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Abstract

Objective: Endocrine disruptors are a new type of pollutant. This paper aims to explore their potential
mechanisms in inducing osteoporosis. Method: Network toxicology and molecular docking techniques
were used to elucidate the molecular mechanism of endocrine disruptor-induced osteoporosis. Us-
ing databases such as PubChem, ChEMBL, Super-PRED, GeneCards, OMIM, TTD, etc., potential targets
related to endocrine disruptors and osteoporosis were screened; the core targets significantly as-
sociated with osteoporosis through STRING analysis and Cytoscape software were determined; GO
functional and KEGG pathway enrichment analysis on core targets using the DAVID database were
performed; finally, the binding ability of endocrine disruptors to core target proteins was verified
through molecular docking. Result: Endocrine disruptors may induce osteoporosis by regulating
cell expression, affecting cell apoptosis and proliferation, and regulating related signaling pathways.
Conclusion: This study provides a new idea for elucidating the mechanism of endocrine disruptors
inducing osteoporosis, and provides a theoretical basis for the prevention and treatment strategies
of osteoporosis.
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1. 5|8

M 43T (Endocrine-disrupting chemicals, EDCs) X R EEBE, &P MBS 1Y) . 12200
FZ R T H ARG, R 8 A R R A) R (WE NSRBI ED) . DA
Al (B0 7% — FA R IR 2R G B 7)) DL K TV BRI SR 1] S mnl @ et . 25 KR & H A A NN
i, BN FIREERNE R . 2GS BRI, IR R R T A BN, Gk
AEFHINRE R . AR SREL . U 2 R K [2] [3]. IEER, WA T S SN e iEdHm LS
eWnIenl, MG H 2B EM. HEl, 2RV AR A IS EOR R . Filtn, AR H
R —.(2- £ % ©. %) B (Di-2-ethylhexyl phthalate, DEHP)254R 4% — H R FE 28 AT 175 5 /)N B S8 K 52 AL 18] Jo 20 i
RAEGIET, FEANHI 2 WA [4]: Wy A BA R, 23m 2ot AL . O S DhRe B 1 A%
R[5 SUEEE, FREEA AR UGS B TR E - 8 2 00 . AT SRR, 2%/ %
ST HM) i (Per- and polyfluoroalkyl substances, PFAS) % f% 5 AR . FE 5 24T 2 BUBEIRIB & UIAE G, HL
WL 5 i S A A i A 18 T ) ity 2 PR A5 % e 0 A R [6] . sl ite — RS, (RAIE N T
YL 55 T 51 R MR AR 28 8L, s A IPRG 1 AR 5 2R [ 7] (8] PR A 73 WA T PR I AL 25 16 55 R J
F. BGRVRBANEREAVES B E £, G mE. IR KA AP L k. AETEDhRe
i, B AEZEENER] (9], RERKE REACH VAR5 B 5 OO0 053 PR 858 A 23 WA TP A S itk PR i)
ElETREERRA G, KR EFA G E R Qe m 8 10]. Fla, REZRIT. KT, EEH
FK SRR IR EE N 23 AR 2 s, For 17a-BRofEmT 45 (S AR I80ER 1 A 28 U JE A R R [9]
HHT, PR N AR5 R FEAL ) i R 58 2 B WY, ARSI A BN A BR . FE Tk, AHFFEik
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BURSRIKAR A V2 AFLE N 7 FREREE A 200 T I AR B A G o b, o730, M F i &
SMILES £S5 TEHE B 1.

HBRAARE A& DU 5 B A B TS MR . 3T RS TS R R I 4 B 1 B B i o IR AR 3R AL
AL AT A A M S WA S A T i SRR A ok, B E AR RS 1.

W 2% B R AL G RV HERE KBRS G T 078, T AR A 24 i 1 22 4
MERENLE] . HO BB R A A - BN -l - R MRS, TRk s 5
SHEEE[12]-[14]. SAEGEH TR, 48 B HR 2 7R MR 52 %05 YL DVR & I B IR B SN T TR
ESRE X

SRR T EAE AR, ATTIACA 5K TS G MR 53RN, R
AR H PRI GRIE. eI 5456 B HaeTHE, PN AWE R B BN L3
P FARHE[15] [16]o KFZBOARNH T HEBLEA T, AT e B 5 S5 26 o F AR EAE L, A g
PENLHI BRI = I E fa [ 12]

KT WG TFRE 2 5 0 TR, AT @& - $ERUOCEEM 4%, 4+ 2 # B EDCs -+
PARUE S . R N AENL] . i 2 4ERE /i, #8578 EDCs M- SHUATR K 201360, s
R MG S FHRIETET D s SR BB IR A

