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[Abstract]  Objective: To explore the active components and mechanism of Psoraleac Fructus (PF) in treating
osteoporosis (OP) based on network pharmacology and molecular docking, and validate the prediction results by experiments.
Methods: The chemical components of PF aqueous extract were characterized by ultra-performance liquid chromatography-
quadrupole/electrostatic field-Orbitrap time-of-flight mass spectrometry. Core active components and important targets of PF
in combating OP were retrieved from SymMap, Herb, TCM-ID, GEO, STRING, and Cytoscape. Gene ontology (GO) and
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analyses were conducted. Molecular docking of
core active components with key targets was performed in AutoDock. Furthermore, the prediction results were validated by

cell experiments. Results: Thirty-one active components and 256 important targets were screened out, among which
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peroxisome proliferator-activated receptor-gamma (PPARG) was a core target. The GO and KEGG pathway enrichment

analyses yielded 417 biological processes and 123 signaling pathways, respectively, with 8 core target-involved pathways.

Molecular docking and cell experiments were conducted focusing on the adenosine monophosphate-activated protein kinase

(AMPK) signaling pathway. The docking results showed that main active components of PF in treating OP, bavachin and

bavachinin, had good binding affinity with PPARG identified from the protein-protein interaction (PPI) network. Cell

experiments indicated that the two components promoted the proliferation and differentiation of osteoblasts and up-regulated

the expression of some genes in the AMPK pathway. Conclusion: By employing network pharmacology, bioinformatics

methods, molecular docking, and cell experiments, this study reveals the mechanism of the active components of PF in

treating OP via the AMPK signaling pathway, giving insights into the pharmacological basis of PF.
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4 BGZ4 (S)-KMEFHEM [(S)-bakuchiol | ihiabi.
5 BGZ5 M I A HBR (bavachalcone) i
6  BGZ6 b N
7 BGZ7 F R A O
8 BGZ8 bavachromanol*
9 BGZ9 MR R ()7 A FEE - (bavachromene)
10 BGZ10 bavacoumestan™
11 BGZ11 bavacoumestan™*
12 BGZ12 corylidin™*
13 BGZI3 R £ /4
14 BGZ14 #MEF ST # - (corylin) *
15 BGZIS corylinal* Ve G URMR IC X TR, B P HE4% T AR 4 BGZ6.
16 BGZ16 M NEA L (isobavachalcone) ™ BGZ7. BGZ16. BGZ20. BGZ17.
17 BGZ17 SR IR (isobavachin) 4 IBIEENBS-MAME
18 BGZ18 isoneobavachalcone®
19 BGZ19 isopsoralidin®™? ABCG2
20 BGZ20 SEAMT R PIEE (isopsoralen)
21 BGZ21 P GER (myristic acid) ™
22 BGZ22 neobavachalcone™
23 BGZ23 BTN S I
24 BGZ24 psoraldehyde®
25 BGZ25 e 2 (psoralenl) ™
26 BGZ26 psoralenol™
27 BGZ27 TR AE
28 BGZ28 sophoracoumestan ***
29 BGZ29 TEMER
30 BGZ30isocorylifonol He AR, IR
31 BGZ31 neobavaisoflavcone® 5 ANERSISTF OP L8 1E AR A 1Y PPI 4%

T a L& ¥ UPLC-QE-Orbitrap-MS % 5E 5 b. L& ¥ K
%%z%héaf%iﬁﬁﬁ; cALEYIIE A Herb B3 )1% ;. d. 65 WK H TCM-ID W AR KT (VEGE) (52 . %
AR T ZEZE (ErbB) {55 M . 4055 17/
GHEM 1 (Rapl) 5. BEBRIE I AAE b 1 = b
LR W) - i AL LR 7 W) Z A& (AGE-RAGE)
FO I EVERRECR S SR B S R -1
(HIF-1) {5585 Hob, MR 2005 i %
XoF i F 4 L ) T ook R TR 40 L 1 - WA
RAFEERTER, AT e BE s, HIF-1
D I B Y HIF-1a % B AU B 1048 A i A
YER, #EMHAYY OP™ . AMPK {5 53 [ 52 i) B

