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Advances in Osteoimmunological Modulation of Common Flavonoids in Alveolar Bone Homeostasis

HUANG Yue'?, LIU Fangzhou', ZHAO Yifei', LI Yuerui', BAI Guohui', HU Huan'?" (1. School of Stomatology
Zunyi Medical University , Zunyi 563000, China; 2. Microbial Resources and Drug Development Key Laboratory of Guizhou Tertiary Insti-
tution, Zunyi 563000, China)

ABSTRACT " Osteoimmunology" is a field that emphasizes the interaction between the immune system and skeletal system cells.
Specifically, it explores how dysregulation of the immune system can result in inflammatory stimulation and the release of inflammatory
factors, which significantly impact bone metabolism. Periodontitis is an inflammatory destructive disease of periodontal tissue, triggered
initially by dental plaque and influenced by host immune inflammatory responses, genetic factors, and environmental factors. Inflamma-
tory response and alveolar bone resorption stand out as prominent features of periodontitis, with immune system imbalance disrupting
bone homeostasis, resulting in alveolar bone loss due to the imbalance of bone formation and resorption. Flavonoid natural products ex-
hibit biological activities such as anti-inflammatory, antioxidant, osteogenic promotion, and antimicrobial effects, effectively ameliora-
ting inflammatory damage to periodontal tissues. This paper provides an overview of nine classical inflammatory signaling pathways po-
tentially involved in alveolar bone inflammatory resorption and reviews advancements in the mechanisms of action of 20 flavonoids repor-
ted for inhibiting periodontal tissue destruction associated with periodontitis by suppressing inflammatory responses and modulating in-
flammatory signaling pathways. The aim is to offer theoretical foundations and novel insights to enhance the treatment strategy of peri-
odontitis.
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B 4 e oF A 46 o A SUE AR, 2 & RANKL f1)
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i, g SR BE ] 52 {4 45 ¢ [l F 6 ( tumor necrosis factor re-
ceptor-associated factor, TRAF6) ¥ 13 4, 1§ N i % A T
NF-kB A G (S B0, 51 NF-xB 45557 , ot 3k 40 a4
SRR S A R AR O Al R R AR RS Y
OPG &—F Al 1 Pt RANKL 515 52 1A, 3= 5 iy A 15 40 e 7=
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NF-kB {5510 575 5 96 P 15 0 240 M 0 3 ok 77 A 2 6
K, 40 TNF-o IL-1B 3G P 4 (reactive oxygen species, ROS)
SR SO RN 0 T O A LSRR . i, P. g-LPS
AT LI 3 NF-«B p65 B AL , 5 30% NF-kB {5558 1 1 3
IL-1B TL-6 25 AH I SE R F 1 ek , #E— 255 | K 9 hE SR, i
YR 2 ) RANKL 2 05 {6 75 1 20 M 0 A, e 2 5%
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IE 22k 2025 4F 1 H 5 60 45 2 )

I N ] A £ 4 40 Bt ( human periodontal ligament fi-
broblast, WPDLF ) i) % i 5z i LA S A R - i RIR o 28 JA B0
PR E e LPS-TLR4 A2 K S RIBAILAA , — Ty Th i 2F 24 ) 2 21
YA % A TR 1B RANK (9 3%35 5 [R] B A0 5 200 L fs2 1o A8 T
A9 HiE 5 P-4 1L-6 \TNF-o, BE— e ot T 415 B A1EEA
RANKL, 5 #4415 # RANKL 933%™ . TLR4 if o] 5@ i
#1a] B8 AL 4> fk ] T 88 ( myeloid differentiation factor 88,
MyD88 ) % NF-kB fie 215 5 18 % , £ 15 550107 200 fd 5l 4
DT 72 JE O R R A Y e M@ vk o A R i 2
JRIZHZ1 TLR4 K H T MyD88 NF-kB )35 1 4% i,
TLR4 s 4N MyD88 AT {5 546 T, Il NF-«B J5 i H:
AR B TNF-a IL-6 32357

1.2.4 Wni/B-catenin {555l  Wnt 25 [ B AR 5 40 o i |
i) Frizzled 20K AR5 LR 52 AAAR G 11 5/6 (low density
lipoprotein receptor-related protein 5/6 , LRP 5/6) 2525 &1 i
SR RIASZ B WO 2 M (O B-catenin) FIHEZE 1 Wit
(R Hi B-catenin) {5 5 38 B A S 41 4 f5 5 i 1538
Wnt/B-catenin j FE7E BT 1 B OGP < 2412000 PR BRI
B U Bl s 28 A R O 2 B Wny/
B-catenin{5 538 I 1 HE L BEAE N I8 MMPs [y 323k , JF 1M 95
LD i S N

