Pharmacy Information Z54)%%iH, 2026, 15(2), 123-138 Hans X0
Published Online March 2026 in Hans. https://www.hanspub.org/journal/pi
https://doi.org/10.12677/pi.2026.152015

3
Y
=

WEEFNE RERERVGIET: MEHE
5RE/REEN LR

F o, FOER, REKRY

YRR V2N o il )7 RS Uy AN
DRI BEA RN E S =R, B /R

i

Wehs H . 202642 H15H; FHER: 20264F3H13H; KA HM: 202643 H20H

wm B

HE: XA SEEENELEE. ZERMEIILR S TFHEEAR, BiIEMEERIERGEMRER. 7
¥5: FIHCytoscapeZXF5RIES, WE “MEH - ER - GOKKEGG - BRBIIE” SHTHER, BE
AREEERIE, TREARK - BEAFRMAEAEHPPD. ERAE(GO)AERHFEFNSERATHEH
(KEGG)ZE#r. &5 ikt R E SR E 2720 B RGAEMASIERFES57854, FRELLE
H1974. B DLEEEFEAFETP53. TNF. JUN. STAT3. AKT1. ESR1. BCL2 }%IL6. HB4MGAL. TNFSF11
KSPPIE AW B RBMER T RAEH, FHEAMEENBEERER. DIREEMTER,
b B2 ER] AR PRI AN B T SRS EE R R FERBL, PAKTNF. FoxO. PI3K-AKt%(5 5@ RIENE
JRRMIER . 2 FEBRERRYH, MRES LR SAEAERRNEEFZNT. 418 WEERIERGR
WAIBTT LR TR R ERRIE RN HESEE, SmEmREARgE. B, nEERREER

K§2in

BRRAE, WEH, MBGEY, TEREN, 57X

Naringin’s Anti-Osteoporosis Mechanisms
Unveiled: A Network Pharmacology and
Mendelian Randomization

Xin Qil, Xiaodong Li?, Xilin Xu?*

The Second Affiliated Clinical Medical College, Heilongjiang University of Chinese Medicine, Harbin
Heilongjiang

2Department of Orthopedic, The Third Affiliated Hospital, Heilongjiang University of Chinese Medicine, Harbin
Heilongjiang

EIEE .

SCEFI: FEH, AN, ARVEAR. MR E SR S LR FAUHIARAT: 4525 80 22 5 B R BEALL BT TE D). 299 BT,
2026, 15(2): 123-138. DOI: 10.12677/pi.2026.152015


https://www.hanspub.org/journal/pi
https://doi.org/10.12677/pi.2026.152015
https://doi.org/10.12677/pi.2026.152015
https://www.hanspub.org/

FH A

Received: February 15, 2026; accepted: March 13, 2026; published: March 20, 2026

Abstract

Objective: This study aimed to validate its effects using network pharmacology, Mendelian random-
ization, and molecular docking. Methods: We constructed a “Naringin-Targets-GO and KEGG-Osteo-
porosis” analysis framework with Cytoscape and R, integrating public databases and analyses in-
cluding PPI, GO, and KEGG. Results: We identified 272 naringin-related and 5,785 osteoporosis-re-
lated target genes, with 197 overlaps. Core targets include TP53, TNF, JUN, STAT3, AKT1, ESR1, BCL2,
and IL6. Additionally, GAL, TNFSF11, and SPP1 were identified as druggable proteins affecting oste-
oporosis and potential targets for naringin. Functional enrichment analyses indicated naringin
might regulate osteoporosis by influencing apoptosis, cell proliferation, and inflammation, as well
as TNF, FoxO, and PI3K-Akt pathways. Molecular docking showed high binding affinity of naringin
to these targets. Conclusion: Naringin’s therapeutic mechanism may involve gene regulation and
mediation of signaling pathways, affecting osteoblast proliferation, apoptosis, angiogenesis, and in-
flammation.
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Table 1. Public databases and websites

