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Research progress in traditional Chinese medicine targeting NLRP3 inflammasome

for the treatment of osteoporosis
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Abstract: Osteoporosis (OP) is a common systemic chronic metabolic
bone disease that primarily affects individuals over the age of 50. It is
highly prone to causing complications such as fractures, which severely

impair patients’ health and quality of life. The nucleotide — binding
oligomerization domain — like receptor protein 3 ( NLRP3) inflammasome
is composed of the NLRP3 receptor, apoptosis — associated speck — like
protein containing a CARD ( ASC), In the

chronic inflammatory microenvironment induced by aging or estrogen

and pro — caspase — 1.
deficiency, this inflammasome is activated. It mediates inflammatory
responses and induces pyroptosis by regulating the maturation and
secretion of caspase — 1 — dependent proinflammatory cytokines, namely
interleukin — 18 (IL —1B) and interleukin — 18 (IL - 18). This process
not only accelerates bone resorption but also inhibits bone formation,
ultimately increasing the risk of OP. Traditional Chinese medicine
(TCM) can exert therapeutic effects on OP by targeting the NLRP3
inflammasome. This article comprehensively reviews the structure and
activation process of the NLRP3 inflammasome, as well as the complex

mechanisms through which TCM treats OP by targeting the NLRP3

inflammasome. The aim is to provide new insights for the targeted therapy
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of OP and serve as a reference for identifying ideal therapeutic targets for OP.

Key words: traditional Chinese medicine; osteoporosis; nucleotide — binding oligomerization domain — like receptor

protein 3 ; caspase — 1 ; interleukin — 18 ; interleukin — 18

H BUHLFAAE (osteoporosis, OP ) J& —Ff LA # ik
DRI B IR AS PR R B AP B, S B i e
VRSN, B KRBT B A ER N LT WAL
&, OP A 52 Wi v 2 A N At R 1) 7 R 2 4 T/ )
B, HHL, OP (Kbl S A%, W M Z R R 45
W BRI SRR S AR B K
PLAAEAE OP 1 & HE F A JE b 47 I 1 2 €5, 001
S HRAS & SRR A M AT 2 1A 1 3 (nucleotide —
binding oligomerization domain — like receptor protein 3,
NLRP3) 4 i /IMA (4 05 5 OP 1) 5 B 3k 72 %% D) AH
Ko NLRP3 JAE/MACGRE — RN Z & T2 41,
REAE RN 40 L PN A0 18 16 K62 45 5 I 000 RAE S, He
28 MO AR 43 I S RO W2« JR S, A DG 2 A
PHAN A TR, #0152 T kb ( nuclear factor kappa
B,NF - «B) , Fi%E %™ Y355 UG I, RAE/MAZH
H ERAME ~ 1 (caspase — 1) FT , 52 MAAEH 5
AL S 408 oAb, NLRP3 S5 /A 3t 11
B BTG A AH G K B AFE gAY RNA 1 (osteoporosis —
related long non — coding RNA 1, 0RLNC1) NF - kB g
SIS, 2 5 R) S ST A M A A, S e 2
Hushfe, M B AL AR o A SOK TSR
NLRP3 4HE/MATE OP g/ HIALH , LA K2 o T
NLRP3 #4E/MAETRTT OP BV TE I , o OP fY [
TRYT S AT Y B I 152 B 7 ) o
1 NLRP3 RAE/NMEE S FIHETIE
1.1 NLRP3 RE/MEE 1

NLRP3 #4iE/MAJE T NLR KR, Z K A
22 ARG, JIZ IR T EL RN | R A e A A
JEAIM R, PP RGeS K A S AT S Y
AN EARE A . NLRP3 44E/MiH NLRP3 32
L8 T AH & BE 05 FE 2R (apoptosis — associated
speck — like protein containing a CARD, ASC) F12f i
FAHE - 1 Wi (pro — caspase ~ 1) 41" 30,
NLRP3 4035 = AG5Hade, BV NV I 4f Lk e 2544 328 ( pyrin
domain, PYD) K% R &5 & F1 55 R AL 45 14 35 ( nucleo-
side triphosphatase domain, NACHT) Ll F C ¥ & & =
S 1) T & J¥ %1 (leucine — rich repeat, LRR) ™%
LRR BERE N E 5 IF 2 ST IR AL, 1 NACHT
SEH HATAZH R S FRAL BT 7 1) IR = B IR 1 ( Adeno-
sine Triphosphatase , ATPase ) WEPET D ASC s 1 A

