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FEME R acdC: N4-Z MBI (Nd-acetyleytidine) ; ADAMTS-4/5: £ 1EL Il /INR 45 4 76 141 5805 10 i TR 2R A RE 4 TR 7R 11 Tl 4/5
(a disintegrin and metalloproteinase with thrombospondin motifs 4/5) ; AGG: R4 1R B (aggrecan) ; Akt: & [ i B
(protein kinase B); AMPK: AMPIG{LE 1 (AMP-activated protein kinase) ; ARE: #4845 JGf4 (antioxidant response
element) ; ASC: A T-#HCHE S £ 1 (apoptosis-associated speck-like protein containing a CARD) ; ATF6: i %% 55K F6
(activating transcription factor 6); Bax: Bel-2AH2EXEE A (Bcl-2 associated X protein); Bel-2: Bk EE2 (B-cell lymphoma 2);
caspase-1/3/9/12: M K4E FAF1/3/9/12; CAT: F%A L& (catalase); CHOP: C/EBP[EJR#EH (C/EBP homologous protein) ;
COL2: IAfigJ# H (collagen type II) ; COL2A1: NAAZFA Hal%t (collagen type II alpha 1 chain) ; COX-2: M {LEH2
(cyclooxygenase-2) ; CXCL1/6/10/16: C-X-C3&)7 &L FFicf&1/6/10/16 (C-X-C motif chemokine ligand 1/6/10/16); DCN: #%
D E R B (decorin) ; ECM: ZHffi#hJEJ5 (extracellular matrix) ; ERK: #8555 18 15 #4A# (extracellular signal-regulated
kinase); ESR1: Mi#{ & Z{ka (estrogen receptor alpha); FTHI: #k#K 41 (ferritin heavy chain 1); GPX4: 2t H kil 4
1k¥iE4 (glutathione peroxidase 4); GRB2: A {K[HFZ2K45 G 2 (growth factor receptor-bound protein 2); GRP78: #ij4jhk
V158 178 (glucose-regulated protein 78) ; GSH-Px: #Jbt H kit & b # B (glutathione peroxidase) ; GSDMD: i 2 %D
(gasdermin D) ; GSDMD-N: 7§} % D Ny i Bt (gasdermin D N-terminal fragment) ; HMGB1: @& il K% Bl (high
mobility group box 1 protein) ; HNPCs: AB&Z4I/fE (human nucleus pulposus cells); HO-1: Ifi£LZ % &1 (heme oxygenase-1);
IkBo: #% K F«BHI % Ho (inhibitor of NF-kB alpha) ; IKK: IxBi### (IxB kinase); IKKa/B: IkBiifo/p (IxB kinase a/p) ;
IL-1B: F4r%&-1p (interleukin-1p); IL-1R1: FA4ZR-1724K17 (interleukin-1 receptor type 1); IL-6/8/12/17/18: Fi4\%-6/8/12/
17/18 (interleukin-6/8/12/17/18) ; iNOS: 53 % — 4 L A & M (inducible nitric oxide synthase) ; IREla: LR 2K i 1o
(inositol-requiring enzyme 1a); ITGA2: # & 2 a2 (integrin alpha 2); IVDD: #E[i]#iE 4L (intervertebral disc degeneration) ;
JAK: Janus#{fif (Janus kinase); JNK: c-JunZd3EAR Vi (c-Jun N-terminal kinase) ; Keapl: KelchFEECHAHIEH 1 (Kelch-
like ECH-associated protein 1); LC3-II. f#/&AHICH 1152453 117! (microtubule-associated protein 1 light chain 3 type I1); LRP1:
%58 B IR 1 SZ AR A CFE 111 (low-density lipoprotein receptor-related protein 1) ; MAPK: 2224 JF¥4TE A9 2 141 3B (mitogen-
activated protein kinase) ; miR-483-3p: f# /[N RNA-483-3p (microRNA-483-3p) ; MMP-2/3/9/13: & [ 4 J& 45 11 i 2/3/9/13
