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based on molecular docking and in vitro cell model. Method: The pharmacological targets of OG were obtained
from Similarity ensemble approach (SEA) and SwissTargetPrediction, and the targets related to osteoporosis
from DisGeNET and GeneCards. The cross-analysis was conducted to screen the common targets between OG
and osteoporosis. STRING was used to construct the protein-protein interaction (PPI) network, followed by
topology analysis using CytoNCA plug-in of Cytoscape 3.7.2 to screen out the core targets. The obtained
common targets were subjected to gene ontology (GO) and Kyoto encyclopedia of genes and genomes (KEGG)
analysis by g:Profiler. AutoDock Vina was utilized for molecular docking, and the in vitro cell experiments were
then carried out for verifying the mechanism of OG in treating osteoporosis. Result: A total of 73 targets related
to OG and osteoporosis were harvested, among which 14 were proved to be key targets by topological analysis.
GO and KEGG functional enrichment analysis yielded 259 cell biological processes, mainly involving
organonitrogen compound metabolic process, cell population proliferation, protein metabolic process,
regulation of response to stress, and response to chemicals. Its mechanism of action might be related to advanced
glycation end-product (AGE) -AGE receptor (RAGE) signaling pathway, interleukin-17 (IL-17) signaling
pathway, and phosphatidylinositol 3-kinase (PI3K)/protein kinase B (Akt) signaling pathway. Molecular
docking indicated that the binding energies of OG to Cyclin D, (CCND1) and cyclin-dependent kinase 4
(CDK4) were the lowest and similar. The results of flow cytometry showed that compared with the normal
group, OG group exhibited decreased proportion of cells in G,/G, phase (P<0.01) and decreased proportion of
cells in S phase (P<0.01). As demonstrated by Western blot, compared with the normal group, OG up-regulated
the protein expression levels of Cyclin D, and CDK4 (P<0.05, P<0.01). Conclusion: OG alleviates
osteoporosis via multiple targets and multiple pathways. It may exert the therapeutic effects by increasing Cyclin
D1 and CDK4 protein expression to change cell cycle and promote cell proliferation.

[Keywords] orcinol glucoside (OG) ; osteoporosis; network pharmacology; molecular docking; in vitro
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Fig. 1 Network pharmacological analysis flow chart of orcinol glucoside for osteoporosis
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Tl OP B0 16 0 5, B AS B R0 #0144 LR 1

P ELY=Y PSS iy Bk DC BC
1 glyceraldehyde-3-phosphate dehydrogenase H s -3 -1 1 i AU (GAPDH) 49 1 058.475
2 vascular endothelial growth factor A 1A P Rz B K R F A(VEGFA) 45 640.963 5
3 interleukin-6 IL-6 44 763.386 5
4 epidermal growth factor receptor F KW FZ R (EGFR) 41 440.131 0
5 mitogen-activated protein kinase 1 22 RN AL R L 1(MAPKT) 33 279.903 6
6 GTPase HRas HRAS 32 154.246 2
7 matrix metalloproteinase-9 FE 5T 4 )& £ 9(MMP9) 30 305.934 2
8 G, /S-specific cyclin D, CCND1 30 90.020 24
9 estrogen receptor ESR1 29 272.752 1
10 fibroblast growth factor 2 Bl 1 £ 4 4t i A K 7 2(FGF2) 27 124.605 3
11 interleukin-2 IL-2 25 118.738 6
12 induced myeloid leukemia cell differentiation protein Mcl-1 MCL1 22 51.108 77
13 cyclin-dependent kinase 4 CDK4 20 35.866 26
14 prothrombin F2 16 93.151 69

2.3 GO M KEGG & #7Hr GO & % 7 b 3K 15
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Horp PI3K/AKt A5 530 % 5 4R 1Y QB i B £
24 X EEKGE OG M 14 4 B0 #E S
(GAPDH, VEGFA, IL-6, EGFR, MAPK1, HRAS,
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Table 2 Molecular docking information of OG with core targets

MMP9, CCND1, ESR1, FGF2,IL-2, MCL1, CDK4,
F2) M X 25 R WL 20 455 RE/N T OB, 2R fic
R5ZE AR S, G MWL BRERN S5
A BRI, & A2 VE F G mTAB M S0 B R, AR F 90 3k TR 45
4 fE<-7.0 keal-mol (1 kcal~4.186 kJ, F [6) )/ M 7
e E . RGBS A AE<-7.0 keal-mol”! A OG
G N 4G R ) Ligplus K2 PyMOL #E47 Al #1 4k
G3HT o

LY PDB ID 4545 fig /kcal - moL™! LYY PDB ID 4545 fig /keal - moL!
GAPDH 4WNC -6.7 CCND1 6PSE -7.0
VEGFA 3QTK -5.2 ESR1 5TN9 -6.8
IL-6 409H -5.8 FGF2 40EE -6.5
EGFR 5Y9T -6.7 IL-2 4NEM -6.1
MAPK 1 4FUX -6.2 MCLI1 2PQK -6.6
HRAS 4DOT -6.1 CDK4 2W99 -73
MMP-9 4HMA -6.2 F2 6039 -6.4

