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[Abstract] Objective;: To explore the potential mechanism of Polygonati Rhizoma on the treatment of
osteoporosis (OP) based on network pharmacology and molecular docking method and to verify the mechanism
by experiments. Method: The main active ingredients and corresponding targets of Polygonati Rhizoma were
screened out from Traditional Chinese Medicine Systems Pharmacology Database and Analysis Platform
(TCMSP) 2.3 by conditional searching. The treatment targets were obtained from the genes related to OP and
DisGeNET 7.0. The potential target genes of Polygonati Rhizoma for treating OP were obtained by the crossing
of the corresponding targets and the treatment targets. Cytoscape 3.7.1 was used to construct the “Polygonati
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Rhizoma-active ingredient-potential target” network. The protein-protein interaction (PPI) analysis was carried
out by STRING 11.0, and the PPI network was constructed. Metascape 3.5 was used to conduct Gene Ontology
(GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analyses of the key targets. The
core ingredients and key targets of Polygonati Rhizoma were selected for molecular docking by AutoDock Vina
1.1.2. Finally, the effect of B-sitosterol on osteogenic differentiation of MC3T3-E1 cells in rats was observed.
Result: Twelve active ingredients and 32 potential targets of Polygonati Rhizoma for OP treatment were
screened out. Six active ingredients including baicalein and B-sitosterol and key targets including protein kinase 1
(Aktl) , tumor suppressor p53 (TP53), vascular endothelial growth factorA (VEGFA) , proto-oncogene Jun
(JUN), matrix metalloproteinase-9 (MMP-9), and proto-oncogene c-Fos (FOS) were obtained by Cytoscape
3.7.1 topological analysis. A total of 995 GO entries and 181 signaling pathways involving the response to
reactive oxygen species and regulations of growth were obtained from GO and KEGG enrichment analyses. The
results of molecular docking showed that the core active ingredients possessed good binding activities with the
respective key targets. The results of cell experiments showed that B -sitosterol promoted the osteogenic
differentiation at the concentration of 2.5 wmol-L* and 5 pwmol-L™. Conclusion: Polygonati Rhizoma had the
therapeutic effect on treating OP by regulating inflammation, oxidative stress, apoptosis, and metabolism. The B-

sitosterol significantly promoted the osteogenic differentiation of MC3T3-E1 cells.
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Table 2 Basic information of main compounds in Polygonati Rhizoma
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MOL000546 diosgenin EHER C,;H,,0, 80.88 0.81
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MOL001792 DFV e C,sH,,0, 32.76 0.18

3.2 WK PUE T EE AN )W 7E WL S 7F DisGeNET
B 7.0 vh K 2R R AT 0T B A 2 5 B 1 1 098
A 5 EORE IE M 0 A RS 4 L Il i Venny 2.1.0
g2 IS SN e VR A 1 i S S S e
K Bt B 0T B b 0 v A S R R AR K -,
(TGF-B,) . M ¥ % 22 & (ESRL) (MM E 2 kB
(ESR2) M #E Z K (AR) (22 24 JFIG 1L 2 F B 14
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Table 3 Active ingredients and key targets of Polygonati Rhizoma in treating osteoporosis
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chroman-4-one
diosgenin

4',5-dihydroxyflavone AR .DPP4 PIK3CG

VEGFA .TP53.SOD1.RELA .NR1I2.MTOR .HIF1A [FASN .CAT .Aktl
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AR .ADRB2 ¥k 3k, 75 ¥ KE PU 15 oL i A Hh H A 38
KEX.
34 HEHEMEAEMMLG 3P ¥ STRING B4 %
11.0 1% 2 ) & A M T AF H 15 B (nodel. node2 F1
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ES U S T 1 A K R A VA e ]
R,210 kil . BEEHANGS W T A5 R WoR L BB E
Aktl, TP53, VEGFA . JUN . MMP-9, FOS. PPARG
MAPK14 ., Caspase-3. ESR1. HIFla. CAT. MTOR.
AR .RELA . SOD1 ) degree {8 & Tt i § 14.5, W,
X4, BHITEIR YT B g s e A7 AR .
3.5 GOAW I FEM KEGG M I & &40~ T ik
— 2 T iR RS TE R T B BB A 0 B ST AR ) ik rh
KAEBVE K 32 44 H HE A5 5 A Metascape 21 #i&
Ji 3.5 AT A W A5 B2 A A, A5 R B EE A W it 7R
(BP)923 %%, 4l L 4 . (CC) 23 %%, 4+ T T HE(MF )49
oo MR PHEATHERR , A Fh SR P HE 44 HT 10 PR 1Y
% HHEAT T A4 20 B, D 34 5 o BRI kA R} o &5
W, ERIRIT B R AR AR Y I R, E A
Xof T P AT B B A A A A A X A L R, A
TN TFREEHR RNARES I # XN T2 4
/I R S R R - el NN e R N R DR R e S R
i RNARGH 1 # 2 H 7456 2 RisbE %
S R 1 1 4