Table 1. Molecular formulas, molecular weights, and SMILES structures of 7 EDCs
= 1.7 W EDCs IS FR. ST EH SMILES &4

25 7313 AR SMILES £5#)
(g/mol)

DDT

R AR = R 2 k) C14HoCls 3545 g/mol  C1=CC(=CC=C1C(C2=CC=C(C=C2)C)C(CI)(CHCICl

C[C@]12CC[C@H3[C@H]([C@@H]1CCC2=0)CCC

Estrone (M =) CisH2202 270.4 g/mol 4=C3C=CC(=C4)0
Dibutyl phthalate . PR _
T ) CieH204 27834 g/mol  CCCCOC(=0)C1=CC=CC=C1C(=0)0CCCC
Triclosan (= 4Uk) CiuH/CLO: 2895 g/mol  C1=CC(=C(C=C1CI)0)0C2=C(C=C(C=C2)CI)Cl
Bisphenol A (U A) CisHig02 22829 g/mol  CC(C)(C1=CC=C(C=C1)0)C2=CC=C(C=C2)0
Bisphenol F () F) CisHRO2 20023 gmol  C1=CC(=CC=C1CC2=CC=C(C=C2)0)O
4.4 'S‘g;gglg;pheml CuHi0sS 25027 g/mol  C1=CC(=CC=C10)S(=0)(=0)C2=CC=C(C=C2)0

2. R 55%
2.1. SFEAS DT IEE S 3R E

43 HIAE PubChem #{#% [ 17] (https://pubchem.ncbi.nlm.nih.gov/)H A6 Z AT 78 5 1%k HH 1 7 Bk &4,
FRELI: SMILES £5#4; # SMILES /75K IX$235 & SwissTargetPrediction (http:/swisstargetprediction.ch).
ChEMBL #(# £[ 18] (https://www.ebi.ac.uk/chembl/)F! Super-PRED #{# %[ 19] (https://prediction.charite.de),
YRR E N “N” o #iL UniProt $fE & (https://www.uniprot.org) X # i 42 FRHEAT FRUEFL AL EE, K5 2 AN 5
TN R EGH . ZH)G, %435 EDCs fEH A
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2.2. ERHEAE

M GeneCards ## % (https://www.genecards.org/)- OMIM %4 % (https://www.omim.org/) PA & Therapeutic
Target Database (TTD, https:/db.idrblab.net) H e 2 A BB AH S HE 1o IR IESE 55 5 8 BUBAAE 2 EDCs
RS FEARDE, 4 GeneCards HHiE P PF4r AL BB A IE, B T 8 Be il 4 3 A58 e 1)
At KEE, AEEFBRE 7264 M.

2.3. EDCs ¥ i 5% R a3z S B FHiHix

K HITE 26 B T H. (https://bioinformatics.psb.ugent.be/webtools/Venn/) i 5 AY, & W00 m 595075 51 5 1)
THEERF . ¥ EDCs 85 5 H MM ER S SNZ TG, IREIRS LS

24. EBR - ERAREEERAM&GE

K= B ERE R A EIE R S N STRING %3 Z (https://en.string-db.org/), 48 & H 5 - 2 A FiAH 5AF
FHM 28 AP € 9 N (Homo sapiens), iU BAE 5> > 0.4 (1% 149 (Protein-Protein Interaction, PPI)
W24 . #4 STRING £5 3\ Cytoscape A 1E47 9 4% n] #iAL 5 46 41534, FIFH CytoHubba 4 1 1] Degree
(FEAB) ST 10 7 3R B 42 SE AT I AZ 0 D

2.5. GO 1 KEGG B EE ST

K DAVID #4% £ (https://davidbioinformatics.nih.gov/), L “ N7 N¥0Fh, X% Co8E ST ThiE & 4E
AT, BIEFEK A 1K (Gene Ontology, GO)FI KEGG Mg & 4, BIEFZIAZO 8 S 75 H AN E S 51
REEE T K. FIHMAERGT &AL T A% GO Ml KEGG &4 R T4 K Sk,

2.6. FXIIE

KD TR A S OE A MAHTIER « /N7 FRCAR I = 4E 458 A PubChem (43
J (https://pubchem.ncbi.nlm.nih.gov)FRHL; #0085 H 19 =2 25 #9f | AlphaFold 3
(https:/alphafoldserver.com/)iAT Flill . FIH PyMOL # {4 2< Bt 85 1 A (oK 7+ S JERC AR, P B Auto-
Dock Vina 1.5.6 XF &5 AT INE tHEHBAT . &IFAERMESE TG, Mk SRS REEEE, H
1T XL, f ] Discovery Studio 4.5 5 PyMOL 1.7.x X% #2465 it 47 ] AL 704 o

