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Abstract: Postmenopausal osteoporosis (PMOP) results from a combination of multiple pathological mechanisms, including
osteogenic impairment and osteoclast activation triggered by estrogen deficiency-induced chronic low-grade inflammation and
mitochondrial dysfunction, as well as systemic inflammation and metabolic dysregulation caused by gut microbiota imbalance. Faced
with this intricate and multidimensional pathological network, conventional single-target therapeutic strategies exhibit obvious
limitations. Traditional Chinese medicine (TCM), with its theoretical advantages of “holistic view” and “syndrome differentiation-
based treatment,” demonstrates potential for systematic intervention through multi-target and multi-pathway coordinated regulation.
Current studies indicate that various TCM formulas and active components can effectively restore the homeostasis of the bone-immune

microenvironment and balance between gut microbiota and bone metabolism by comprehensively modulating these multidimensional
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pathological networks. Based on this, this review systematically summarizes the multidimensional mechanisms of PMOP, highlighting

the multi-target regulatory effects of TCM within this pathological network, thereby providing theoretical support and research ideas

for in-depth elucidation of PMOP pathogenesis and for advancing integrated prevention and treatment strategies combining TCM and

western medicine.

Key words: postmenopausal osteoporosis; immune-inflammation; mitochondrial dysfunction; gut microbiota; traditional Chinese

medicine
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Fig.1 Schematic illustration of multidimensional

pathological network underlying PMOP
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Fig.2 Regulatory mechanisms linking estrogen deficiency, immune inflammation and PMOP
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PREGT- TSRS, Biie PMOP &4t PR AT S AGET 2.3 MAEEE

JiTl

o3 RN “ NAR S IR R 7, A e e+



« 5262 «

PED 20265£7H B57% B 138 Chinese Traditional and Herbal Drugs 2026 July Vol. 57 No. 13

B i i S A e R g, R S g,
TEAE ERVE TR BB P A S e i T S o0k A
H I R T AN ] B ) €1 i T8 B R 4
FrRE 518 ¥ AP O, EERaRT
Jls AR AR D SR NSRS, A A T AR 5=
B E a2, MM IR — AT — R BE AR ST S
RS BN A T4l 2 82,

Tk, MREs, HEMESHESS
PMOP 1)K R JEAFAEIRZER R (B 3D BF T B0,
ISR KT T B D [ N P I i T R R 2 A
i HRREESCE, LA 2 HK T R R
RHF IL-6. TNF-a, y RS LT LR EF IL-
10, IL-4. TGF-B %5 T B RGPEACRSE 2 AR,
b4k, PMOP B 3 e 555 e B R = 2 (1 AR A0
FEMOG: WASRETINNZ 58825k, il
FEBE BT B B AT v 5 BT A PR AR = P AR Ak
W) AT e i P AR BN R SR R, i — D
Bl R FR8,

It 5 XoF i 3 TR AT T AR N, AR 2R
W, TEIER AT, JiE s i ol i AR =
W) (W1 SCFAs) KIFZ BERYEH: GFEREHIE
pH. $& = ) A 585 8 T s 0% . T igIE
WIFENE S IR R A SRS TR, AT ]
2 5 G SARGHAEEECST, SR, FEREIRAS
T, WIEERRH T S BRI R RZA, (RAEN
BR NRIERTEENET RS, GIRES MR
HRIER L, THES BT, Bt i 4
LR T 5 B AR TR ), (AR, B
AT T B E WP, WA 808 FRR
AL,

TX G IR AN Sy B AR 7 3 A A RS TR
VERIFERE TR, ARSI A DB B s )
CW 56T RS IR AL TR IR -

3  PMOP-ZH(ERHEIEIE: LUEHESKEZHE
AR MBI 2%

MEB R B Z AUZ PMOP [iG3h R &, S
BRGIERIE . LRR T RE bS5 1 B R R 3
KIGER A A B AL, TER—A B RIS %
PEFEER L1000, o, SEMEERR 2 PR IE R
B R ESIEIR O 2 ANk 4715 0299,
3.1 GEMER: ERERIATEERERSS R R R ER X
IMERE