2.5 OGHLOP L

2.5.1 OG X} MC3T3-E1 4l ¥4 5 0 52 ) AN [) Joi
B OG (1x107, 1x107, 1x107, 1x10*, 1x107,
1x10° mg- L") 435 T 7l MC3T3-E1 41 Jifd 24,48,72 h
i, 5IEWALK,E48 hif ,0G i m iR E R
1x10* mg- L' i X} MC3T3-E1 1% J3 i 5% Wi £ K (P<
0.01),ff MC3T3-E1 36 13 T 23.9%. OG Jii & ¥
BE R 1x10*mg-L" 5 4 Mt [7] 85 5% 48 h J5 , 25 ) ik
B 5 A R T A0 M BG FE R . P, 2B T OG BT i
W A 1x10" mg- L' BF AL ¥ MC3T3-E1 4 /i 48 h{E
Ry e B ST e B R [R) 9 A, WLER 3,

*3 OGXI MC3T3-E1 8NN (x+s,n=3)

Table 3 Effect of OG treat MC3T3-E1 cell proliferation (x+s,
n=3)

T 15U [ /h

415) F &k /mg- L

24 48 72
Ctrl 100 100 100
0G 1x107! 99.5+0.41 108.1+1.33" 101.2+£2.20
1x102 102.4+1.28 118.2£1.68”  100.9£2.73
1x107 100.4+0.55 112.3+2.24% 99.5+2.17
1x10* 111.0£2.297  123.9+2.45% 99.9+1.38
1x10° 108.6£1.917  110.8+4.25% 98.1+1.44
1x10° 102.6+1.45 103.8+1.95 97.9+1.21

5 Ctrl 41 A Y P<0.05,2P<0.01(F4,5[7) .

2.52 OG X MC3T3-E1 4l g &l 1] () 2w 25 4 Ak
FEMC3T3-E1 40 fif 48 h 5, FH i =X 40 i 4S04 0 240 g
JAW a5 R BoR 5 IEW 4, 0G4 G,/G, i 41
JitL e 491 B (P<0.01) , S 391 41 Jifd Bb 491 186 755 (P<0.01) .
W4,

F4 OGX MC3T3-E1 4 B B BB 54 M0 (X5, n=3)
Table 4 Effect of OG treat MC3T3-E1 cell cycle (X+s,n=3)

415 G,/G, S G,/M
Ctrl 77.27+0.06 12.21+0.13 10.55+0.16
0G 67.67+0.92% 20.32+0.18% 12.01+1.10

2.5.3 OG X MC3T3-E1 41l g J& #] % 11 Cyclin D,,
CDK4 Kk E LM 5Zm 259 4B MC3T3-E1 4 g
48 h J& , Western blot 25\ B/ , 5 1E # 41 EL 8, OG
2 %) Cyclin D,, CDK4 & 1 % ik & J+ & (P<0.05,
P<0.01), L3R5, K2,

%5 OG3Xf Cyclin D,,CDK4E B KIEFR (+s5,n=3)
Table 5 Protein expression of OG on Cyclin D,,CDK4 (x+s5,n=3)

bl Cyclin D, CDK4

Ctrl 0.07+0.03 0.20+0.04

0G 0.16£0.04" 0.37+0.04%
3 it

OP J2 BUAC I PR — b UL 1% 8 BRI , H A0
CIR R S A O R AT SR TR N S SN S S ik
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CDK4 14 BT OG {2 i 40 M 1g 58 /9 I I, T OG + il

poactin MC3T3-E1 40 il 48 h )5 , G,/G 31 40 ifg JiT i LL 9] - B

Ctrl oG
2 OG¥f Cyclin D,,CDK4E B RIX Bk (3+s,1n=3)
Fig. 2 Protein expression electrophoresis of OG on Cyclin D,

CDK4 (x+s,n=3)
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P& 7 S5 AE R OP BIR T S48 Bh VA yT 2541, DL HAAH
X2z A F BIAE /NG RE s FE B iR OP J 1 AR 488
LS

Hh 243 R R AN AN T R 2 R I IR T AL
TP T, 6 2 BAC BT 25 W o & i IR R, N4 T
AN H 25 0 VR FH SR )T 1 il 25 T AR 0 AR
AR AR RO ALENT . OG SR AN T 2L 3P
O N MR A, LB R AR 2 A )
i ,0G 1] ¥4 i% Wnt/B-catenin {5 5 il % # 5 BMSCs
0 ) 1 53 Ak IR A3 Ak TED ST A L DT ek S
OP™ . Sy A W E i, 0G v 5 Al 7 H Ho At 7% 1
A3 D ) C AT, 98 4% 2 B9 55 O B B I %L
I35 BT 25 & A2 2 11 2( BMP2) K, il R [ 4
5 RGN AR H K . OG M sh gk
WY, W] AE 42 fig 38 DA i A A W W A I T T A 3
e A MU FE B JEAMRAS , JU L BH B RS TF m 3 i 24
P i (0 H R T OG B 5T B A PR,
25 )/ A 5 A 1 R A e 3R

AT 5% 1 U HE T I 45 245 B 24 40 0 T % OG 4t
OP 1 73 /> [F) #0450, I 48 ¥ 43 7 0 26 113 144~
O # S . GO M KEGG & 4 43 B & 81 i 4t I [m] 4
S5 T 244 % 8 A AT geE i il AGE/
RAGE, IL-17, PI3K/Akt %5 {5 5 8 % & 4 51 OP (1
F L, Hoh PI3K/AK 5 5 % 5 0 IR i £
ifF 58 6 W, PI3K/AKt 5 55 38 % AT 3 o £ 1F g 15 40 Jfd
WEBH AR E R T 25 OP iy Im . 4 X
PR BN, 0G 5.0 S A B A A ae S, Hrp
5 Cyclin D,(-7.0 kcal* mol") , CDK4 (7.3 kcal-mol")
B LA RE N feik , DL OG n] RE @ i 52 i 41 i J#
W & ¥ 5T OPAEH .
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