KEGG 15 53 7 4R L3R 7 181 % {7 5 %,
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Table 4 Topological properties of 16 main targets

7 T TEHE A AR degree
1 Aktl 0.13240552 0.885714 29 27
2 TP53 0.066 097 27  0.815 789 47 25
3 VEGFA 0.07305556  0.794 87179 23
4 JUN 0.015994 63  0.738 095 24 21
5 MMP-9 0.056 45376  0.756 097 56 21
6 FOS 0.084 76987  0.720 930 23 20
7 PPARG 0.067 74948  0.738 095 24 20
8 MAPK14 0.024 458 38  0.720 930 23 20
9 Caspase-3 0.01397598  0.720 930 23 20

10 ESR1 0.011 229 50 0.704 545 45 19
11 HIF-1la 0.014 389 02 0.704 545 45 19
12 CAT 0.028 84575 0.688 888 89 18
13 MTOR 0.017 93467 0.688 888 89 18
14 AR 0.006 814 82 0.659 574 47 16
15 RELA 0.002 180 79 0.645 833 33 15
16 SOD1 0.020 090 10 0.632 653 06 15

L3 i RBEE N A kL . AR P<0.01, 4K 4 P ik A7 HE
J¥ e PR ET 20 A HA A SRk Y 38 VR O T
1R RAR 3 43 BT, 25 5 8 7R Gl 3 VB RO E
B EEAE T Y HR 2 OBEE B S IR BT AR X F S
i S0 B BE 1L 4K 7 ) ) AGE/RAGE 15 5
% MAPK {55 38 8 LUK I 738 5 45

3.6 ArFXFAEAE A T R A A B AN X
¥ 5% Z , {fi JTl AutoDock Vina 1.1.2 6 | ik 43 #r 15 71
1 55 B0 ASOAH I B 22 (0 PE R B R R B4 TS R
A5 E ORI B 3 2 B SR T Y OC B HE R fL 4 PIK3CG .
Bcl-2 . AR ADRB2 73 Jll #E 47 43 1 X 2, % He 45 2R WL
72 5 FUIG S R A RL . 45 G RRECE B )
W25 5 Jr 9 1) BE H BTG, A ) TG AA S A Ry 4
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Bo K BEAR ) 4 A RERE AR, 2R A 3, 1 Ak
BYECAR 7 7 5 5 R A B R A bk 2

% 6 Real-time PCR # il B- & & 2 % MC3T3 4 fi2 COL1A1,
RUNX2.0PN mRNA % i% i 8 i

Table 6 Effects of beta-sitosterol on mRNA expression levels of
HEIER . _
COL1A1,RUNX2,0PN in MC3T3 cells
*5 BEHUEHEBEAEANE e
4
Table 5 Docking results of active compounds and target proteins 4L /wmol-L* COLIAL RUNX2 OPN
&ae fig = M4 - 0.89+0.966 0.96+0.076 0.08+0.042
fam o PDB ID o . e A
mo 4 - 1.05£0.038 1.19+0.108" 1.11+0.126
HER PIKSCG 1E8Y 86 B-4% F B4l 25 1.86+0.132% 1.42+0.022" 1.96+0.235%
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Fig. 1 Effects of beta-sitosterol on MC3T3 cell viability were
detected at 24,48 and 72 h (X£s,n=3)
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differentiation of MC3T3 (ALP,x50)

