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Abstract

Objective: This study aims to explore the potential mechanism of naringin (NR) in the treatment of
femoral head necrosis (ONFH) through online pharmacology. Methods: The simplified molecular
formula and target prediction information of NR were obtained through TCMSP and Swiss Target
Prediction databases, and the target information was converted into human gene names using Uni-
prot database. Next, targets related to ONFH were extracted using GeneCards, OMIM and PharmGkb
databases, and the intersection targets of drugs and diseases were identified with the help of R soft-
ware (version: 4.3.1). The intersection targets were input into the STRING database to obtain pro-
tein-protein interaction (PPI) information, and the core targets greater than the average of all con-
ditions were screened using Cytoscape software (version: 3.8.0). Finally, enrichment analysis was
conducted using R software (version: 4.3.1). Results: 109 targets of naringin, 1632 genes related to
ONFH, 18 NR-ONFH-related targets and 7 core targets were selected. GO functional enrichment anal-
ysis obtained 1107 results (P < 0.05), and KEGG pathway enrichment analysis obtained 38 signaling
pathways (P < 0.05), which involved p53, IL-17, cell apoptosis, TNF and necrotic apoptosis. Conclu-
sion: Naringin may provide a potential new strategy for the treatment of ONFH.
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Ji%H Sk ¥ FE (osteonecrosis of the femoral head, ONFH) & 52 Wi i ¢ 1R AT M A8, FERINEHH
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ONFH HJRRI AR ZFE, W OB E IR A0 BN S0 el R B PR B B R . WK Btk
s S A IR R R A5 (4] AL, HATIEEA IR ONFH BIBRUIAmHLE] . HET, T Z AT B AEAL
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[2]. RUEGL, LSRG AT THERCROIFRIBRITOY . A iTT B2 ONFH 2R A\ 22
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I 24, T L 32 G 14 B 20 bk B2 (naringin, NR) DI EL &I B BH . #NEF i 25 2 B INRL(10], IRAR N H
B FE . A T FUEE HAm R AT DU RO b B & SkIRFERI R AE[ 11 BT R ZAME S id S K A WHE
., ONFH [FVRITHLHIE 24, R, &85 25 P00 DA 4T R G0 . ik, AR ikl i H 7EVRJT ONFH
SRR P RS TEAE VLB REAT T R 253 28R, VR T R S0 B A .
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2.1.NR & R S (5 2 B9FREL

M TCMSP i FE (https://www.tcmsp-e.com/tcmsp.php, TCMSP) #5453 NR [FJ#E 545 o [Fi, M Pubchem
445 £ (https://pubchem.ncbi.nlm.nih.gov/) 35453 NR HIfiith 71X BJE, 70+ 24 FA%E 2 Swiss Target Pre-
diction £ )% (http:/new.swissTargetPrediction.ch/), LTI NR FE0FR. /)5 %4408 TCMSP 1 Swarm
Target Prediction 204 2R S5 2, TR, MMHHIE 7 NR B &S . &% M UniProt Z4f &
(https://www.uniprot.org/) 3R 15 NIRRT RE A, K NR HIREARE B4l NSRRI 2 FR(ILEE 1),
2.2. KB OFHN $B4%, FUREZERY OFHN # NR AT /A7%

% GeneCards (https://www.genecards.org/) OMIM (https://omim.org/)F1 PharmGkb %4 &
(https://www.pharmgkb.org/) 5 OFHN A5G HIHE i . B IX =AM HE FEFL RUR B R BAF(iRAS: 4.3.1)
# OFHN #5505 FIR 1.1 15 25 e 55t 47 s, 1503 Drug-Disease [IAZ FEHE 5

2.3. NR 34f7#33& OFHN 8B 5 ZE A E/EML%E

7£ STRING %4fE % (https:/cn.string-db.org/)fii N\ Drug-Disease HIZZSEHE 5, BRI E A, KEEH
HAEPPIEE. B/, FIF Cytoscape BAF(FA: 3.8.0)% PPI M&%, HEATMILILIN oM, ik HAZ 0
S ERATE T N E T MERES).

2.4. GO THEEEE T4

K R BAFRAS: 4.3.1), MREXLELLFIT GO e =L, P M Q HIIBEN 0.05,
I LA B 0R 3 58 B2 VE S AR (AT 20 ST H JE7R H R

2.5.KEGG BREE ST

[FRE, FIH R AFRA: 4.3.10)FAEENT A SCHE 3T KEGG 1@ & 01, 1 PEM Q HIN
0.05, JFiziFEMHT, DVRIBELEZREZEP <0.05)1(E 50 % .