1 RHBUEEZ IR MWL

Ko R 4 P kA
TCMSP Database https://tcmsp-e.com/tcmspsearch.php
TCD Database https://ctdbase.org/
PubChem Database https://pubchem.ncbi.nlm.nih.gov/
Swiss Database https://www.swisstargetprediction.ch/
GeneCard Database https://www.genecards.org/
DisGeNet Database https://www.disgenet.org/
String Database https://cn.string-db.org
David Database https://davidbioinformatics.nih.gov/
Kegg Database https://www.genome.jp/kegg/
Venny 2.1 7E4{EE T A https://bioinfogp.cnb.csic.es/tools/venny/index.html
PDB Database https://www.rcsb.org/

2.2. WEMEFRSREE

FIF TCMSP & TCD #6& NG HIIEESE A T NG FIHE A EARYER, % PubChem 3KEX simile
HREFK LT N Swiss FAIRIBLE NG (88 . 383 String K IR ST 250X N (1) 8 (3640 R 8 o A i3
K, #EE NG PR A S HAE R RE S LR 9 RN

23. B BERAEMEXEFOSBRERMEERE RERNXZRES

il GeneCard % DisGeNet Hi4i \ K817 “ Osteoporsis” , KF$R43 1 OP 1 5 #E 55 & 5 2 B 5
SO, RIS OP fEH M B AHE A . e Bt i\ Venny HULHIEXT NG MITERISE A S OP B i B[]
B F B, e L (R AR A B - B A A AR R A

2.4. AEALERENAHNETCEENZERBENL

JEHT IR OS5 4463 /N2 FHZE D o X SEE R gm0 B AMEE G AR E AR, $Em T 248
ORI Z 1] R TRE S OP MG 25 2RI, AT T A8 B i A S8R HLAL(MR) . FAT 148
FASRE 13 T K W N B )RR (R AL 240 7210 pQTL B/ A B g R 2%, $RBURT 245 &L 0 T 248
B, GENTATERESEARBAIREP <5 x 108 B CGERRME: LDr2<0.01). (VEEMTEA
Jo L SEERAA AT A 500 kb I ERAE A SNPs (cis-pQTLs). BtAh, AT BRI e 2 5 rEfem, Hig 75
FUANEE 2 B AR O SNPs DL AL T E A FUHANE S & RKMHC) X 3] SNPs. OP [ GWAS L&
K H Donertas H. MAF AT, ZWF K TieS NIk K OP GWAS, @4 7751 i
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B RAF B SL R FE S 50N David 2088 R AT R b, B EEEFRIH R BT & S E BT M. £
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+ 3D 5t H AutoDockTools-1.5.7 FTHIFIME . THEHAT, EHCNEARSAEFL S U S A B e ks Ho
o4 pdbqt k%20 HRHE 2.4 IR IIAZ QSRR A String. PDB EHUK ST 3D g5 HI0IARERN: 1) RIET
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3. 58
3.1. MEHSERERBERSNEE

NG AR 55 T IR I EE R 5179 270 ANTIINEE &5, LR EEMEE RN 272 ML A . OP AU ICHE 5
HIfiZ F F DisGeNet. GeneCard Database 5 2l #HICHE K #E 25 1098 5741 A, &5 LR EE U 3K
5785 MHFEEN, )5 A Venny2.1 24 NG 5 OP U504, RHIH 197 ML EEEEE (E 1(B)).