PYD FiI C ¥ caspase 475 5485518, ( caspase activation
and recruitment domain, CARD) ., 7 NLRP3 &JE/MA
HITE RS G i R, ASC 1) CARD 4546 38 47 6
YER, B RE4HZE pro — caspase — 1, {£fii NLRP3 #HE /N
TRFERA B LA S caspase — 1 0 , B ASC Al 4Ly
%4 NLRP3 ZE 5 pro — caspase — 1 [ #F grlitl
pro — caspase — 1 J& NLRP3 4 i /M 1) — Fh &0 47,
FIREICARAE K AR HE 98 S0, 5 ALY caspase — 1
A5 AR T . NLRP3 48 P /IMACE S J8 i py
VMBS MG PR A S ) ~F- 15 3885 1 5 41 i A
TG U TN , 2 5 S R G PEFNIE N VE s
1.2 NLRP3 RE/NMFHZHBETIE

NLRP3 SAE/MA (1) 28 0SB 12 1% )i sl Fnik
TGS L BR T IR 3B B, Toll #3214 (‘Toll - like
receptor, TLR) . IL — 1 3% {4 (interleukin — 1 receptor,
IL - 1R) L) K ied IR FE Rl 752 {4 ( tumor necrosis factor
receptor, TNFR ) & #2451 , $HU51 58 i /MAR o Ji A4 A 56
47T #  ( pathogen — associated molecular patterns,
PAMPs) u%, 451 155 #H 5 43 F 5% 2L ( damage — associated
molecular patterns, DAMPs) , FF TG NF - kB, fig i
NLRP3 [Fif IL - 18 FAH[ IL - 18 55 =iy KR ik b
VA, 58 B AE /NSRS S Bl AR 2 Bh e
JEHEABOE B B, B Befl i NLRP3 48 /MA Y 21
X caspase — 1 ¥, A5 IL — 18 FIRT IL - 18 #54L MG
PEIL - 18 F1 1L — 18 Ff7rMi B4 ob , i 267845 k&
RIEF, e & PEALLURG Y L fEHE IS NLRP3
SAE/IMAII IR AR Z , —J5 1, PAMPs Fil DAMPs AJ 1)
SEHLEAE b PAMPs 1,8 — R BUR A DA 4t
J, AR TE A 220 s DAMPs U3 o6 15 — BRI L IH
[T P45 it ok 28 XU/ 483 10 AH 5 R - DA R SR ER IR A1 —
AARESE . B 05, — B TE S, KTl
Ca®* i %8 (reactive oxygen species, ROS) & ki {4 T
RERR AT RV BHA A RRUE S5 P R 2552 NLRP3 485/
PRI , AEX 2L PR 2K K A4 NLRP3 484
AT ) H UL K R, 2 A b K R R AR
251 % 1L~ 1B [V, LA NLRP3 S
2 NLRP3 ZfE/NETE OP RE{EA
2.1 NLRP3 RENEFN0E

B8 [7) 75 55 T 40 2 ( bone mesenchymal stem cells,
BMSCs ) EFMFE R R T T LA ok 1 A0 e A
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AN, 7 OP AR fErf, BMSCs 25 i UL RE 1 [
NIV RURE S8 155 B0 , T 0B T2 i B4
NRWIFRZSE N, ©AMIFEIESE NLRP3 RAE/MAS 5 T
XANIERE, I ] BEE A H L P4 152 BMSCs 153
" . NLRP3 JeiE/MARE RT3 L 520 BMSCs 43k5 5
I G AR , H s 2 B T R, SCRT b kL
SEHN DR ZRU | AT B AN A3 A R R
PRI R e ] NLRP3 SAE/IMA R RE A T b, X
REDS DB IR, AT A& 445%) OP 424 o
2.2 NLRP3 ZHE/INID ) B T B

