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1. B BRERARE 2R B R AL

BB AARE R R 2 B0 % (Bone
mineral density, BMD) FEAKAIH Hr KU 340,
ATt 2t 2 e EA op, 50 S UL 1
SRR 1/6 & Riateadr, 48.3%
(1) 65 % Je A b RS N A FEEME BRI B 30 Jog 92D
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BRI A R 2 I A BE SR, OP 3o
PIRNSEAY . JRUR M OP FIgk R T 0P, JERME OP
SRS, B KRAEE 50 F KU EK)
NBE, i W R E L f % )5 0P, FEMASE
Jea MEBLER 53U 8/D, B U R IR S8 40k
OP FH 52 Ml 15 AU 5 s A/ B 25 ) T B8, 2454
PUKHE B % (Glucocorticoid, GO A% M.
Horbobd B s i B E (Glucocorticoid
induced osteoporosis, GIOP) EFHHi, &
PR RCE WA R RN 2 —. AT RES] B
P WA (D NWER, o1 &,
2 BUBEPRI . HRRBRTIRETCHENE . FERRERGAE
PERRDIBEIGRAE « MR AR DI REIRIRAES; (2) S54F
HPI, WRGELBIRIE . FERIBAE T %
TIREEANESE; (3D 1B EIEEw, SEEE
BRAR; (D EFRMEHR; (5) MRS #&
WLA RS 5E

HRASARRE — R Y5 % BT
FRLE R 41 (Osteoblast, OB) /™S HIE AL
IR E A (Osteoclast, 00 41 B W 2 18]
YeFpid 1P, RCE AR RIE T 2, s
UM BRIEE, R0 E %A T A E
R 0P RERRSERMAER, @M
T R 98 0 5 IR AL PRI 384 0

OP HIAIHHLEITE K Z P BN R ZR, aiEmiE
A ZEELSS B R E . BRI
. WMERMAWERALSE, T Hofmgg2 oP 1
FESEG R R, 75| R IE E AR B

BRid &, I AUAR R REhE . dokifk
BEpE AR, pb3 FIAAEMES (Reactive oxygen
species, ROS) F=A:=H s B /EH, 122ENE N
TER, 755 B B8R 75T 48 (Bone marrow
mesenchymal stem cells, BMMSCs) .4 0P
RFRILFEETSZ Wnt. OPG/RANK/RANKL Z5{5 5
T ORET AR, R 4E R 41k
Tl fe sz S ML (40 osterix Al Runx2)
UK FEEREES (U0 Wingles s A1 INT-1)
YT B A ) AR RN DD RE S B E R R
(Osteoprotegerin, OPG). #% K F-kB Z{&k
HWOEAECA (Nuclear factor—x B ligand,
RANKL ). [5x4 Jfa £ ¥ R A7~ (Macrophage
colony-stimulating factor, M-CSF) 1 a VB3
ARG ZBURKEMEAEH, &R
HiEMIERE A MM, 25 0P FREd .

2. ZWHIR. RIEREYFEME

Z Wy (Polyphenols) 1] faj & 43 A 75 i 2%
(Flavonoids) FIAETEREHZS (Nonflavonoids).
RYE > a5 rh i T Eca . BRI A/ B
TG A B IE R A, B S ] 43 o I
(Flavonols). i (Flavones). % &M
(Isoflavones). €75 2 (Anthocyanidins).
M HilH (Flavanones). #4ilE (Flavanols)
FAEHf{ (Chalcones),® HIt[E g B 1
Frs AESEH R G EL (Phenolic acids).
B (Stilbenes) FIAREyZ (Lignans).!l

B 1 R A WIFE S
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SR B RE AL S R EOAT 0l R s R AR
PR A R 2RI, — iR e
MR, GlmPeEAE. VAL T AISER
REBOTIIAFAET 2R Fey LB T,
P B P B ST s AR R 5 S
WHEAERHEY PR, EERIGE KEARE
ATAET™ i, HAR R IE AL 5 SR AE A A e
KRR, B, BRSSO ER
A AEE R MK R, EEIRKT
PES AR SEAL (R EOANTE 0, ARG

111 i
Flavonols
B

Flavones

Easals

Isoflavones

B EES (A

Flavonoids

LYo

Flavanones

HAERE

Flavanols

B H

EZ: .

Polyphenols

Chalcones

Phenolic acids

Jems | |

Nonflavonoids | Stilbenes

NG
Lignam

Anthocyanidins

SEEE, Pz, aHE. . £2
AT 555 B LTI 3 BARAE T MR ISR R,
W PE 1 Clnds D AR CInE 5 )
W] I APTE T SRR R R R, B
SR k. BT A TFRRE; BEHEETZ
AT ERN FRN ZRFIRRRR ) ByRg 32 2
RIFEF L RO KRAEREE, WA f A
ME N PR KRERE AN E R
B E R4 AL RE SR~ KR
WL A SRR e (K 2) .00