Local observation of beta-sitosterol on osteogenic

Py F2 A DASURE R 46 2% R4S R IO R B P8 )
Wiy, A LR RS IR R PTH i 2E 2 D AR
FE BB T B A 1 25 W A B M R R 2 W i AR
7 DL K H T B RANKL (B 5 5% 7 -k B 32 1K
TG A6 BC AR ) 5 S Ve SR T BEPTAR 259 o AU TR 4k
F25 A R, S B8 A B g T Y
B AR R IR BE Y R AR R R MR BB AT
BR80T B L L 2 8 AR FL R T
BN B I R, HUR SR BRI R PTH AR
25 ) a0 R S AR, AR BB AE 28 R T A 1 0 R L
AL 25 RN R 1 24, H & PR L AR
JAEEAN BRI . 8 RANKL R 5 P B v e 4 A 25
YL ET BT, BEUSAE 5 RANKL 0 85, vl /0 i B
0 1 0 T8 B AR K I Y 2 475 4 A AR o R R R
Pr, BT G IR AT ARG I RE L 2 5 B Il
A o 4% WE A [ % G B 2 BAS A R B R B A R T
RS 2R R R R o T AR
TCAAE DY 250 U8 - TR SE R R L B K
- 215 -



%28 B 124
202246 A

PEXEAFFERE
Chinese Journal of Experimental Traditional Medical Formulae

Vol. 28,No. 12
Jun. ,2022

Z A A SR DU e R T R BN R
MALSE, B— DA KGR, K
LA 25 SR B A RN L 25 Ak, R I IR b
TRIT ST R B B R iR A R 2

A YRI5 0 1 ORS00 3 PR RS 124> OB TE
B 32 N HIAH B G & 2104, Heph K 181 & 81
i LA S 995 A AR W ak B L HORS -5 1 K A -1 A
ST 2 T TR HORE 1 32 A S AT U A S R
G- B EWE R CH R R 3-H AL R B R 4,
5'- T ¥ KL B R W AR ] T 2 A A, AR A
WF5E , WF 55 3R W, 8% 2% AR TG Wnt {5 5 38 #% DA i
R E N 28 JED RS AT B 1 i 5 . ZHANG 252 R
5% K B U R WP s A 1R AT g 5 O
I (Wnt) FUEIE & & A 8 H (BMP) i 12 1 {55
e T A2 T B P R A DA R g v/ B AT AR AR
L 3% PR B0 e R A G . AR, UCHINO
SRR S BT 2 AT v N BUME JIG B 40 M R
A A0 1% e Tl 1 A I D o A N £k
A0 ) LB TR O L B4 B R — R W R
AR 2 7 e L B P Ak PR VB LR I
WG g I A5 VR P E RO T -4 B BETR T
BT3B B VR AL 7 R DG AT 9 438 w2, PR Ok BE
B-4 AR — D0 o

PPI [ 28 J& — > TR 52 S5 10 I 2%, 3 26 80 55 22
) AH B R AR RIE T . BORIRIT B BT s s A
& Aktl,TP53 . VEGFA .JUN . MMP-9 FOS % 16 />
KRR Ao AKEL 2 22 Z R 15 2 R B O K T
(Aktl Akt2 Akt3) Z — , B i% Akt A K5 Z Fp A )
Gy QTR SN A 1 T RN iR a1 = A 7 A T
MUKHERJEE %5 ®51F B Akt AT [R] B I 2 18 43 1k
VR 404k o T 8 TP53 1 2% 35 ] 2 if B i 4] 78 o
T4 SE A Ak, T /N BRCE B AL . VEGFA J& —
AR I A8 A B PR 5, AT I AR P A i 4 5 R G
¥ . WANG %Y & i A7 25 46 vk o mT 3 i 40 4l
miR-361-5p M IMij 84 il VEGFA % 35 , 412 JF 15 B - i ifi.
B RN o IL-7 ] 3l o ¥ 36 c-Fos/c-Jun & 18 18 Y
NFATc1 . MMP-9 [ % ik L) 2 p38 MAPK & [ il Akt
B4 Tl T8 Ak, DA T B84 00 Rank ] 3] 384 (4 5 15 200 B v 1 1
B 40 B A . MMP-9 MMP-13 42 5
HEN AT EEAEE L CE A0S 1 1 1
MMP-9 &3k B & s el . DL R SRR
B R TN SRR A — B, U W BORS l  2 gy 2 A
HIT BB A B EE A . M KEGG 3 % & 4 40 B &
B, 5 Al 4 % Aktl . MAPK14  Caspase-3.HIFla.