XU 24 00 268 22 J5 B 5 B 4 ( postmenopausal
osteoporosis , PMOP) /& # NLRP3 & 1 /MA ) 7K, %if
NLRP3 /N4 RNA ( small interfering RNA, siRNA ) 17
RNA IR, FfAE 1 60 22 i 20 e S M 1R (osteo-
blast — specific aptamer, CH6 ) 1) T 5E 1k i it 4 K i fr
(‘osteoblast — specific aptamer CH6 - modified lipid
nanoparticles loaded with siRNA targeting the NLRP3
gene,CH6 — LNPs — siNLRP3) , % 44 >k ki ] 5 NLRP3
SIRNA 5P ik 22 e 40, 45 R o, PMOP J8 %%
NLRP3 S/ IMAK - B35 T, 5 ME — WK P & A
X, [FBHHE ] CH6 — LNPs — siNLRP3 % B £ 7] |5 A
(ovariectomy, OVX ) K .47 T i, OVX 2. CH6 -
LNPs — siNLRP3 #H I Lipo3000 + siNLRP3 24 NLRP3
HFE R KA 3R 2. 71% 1.73% i1 1. 74% 1L — 18
HF2ik KR 2.36% 1. 41% Fil 1. 66% 1L — 1B K3
WBKE N 1.06% (0. 70% F1 0. 71% , 75 (141, OVX 41,
siNLRP3 4 , LNPs — siNLRP3 4] ,CH6 — LNPs — siCtrl
ZH 1 CH6 — LNPs — siNLRP3 2H 1B %% J# ( bone mineral
density, BMD ) 3% ik /K & 4 % & 2 601.27% .
1177.22% .1 556.96% .1 613.92% .1 556.96% #l
2 240.51% , B F/ B /NGE AR FR (bone volume/trabe-
cular volume, BV/TV ) {1 3% ik /K 43 5| S~ 44. 72%
26.09% 34. 47% 31.99% .33. 85% #1 42. 24% , Runt #H5<
FESE R T 2( Runt - related transcription factor 2, Runx2) ]
ik KR 1.00% . 0.22% . 0.23% . 0.36% .0.27% 1
0.48,8 45 2 (osteocalcin, OCN) 11 32 ik /K F 43 B N
1.00% \0.245% 0.27% 0. 43% 0. 21% 1 0. 75% ,7E551+
L ZERIIA G E(H P <0.05) . ] T NLRP3
S/ IMATE PMOP 1) B A b SC BV E T, T DA 2ot
#1a) NLRP3 Rt/ IMAREE B
2.3 NLRP3 RAE/MER i & R

WU TR 5T R Mk B - BT MR KR
(B = hydroxybutyrate , BHB ) X Ji& i UKL 175 5 B 175 i 1)
UM & s 5 %0 BECZH A b, B UMUK 5 S 2H 1Y

caspase — 1 FIKIKFE R K 2.41% F 57.53% ,
IL — 18R /K 4350 2. 36% 1 56. 08% |, i 7EAZ% K
Tk B ZARIG ALK FECAZ (receptor activator of nuclear
factor — kB ligand, RANKL) {5530, 6 BHB ¥ &
ThEs (2.4 F16 mM) , i SRAE D 5~ 2 AR HH G 1 6
(tumor necrosis factor receptor — associated factor 6,
TRAF6) i IR K458 7. 36% 4. 50% 2. 07%
H1.00% , i FBJ /1N BB PR o 208 2 AL ] TR
( ccellular FB] murine osteosarcoma viral oncogene
homolog, Fos ) ik 7K F-43 54 4.01% 2. 70% .
2.24% 1 1.00% , TRAF6 mRNA & ik 7K 5 43 5
1.00% 0. 72% 0. 41% F1 0. 18% ,c — Fos mRNA FikK
SEAY R 1..00% (0. 68% 0. 41% F11 0. 22% , | iR 38 Fr
TGt FEFHAA G E X (¥ P<0.05), %
WFERI, NLRP3 S8 /IMARGE rlidad Fif caspase - 1
AL~ 18 fe #5455 ;T BHB GESIH] NLRP3 J5E /)N
PRI , JF T T i1 40 M 3 Ak G B 43 7 TRAFG Al
¢ —Fos WY, SR E- A0, BB 1 i e )
] NLRP3 S/ IMA AT 18 B, TGS OP.