3.2. “HIRH - (ERER" MEREBEIEMSE

¥ 197 4> NG #it OP I {ESE 5 Cytoscape 81, FLMVERL “MIBECH - #EA1 - 1EH” 4% %%
BRI T —A NG 1 (AL tbric), HRT mfURAFRE S )0 mUE IR NG XA N BRI R R
AANFIRCR, B SRR NG EZIEHEEN, sE mUEE NG R &R A A W AR, T s
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AN NBFERC R, HIEHNMERR, XK NG 7] el 2 A FTHE 5 A ELAE F Skt e s pd Hoxd
OP M7 AR (E 1(0))o #5 FIRILAHE ML PPL 2538 5d CytoNCA i fHFiE4T 9 126 19 28 15 i 1) FE A
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Figure 1. Network construction. (A) Chemical structure of Naringin; (B) Venn diagram showing the overlap of target genes
between NG and OP; (C) Naringin-target-action network; (D) Bar graph depicting the degree values of the top 30 genes in the
PPI network; (E) PPI network diagram with target genes; (F) Zoomed view of the PPI network focusing on key genes
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Table 2. Analysis results of osteoporosis-naringin

2. BERRAIESHEHR OSSR

AL A FEHE PR R 4K JEAH I EEHLE £2/ Ui LYV G
TP53 Cellular tumor antigen p53 37 5018.9683 0.43801653
IL6 Interleukin-6 33 3782.3745 0.4151436
TNF Tumor necrosis factor 31 1607.9734 0.3955224
JUN Transcription factor Jun 29 3261.53 0.44044322
STAT3 Signal transducer and activator of transcription 3 29 2281.9084 0.42741936
AKTI1 RAC-alpha serine/threonine-protein kinase 27 1415.2236 0.4151436
ESR1 Estrogen receptor 23 2405.9062 0.40561223
BCL2 Apoptosis regulator Bcl-2 20 2296.4863 0.39650872

3.3. SMR 1 TSMR 4%

TEARWEFLH, M 13 TURHUE pQTL WL HIE R 75 753 ANAI 25 H & U5 A C 1 8861 /> SNPs. SMR
AT TSMR 23 #1405l 46 52 i 66 F1 68 ANEE (4 /5-OP FiXt, HANZGE M, 4k MR 52 H A2 H
KIEJG, KILWUFREE FJi/E SMR A1 TSMR 7043 B A sAafE i OP XS MR WEHE(P < 0.05/753). & 2
IR EGIE SMR. TSMR Zr At 48 8 AR s DL Je 5 NG F1 OP AHOCIHE AT, %55E tH SPP1. GAL.
TNFSF11 {E24 NG 877 OP HIVEAEIRITHE s o X LR (U AEAN A /W 77 v R A 44BN OP AR Y R &,
WER T HARE (] 3).

34. “HECH - BRHEA” B GO IgtER D

TSR NG 69T OP [IENLH], K David £E£R 0B Rk BT R GO & &0 Hrh 53|
B 1355 NEETIH, URIEER P EFE P < 0.05 151 B2 5 S #FE(BP): RNA BAE I Esh
FHERMIE RS . TSR fa i . e, SR RIEWIER A 554 5% 730 N EET(E
4(C))o HHMIZHS(CC): ZHALITT . AR AP, ZHMZ . QMOS0 23 1B 55 29 AN (] 4(A))o 43T DIRE(MF):
ARG S, FREALSG. M4, BB T84 BEARAE RGNS 61 (& 4(B). #R4E FDR EM
/NEIRHEATE BP CC Al MF HE44 BT = 00 L A S ) 2 2 PSR o GBI 2R 6 28 ER A 2 A DR
BARGERHE, BATRERIDGE T -H/NME ST 5t R BoR thRER IS 841 GO 240, xF BP fl MF, &
L Z AP GO ZKhl, FHHZE(E 4D), El 4(E)).