2R Fr A BT A 4T B PR 9 1 AR T R, R 3

B e B 20, fEMER B2 RS T, &Rk
MR, SEusME %, —J7m,
R FE ) IE YRR B miDNA IR IR BE 5 &
1) i i 731 1) 5 R N P ot A Ay i S 5
RARIT -5 TR K7 B IE RBHEA O 55 —T7
T, W5 PEAECA] U B AR S I R L
5y A LNt S SN R [ i BV il SRR T R
B RRIR I T B I 15 3 R AR T8 0 M B e FL T
T8 BT 51 B AL AR A ATP & s f5 i, [FIIRE
TR T FI40 A0 (4 2% C (cytochrome-C, Cyt-C). 5k
FIRR LK AR ANE-3 (cystein-asparate protease-3,
Caspase-3) SRR T 1, FARAIAMN “ReET)
AR “ RIEAF T X" 17981,

WA, TR RI, WEEESENE ST, W
{21t NOD F¥ 52 R #v B [ 45 #4935k 3(NOD like receptor
family pyrin domain containing 3, NLRP3) #JiE /M
(P2 ke 5 s Ak, RIS A0 B #f % R F--«B - (nuclear
factor-kB, NF-xB) #liffillHH o BH0E L IkB L
Mg, MIIfERER NF-«B PR, 355 IL-1B. IL-
6+ IL-17. TNF-o S 2 Rl KRR XL
JiE R FAMY A2 3E Th17 4f0 504k &2 M1 R E g4
Hatletl, 75 s NZF156-57.63-651 IR RIS Caspase
AHIIE I T H PGC-1a RIE, HIHI LR AEY) K&
& SO (6= = = I8 D v e 791 11| 5 R 2 NIV e | 2 TS AL
PR TGRSR S “ BORIAR D e B AG - T 0% S 0E 7
XA BRAN 173 GE, A F A EROR, P R

HRRER.
32 BEZHE: EEFEEFHAASESRENXE
A

Ji73 3 T A 2 1 & PMOP F 55— S5 SRR AE , M
R Z AN E BB, ] SEEREZ A
HIZH B2 R R AT 000 IR 22 W A g o == B 1 B 2 i
BESMBE R RHETEA 7, R i A R i S 2 5
IREE RAEIRAS B R B 7RI, TR, ML
Rz FEW bR R EEEE A
(Claudin-1)+ #P&EHA (Occludin). HB/INVT & H-1
(zonula occludens-1, ZO-1) KL R, MIRGHML 5>
b, BEATW. TWERIZEERER A
(secretory immunoglobulin A, sIgA) Kt B kA %
TR, T RGN g i 55 e A e, A b R B
T TR, HI99iE be s i) ORI DhRE, R 41
B % I ML S TEBRBE /T, RS i TE R IR IR 2 B
KE G RN TG T ARG, T AR



PED 20265£7H B57% B 138 Chinese Traditional and Herbal Drugs 2026 July Vol. 57 No. 13

» 5263 »

PR B IMREL 031041 i O R B, N LI i 22 BT 5
TN OUH R BN KIK Toll FE214 4
(Toll-like receptor 4, TLR4) ZAAhZE 4, WiE TLR4/
PR ZSEVUNER 2 2T 6, 250
M PO B NF-xB B 22 54 J5 G A0 2R (1 e e »
7%'F TNF-a.. IL-1B. IL-6 55 F-HA{E 58 K (1) S A
KEREI, MUK DT [N, A58 1 5
22 WE R AL e T )32 (9 SR AS 10ST

IR RREDR AT R R R R R A
Rk FHE3 M b AT S0 A R Ak
(G B, e i T e By, AT TR B A P
ERAFFR BRI, (IR, FFFCIESE, IR hE
WS TLR4 J5, BT SR RIE R BAh, Er
5 IS DR O P e R A — A% B R AL, (it
Y P I PR SR R AR DO, XA T NF-xB &
NLRP3 45 /MA FIIEHEDS, Ho AT 8] % 1 S840 SO
S IE LRAA TR, M PT JR EEE E  2
LR BERRAT = A R R JR PR PRI &, P24
RO RN, SERIIK B4 S PR RIS 5

