenoside XXXV_qt 37.73 0.78
21 MOL009971 Gypenoside XXVII_qt 30.21 0.74
22 MOL009973 Gypenoside XXVIII_qt 32.08 0.74
23 MOL009976 Gypenoside XXXII 34.24 0.25
24 MOL009986 Gypentonoside A_qt 36.13 0. 80
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2.3 ZRE-FEMHRS-EBREERSPHNE It
24 TP BUEPE R E T 8T AN BB bR . B4
W G0 AR OP S 25 W0 P A4
BN IEN . LR 2,

2.4 RRRIESOPELLPPI ML L/ -0op 4
AUPPT 2% DL 30 R4 15 i DG B FE 4B 22 il HiT 10
A% OB 25 TE B, 22 B /D AR IR R TL-6 \AKT1
VEGFA MAPK1.JUN.IL-18.MMP9.CCL2.CXCL8.EGF,
HoA TL-6.AKT1 BE L = T HAR SR A . WKl 4.
2.5 GOINEESHT GO DyRE /b 4h IR, #l AT

Y ) O S N R e N U NUW T AN
S AR OSSR CRNA BB A 1T 4R S % DNA
g rHNFSEEELZ A TR WE 6.
2.6 KEGGEEREEMHT £ KEGGIH IR & 54t
T E 124 %5 T, Hh B E£HL SN
T8 6 G RE IR I KRE T ) AGE/RAGE {5 5 il
P IR BT U N ) 5 0 ik ok A RE AL L R B AR TR
T IL-1715 Sl &5, A SRS AT 20 &
oy HTaE R L 7—8.
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Bl 7 KEGG:E ¥ & & 27 41k A

AGE-RAGE signaling pathway in diabetic complications { [ ]
Fluid shear stress and atherosclerosis { [ ]
TNF signaling pathway [ ]
Kaposi sarcoma-associated herpesvirus infection 8]
Human cytomegalovirus infection ®
IL-17 signaling pathway: )
Hepatitis B ®
Chagas disease [ ]
Hepatitis C [ ]
Influenza A- L]
Leishmaniasis |
Rheumatoid arthritis
HIF-1 signaling pathway

Relaxin signaling pathway

L B J
s 88 5
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Endocrine resistance

Amoebiasis
Malaria °

African trypanosomiasis @
010 015 020 025
GeneRatio

E8 KEGG 3k & T A
3 e

AW FU ) FH P 24 24 38 27 07 1k O e HY 24 Pt
I WA AT RCTE P R G A A R B S T R R
REEAEEE , AT Re A AW VA I OP ) B8 B35 14 i
gy e MR 2R — PR SR ) B R S 4 5 W), MESSER
LU AR B L MR 2 AT R 2 R g i i B AL
R RAFEFUEAAE L X B 40 i i A A I RE
A A [F] 2 B ), 32 22 5 40 ) R 6 ERK1/2 A
NF-kB & I %o A= PHAE R 78 R 30, M 2 25 mT g
T I A Ne 2 45 50 B, W R Ui P A AL, 2
T ek 42 A B A R R B 3 . 50 A I A B, i
B g nl i b i 4 24 BMP2 R Smad4 R IE {2
B RCE Ak 3R T OP K B % FE , 4 ERK1/2.
MAPK mRNA I8 334 , 5% OP K BB /INRREE R
Gypenoside XXVII qt. Gypenoside XXVIII qt
Gt — OGO B, AR LS R T
0] RANKL 75 5 1 85 i &40 Jf A Bl ZHANG 250
BT FCAIE B, ¢ I 1 7 3 0 2 b A R T2 3 42 Pk
20 L 0 T AR AR A P v e SR B R 1,0, 15
A1 R o S =S Sl SR e = e ol £
VE A U380/, 1R A AH i I 98 HIE S 42 i iR 2
B HA PR RLEAE R, TRy — i i AL
A [ I B A2 3 BB 4 3 5 Ak, X i — 2P i AT
LN WE B A OP 4 it 1 SLIg A4