3.5. “HIEEH - BRHEAR” B KEGG BEREE ST

& FDR BI{E /T 0.05 % NG £ OP 2 [H] ()L [RI#E siiE AT KEGG g & &£ 01, %Eh 164 MR
FESIEE, QLR . PBK-AKT 5 5@, %808 - mHEa. WO mBa e s . @il
Xf KEGG 04 B (1 70 2081, WFFEafse 7 LA RileEg: 6 MRETEES . 23 ME 5. 12 Ml e, 45
MHUERGIFD 45 N ANFEE 5(A)). AT A RERMR N R 055, RATERET 45 MEEsT
KEGG BB A nT A M AHCHIE TR I, {5 5 J0 2% 2500 vl (R dh A A F s il 40 B S 5 - AL A
M TaI A EAE S8, S SR SLORT SO0 S M4, AT R 3k T A PR TR AN gk g o it B AR Wi A2
R, JRERE T FDREHEART 31 FIAT 5 i8R T 3 — D BRI R Hr (B 5(B), Bl 5(0)).
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Figure 2. Results of proteome-wide MR analysis. (A) The forest plot displays the results of 4 candidate druggable genes
through SMR; (B) Manhattan plot of SMR analysis on 783 druggable genes; (C) The forest plot displays the results of 4
candidate druggable genes through TSMR; (D) Manhattan plot of TSMR analysis on 783 druggable genes
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Figure 3. Target genes for NG treatment of OP. (A) Venn diagram of NG&OP intersected genes and candidate druggable
genes screened through SMR and TSMR; (B) Volcano plot showing the results of proteome-wide SMR; (C) Volcano plot
showing the results of proteome-wide TSMR
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Figure 4. GO functional enrichment analysis. (A) Bubble chart of cellular components; (B) Bubble chart of molecular function
enrichment analysis; (C) Bubble chart of biological process enrichment analysis; (D) Chord diagram of BP; (E) Chord diagram
of MF
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Figure 5. KEGG pathway enrichment analysis. (A) Bar chart classification of KEGG pathways; (B) Bubble chart of KEGG
pathway enrichment analysis; (C) Sankey diagram illustrating the flow from specific genes to their corresponding enriched

KEGG pathways.
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3.6. BLHBEBND FRHESROH

AW FLELE H AutoDock Vina P27 5% O8E AT MR IE . 2 FXEER T NG 5o E A
Z R BA RE NGRS VLR, 4683/ T 7.2 keal/mol . EEEEIANT 5/~ FHEEE
HENT 3.6 A, MiETF R E SR OREDRE RIFMEEERGE 3). SEEITFM LA S 24
ME/EH R ERE KBS H . ZOHREASAFEIET-7.2 keal/mol, &I NG 5HEARL AT,
Kl AKT1 Al TNF 45 G ReBUS, XEWRE X E S NG M4 G HNE% . Hr AKT1. TNF. SPP1.
GAL. BCL2. TNFSF11. TP53 F1IL6 HIXT /0 i T- Rtk , R NG WX e U5 A W 5o, X
UESE T 383 00 28 24 20 27 A A /R BEATLAG TR 1Y) NG J697 OP #E Sl {5 B . b5, {8 F PyMOL # /47
AR, R R AR RERE, AaRERR RN, BEEEERHKMEEIERN, SEREFR o HE
ER(A 6).

Table 3. AutoDock vina results of core target protein

52 3. #%LEBE AR AutoDock Vina Sy #4558

BN PDB ID SE&RE(kcal/mol)  JRFERAANT 4 B RMSD(A) A
AKTI 4gvl -9.8 9.4 1.178 8
TNF 4y60 -9.7 -7.4 0.841 6
JUN 6ysv -9.5 - 1.109 9
ESRI1 8du8 -9.1 -11.8 2.076 9
SPP1 9c00 -8.9 -7.2 2.101 8
GAL Twqd -8.6 -7.2 2.587 6
BCL2 8c3u -8.5 -7.1 1.925 6
TNFSF11 3urf -8.3 -5.5 1.868 9
STAT3 6njs -8.2 -9.1 2.174 8
TP53 6si0 -8.0 -6.2 1.817 9
IL6 lalu -3 -5.1 1.805 9