SRS ST
3.3 EMERSESHENTERK: ZAHMANTENE
{(EEZNEEE

TEHEAS IR 2 0 MR E R RO R,
TR MRS HAR NG R AR T RERRAT . T B R O
50 SO = KA R B HREL, TR — a4
SNV TV OGRS B N I Eo R i/ QYA pe
EE M AUR I EA NAR B AR, AR iE
BRm e B, NI (E I 2 BE U)ok, iRZ
W/ TLRA {55 It — DS b s M e i, T
J “HE 2 W — JRE — ZRRLAAR TS P4 — I bR b 44—
WZ G2 RN 10 RSO 1, 71X — M
gerp, WS 2 WL [RI R BT HgE SOE IR 2
X3 77, BIE PR I 0% NLRP3 485E/MA 5 NF-
kB EH, JEZFE@ET TLR4/FEFE LK T 88
(molecule myeloid differentiation factor 88, MyD88)
55, 3 XIS IL-1B. IL-6. TNF-a. IL-
17 S50 2 R R R RO 105107 3 e 58 i [R5
AMUPEHE Th17 4otk 5 M1 BY EREgHfatl Ak,
BE— 3P IR R A 4 B B SORE RS, 348 ] |
Treg Uift, FTAERERRA, (HRMREHKIALE
%#[56-57,63-65] o

TEORRER R, B SRER 10 & B R G R I
HRAERE R . — 7T, EA s S RANKL/

RANK {5 FiE i, (Edbiianmi i, s A
1F, HESRE R 5 —J5TH, dEid s Wnt/B-
catenin {5 518 & Runx2 %5 B HAH G 73R4, )
il BCE UM I . e ThRe, MU E IR, 1X
Bl AR, IR R P E AR R RIS T R
P, SECEERINE. FR, B ROESRE AR
{4515 T PINK1/Parkin /5 R4 [ Wi %, FH
Rt RGN N1 N A P T NE B2 62}/ K )
A, (R FBUREE AR, I a8 A B e,
20 0B AR R 5 e 2 e AR,

R AT, = K R —2R kR T RERERS . g
BRI S R RORE, FEAE =0 B 5 1) 7
20, T LIS A AR 2 B RO T A
FESUE, TEH—A BB AWTSOR R A
B, WENE PMOP HH £ e
4 TEZAX PMOP X% 4% R SHENGIR RS M
=1ER

HERZHET “Bikit” 5 “RKRan” MR
o NINRA T S R E TR . HoR
TR MEISTT R IR AR IR RE
B 52 B A BRSO )2 OE . 4T, PR
W IEZE TN BB MYBRPRAER A
B NI IR, FER U R BRI
SR BOI . BEE RS AR 4R 2 B 28 Ty
TEIIRNRLH , AR50« 524 - PR p 7 B OBt « o
2R - B R -T2 4 AR I 2% i HUAG,
7 R 2 AR R AR AL SR A 1R AR L4 1s]
RItE, R Guim B 5 o 25 v R 2570 R AR RE R A2 K
Je i 2 dE RN, AR BT SRS AR AT
Bva R . DA R SRS, Sl 7 e 7 6 4
RWRERG S FER R R B S
LR IR .

4.1 IR R RAEH

411 AT DR AER, FAHEH B
PRV ARALEAR KFEFE b 5 P WL G 20E X
NEARSEIL, T 4. EELT MR A B SORE RS
FEA LAY, £ PMOP s EE MM, nE
LML PMOP A SRE B B 40 i B0
JAR 9 A F TNF-an IL-1B /K FPFHE, B AT IL-
4. IL-10 /KFFF, EWEgiE M1 BbsEwFE SR
— A M E A B Cinducible nitric oxide synthase,
INOS). FEMALMEME AW 1 K TREEE
i, BEWR4Ei M2 BAREY CD206. CD163 %Kik
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BETE, STHETTIE, U7 RS
RUPHA 7@ 0] M1 B 20 B ik Ak e 12
M2 B R AR AL, AT TR R A 1L,
FEZE T PMOP i3,

I PRI F 27, A i IR 3 ml o i 4
TNF-o/IL-6/ Janus ¥ 2/{5 516 5 L SEE A
3IEEE, FRCE R IR A PMOP &3 MiE 1 1L-6+
TNF-o. 4 BRAH K IULZAE yt (retinoid-related
orphan receptor yt, RORyt) A IL-17 &% KK
-, Fhim IL-33 /KF, sEmidld] 7 Thl7 45408,
AN, WIS KT, PMOP 12 37 M — B K-
Treg LA S % 23 I W BRI, Th17 MEAFEL
BIER ST s R HRIRTT A A % M B &, Thl7
WARELE] . IL-17A. RORyt ik W 5 F&A%, Treg IV
FELLHBI. IL-10. XCELHEE A P3 (forkhead box P3,
FoxP3) HEHRILH I, HAHRMES RN, &
L Th17 WK 2B E AR, 5 Treg Wi
KPR EAERIO), R PMOP 1k 4 Fuis
RS, T2 T B R E Th17/Treg T4,
Wb TR ER, K¥ETHIPMOP EH.