- 216 -

MTOR %2 51 49 5E VA AL R 3 T AR5 2 Fh
(EReRil:

WE fE 0 9% & K, i 1% ADRB2/PI3K/AKt i % 1]
DI O LR B R T BRANME A T-4h , Bel-2
G AE LAt 41 i 3 R 48] 40 R AR L 2R R AR T
AE W 40 B R T v R R K P AR
bR 2B I B-4 (4 i T R ) 9 1 Bel-2 5k
TRITE BB AN, I 38 L o R S B A IR S T X
— WA o A S AR A S Bk B- A 5 B EL A
#E MC3T3-E1 41 g J8 & 434k 19 VR T, AR F 5 114 Ja) R
PEAE T T 45 S 3= 2258 8 40 6 5 56 3 E 1% o O R
A O Bl W 5 1 R 56, X O YR 97 B O B A I PR
FHPLHIM T ARSI AR A5 e T 23Rk 77 .

[FIZHR] AXLRAEEMAZF R,

[BE3Hk]

(1] HEZEP, TR, MR, TR P& B A E 1297 16
F (2017) [J]. of [© & J5T g AR 2% 35, 2019, 25(3) -
281-309.

[ 2] MILLER P D. Management of severe osteoporosis[ J].
Expert Opin Pharmacother,2016,17(4) :473-488.

[ 3] CLYNES M A,HARVEY N C, CURTIS E M, et al.
The epidemiology of osteoporosis [J]. Br Med Bull,
2020,133(1):105-117.

[ 4] HARES 8 Bg s FE s 3w, hEE R
G P AT 0 2 A A R B R AT B 45 R R
A [, wp A B 5 i A R R 2% ik, 2019, 12
(4):317-318.

[5] HERHGMEH. PRENRIEFEZ M. —FEIM].
et v [ BE 25 R H A, 2020 319-320.

[ 6] BRT,JE2E0R, 2P, 5 BORB 00 B0 20 304 I F o i
JRLI). P2itt,2021(1):240-244.

(7] WA, BRI, PRfm e, 5. SR 2 08y
JAK2/STATS il i el 3% 5 9 5 1 IR R i 5 19 KL
WUREIE[I]. 2 254 S51im K ,2019,22(4) : 354-358.

[ 8] KW, ECil HYEre, 55 . SR Jm Ak 2 o B 2
PR PR S e (3], vh B b 25 2% 5K, 2019, 44(10) -
1989-2008.

(9] M2, EW, M, 5 RO X R VNG 5 AT
KB LR VB e WL o ge (9], v 25 2% 4
2018,53(12):975-981.

[10] 2. SN 2 5 XME O B I BB 400 000 1) O e A
JH M Wnt/B -catenin {5 = il #% 19 5w [J]. il 25,
2019,41(10):2518-2521.

(1] AEUER X, 5k 43, 55 . 24 F SRS 1l 0% I s v
B A S 2 B ST Bk e L. [ b 2 4
#%,2020,45(17):4163-4182.

[12]  FHAR, 80, R0 PH , 55 . SORT 22 B8 P i e il K B



% 28 45 12 1)
202246 A

H [E 5238 75

Chinese Journal of Experimental Traditional Medical Formulae

"
FEER

Vol. 28,No. 12
Jun. ,2022

[14]

[15]

[16]

[18]

[19]

23] IR I RE ) B i AL OB A K 2w (3], v [ v R
R4 ,2017,24(2) :173-176.

Rl 55, BOAR AL X, A5 L BORE 20 W00 Il P o S A
B BT R T RS2 s F 9T (3], A2 44, 2018, 41
(9):2212-2215.

R, e, AL, TR 2R 2 BB IR K
fl SREBP-1c #l SCD-1 25 135 iA M52 mi [J]. 2 24
P 51 FR , 2015,31(1) : 106-109.

ZONG S, ZENG G, ZOU B, et al
Polygonatum

Effects of
sibiricum  polysaccharide on the
osteogenic differentiation of bone mesenchymal stem
cells in mice[J]. Int J Clin Exp Pathol, 2015, 8(6) :
6169-6180.
ZENG G F, ZHANG Z Y, LU L, et al. Protective
effects of Polygonatum sibiricum polysaccharide on
ovariectomy-induced bone loss in rats [J]. J
Ethnopharmacol,2011,136(1):224-229.
PENG X,HE J,ZHAO J, et al. Polygonatum sibiricum
polysaccharide promotes osteoblastic differentiation
through the ERK/GSK-3B/B-catenin signaling pathway
in vitro[ J]. Rejuvenation Res,2018,21(1) :44-52.
DU L, NONG M N, ZHAO J M, et al. Polygonatum
inhibits
formation  and

sibiricum polysaccharide osteoporosis by

promoting  osteoblast blocking
osteoclastogenesis through Wnt/B -catenin signalling
pathway[ J]. Sci Rep,2016,6:32261.