4. g

OP HIVAIT SRS IE H NAWIETT, WHVIRSF IR R . MRS, BRI S HIAFEREE S
i+ HERARERIEH[3]. B4R EIERST OP J7 R HE T — R AL A A1 7%, HEEZ57RTT OP BRI
PERIZINe R 7 32 BERUR T4 IR AN A AR AR R e, R — R B2 258 Ve R R SR S A Ak,
G BAHEFERM, NG MUBRAHEN. PIREEM, LEREX OP K% /1[14]. Hit OP HIfE
FAMLE AT REd it 2 Flog 2 som i A0, AL HE (3 s A0 M 3 TE AN 00 . H0H A B A0 R e T
AUAH R B F IR IR S [15]-[17]. T4, Z5G R FIE 2HE TS, hl B (NG)/ BRIk (GMs)/
YK FRBLE KA (nHA)/ 22 32 5 1 (SF) SCAM B B2 o — iR st i B AR AIME S SR (1 A T B[ 18] B
SR NG 7EPT OP A Z iEPE, (B3R V8 AL v A 58 4 W

TEMZS 2T BN, AR “ RBWED - 2 - 388 - 5 7 B Es 7 197 AN 3LFE
BEEEDY, JFHAH “RMMEEY) - OB GRS 7 11 M%ORIFE A(TP53. IL6. TNF. JUN.
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STAT3. AKTI. ESRI. BCL2. GAL. TNFSF11 M1 SPP1). 2 Ja b4 Al 4tk /0 dr, 3t e 4Dl xt 206 iF A%
DEREA, DUE NG RESENSEE. &RER, NG 5 8 MEOIRRKI R s &My, KU
HAH OP 1k

Figure 6. Molecular docking. (A) AKT1-NG; (B) TNF-NG; (C) JUN-NG; (D) ESR1-NG; (E) BCL2-NG; (F) STAT3-NG;
(G) TP53-NG; (H) IL6-NG; (I) SPP1-NG; (J) GAL-NG; (K) TNFSF11-NG

6. 7 FXHE. (A) AKTI-NG; (B) TNF-NG; (C) JUN-NG; (D) ESRI-NG; (E) BCL2-NG; (F) STAT3-NG; (G) TP53-
NG; (H) IL6-NG; (I) SPP1-NG; (J) GAL-NG; (K) TNFSF11-NG

OP MIRAERIEE Z MBI T % R %Y. TNF-a. 1L-6 F 1L-7 25 H At 4540 M P8 14 PR
A, W15 RANKL ik FEAE HER B 408 5018  TNF-o 3#3d 11 RANKL 55858 408 5T A 40 i _E ) RANK
gEE, (RIERE AN I AT AL, S ECE RO IN[19] [20]. BAMEIEME SOEIRES T, TNF-a. IL-6 7K
ST ] LA BB A R [21] [22]0 TL-6 D) A] AR S8 58 5T 40 i ™= 25 RANKL, 3565 TR 40 i 1)

DOI: 10.12677/pi.2026.152015 133 2R


https://doi.org/10.12677/pi.2026.152015

FH A

RGN AT D23, HIERERS I TS JAK K%, N STAT EAMSE AR T, R
e W R 7= A S HAE I [24]. STAT 3 2 — AN NS 507 WHFURM, e Bie 7o i 140 i
BCHTRCE AU K STAT3 BRI B bRy, /B as tH PRI T o B o g A A0 7 XU 39 I SRR [ 25
JUN /& AP-1 633 PRI —305r, ARG k. AT RZME S SReh s EEZEA.
JUN 25 i#% RANKL/OPG @, &1 T 4uM e G, 165 90 RN U BRI R /K1
A EM EAEH[26]. AKT1. BCL2 1 TPS53 fie i o 411t 240 o 7 T >R 38 o s 40 e () 735 238 [ 271-[29]
TERCE 20, ESR1 FIBUE nT DUR B T Al DGR R 2 IA[30]: 7ER 4, ESRI1 [3#0E 1T LA
B A R ) AR B TR R B3 1]