PEAE. AL AT, PR
N

KT SETETTRT . MR % R
WdE. . Wi, EE. A
B KPR R 2
PR B BT BT R
G SR LR KRRRIE
B, A, CHAY b PREL R
Wide 164

DIALS SR oY i

B 2 LB RERE

Z W ) 3 B E R BUE A E Y, AT
MEIETERR ROS. M S ALEE (s RS S AL i
[xanthine oxidase, X0]. %M [cyclo
oxygenase, COX]. AR SEEAIBERRILEE 3 — WM
[1ipoxygenase and phosphoinositide 3-kinase,
PI3KD), WS HUEAEE L g o A F 1 H i
Fok Pk B ARG R ) E, ] iE g S
PRIR/KFL BG4 )@ 2 S IE PEAVIR 7 1 e pi b
TR SE AR 2 Wik A B R IE T,
FLRT I 3 5 e 2 R ) 52 A s 4 i IR T
IR R T B AR AR T, S AT HIE 241 BT Y
g, ML A RIS i, B LRI 24 5Ar,
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FHts CcoX-2 A1 NO & MEmwEM, EHT
NF-x B M SR RAL St R AL S C e
IAEAN G O¢, nliEd R m o -6 A0 AR H
PIRAE . BLAh, 22 W mIAE 22 Fh 240 i A A2 i 1)
E5 g b KR, v s A
Jigs 19 A LA A A T 28 RE A o A R Cant e geg
WWHLIA F a [tumor necrosis factor a,
TNF-a ], H4iMi/r % [interleukin, IL]-18
A IL-6). HEEESHE AR Tl R E S
LI ) 17 B TV 1
et B AAIGYE, PRICHR S ZHARPL. RAER
AR
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3. ZBFEE R G H YR AL

3.1 BB HEALTEE RN

ROS AJ 5| K& SEAL N, 755 B 4 A - 4
T, s s E. 2HhEUEWES
PUEAAIE T, AT E GBI ROS HIFE R #I
AL, B R A A A R I
B AR At B A e e, PR A S sz S A .
LR, SRIFRREA R EE, AT
PrEafeae 71, nIRedE 20 Shp2/P13K/Akt
AT Nrf2/HO-1 dBEH MAPK 3% & $E4E 0%
I RN SR FU A B, AL P ] JE I e A AL
SO BRI B LB TR R, AR P R A AL
WG TR AE Fl S Fox01 2 B3 0% v
A G I R T T I T 3R e e AR A R
T BRI A%, AT 8 I R A B
R A0 T A BN DA ) T
) 22 Ty 32 B m] ok 2 79 - EE AT NO 43 34
B nPrEAL R FRIE, 1Y AR R A AR R
A T SIRT3 A § 12 S A& 12 0 6
FALYI B ALEE 2 (superoxide dismutase 2,
SOD2) /b4 ROS, M LR R ESR R LW
AT i B ROS . IR R 4l IR 7 Y
FEAE L A S R SR A B 1 TR
i

3.2 ZHEEHRBTIEE TR

B E S RE I Ik 52 B YETE OP [ AL
R EE EAE . A RANKL fEAEMITSOLF,
INF-a., 1L-6 F1 1L-1 S8 40t FE
I o 1) s 2 B 2 T 22 My L P s v
FIE SRR 28R B R AR, HET Bk oP
HBERE . MO AT A SOEAR B (0 a1
FRPERE R D By b e, 19 I AN A
Bt 8 11 BH 0T 7 1 9% 51 RS R I R R
O RS PRGN, ok R A B O R S 2R KCF
T i 78RR 22 B R Al T IR R A0
BRI 1L 3R BT 28 240 P R %o 5 4 o R A 3R A T
G RE T H 2505 AR B AT 3G N 5 pRE 40 A1k
FHIR IR IR IE TG R P E ST EE (alkaline
phosphatase, ALP) JEMEAIN 1k .2V 22112 )
FEEUY A 4] NF-x B R3S A R 4R AT

(7= A, o 48 28 5 3 i B R B o A
B AV EYAE B U

3.3 ZENELREHE T RPIEE R

Z M Re i3k i B 40 A R 3G BE AT 74k, (R
IR E AU, AT IS .
B, Bk OP BIRARRE. FonT iy
IGF-1. TGF-B . RUNX2 Z:4H i 4 K1 A4 A
IR - 1 3R DL A 5 38 B TR A AR 3 e
A IEFE Ak, B T IEIE T Wnt/ B —catenin.
BUP/Smad 55 % /M5 5@ AR #EHTE IR, FEAT
W EEHEEA. B8 % (osteocalcin, 0C)
SEE AR E AMRIE, B0 IR v
I B S5 M IR E M. Blan, WF 983 I B IR 2
BRI 2K Rt AT s f i B T A4S
RAEHTE. NF-x B, IGF 1 MAPK SR mE
PER Y R B B S 2 B RS s I R i
41 B AR A0 5% &R ) OPG/RANK/RANKL 1 5
BLH, MR (nmol/L) WIEEFHJEM 178
WE T T R AR 4K, AT 4 4 A
(1)~ 18 5 TR B R B AARE 22 R BT ILE
Z-3-IE TEE ((-)-epigallocatechin
-3-gallate, EGCG) s&&¢4 )3 Bym M il sy,
FrEA RCE DhRe, Fhmr ALP EPE,  RERCE
FeRI ik, 7 AAERE OPG/RANK/RANKL 3 % 1
/IN B R ) 70 0T T PR PR R A, 1220 S Pt
WHEESKAEREE 2 (bone morphogenetic
protein 2, BMP2) RIAFLMRH 734k 2 W5
LB AIEN 2t S E e b e e ]
G 8 TR 1% AT DA 33 R A B 1 L AR R
BCE S Y R R R 4y PR T MDM2/p53
5 I R R A ) R
YT AEE B SIRTL (kG SRR A 5 W,
HETT 0% PI3K/Akt/mTOR 15 538, (475 R
B KBS PR S 4 o (200