3. &R
3.1. AS T E RERAENZEER

KA 7 IE SwissTargetPredictions ChEMBL LA Super-PRED %45 2, 33843 647 4~ EDCs W& 1EAE
FI4E 5 o A\ GeneCards OMIM A1 TTD % 7 Fp A R 45 2] 7264 AN BRRAMEM RIE R, 454 647 > EDCs
FHOGHE 2 5 B 1), A% EDCs #2558 BB A SE AR OCHE /U SCHE, B2 ik 432 /5 EDCs
75 S H U E 25 DIAH R IR S R L A

3.2. AT RYESERAMENZOER

FIH STRING #Hi#sFExTix 432 MEAEMSWEEOR - EARMEEHMYZE, HFHERIA
Cytoscape M BEAT#E— 24041 (14 2(A)). iBiT Cytoscape # 4 H CytoHubba {4 ] Degree 525 57 AH
KL fUHAT IR IE, RIS HEA T 20 A% ORI 2(B)).
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Figure 1. Intersection genes of endocrine disruptors and osteoporosis
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Figure 2. Core genes involved in endocrine disruptors-induced osteoporosis

2. AGHFHANES B RFEREN D ER

3.3. GO M1 KEGG B E&ES T

PL“N” A, FIH DAVID Hids PEXTiX 20 MO AR #E1T GO Dihk s %M KEGG 1E#k & %45
Br, 453 132 45 KEGG ##%. 250 MYt #2(Biological Processes, BP). 30 /M4 ffi2H 43(Cellular Com-
ponents, CC)F1 51 4~4>F T HE(Molecular Functions, MF). £El GO IJfE & £ 4%-43J5(BP, CC, MF)H HE4 /i
10 1125 H, NI E £ 3(A); KEGG @M E £ 0 WEERHER AT 10 098 BT v AL
(K 3(B)). 45HEW, BP FEWLETHS. WK MAMIEE. RNA BE56 04 S0 E R
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Figure 3. GO and KEGG pathway enrichment analysis
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Figure 4. Molecular docking
E 4. oFxihE
Table 2. Molecular docking results
=2 PFIMEER
Distance from best mode
targets Ingredients Affifinity (kcal/mol)
rmsd Lb. rmsd u.b.
4,4’-Sulfonyldiphenyl -6.4 0 0
BCL2
Bisphenol A -53 0 0
DOI: 10.12677/hjbm.2026.163056 544 e
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Bisphenol F —4.4 0 0
DDT -5.5 0 0
Dibutyl phthalate =53 0 0
Estrone -7.2 0 0
Triclosan =54 0 0
4,4’-Sulfonyldiphenyl =55 0 0
Bisphenol A —4.7 0 0
Bisphenol F —5.1 0 0
TNF DDT =53 0 0
Dibutyl phthalate -3.7 0 0
Estrone —6.5 0 0
Triclosan —5.4 0 0

4. Tig

AW R R — RV 45 E B0 FE (845 PubChem. ChEMBL. Super-PRED. GeneCards. OMIM. TTD /&
STRING)f& 2 43 M AH S 55, B J K Cytoscape FUHSHIX S8 8 2 EAT R 48 At LAIR e A OB v, P8
it DAVID 34 X 1% O 8E 54T GO Al KEGG il % & 4047, i JaFIH PyMOL Al AutoDock Vina J
JRor TR T, $R% EDCs 5% OB A MM FRIME/ER. 25 F, AL REAT EDCs i
S B A T LE 2 AL .

PE At 5t T A= 20 23(World Health Organization, WHO) St i+, FREEAI R (54 ERER F1IHI 22%, 54 ERIE
TIANEL) 23% [20]. FEIXEEIRIGfEHE H, EDCs & R E 5 21]. fEhE, GHLEALZ . DDT. BPA &%
NUEME EDCs 1£ % RIREE b ) 2 A i [22]. BEE L2 R R ANA S 7 SN, 45 A5%F EDCs il bA
B, HAEA AR R AT REXT NS (a BRI K. BEoh, WF7CEM EDCs W fEAMKN A EE, ™
HERARPMRR23]. FFRELSEP ORI 24]. $FEAEREREII[25], B2 5] KM ) #EE R
A TRMEVE R T S R (261 [27]. A FFEIESE, EDCs Al SEE RGiH14[28] FEAE[29]+ O LB A
B8 n[30]. AT ABEEG(31] A BB [32] [33]. NERAN T f# EDCs X AN KR, OBERON i H fi4
W, W TR LS BB AL DA R 2 —, @R SOEMEIE— RPN RS, 7
T B RIS, TR P i A AR S AR L. tk4h, EDCMET Lt H i #A B FL3IE
PR, B LR AR AR 2 1) B F+H5 EDCs AH G, ETT 3600 T 2Kk A 40 1 2 0% PR3 1 5 93 KUz [34]
BTk, AHE TR FH M 2 2 B2 A TR REOR,, BR9T EDCs 7 SARIH AL I 2 F LA .