1.2.5 NLRP3 &3E/MA&  NLRP3 K4E/MAH NLRP3 & .
T T-AH 52 I 5 K 2 H (apoptosis-associated speck-like protein
containing CARD , ASC) Fl 24 [t 22 iz K & 2 1 | 1 [ij 44 ( pro-
caspase-1) ZH " . NLRP3 S /MAB O i, & 45 8 3k 2
H/a5a B S , HAHE caspase SRR pyrin B, 2R )5
NLRP3/ASC E 5 W55 45 & caspase-1, [ I 5 T L0
A IL-1BMT  IL-1 B py LR | 2P A% 2 L 5 2 4 A 4
W, S GHURRAE SN PRI, I NLRP3 R AE/MA ] fEA
BT ARIEME S R R KR . A R 58 B 3 BV, NLRP3 |
R KA ER A1 (caspase-1) BT IL-18 #8204t
SR NLRP3 /P47 B o

1.2.6 MAPK {55l MAPK ZE0 A 45 41 Ml S5 o 819
1 ( extracellular regulated protein kinases, ERK) | c-Jun & 3%
Vit i B ( c-Jun N-terminal kinase, JNK) il p38 MAPK %5 .
Ji o MAPK {5558 % 2 Fi0 1 200 1 70 A Fe £ Ay o 8 40 ff £
G o 96 22 5L p38 MAPK WL, RANKL FI3f
A2 ( cyclooxygenase-2, COX-2) mRNA F ik |, OPG
Fik T, W] p38 MAPK jE #5257 RANKL,OPG 7£ 7 J#
Ferhf k™t o AT, p38MAPK S K AT I i 40 i G Y8 R 2
AHICHY L I 40 B Ak A= W b 7 ) 1 2638, 1 TL-6 , TNF-ar |
IL-1BA1 IL-10 25

1.2.7 PBK/AKT {5 PI3K/AKT {5530 {2 55 oF
JEVRAE A 1 58 E AR A T v i 5 4 OGRSl g 2
— 2 WL Bh Y AR LR () (mammalian target of rapa-
mycin,mTOR) J& AKT {4 8 2K, #F 5% & BUAE 2 i I o £
JfLEAS PI3K/AKT {5 58 2 )5 , mTOR #5821k 2 il i &
5, LAk e S 28 W RO A8 IR 40 R A7 6 Y e R
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FRAEEE T PI3K/AKT {5538 T 9 ) 25 410 i) A ol JiE
T4l il (human periodontal ligament stem cells, hPDLSCs ) [ Jif;
B AR AR R SR T
18 b3 PR, BRRE A B R A R TR T SR AT TR A
1.2.8 JAK/STAT {555@ ¢ JAK/STAT i 55 5 ZFh 4
YRR AR A AR IS I oA TR R RV . B
SEA T RE RN 555 A0 M I 32 1Ak 15 2 Z g T Bl
FIFHRREUG JAKs Sl LBk AL, B 5 STATs Hi LT —25
(RIS o S5 HEERRAN AR LL , 28 J8 48 £8 3 24 i iy P e 4t i v ¢
JiE HI5E JAK-STAT Fil NF-«B {5 516 Gk f2 3% Rl 78
hPDLSCs #AERETY b | JAK/STAT 3 385 AH ¢ 4 B W B 1k 7K 7
O, 3 — 25 £ B JAK/STAT 3@ 8% 2 5 F 8 % 1Y & 4=
RIE,

1.2.9 TGF-B {55 i TCF-B By KB4 2E ¥ 2 DI fig
Smad {555 FRBFN T, I 2 2 MAPK, Wnt %5(5 538 #19
SN B A RS T 1 2 B LA BB A D oF R R
FIe MR B A IA R KF-H) TGF-BL, 3 F i Smad 2/3 3%
AR I Runt-AH 45 5% K 72 (runt-related transcription fac-
tor-2, RUNX2) 254 A 1 il Al 15 40 ML 4046 o B ST, 2 JA )
%3 H-1 ( periodontal ligament-associated protein 1, PLAP-
1) AL TCF-B1 2545 J5 52 4 M08 55 5 TGF-B1 =2 (K 1y 45
B GRS e 5 S, 2L Smadl BERRALACE TR,
AT R B A S o 2 PLAP-1 88 o) 6 PR R 5 T T 41 1l
T A AL, I AR R i