AL RAT S H, TSMR Al SMR A BT ARG R . TSMR SR EHE TREHEW R R8N, B
FESGAEFE F X 45 R . A%, SMR R GWAS JC RS EdE4: & QTL $dl, HRIENKLHE
PERZ B PR S E R, RIS MAACEEIRR . AR T =M RELR: GAL. TNFSF11 Ml
SPP1. GAL & —Fh/EH X RIANEME RS, BIFiE. B LIRR AN X A A IR[32]. AHF LR,
GAL A REIE L 5 B H 20 B AT i 0 P 2 TR0 B 1 PSR 5 AR, 5 FLE AT A 5 M R {5 S i A
AR AN DIRE . thAh, GAL AT R NPUE TR FA ORI R 3R, LI GAL 7K-P &R n—/Mhritk
22, B BUBA RS FRAIG 4%, 1% — R IMAE G HT SR =2 BT AR . TNFSF11, t#84 RANKL, #ifih TNF
YR T SRR B2 [33 ] R F A B AR5 R (OPG)ECAA, OPG & B 4 /3 A0 A 1 4 R 1
TNFSF11 #0& OPG #Ifil k& 4uMa iy o34k e Fiig i, HARZEFEFTI[34]. 4 OPG WI/EHBEAmHINT, &
W o 3 St A s AH, 24 OPG HITHREIY BRI, BT RN F 2 F2(35]. SPP1 4whd & 1y 85 F(OPN), —
FlAE A Fh AR BT FE bR G E F BN 2R 1, BRI, A AR, BRES. 0@ E. g
P PE R BI[36]. OPN W] BEXTH T R EACRYE, o] DL ¢ 2 B FH HE 40 HIF-2a mRNA
(1L, 181 CD44 AH B AR IR AR OR4 1By 1SRV B A S IOE T2(37] [38]. tb4h, BeEdiffid OPN
[EE T DL ADAMTS4 13815, ADAMTS4 255 AR FEEM . Bk ADAMTSS ik, OPN A
BT 1L BRI, AT BB 1B A [39]. BFFE R, SPP1 & #e ik Ve N HiE B kA R4 A
K, XOCF SRS BAT G, EIME AR o OPN ZKF 54 561 & (™ B FLRE S IEAH9E[40]. SR,
[ RAHSGHEAS R AE [ T ISR OC &R, OPN ARS8 AT B2 SRR 5 R i SR It 1 i 45 21

GO BEHENMMLE R E/RTE OP RIEH S5 T 2 REAY 2, GFESES. Wl g
R, JORERE . MIRIRBEIN T SIS N . T IR P e T — R, ST 4ERF4L 4%
BDAEBRZ MMM IS E B [41]. NG AMUA] LU/ SRR T@ 45 7T MAPK. ROS 55 5 2%
PR B A AR T2 [42], BT NF-«B. FOXO. PI3K/Akt. JAK/STAT. Wnt 255 5 i B4 1] 5l
SRR TI[43] [44]. DRIEATLAAR HH NG 7] BRI I 215 538 6 0] 8 15 3 T2 AT R #E BT OP A H RIMLH o

KEGG 43 Hr4 R/~ T OP WIRHLE S 2 AP i B0 i WA O, AN E 516 S 24
HILThREFERG AT, £l SRR A WL R R KL EALNBACT TR SO SO AR . B A
SR, CARCE AN B R IE 5 S IR IR [45] 0 IX AN 5B JSRBUAARE I & AR RUR B AR 5%, Ty LA 2
B R B AAYE T B R AN T BB 1 2 4 . TNF A5 500 B S 2 B Inas 3 A A is ok, AT (2 b i s
%o BbAh, TNF i 0] DA B AR ThEE, S E sl A2, AR & B siia & R . BRI TNF {5
530 P R IO T R B A R AR S T R, SN B R AAE 1R [46]. FoxO 15 5l % 452
FIWEERS, BENSUR T R GE AN A . FoxO 15 S5 I BRI, - 40 M 0 O 04/ F RS, M
FECE PR R NINIE[47]. PI3K-Akt 15 5 I8 B (1305 7T DA i3E BB 40 M 00 G GE A0 444, 520 200 Ao 30 1 42
S T DA R SRE SONESERILA, R4 5 A RN B S BAA R Y R E[48]. AMPK {55 % 5 g s A
AEACHT S I, AREFREY, RAMS25 S AMPK ] DL R 40 PR 20 AL AR 32 57 (1 4k [49]
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SR, BBk AMPKa 8 8 37 FE DA FR) /IS BRSSP LS )1 2 FEFREAIR ]I 4 B TR BT R A P
HEER b s s R HL e P RES, IX R AMPK A5 5 s B (1 i) mT BE s B 2L Ae e 1
TL-17 {5 5 JE B (K W] BE D0 B BN AE (16T S BT (M BE 5l . VEGF {5 58 B AE U8 A i e v A4k
$#AEH], VEGF 5 VEGFR Zi&y )5, Uk MiE 5163 0F, dt— bk ig i A n g iE . dEm
R, ISR A AR, IR E B,