3.4 ZEyEEINHE RIS EE R B

% Wy T R R AR A AN D RE, F
H A B AR A B 0 e 77, TR D
) B AN R UL ) K2 A OPG/RANK/RANKL &R 4¢
ST B RSO T B DS SR, 2 RRES Y
RANKL #1 OPG HyKIALLH], M0 OPG 1
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FiE, OPG 1EA RANKL FmyatEszik, w58
K F7-kB AL (Nuclear factor—k B
receptor activator, RANK) #E4+4E4 RANKL
M RANKL  FOAE R, 93020 1 48 i 1)
WAk, HE RSO . BRAh, 2 AT PASZ
HoAh 58 WA G (5 5@ 2%, W1 NF- x B,
MAPK &5, AT 00 ) ik v 200 o i e AR W WA 1)
KA, WG OP. 40, #EK4 &9
TR OIERN AT EGE SIRT-1 (HE A
TR F-5E NAD+/NADH  He, i Wit
AP PR O R L A i A o T R S R G
IR I I I B I B AT AR AR 9 A =
A 7 AN 2 A B A TR, AT 41
BT AR 1 225 K T 0 A g
113 RANKL {5 54% R i B 40 B A= 1t #0H)
BRR, ZIFE T REE ME  Akt/NF-kB/

NFATc 1 3t 3 )0 1M 56 B o #7) BGCG Rl i i i 9
OPG/RANK/RANKL it g 405 A A= B, B 7T
FWEIREE M BGCG (20-100 nmol/L) wliEit
0] NF- k B 50 I AR % A . 25 P IR RANKL
P MR A0 A RO TS RAW264. 7 2 AN
JRAB i 5L R M R T RE 27 e 3 Rk A k2>
B AR A, S8R 40 S RS, Bk
B BERANAE R BRI 2 R 2R R
3, 3 -WB T RRER R R BA T s A 4 A
R A 734k o 50

i b, ZHrlEd el (antioxidant),
Pr#& (anti-inflammatory). {&#tH K
(promotion of bone formation) . & WU
(inhibition of bone resorption) HIHLHI Y
EACHIERE, S REAAER R AR (B 3.

w%@
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B FASE (Osteoporosis)
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BEERE

B N D E R AL HERE IR, B 5B R RE
o R M ERAT, PEPEAERE, M2
[ IPEBUE TR EANIE 7 e 2SN (4 = A IE IR TU'e
S5 2 T A FDLAG A 456 1 o A i AR AR AR AR
HEAENRREED I BA T 2R,
B RGN IE BTG B2 78 B . Rokn]
RN T2 B i AR AE (K FIM U, k20
o 2 5 H YR 2 8] B AR AR R A5 5
IR, IR ILAE T B B BARRN, 9
FER JFUBRAE FRI BT 36 A (0 L P S0 B s 2 A
HER AR, DA S8 1 R A8 F) 2R3 o
AN R DL BT BRI 7 SR ATl BEVE .

340
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Research progress on the mechanisms of polyphenols in the prevention and
treatment of osteoporosis

Xie Anna, Zhangsun Zhengyuan, Dai Weiwei
Central Laboratory of Science and Technology Department, Longhua Hospital Shanghai University of Traditional
Chinese Medicine, China

Abstract: Osteoporosis is a common chronic skeletal disorder characterized by weakened bone fragility
and increased risk of fractures, significantly impacting patients' quality of life. Finding effective preventive
and therapeutic strategies is of paramount importance. Polyphenols, a group of naturally occurring active
compounds widely present in plants, possess various physiological activities including antioxidant and
anti-inflammatory properties. Multiple studies have shown that polyphenols can regulate bone metabolism
through mechanisms such as antioxidation, anti-inflammation, promotion of bone formation, and inhibition
of bone resorption. Moreover, polyphenols offer multiple benefits over traditional drugs, including their
multitarget effects and natural non-toxic nature, making them a promising approach for the prevention and
treatment of osteoporosis. This review summarizes the recent advances in understanding the mechanisms
of polyphenols in preventing and treating osteoporosis, aiming to provide a theoretical basis and novel

insights for the development of polyphenolic compounds as potential therapeutics for osteoporosis.
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