TEH TBASRERT U, RATRIFRAE S A /A . AT IR, B 40 7 A TE 1 i
BAARE A AL S G ER AR I [35]. — TR 78 o, FEOP SRR/ A, TET2 il BCL2 HISRIE
FH3as BECN (MR E R, AT (e BE a5 4 B s A B B 52k, HES B JSBRAA RE IR R AR AT JEE [36]. Ik
b, TNF-o 383 2 P 42 5 ) BB 20 B A AR 1 A B R vl 1k, 751 AP v 4 i B2 A €4 [37], TNF-a
AE NF-xB SZ ARG AL F B R /NF-xB 52 PR 6 AR 15 530 2%, 005 B 200 F 7 A 40 234 A o st
YT, B SRR A0 AR RS, S ECE R [38]. EAh, FE R A R A E B, TNF-
o BRI RN AAL SR A BISR SR E THE[39]. 45 P, BCL2 FI TNF-a 1E 8 BB FAAE 40
JRLUE TR G S N R Py s AR, AR SR B BCL2 A1 TNF-a /& EDCs 7 5 R B AAIE 1A%
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X I TR S TR SR RASE (A SR B R 33E 47 KEGG M & 400, BRI FEE S PI3K-Akt 15
SR HIF-1 15 518 BRI AR B 40 M 40 A0 S5 B A o0 . PIBK-Akt I PR IE IS 3 A0 Mg 5s . /- AAeis,
FEAERF B AP b A4 B R A . Huang S5[4010F 70, N6 FHEE IR 8 1 4% PI3K-Akt 5 5 il {52
Wi B AF G A LRI 5 . MR RTE TS, AR B Ra RS . HIF-1 155 30 PR AL B 4 i A A0 B R R A i % g v
HATREAVER, F5 RSB RGPME . Meng 2 (41107 &8, B 4L+ HIF-1a 55 FEK AT {2
HBERZ A F xB 32 A0 7R e AR 2R R R . B4t B 4R AR HIF-1a fHRC AT LU 1k /)N B RIS
RERZ SR FUR K . BT 1B 32 A0S AR H WU ) £ 2 BT, 5 S BE A0 2 4 Bos A
AT T BG5S Bi[42], MEBER NG T «B SRRSO R4, 4
Frg mEB T RN kB SZAREOE FIBC A& R Y 2 LU BT [43] [44], AMEBE L= $3 TNF-a. IL-
17 SR R ARMIR 1= A= 3G 0, (32 s 4 A i i (42

Oy TR RESE RN, T RN /TR BCL-2 Il TNF B 88U (145 & 68 /7, b 4,4’-Sulfonyldiphenyl
F1 Estrone 5 BCL-2 fI45 & 88 /1. 4,4 -Sulfonyldiphenyl 5 BCL-2 HI45 M3 T E & TY-9, Estrone 5
BCL-2 4564 3 27 HIS-3, 24 BCL-2 HI45 K938 TY-9 Al HIS-3 KA 485, n] GE2 5400 4,4°-Sulfonyldi-
phenyl #1 Estrone %f BCL-2 50, 32 17 Ml 55 %5 5 B BRAASE (5200 o T Estrone 15 TNF K454 e )15 4f
SERI 2 B TRP-28 fil ALA-134, 24 TNF ()45 #438 TRP-28 fil ALA-134 KE5RA% )5, Al G231 55 Estrone
5 TNF M55, B0 sm g Bsiiase. 9%, & HE SRR RIGIE.

5. &t

EREFIR, AHTFUR T R 2% 85 BLEE A 00 TR EOR, Tkt 24 58 BURAMEA G EDCs #E4E
w7 EDCs 5 BUBAALE Z AR ENLEI DG . AHIT 8 3 B MIPR I { e LSRR At 1 5 5t AT
JUBHE, WONERRZ MG R NPttt 1 eF k. STAT R, BTt P IRE
I PR R AT S N S5 SR (MR R A e o 2%, B BT JURERS S A BR A 36, SR
WAEARATED, IR EDCs X AEZS RGUR AL TAERIF2m o

SE MK
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