2 EREEERAS=YRF R XA ENE

BIRRAL SR h T2 A 1 — RPN
Yy, CARIER LSl 10 000 4>, 45 Z A H BAAHR BT
AL AR IE S E A2 HNE M . ARE IS AN [F AT O
Fis  FE RS S B S (S5 LR 1) HI AR
2RI R A Y, HENZ 4G h 2 DRIF (A 3R 5 B
) 38 3o o i) = SR AR E TR — R A . ARGF
SRR IR S YR I A IR B LR ROR , S LA T 4%
A B IR ZR :OC B 2 F1 3 2 [0 ; @F 3k 19 o 5 A
G RIENZE o e I WK A R ) O =R R ¢ i)
S5 R (DB 35 37,4400 HL A5 ; @C Fhiy 2 Fi
3 Z[ADUURER 4 (7 BRHE B3 I 5 i MRS5S B AL
G R R BT IE T BA SR B AR E Bhi i
YRR ZEE (B 2) .
2.1 wE#H

il f¢ 1 (maringin, 73§ 20: Cyy Hyy Oy, AHXS 43 F T 5
580. 535 ) SHRAHT AT S0 T, R ik RS R
TR 21 25 o 205 1 3 32 25 280 40 o Al B2 T ml LTS
ERK1/2 {5 5A& 38 F M Wnt/B-catenin {55 518, fie
PER R B (alkaline phosphatase , ALP) \RUNX2 ., %5 Z ( osteo-
calcin, OCN) % BB AH X BE R Al B-catenin 25 [ 3R 3k, ARG
ST HYIE I, 055 5 A Jo T 40 M 1) 1l o3 Ak, A i 2
JEIZHAFAE T R K B A T 25 AE S e LR
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11438632 IR BRI, Al 2 T VR SR e S AR, 3 W] LA ) NF-
KB {5530 I B0 , T R TLR2 A TNF-o 1 3R3K , 76 8500 il
FRGAE
2.2 EEH

BEAF (baicalin, 47 F 2: Gy Hyg Oy, AH XS 43 F T &2
446. 361 ) & N5 rh 43 B AR B A — Bl RS0 59, B T
BRBTARAG M. #ES A AT LGB i Wnt/B-catenin I RANKL/
OPG {55 % , {2t id bk [ i OCN \RUNX2 ,0PG #Z.0»
254 N al (core binding factor ol ,Chfal ) 1K, {27 A
B 5T A A A JR B A B (human periodontal ligament
cells, hPDLCs) [l SR 44677 s 504 TLR fi5 5% S, il
FH#r TLR2 #1 TLR4/ MyD88/p38MAPK/NF-«B {55 i, &
B S A BR 21 2 b TLR2 \ TLR4 \MyD88 | = iF # ki &
FH Bl (HMGB1) , TNF-o, IL-18 , IL-6 FiI 1L-8 f 3 ik M p38
MAPK NF-«xB F1 JNK f 38035 , 4% R E B L A A 1 o O
STt T L) MMP-1 428 25 F1 B S i 7901 ( tissue
inhibitors of metalloproteinase-1, TIMP-1) f{jZ& ik , #l i hPDLCs
(9 TRYEEJE (type T collagen, COL-T) A= i, SR R JFAE 5™
TN A B TR S K R A 07 R B K T ] il 2 W 2 o 3R s 2B )
FFIEE Xk 2 JE 8 36 P AR A T B e 77
2.3 #WEZE

Mtz % (quercetin, 43 F3X: G5 Hy O, , AH XS 3 F i &
302.236) T VZAFTE T ER € KRR 2 A B R B
b Wl 2 T 2 B R W 2 — O TG AT g A
NF-kB/NLRP3 5 /)M AT B% A Ul 55 42 AiFt % {4 % hPDLSCs 1
R S DR B E A T B ) A R R T
Ae2mifrh p6s A IkB A BRI AL, SR A 5 401 Y NF-
kB : A20 I/ 2 PR R T e A s o T DAREAR P g-
LPS i 3 By SE0E R F7KF , il HB0 B9 AKT/AMPK/mTOR
5SS, R B bk EL4H MR 3L N2 2 [ ( B-cell lymphoma-2
protein, Bel-2, — i i T2 48 1) 1T I Bel-2 AH3C X H
(Bcl-2-associated X protein, Bax, —F{E A T-H 1) MFRIE L
FEFCAMIIA T L, 4 o R A i e Y S — 0
T, A 2 2 AT LA 4% R F B2 A 5G] F 2 (nuclear factor E2
relater factor 2, Nrf2 ) {5-51% 5 , £ = 7 JA B 4 B 1y e S Ak R
F3U TR AR A0 MR BB SRR, A1 W 4 i
ML B (4 ) M2 T ($7148) W fbs, B AIK IL-6 \ TNF-o {2 2 A
FI KL, I ThiT/Treg Fa 25, W bR A AE, e #F 4 fl &
T el
2.4 S 2Kk