FE7 TRHRISIET, NG S 0RLEAZ KL GER 7ER, Mk 7. oo MR BUKERSE
RS TR o ISR TLAE R 2R 5 RN ARE 1 A B SRR LT s 45 5 2% A0 7). NG 470 OP MLl 45
B HAR A 2B AR SRS AR, NG 1A F FERAR, FAa ™ Wit B 3R vl il i #2 s
BENGEIA, A BY S 2 SRS A RS S 45 S SRR T 32 1A S I B A e 4,
HAR A RAEIRAEATIR s T NG/WI R/ AR IR B KA/ 42 R AR A 548, Wl SR it LR B R
F3, $RTVRE R, RN SR A A S B AL Sk, UIRREACIR Ot T AT RIERIE T . KK
I SEIR BT TR HE— P IR IR L TN R AR LA, SEIR AR 2R NG 9 70THL .

5. &

IS B G RS R RBENAN 2 T X RR, AU T “Rh R - BB A - R ERAAE
PP ATAELE, TN 7 NG 5t OP (W38 /). ABF 5045 B mi £ 73 1L vl fg il i 142 TP53. IL6. TNF.
JUN. STAT3. AKTI1. ESRI. BCL2. GAL. TNFSF11 f1 SPP1 {&iX, £ TNF. FoxO. IL-17. PI3K-
Akt. AMPK 1 VEGF %55 5 10 #% A 5 30 10 52 0 BB 4 Mo 38 4 . O Tk R 000 g 4 s I 9 AR Bl 289 1Y
NHEZA YA EME R OP ME K, IR T NG ERT R ANATT OP HRIZ ik, K
OP [T A 2 TR 4R A i 77 el (] 7).

Apoptotic process PI3K-Akt
< signaling pathway

Gene exprssion

Inflammatory
response

VEGF production

Positive
regulation of
bone resorption

Figure 7. Relationship of naringin-targets-GO and KEGG-osteoporosis
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SR, ABEFABAAAE L RIRYE. 56, Bl it B bl G RN — LI 7E ) NG #Li. R,
SR GO 73l KEGG B & &0 A 7 17 NG 7 OP H Al BEFZIA 1K) 2 M5 S, HIX LLiEER i) 2 A%
VEFIBUHIT 72— B SEIRAT ST N AR B . A AHIE TR NG $t OP [IIBERT FUiR it 1 2L6t, (H0KF
IR B NI R B FTE 5 2 2 BT AR N 7t AR AL, ARORBGWE FOH 2 T AT
T, SEINAHAE K SN SEIHEATIRUE,  DUIERAS SN A A i A FRAR . SR B TS NG A SRIG S B
FCIANE R LI R4, O OP HIVR YT 3R BEHT 1 0% .

E&WE

B X 3RS 4T 0 H (82374496); HIRVTA R 258 B R A H (ZYW-2025-014); I /R¥E T
BH R RHIF TR H %4 2 10 H (2023ZCZINS064) .
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