WAk, R A 200G 5 R CH e 1E R R B e Y
E T+ OVX KRB HZUME —FEKF, i Treg #F
SR IL-10. FoxP3 Rik, R Th17 £e5FEH
T RORyt. IL-17A FRiE&, HAHXMES M EIR,
FoxP3/RORyt (1 S5 Ik~ 2 IEAH G #HFTit
RO, SRR T ATE PR OVX KRG 1L-
17, IL-6 7KV R 204! RORyt. RANKL Fik, [A
i 3 IL-10+ TGF-B 7K1 f & 24HZ1 FoxP3. B {IRY
RRIE, MM Treg 40HEE . 982> Th17 i
$iE, Al Th17/Treg K, dEmiisd_Ry R/
RANKL 38 5, 061 B 40 i oAk 0210, 22 B 41
21 Th17 AR IIRETES), SN Treg 403
IR EITES), MRS Treg/Th17 P4, hE
TP RIEFRAS, B bR RS2 i iR TT
PMOP 113 [F{E ML -

i ErTkn, HHEEZSRE VA PMOP ML), JFIRH
— Ml A A B R, R A IR TR
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4.1.2 HZERAE BRPYE T, Y RATR R
I G E R G, R PMOP & i R 3 A
o AMIFTOR I, 1E=BE15 S0 BMSCs £ 4!,
TRAF V BEFFK F4/80*CD86" L9 % iNOS. IL-
1B SR 2 RT3k, #fI M1 B B R0 i it, 1R

I, BRI HEINAGLE A ALP. Runx2. HRARE
15, fRRERCE 22, A, BRI S R
AR R W TEA, BISEEH /D> T TNF-a.
INOS ik, HihnIL-10. ASEIRNG 1 £ik, (et
EL A L[] M2 BB AL Y[R f ALP L 2804 B2 tRNA
B RS LT, SR Runx2, I RRJEE AR
IETHE, BEEE T BMSCs [ RCE 4L fg 0230,

WEFCIE KRB, OVX /I B H I T 4 A R
Gb, AL R RS S 2% 4B IR  nAE OVX /)
B rh, ERAT VR B VYT R L B R R ST B
SRR E MR (BEE, BOREE, BE
AR SHLSUATR L R E R8T, BRI
e ED, TEIME 1 AR C Sk (C-terminal
telopeptide of type I collagen, CTX). RANKL KiX,
FiE T BYAT R A A Ik (procollagen type 1 N-
terminal propeptide, PINP). H{RIFZEKIL; =AW
R EPE A Z0-1. Occludin ik, FHKIMERZ
B S JIERF TIL-6+ TNF-o0 ZKF, 85 7 R A5k
SEFIRRE Th17/Treg HIMH, IEETEH L,
REGR R R4, hAh, T ERR T OVX AR
Ja, KRBT Treg 40 LG K2 Treg/Th17 )
B, AMUNGE T EMEM, A8 & R £
YUl A BB MEEFR 8 Sb  (tartrate-resistant acid
phosphatase type 5Sb, TRACP-5b) A A % [A-F IL-6+
IL-17 /K JH RANKL & A#RIE T, HiRH
T IL-10. TGF-B 7K K E B R R EHRET
G T RN,