3 HZ4$E[E NLRP3 RAE/NMEIETT OP

3.1 /\EEf ( berberine,Ber)

Ber j& — B RARAFTE T 8% B AD 55 P 25 i S
WIS A W, B AT BT AR BT A T R AR
T 22 P T S 2 BT AR AR T Ber
Xof 22 BRSO BT T, 45 2R W VR YT 4 S R 2
RN LN e e P
(12.19 £1.39) % F1(5.12 £ 1.05) % , ‘& /NG R 1)
KB KAk (6443 £ 577) F
(43.62x1.31)em, & & & % & £ ik KFH
(0.269 £0.002) F1(0.248 £0.009) g - ecm *, ZEGi 1}
¥ EEFHAGI R (B P<0.05), [FHf Ber T
JRIBSCH 4 M B RANKL A9 3535, 2 RANKL/ 5 {47
% (osteoprotegerin, OPG ) -1y , Ji /b 87 S04 &5 1 AH &
V£ F#E A ( thioredoxin interacting protein , TXNIP) %% 5%,
HETI AT LA K ROS — TXNIP — NLRP3 4y, {2 7 & 1) E
I, RAFIRIT OP WV
3.2 EFEH (icariin,ICA)

ICA JZ—FP A 7E T2 42 h 10 o A 2R 1k 55
Yy, BA eIt LR e Ak TR B AL DT DR
U R i T T S5 2 2 AR T 2 L ICA 19
A FEA i) NLRP3 ST /M A AH 5¢ 8 1 % U0 AH
P SR P R A X 25 O S PR A K
BUE HEAT ST, 220 1CA 67 5 iR 7 SR A 1
B, R BUBE BMD A 7K P43 51 2 (0. 189 £ 0. 026)
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F1(0.141 +£0.017) g - em >, Ca ) FEik K20 5N
(9.27 £1.12) F1(5.74 £0.72) g, OPG mRNA F£ikK
SE4y ) SR 0.427 £0.45 1 0.117 + 0.013, RANKL
mRNA [ 3% 15 UK F 4r 5 2 0.074 £ 0.009 A
0. 125 +0.014, RANK mRNA [ 3 ik 7K 5F 20 5l
0. 115 +0. 015710. 286 +0. 063 , & it F 2= R HH
GRS (3 P <0.05) . R T ICA g hn OP K
UK A, B T OPG mRNA 3Rk, af LU o 48
] NLRP3 S/ IMA K FEIBST OP IIFER

3.3 X HBIZ = (norcantharidin, NCTD)

NCTD J&—F A6 # R+ Hu i T4 H A R4 46 J5t
B, S S IR TR T Lo BEEE R, i A
BN TR A B AT AR W, BA BLR (PR 55 2 Fh 24
fif/ﬁ}ﬂm] -« YANG %[27] it 25 B BF F& & ( norcanthari-
din,NCTD) 55 NLRP3 %5 {5 5 i % ¢ R 4T T HEFE .
Xf R 5 54 NLRP3 28 Y &350 31 0. 36% F
0.77% , ASC #H F B £ ik K F 73 5 g 3.22% M
1. 19% , IR A6 20 Jf S5 5 981 1 e 40 i 15 5 )
7 1% 1 ( phosphorylated extracellular signal — regulated
kinase/extracellular signal — regulated kinase,p — ERK/
ERK) iR K 43504 4. 62% F1 2. 425, SHAM 44 |
OVX 41, LD 41 (OVX A J5 B I 4 1 mg « kg™
NCTD) 1 HD 4 (OVX J5%5 7 2.5 mg - kg™' NCTD)
BV/TV {3235 7KF-43 5114 6.70% (1. 76% 3. 41% FiI
4.40% , B /NFEJEJE (trabecular thickness, Th. Th) %32
IKIKF-4341 4 0. 06% (0. 03% 0. 04% #i1 0. 05% , {E4%
e ERRAGI AR X (P <0.05), 4505%
HI'Y NCTD F#AI% 1 LA & AN i bR 59 F — actin
4] T NLRP3 SERE/IMA ] A B 19, & 4%
#m) NLRP3 J5E/MAIRYT OP 1IfEHT
3.4 HROHIEAE (aucubin, AUB)