A HEEE A OP L5

ZRIR A A AN A e S, i nT DL 32 AR P A 5
B3 #EEfS-OPERFES AREALRERTEER SERF-kB (NF-«kB) Fof&k (RANKL) A9 Kk
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2
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Pathways in cancer| @ : 20
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Transcriptional misregulation in cancer |-@
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BERT
7 *BEEBITOP XEE KEGG /1T

il B A S, AMPK S AL IR AT LA ] 1045 854k
A Ao A 5 0 1 T 2R ) 8 2 RN A S BT 48 1

* 660 -

UMD, SRk IR B3 7T REE o PPARG SR I
AMPK M IMIGYT OP,  J5 Sl i 5256 HEA T 0 A B

Sy FRHE SR

R T 2D W AN AR R T OP Y G BEHE A5 5 1%

MRS Z 8] 45 G %0 Re . B PPT W46 4347 J3 (i

1o B A% 8 A PPARG R 1700 6 . R 456 RE<
0 kcal-mol ' (1 cal=4. 184 1) {iiW/> T 2 0] H A 4%
GG, 454 H8< - 5.0 keal-mol ' Ui 4T 2[R EL
ABORAEE GG EY, HAABU/NRIR S 6 /8 T B
B2 AT PE R SRR AR E . REAME IR R &R
55 B RN IS B 25 55 PPARG A BRI 45 A fE ST,
ZELBENBIILF] - 7.0, - 7.23 keal-mol ', XHHE(K
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Wy
550 Miox,
. A e
ﬁ%@ﬁ%ﬁh

: \4%.'-!,“

W A #ME I E-PPARG R ; B. I ALAME IR #H-PPARG 25 51 .
E8 *NBREIAIT OPHIR - B = F3f#

3.10 i SE G R IE

3.10.1  R[EREEANE AR 2R . F SRR i 2 T X
MC3T3-E1 40 ffI3EFE 52 mn #hB IR H R4l 5 2
#0 B B A 2 A 265 245 79 9 [ Y A6 MC3T3-E1 4
Mo AR E R, P 1 wmol- L'k B Fe {4 ik
B (F4), Jask AR w7505

F4 FRREZDYTEAEENZE (s, n=3)

2153 e /wmol - L A

AE IR 4L 0 0.695+0.043
0.10 0.764+0.031
0.25 0.816+0.025
0.50 0.943+0.018"
0.75 0.973+0.035™"
1.00 1.060+0.124"™
2.50 1.004+0.1117"
5.00 0.870+0.026"

FH LA IR B 2 0 0.699+0.034
0.10 0.787+0.049
0.25 0.930+0.037""
0.50 0.985+0.058™"
0.75 0.994+0.050™"
1.00 1.013+£0.058™
2.50 0.962+0.016™"
5.00 0.859+0.025"

. 50 umol-L "4 HE, "P<0.05; “P<0.01; ""P<0.001,

3.10.2 JWHRAOPEER FEFIEFR 14 A, X
HAN A AS IR S Y I A M AR R, P&
LIy E TR, A IR P R LR AR R
P A 2 AR as 1T, B AR, Hhtha
feH ZAmEstkas iz (K9),

3.10.3 gRT-PCR 5 45 3R 73 #t Runx2 (Cbfal)
JE runt SO RN — 51, BN Osx. OC il
WY R A 1 (BSP) kR () ek ok s ol B % kB A
BUH AR Ak, #bE IR R 41 Runx2 85 7% sKF
B IR B I (P<0.001); 425 Bl b 4G
R, 2B YR 455 8 5 PPARG 1Y % sk /KT 45
REBIR, AhEFIEH RABEX AR E LIF (P<
0.01); H AN IS S W% LINE RS LEEA2
(BMP-2) 9 mRNA ik (P<0.001); AMPK By
T 2 o AMPKa 3 N 19 Thr-172 8 i 16227,
254 %F T AMPK 19 52 i) 40,45 X6 H 3R 38 /K P19 8 DA
Bkt I wl 1R A K (AR i, AR A R R
AMPK TE 45 G M R IK KV 2 R G F R L, 2
7~ ] BE Gl Ot B i AMPK B9 B R 1k ok T 45 hL
7 (£S5,