@22 Mk (hyperoside, 73§ 2(: Gy Hyy O, , AH XS 43 B
1 :464. 376 ) LA K 2K -3-0-B-D-ML g > FLBE T, 2 — b
BAEE T IR AL 22 TP i SR . ZERAhSE
B, & 22 B AT AR EOE NF-kB (5538 B IR E- 46 0] 75
JUT T 2 L R R A Dk B 200 TR R A R
W™ AEIR S, 4 22 M6 TR T UG SEI v R 4 K
ZF R4 41 TLR4 \MyD88 \NF-«kB mRNA F1ZE [ /K V- & 35 [
fiK, 1 ¥ RANKL, TNF-a, IL-6 7k F & 2 JF &5, T & £

Hh E 272875 2025 4 1 H 2R 60 55 2 )




No.  BEIALA R3 RS R6 R7 R8 R2’ R3’ R4’ RS’
1 Naringin H OH ONG H H H OH H H
2 Baicalin H OH OH Ge H H H H H
3 Quercetin OH OH H OH H H H OH OH
4 Hyperoside OGA OH H OH H H H OH OH
5 Isorhamnetin OH OH H OH H H OCH; OH H
6 Rutin ORG OH H OH H H OH OH H
7 Luteolin H OH H OH H H OH OH H
8 Myricetin OH OH H OH H H OH OH OH
9 Kaempferol OH OH H OH H H H OH H
10 Silibinin OH OH H OH H
11 Fisetin OH H H OH H H OH OH H
12 Taxifolin OH OH H OH H H H OH OH
13 Farrerol H OH CH; OH CH; H H OH H
14 Puerarin - H H OH Cgle H H OH H
15 Daidzein - H H OH H H H OH H
16 Hesperetin - H OH H OH H OH OH H
17 Genistein - OH H OH H H H OH H
18 Icariin ORH OH H OGL - H H OCH; H
19 Isoliquiritigenin OH H - - - H H OH H
20 Mangiferin - H OH Cgle OH H OH OH H

{1:ONG ~ -0-[ 6t & -o-L- H BR ML W H5E-B-D- ML i A A 5 Ge — -B-D-ii4HH AR ; OGA — -0-B-D-ME I FLH 3 ; ORG — O-[ 6-Jiit f-o-L-it I H # 4 5£-8-D-1it
W 7 A BT 5 Cgle — -C-MEM AT %74 s ORHL — -O-a-L-ME M EL P44 ; OGL — -0-B-D- LI 1 A5 i o

BT + TLRA ST ALAUR HAE 2, B AT, 4 2B 19T
S TLRA/ MyDSS/NF-B S S0 A I 17 AR
FRALHG
2.5 RAEE

5B Z=Z (isorhamnetin, 43 F 2 : C,, H,, O, , #H X} 43 F Ji
t:316.262) B MERAY VP IREE 25 A e B 8RR HAT
Pro HUEALSETEPES o S B2 20T LR 340 i) o il 3
KB e 2k ( Prevotella intermedia LPS) 55 S 11 1L-6 11 7= 4=,
A MLT 2 A A -1 (heme oxygenase 1,HO-1) iRk &, il

T E 2GR 2R 2025 4 1 H 55 60 B 2

T NF-B p50 VAERIAZEE (LA DNA 455 15 ¥ LK 085
E 5 ST MIEE SIS T 1 (signal transducer and activator of
transcription-1,STAT-1) {§ 5 S il NF-kB {5 5145, B
W e TL-6 A i ERE IR 1 A2 5t ml LAY Nef2 £ 5
TR LPS 5 S B N SF S 2T 4 20 L b A IR R E2
(prostaglandin E2,PGE2) . —4%& L& (NO) IL-6 F11 IL-8 [
V¥ AR RS g i
2.6 BT

FET Crutin, 4838+ Cyy Hy O, HIXE 40 T 1610, 518)
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TNF-a :o IL-1

Hesperetin Lsorhamnetin Sisis Isoliquiritigenin Hmdﬂ' " Kamxpﬁuvl Mangiferin | e
Quercetin Hesperetin Fisetin perem peret l
. Ouatetin Silibinin Mangiferin Icariin Naringin
Famerol  PIK HO-1  Isoliquiriigenin  Myricetin l Ducln  1grp  NOS
Rutin l i & Baicati Luteolin l
BMP-2 — NLRP3 Silibinin ILES v =
AKT l o Il l l Wnt S
GSDMD
l ST p38 mx ERg (DS

//

ol ?

P50 p65 <
IxBa *
RN >/ N
NFnB
sP( infl y Periodontal pathog [e] 1 Osteoclast Genes mgulating» 1
markers regulator apoptosis  activation blastogs
. COX2 regulator | cFos > ol
» PGE2 « 12pA 1B kep el OCN C oy
. NOS e * Bac2 2 ) . RUNR2 . GsH
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