LI B,WU P,FU W, et al. The Role and Mechanism of
miRNA-1224  in  the

polysaccharide

Polygonatum  sibiricum
regulation of bone marrow-derived
macrophages to osteoclast differentiation [J].
Rejuvenation Res,2019,22(5) : 420-430.

HOPKINS A L. Network pharmacology [J]. Nat
Biotechnol,2007,25(10):1110-1111.
XU J, LIU X, LUO L, et al

investigation into the therapeutic effects of BuChang

A metabonomics

NaoXinTong capsules on reversing the amino acid-
protein interaction network of cerebral ischemia [J].
Oxid Med Cell Longev,2019,2019:7258624.

ZHONG X, XIU L L, WEI G H, et al. Bezafibrate
enhances
osteoblastic MC3T3-E1 cells via AMPK and eNOS
Acta Pharmacol Sin, 2011, 32 (5) :

proliferation and  differentiation  of
activation [J].
591-600.
WANG P, WANG M, ZHUO T, et al. Hydroxysafflor
yellow A promotes osteogenesis and bone development
via epigenetically regulating B -catenin and prevents
ovariectomy-induced bone loss[J]. Int J Biochem Cell
Biol,2021,137:106033.

BONE H. Future directions in osteoporosis therapeutics
[J]. Endocrinol Metab Clin North Am, 2012, 41(3) :

[25]

[26]

[27]

[30]

[31]

[32]

[33]

[35]

655-661.

KOMM B S, MORGENSTERN D, A YAMAMOTO
L ,et al. The safety and tolerability profile of therapies
for the prevention and treatment of osteoporosis in
postmenopausal women [J].
Pharmacol,2015,8(6) : 769-784.
ZHANG Z, CHEN Y, XIANG L, et al. Diosgenin
protects against alveolar bone loss in ovariectomized

Expert Rev Clin

rats via regulating long non-coding RNAs [J]. Exp
Ther Med, 2018,16(5) : 3939-3950.
UCHINO K, OKAMOTO K, SAKAI E, et al. Dual
effects of liquiritigenin on the proliferation of bone
cells: Promotion of osteoblast differentiation and
inhibition of osteoclast differentiation [J]. Phytother
Res,2015,29(11):1714-1721.
BIN SAYEED M, KARIM S, SHARMIN T, et al.
Critical analysis on characterization, systemic effect,
and therapeutic potential of beta-sitosterol: A plant-
derived orphan phytosterol [J]. Medicines (Basel) ,
2016,3(4):29.
HERS I, VINCENT E E, TAVARE J M. Akt signalling
in health and disease[J]. Cell Signal, 2011, 23(10) :
1515-1527.
MUKHERJEE A, ROTWEIN P. Selective signaling by
Aktl controls osteoblast differentiation and osteoblast-
mediated osteoclast development[J]. Mol Cell Biol,
2012,32(2) :490-500.
WANG Z, GE X, WANG Y, et al. Mechanism of
dexmedetomidine regulating osteogenesis-
through the miR-361-5p/
VEGFA axis in postmenopausal osteoporosis[J]. Life
Sci, 2021,275:119273.
ZHAO J J, WU Z F, YU Y H, et al. Effects of
RANKL-
mediated osteoclast differentiation and ovariectomy-

angiogenesis  coupling

interleukin-7/interleukin-7  receptor on
induced bone loss by regulating c-Fos/c-Jun pathway
[J].J Cell Physiol,2018,233(9):7182-7194.

KIM Y, KIM J, LEE H, et al. Tetracycline analogs
inhibit osteoclast differentiation by suppressing MMP-
9-mediated histone H3 cleavage [J]. Int J Mol Sci,
2019,20(16) :4038.

WU M P, ZHANG Y S, ZHOU Q M, et al
Higenamine protects

ischemia/reperfusion induced

cardiac injury and myocyte apoptosis through

activation of 8,-AR/PI3K/Akt signaling pathway [J].

Pharmacol Res,2016,104:115-123.

SIDDIQUI W A, AHAD A, AHSAN H. The mystery

of Bcl-2 family: Bcl-2 proteins and apoptosis: An

update[ J]. Arch Toxicol,2015,89(3):289-317.
[ZERE MEM]

- 217 -