PPT P28 7R i W V6 97 OP I A% 0o B A 22
A A4l & 6Cinterleukin 6, 1L-6) & A
BEB(protein kinase B,AKT).IfL4 P Bz A4 KK+
(vascular endothelial growth factor,VEGF) .
22 4 35 A B A BB (mitogen—activated
protein kinase,MAPK) & . IL-6 /& — £ %N
PR RIR 1, 2 SRR 5 5 G PR R 98 0 9k
it BT I IL-6 W] BB OP 1 R A %, IL-6
AT R WS, AR T R, PR R 22 S PR AT AL
VB B B I R R R AR KPR
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T 1) 22 P 5 3 % I 2 el 4 R 4
(149 4 4K RN T 6 R 52 B & R R PR B LR
P, AKT RJ 5@ 3 PI3K/AKT {5 S i@ B0 B 88 K & E
KR RBAE ™ 8 8 I 29 T s R
ERAA TR 3T KB, K I PISK FIAKT 2R A %% BTt
R 3 sk 38 5 PT3K/AKT A5 5 38 % B 1 3k, {8 i
2H 233 AR I B N TR Y B, A R T B TR . VEGFA
PR A A R -, 2 5L 5 B AR
TSN, B I 5% 43 WA & 15 R N R 4l A 42
Do b BE7 5y 4 G R YNTITRIE o= S AT A 3
A2 BCF AT D IR - R0, OB ECE IR AS o #2TT BH
LU R B, YRR B R 3 i A R, BT
DA 555 K B B 41 B I & VEGF 3RI8 , oA b i
BRAAE A . MAPK {5 Sl A7 48 T VR 2 gl b, &
520 3 5 Aoy A, BROKRE E R ] &
FUMAPK 2 T34, A MAPK {5 58 #% mT B 1k
BT, SCEE/NEME R A )R
PR 5 ZHAO SR 5T R I, SR JE T i i IR) 78 T
2 1 B4 A1 A 4 38 3k MAPK {32 3 st By 4 L 3G B, AT
3% 0P, DL g5 3R 8, 1L-6.AKT . VEGF \MAPK %5
AT B AR AW VA TT OP |1 DG B A, FL B AR AR AL
i3k 7 HE— BT .

GO T /A &5 IR B, 8B 1A 3 B E i F2
YN B R 132 AR 25 G S AR AR TS 1 5 5 2 R B
PSS VA OP. KEGG 3 I8 B 4 40 i1 TR &%
Ji W5 17 ¥R OP 32 234 K AGE/RAGE . Jit 983 44 € [ 1
(tumor necrosis factor, TNF) . IL-17.MAPK PL
Ko PI3K/AKT 545 538 4 . AGE/RAGE {5 5@ %,
¥ 5L fb 22 K 77 ¥ (advanced glycation end
products,AGEs )X} 5 Z B 47 M A HEMEH,
RN AGEs HEFR ] & #% Bl 7~ kB(nuclear factor
kappa—B, NF-«B) ) 15 5 il % I 175 & A0 B3 =
It e 5 4 A I O O TR R 2 Ak TT e 2 5k
B AR B AT, 0 E e s AGE/RAGE 13 5 1 i
A AT LB S R A S M, 2 B e T R A
SR EAGEs 72 A, RAREE b, I 5 HAR L A
AHEAEH , 45 6 B AR 2 BOE 4 K RAGE, T 4 K
RAGE 52 /A £ AN [F) S5 B 41 i o 35 30, LG v
YU AT R 4. 24 AGEs 55 RAGE 45 & , 2 34 ik
B S P, PR R 4 M T T
W UL, #3255 S0E BG4 0, T S 36 E BH 410 1)
AGE/RAGE {5 5 18 I e 93 55 = B8 155 5 1) 1 %8 7] 78
JR 40 B T g B A TNF J& T B A R AT R
TEPE R AR SRR, INF-a B R R R N D fE,
BE A% (1 330 8% 15 20 T o, 38 m BF Il R
B, OP H (4 L35 TNF-o &5 B39 00, TNF-o ) TH 155

L5 OP £ 35 RANK FHE B /KA O, R Ahseia
TNF-a 3% i 300% NF-«B 1 PI3K/AKT 13 5 38 B% , )
[F] 2 3k RANKL 75 5 (1) 5 1 0 M 2 i o 1T 56 4 10 1)
PT3K/AKT {55 5 i #% JU] BEL B TNF—a A1 NF-«B ) #p [
BONE 5 U/ 1 B A0 BT R, 3R B TNF- o 38 3 0
PT3K/AKT A5 5 18 2 Wr [F] {2 12F RANKL 175 5 1 Al B 4
FRLTE B, B 2% B0 0P 42 78 20 i IR A 5 1
PREAH I, X B WS R 4% B EAE Y, TL-17 5k
FH 6 Al B[R (TIL-17A B PO ARk, 78 RIESR M T
112 %% 40 L A 7 21 TNF— s TL—1 1 TL—6 W] T 4% Bl 7]
PR R B A0 M 23 A, DT 55 5 B i A i A
TE R . KOTAKE S5 R B, A7 76 T I8 R 6T
RBEE I R TL-17 S BB 40 B T B A 5 15
SR, TL-17 A 3 50030 B 4 B RANKL 33K , % il
B Y0 TR B AR TR RS e . 3R B 4 I WA B VA OP
TS KA SIS 3 E T A 5%
gE LTI, S i T BLE I 2 A g R R 1A
25 OP AHOCTE A, it — 0 4% Z PP E 5 I8 I , e 0k
BT EARBI H . FE LA 0L A TL-6.
AKT. VEGF . MAPK %% ; 3% & AGE/RAGE. TNF. IL-17.
MAPK DL J& PT3K/AKT 5515 5 08 % o 1X S8 3 p i
%55 B AU AN B B R OO0 AR T SRR BTG OP
ES R NED W SN EW N T W G
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