3. &R
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JEI R TCMSP %k} 2 & Switzerl and Target Prediction HERHZE, X 109 ANHE s 3E 4700 . EAK A #E
RABRWE 1 s,

Table 1. Targets of Naringin

#1. HMEEHER
s HE RN Frs HE i s FEREER s FRHER
1 ABCBI 29 CASP7 57 IGFBP3 85 PTPNI
2 ABCCI 30 CASP8 58 IMPDHI 86 PTPN2
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3 ABCG2 31 CBR1 59 IRAK4 87 PYGL
4 ABL1 32 CDK1 60 KLK1 88 RAF1

5 ACE 33 CDKNI1A 61 KLK2 89 RASGRF2
6 ADORA1 34 CES1 62 LARS 90 RXRA
7 ADORA2A 35 CES2 63 LCK 91 SERPINEI
8 ADORA2B 36 CHEK1 64 LGALSI1 92 SHBG
9 ADORA3 37 CHIA 65 LGALS4 93 SLC10A2
10 AKRIBI1 38 CYP19A1 66 LGALS7 94 SLC28A2
11 ALDH?2 39 CYPIBI1 67 MAOB 95 SLC28A3
12 AMY2A 40 DHFR 68 MAP3K9 96 SLC29A1
13 BTK 41 ECE1 69 MME 97 SLC5A1
14 CAl 42 EDNRA 70 MMP1 98 SLC5A2
15 CA12 43 EIF4A1 71 MMP12 99 SLC5A4
16 CA13 44 EPHA2 72 MMP13 100 SRDS5AL1
17 CAl4 45 EPHX2 73 MMP2 101 TACR2
18 CA2 46 ESR1 74 MMP7 102 TAS2R31
19 CA3 47 ESR2 75 MMPS 103 TDP1
20 CA4 48 F7 76 NEU4 104 TNF
21 CASA 49 FHIT 77 PARP1 105 TNFAIP6
22 CA5B 50 FOLH1 78 PCP4 106 TOP2A
23 CA6 51 GAA 79 PDESA 107 TYMS
24 CA7 52 GRM2 80 PLA2G1B 108 TYR
25 CASP1 53 GRM5 81 POLB 109 VARS
26 CASP2 54 HCAR2 82 PPARG

27 CASP3 55 HRAS 83 PTGS1

28 CASP6 56 HSD17B1 84 PTGS2

3.2. NR f7357E OFHN FR ;B 7E4E 4R S Foum)
PATHAA T 1632 4~5 OFHN FHSCIZR AR, FRB 558 1 7 109 /> NR #E S THext, FH T

18 MR X HE AT, BAR I

1. NR 7E OFHN V&7 H B E/E I RE S 5135 2,

Naringin ONFH

Figure 1. Venn diagram of the intersection target of Naringi-ONFH
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Table 2. Potential target genes of naringin in the treatment of ONFH
2. WEREIRTRE AR BEERERER

F S s S
1 TNFAIP6 10 CASP3
2 TNF 11 ACE
3 CYPI9A1 12 EDNRA
4 MMP8 13 PPARG
5 MMP13 14 IGFBP3
6 ABCBI1 15 CASPS8
7 ESR1 16 SERPINE1
8 PARPI1 17 MMP2
9 ALDH2 18 TYMS

3.3. &FH - EAEFH(PPHMLE

W2 A 17 N5 RN 57 5530, BARTEITE 2 WK 2. FEiZ M 2%, A 7 ANFE U8 1Y) Betweenness
(1.05)« Closeness (0.615). Degree (6). Eigenvector (0.2228). LAC (4.333) /% Network (5.4)Z5 8 hn3 T 2%
PREIFIME, I RO BE S . 1X3R 8, 78 NR J677 OFHN [ frf, I Su i 525 R m e 21 SC
EH . OB RE BTENE 3.
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Figure 2. PPI network diagram of potential targets

2. BEEREERHY PPI M4EE

Table 3. Core targets of naringin in the treatment of ONFH

3. MEEIRTRE AR

FFs HE A FEAH

1 TNF 15
2 CASP3 14
3 ESRI 10
4 MMP2 10
5 SERPINE1
6 PPARG
7 ACE
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Figure 3. GO enrichment analysis results

E 3. GO EENITER

3.5. KEGG EE 9
fFH R BAF(RAS: 4.3. D)% 18 MNE AT KEGG BN, 15 38 KA E 5 EM, VENE 4 Al
K 4.

Table 4. KEGG pathway enrichment results
4. KEGG BEREERER

R =it Description P A 75 Ehcaiil Description P1H
1 hsa04657 IL-17 signaling - 4500034 20 hsa05161 Hepatitis B 0.0032057
pathway
2 hsa04115 p33 signaling 0.0000090 21 hsa04217 Necroptosis 0.0030404
pathway
3 hsa05417 Lipid and 0.0005686 22 hsa05160 Hepatitis C 0.0029864
atherosclerosis