AUB EZORJE T AL 2552, RAHR Hi
AL ARIT B 2 P S 25 BT . BAO 25 fii
i AUB X BRI EIRFERUNAI R 6 - Fodk - 2,5,7,
8 — DUMIILGE - 2 - IRIRISE T 2 BUBE PRI & IFATEF
YR /)N BRUREBY gE 47 T T, AUB JR 7 4 SRR 2
NLRP3 % [ %35 /K 40514 0. 84% #il 3. 52% , TXNIP
HEFIEKF 7054 0. 66% FiI 1. 96% , i % B 8 5
7% H 78 ( glucose — regulated protein 78, GRP78) & [H
KI5k 0. 16% Fi1 0. 59% , i W Ak 1 L 5 2R
fiff 1o ( phosphorylated Inositol — requiring enzyme 1
alpha, p - IREla) 55 IREla H H R IEHY HLAED 510
0.49% FI 1. 46% (e 4tit o L2 A G 7 E X
(¥ P<0.05) ., KB AUB ] g i il iy Joc i 17 98

S IRE1a/TXNIP {5 538 . 7k F 252 B 5% &
B, 0T 38 T A TR L PR 4 NLRP3 4 /MA S 5 £
FhE AH OB , Ui EH AUB A] DL o Jsi 4% NLRP3 4
i /MR S D AR AE S HE IR YT OP,
3.5 HEHFEHAY

W TR YRYT OP, B B R R B | st B
PR s B A0 . BRI A g g
5 7S R b B AL U G157 Bk i 455 I K BRGEA T T 9,
RIIG T 5 B A B S 3ROk KO 430 R
0.79% F1 0. 51% , 720 Fe 1 B %8 B 32 3k 7K V- 43 51 Oy
0.74% F1 0.30% , i & NI B 19 3R 35 7K °F 40 5 4
234.41% F 154. 84% , NLRP3 75 [ %5 ik /K - 43 5
0.33% #1 1. 32% , caspase — 1 & [ & ik K45 H
0.32% #1 1.31% , Gasdermin D % H ( gasdermin D,
GSDMD) 25 H KKKV 510 0. 38% Fi1 1. 45% , TE4¢
2 L 2ZRIAGRITEE L (P P <0.05) . 7<PRHE
JURTLAR R S K B0 & o, B I B BRI
T NLRP3 Caspase — 1 ,GSDMD %585 [ 1) 31k /K-, % B
17 Bk M B L AT LA 3 0 ] NLRP3/ Caspase — 1/
GSDMDA5 3 i i 3G i ke 213797 OP B/EH .
4 INEERE

£ OP L fgtllilh ,NLRP3 Jet/IMAZ SCH R 12
HW 0 a AL I A AN R IS A S 0, 51 &
JRITR & AE , B A0 B AN B B R iR IL - 18,
IL 18 LIS caspasel MM, FT0E B WIS B IE
BT R B R M, 0 Bk s H 51 & OP, Hikil
AT TS 5 2 M RIEREREN A E R
AR, R ZE R [A) NLRP3 S8k /MA T 1l OP 453 i
BRI S B RS R AR R IS T
PR — P25 077 JRIT , FHIRFEIAR S M S50 5 14
SRR T HA R . FENG PRS2 T, BF9E 3
2y R o B At R B R 2 A WIS A A R, B
SEA] 3 A Sl NLRP3 58 P /)M ) 21 2% 5 3808 L T
caspase — 1 {& P /b IL - 1B/1L — 18 AR i A%, K
SRR — W AN A A 2 52 5 V2 T, DU 22 AR
oy R YRFEIE L, AE R NLRP3 52 /M i [7]
B, SR A A A B AR, A L
PERE L RSN S G 55 R N S A RS LS IE , HAK
TN TSRS ) B R R SR
AR RR ARG BB 20 R K F, S OP
1 B 2 Bl TR B AL T IR S S AR AR
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