FIREEFLRAE, gk nlE 2 iEn G
Th17/Treg “Ffi7 . {23E ELWGEAN M0 M) M2 RIMRAL ) 4%
o JZ SOREINE, AR B WSO R I AN A 3 T
B, BEEIE B, 5 PMOP MIBG AL | %
1) S B AR o
4.2 PR ERIARTNRES
421 PAET UKL OVX KBRS H-E )
Wk B T YRR FAZHE C Bk, TRAP-5b A8 L0
WORAR N L TSI ET A, TRCE PR S E R 2=
T BYFTAR IR C i JoRFH 470 48 A T A8 A ) S AK il K ~F
PR BRI T HF (Cyt-C. Caspase-9.
Caspase-3 55) RI& E A EE FA, BT EA
B W4 -2 FIA TR AN FRET S,
KBE % B AR, B RS SN
WORH SGFR PR 38t TR 1200 3% B2 IR 9 o ok 4100 i 2
PR T AR, (Rt E A, s, K% T
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Bii PMOP fEFH. M= 502 FR I VAL
¥ BMSCs J&, ZebifkiEigz, Mk, X
JE SRANUE 25 RE 5 T, ISR D . IR LR R
2L, ERLAA A 1 SR A 0 R R DL A= A
HREH PGC-la. # K1 E2 5 F 1/2 (nuclear
factor E2 related factor 1/2, Nrfl/2). ZRHiAAREE 5[]
+ A (mitochondrial transcription factor A, TFAM)
FikmE L, BUEHRE AT SRS )
WE 2 A y(peroxisome proliferator-activated receptor
gamma, PPARy). CCAAT/I5RF454HE A ap &5
FIE T R A F AR REIEE PGC-1a/PPARY
T BRI AR AR R A B SRR S 5 1)
fE, M BMSCs B, B PMOP.

& ISP SE 450 =B B D (P RATE | 2 A7 N N ]
Tl I AR A R A AR 22 R R B A
AT HREARRTT, T SEILN PMOP HIH R0EYT -
422 A RAR Li U RER AR K
A ERR B RIRES, EUE A R4 D) BE
L2 PMOP e i) X — KB A5 PRItk fieidt —
& D RERE T G R R AR 1RTT PMOP [5G 8

RNBITTER I, OVX K EUHE g /-840, TR
fE AT H 3 Csilent information regulator 3,
SIRT3) A1 PGC-1a ik g/, MLiE N —RERIE
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Wik | ERYEARAEAL, (2 T Parkin [ 2K 1A 5 A7,
) R ERUPL ARSI U B, FEL DR
BMSCs ™', <% 5 B DLMES R A K 2K a
(estrogen-related receptor o, ERRa) A ) 757 =0 _F
I SIRT3. PGC-1o. Parkin, mtDNA . Nrfl. TFAM.
TFB2M. Cyt-C SEALEG T HE IV FIZRRIAR AN EEE {7
Mg 20 7K, R URTEVEEUKE, R R AR R,
11 ERRo FRIRRFRTE R 1 <78 5 B A3 — 1 020,
F W41 5 3 DL ERRo O J7 U0 1 ki
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PMOP B AR EERITH A Hb4h, Yang Z50130)
WA R A AR F R Ry VR 45 5 ERK, 1)
OVX /INRAAPN RANKL 5 S (B 40 2k 44 3
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R K R R Elg 9 55) ik, Lo
AT S H A AR A o 3 B 00 ik P A A
LRLR T e (1) 503 AT B e R B B (AR AR

AT, A 24 A R0 < A S B T R Y
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A EE T &1 B AR A R 40 B v g 047 2 B
PSR R TT A -
43 ETIRAERE R
431 WHET; WK, AR AR TR
OVX KRR Ji7il JEERERE |1 F 5 e m B AT 1 B F
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T IRShR S T R R B 7Y C s A BRIk, $Rs 3
A A I A i T R (R R e AR, TR R
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JELA 1 I SETE AN IR, BB A 2 A PE R R TR
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[A¥- IL-1B~ IL-6 TNF-0. 2 4147 TLR4/MyD88/NF-
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BRE S S22, _BRAENE S TS
Wik, NURIOIE R NIFER, i S E . 26
PESE N, dEm R A, KT PMOP /EHI,
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B H = E AR B A, ARG kD, ke
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Z0-1 RIXBZE TP, FR, 8559 E % F 5 IL-
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T B A A 5 TR R BB ek, WL 2 B0 B R Y
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RGVERYE, &y rh B 25 v 2 i 18 o B A
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T, 3 2 0 K A MR P IL-18 TNF-o FH &,
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M RTIE, LIRS %iE e 543
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AU, HATUIA B, iy R
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iR i : T Th17/Treg G i 5 B R4k AL,
I F RIS (R RRL R A R AR A,
U 4 i e B AR S kb A AR T s B R i iE B
e, WS “Wa-EH” R,
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