Proteoglycans in 0.0004832 23 hsa04668 TNF signaling

0.0011715
cancer pathway

4 hsa05205
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5 hsa04932 ~ Non-aleoholicfatty o 505 656 04 pea0s145 Toxoplasmosis 0.0010844
liver disease
6 hsa04936 Alc‘zi}i‘;’é:sé”er 0.0001180 25 hsa01522  Endocrine resistance  0.0143182
7 hsa04210 Apoptosis 0.0000998 26  hsa05410 Hypertrophic 0.0121714
cardiomyopathy
8 hsa05142 Chagas disease 0.0000323 27 hsa05133 Pertussis 0.0087955
AGE-RAGE .
signaling pathway Cytosolic
9 hsa04933 in diabetic 0.0000299 28 hsa04623 DNA-sensing 0.0085735
.. pathway
complications
10 hsa05134 Legionellosis 0.0001444 29 hsa01524 Platinum drug 0.0081372
resistance
11 hsa05016  Huntington disease  0.0184528 30  hsa04e22  Mo-Flikereceptor g 00sy
signaling pathway
12 hsa05132 Salmonella 0.0105960 31 hsa04924 Renin secretion 0.0072960
infection
Human
13 hsa05163 cytomegalovirus 0.0080275 32 hsa05416 Viral myocarditis 0.0055594
infection
Human Apoptosis-multiple
14 hsa05170  immunodeficiency ~ 0.0068110 33 hsa04215 pop N p 0.0016067
virus 1 infection P
Diabetic : ;
15 hsa05415 - 0.0060386 34 hsa01523 Antifolate resistance ~ 0.0014122
cardiomyopathy
16 hsa0s169 ~ pstemBamvius 655950 35 hsa04064  TF-kappa Bsignaling o, ¢ 09
infection pathway
Pathogenic Toll-like receptor
17 hsa05130  Escherichiacoli ~ 0.0056336 36  hsa04620 Ol e Tecepro 0.0160289
. . signaling pathway
infection
18 hsa05152 Tuberculosis 00043150 37  hsa04e2s ~ C-ypelectinreceptor 0509
signaling pathway
19 hsa05164 Influenza A 0.0037349 38 hsa05146 Amoebiasis 0.0154492
p53 s?gnaling pathway
AGE-RACE 8ignafing paiway
in diabetjc, compligations
o Apc')ptosis
Noreel (':'P(ce’fa‘{ﬁ et
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Figure 4. KEGG enrichment results
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NEFAEF[18], FRKT IL-B. FIZLPEBEEER . TNF-o R CRP 55 25 F T HKF

WEFL AR IEAF ) 18 A 7 FEAE I B SRR AE R I T E B 55, &80 PPI W25 0iiE HY TNF. CASP3.
ESR1. MMP2 4§ 7 MZOHE AL, PPI MR ARHE R, A% OB bR 5 RIS . 40 MR R . 48
LR T K SRR A AL AR G B AR R Y], HIGIE T GO E4EMMTgE R, Hrp TNF (W& =, TNF
VEREZR RN R T, 7T LUE IS NF-«B (e b il & ui A i Il g Ry S 1/, 35k B4t
LR T 220k, (e BRI E A ) A2 B[ 19]. CASP3 & FEAE 5 S R A, e M T LS P53
BS54, S ) 4i R 3 AR Y 4046 [20]. CASP3 i£25 7 ONFH AHC4eiE T2[21].
FEAEHEA 58 = HOHE SR 12 ESRI (MEME 52 4K), H S5 E LA VIS, T 4erbion B ad K
P B A R E I [22]. HETE S8 DU 1 2 e S PR A A S 0 R v iy A 1) MMP2,  AHSCHIE A48
Hi, MMP2 R R TE B 2 0T P B Al 2 SIS A A 22 0 B A, AT 5 B0 1 S PN B VR WAL 34
[23].

GO BEHAMINEE R PPI N —8, Won5RIERMFEVIFIS, 54000 DI C,
i /RERWEARKMKR. FES, KEGG MAEENTRI, FHOCHE ) F F ZAL H7E AT BEFI B NR
TEIT B SRIRBEAZ DML A P53 IL-17. 4HAEVE TS TNF AUASEMET- Sk B, CEMFRIEN, P53 15
5 38 5 00O 2 S R H 4 )RR A AR R R [20] . R HE B RANKL 75 5 O 1 40 B 2B R [24]
Akt/Bad/Bel-2 5 41 i I3 T O 3 25 3540 PT LA e RS Rz P33R 7E ONFH K BR AR 75 K 1) P4 I3 o) R 38
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