4 itig

FEABEIE T, 45 G % i K 38 B 1) 5 2

I K 190 £ 24 B2 i 56 00 AMIPK A5 5308 58}y 408 i
IRYT OP il . BV 2 4% SCHkHitiE, PPARG
V£ AMPK 19 1 U7 #E 55 mT DR 213407 AMPK {5538
FEAPE P2, AR, AMPK O T ReE HAT
TEHVER, Uil b2 & FiE . dE T mE
Tt 5 S5 I 0 2 A% R 0, BB S A A E A
(BMP) JEZ IR M, EMMRAL . A Ko
fb. HE KRB MEITE S 14 AT e b & ¥ E
EAEH . AMPK BYBIE 7 DL S BMP2 A R ik,
e, SGEE R, ERCE T, BMP{E S
2 AU B 22 B8R - I B TR WG 32 Ak (1 B I )
S, HPTE Smadl/S/8 HIBEIRIL . AW LIS
Smad4 — & 5% 7% 21 40 fl A% rh R30S B R 2 Distal-
less homeobox 5 (DIx5) WI¥% 5% . DIx5 J&—FEifs
SRR SE A SR N F, % BMP2, BMP SZ K41 1l
BIGEPEE AAd #ik . Smadl Fl/ak Smad5 B9 i %5k
VA1 o DIxs 55 PR /0N BRI ™ T 0 T SRR
P B H AL RE SR FUBE 50 o Dix5 1t ik 8L
LR 40 I b 75 40 1) 58 I I BB AR i Ak . DIxs
A B EE A H BMP2 5509 Runx2 . osterix (Osx)
MEHE (0C) F£ik, H Runx2 & runt L K
W — b1, 3l It B Osx. OC Fl - M i AR & M
(BSP) 5 [H] 119 2% 35 ofe 12 il - 8% & 8 0B 400 i
fbo MLk, Runx2 78S S ] 75 57 20 1 F sk B 20
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it HR 20
T S A, TTP<0.001; 5P RAMI IR IR LR, "P<0. 01,

FREAME IR R EA A e A

9 HYRMBIEAEBER (its, n=5)

R5 HYXMREBEXBEENIM (vts, n=3)

215 Runx?2 B-catenin AMPKa
X R ZH 1.000£0.031 1.002+0.066 1.012+0.152
AR A 2.084+0.122""  1.230+0.109 1.219+0.105
AN IR 95 RAZH 0.633£0.060  0.853+0.085 1.129+0.059

4151 BMP-2 PPARG mTOR
ot B 1.024£0.219  1.007+0.119 1.006+0.148
AR Al 1.946£0.137  1.560+£0.049"  1.162+0.186
FIEAME IR IAZL 15.310£2.259™"  1.189+0.081 1.100+0.193

e SRS, TP<0.01; TTP<0.001,

P BB PE B BR W (ALP) G . B IR IR
(M ZRIR R . NS 21T Rd DAV BRI 7 =C
755 BMP-2 [ mRNA 2 ik H -5 B0 M 8 1 5T 70 W
FREF AL, BER L AMPK (pAMPK) 7K F-t9%
Rd LA [a] e B2 A P4 7 =0 1 . Rd 6] LAY
Smad1/5 (% # W2 1k /K 7, Jf H 24 J 2 17 Smad4 1)
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TRLE IR AR 28 1, AMPK R4 095 38 1 3 5
IR e ST Smad1/5/8 . DIxS il Runx2 e il 3 s i
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40 43 AP, AMPK i 1] DL R 1k B - 3% 25 2R
Ser552 5%k, B-3% FNER 11 13X AN 5 1 B IR 1h 1 ot
AR E MEFNEL SIS A, -3 PR AR TR AN A% AR
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