(matrix metalloproteinase-2/3/9/13); mTOR: MFLsh# T ZHEE [ (mammalian target of rapamycin) ; MyD88: #aFE LA
F 88 (myeloid differentiation primary response 88) ; NAD+: Jf Bt i i 204 — & 4 R (nicotinamide adenine dinucleotide) ;
NAT10: N-Z 5 FE#10 (N-acetyltransferase 10); NF-xB: #[HF«B (nuclear factor-kB); NLRP3: #H RS, A 45 E &5
R ¥ 5 HI 5 R 45 #3857 K3 (nucleotide-binding domain leucine-rich repeat and pyrin domain-containing receptor 3) ;
NOS2: —%fb A &2 (nitric oxide synthase 2); NPCs: B&/ZZ/MI (nucleus pulposus cells) ; NQO1: NADPHER 44k i4 5 fifi 1
(NADPH quinone oxidoreductase 1); Nrf2: #FEFE24H5CHE F2 (nuclear factor erythroid 2-related factor 2); p38: p3822Z4JF %
LR 134 (p38 mitogen-activated protein kinase); p62: HWiEd%kH [p62 (sequestosome-1); p65: NF-kB p65W.5E (NF-kB
p65 subunit) ; P2X7: WEMFEAZAP2X7 (purinergic receptor P2X7); Parkin: MA4:#E [ (parkin); PDK1/2: R HUEAR S R
194 1/2 (phosphoinositide-dependent protein kinase 1/2) ; PGE2: Fi%llt ZE2 (prostaglandin E2); PI3K: &5/ EkE L3 6 il
(phosphatidylinositol 3-kinase); PINK1: PTEN S E# 1 (PTEN-induced putative kinase 1); PIP2. BEARHENLEES,5- Wik
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(phosphatidylinositol 4,5-bisphosphate) ; PIP3: i/l i AJLEE3,4,5- = #§#2 (phosphatidylinositol 3,4,5-trisphosphate) ; PPAR-y: )
S AL W A B8 5 038005 Ky (peroxisome proliferator-activated receptor gamma) ; RAGE: MBS L &K P24 Z 4K (receptor
for advanced glycation end products) ; RIP1/RIP3/MLKL: A2 AR B A FH AR 11 1/32 AR E AR 85 11 3/18 &% 2 S 45 Ay Sk B 2 1
(receptor-interacting protein 1/receptor-interacting protein 3/mixed lineage kinase domain-like protein) ; ROS: 7 #E4%(2E (reactive
oxygen species) ; RUNX2: RuntfC#%5% K12 (Runt-related transcription factor 2) ; SIRT1: LERAE B &5 K 2[R VR & 1
(sirtuin 1) ; SLC7A11: ¥ BU#KIA K7L 11 (solute carrier family 7 member 11); SOD: #A %A fL#) B {LH§ (superoxide
dismutase) ; SOX9: SRY &% %K F9 (SRY-box transcription factor 9); STAT: {55445 K4 G A+ (signal transducer and
activator of transcription) ; STING-TBK1: —F$ft 2% 3 K il 3 5 1 -TANK 45 A i1 (stimulator of interferon genes-TANK-binding
kinase 1); TAKI1: ALK K FB#IG# A1 (transforming growth factor-B-activated kinase 1) ; TLR2/4/9: Toll ¥ 3% {42/4/9
(Toll-like receptor 2/4/9); TNF-a: s IRSEA T o (tumor necrosis factor-a) ; TNFR1/2: R R4E[H T5241/2 (tumor necrosis
factor receptor 1/2); TRAF1~6: JEIRFEK FZIAHIFCH F1~6 (TNF receptor-associated factor 1-6); TRIM31: =#5tAiE
31 (tripartite motif-containing protein 31); TXNIP: k%A 1 HAEME T (thioredoxin-interacting protein) ; XBP1: X&45&H M
1 (X-box binding protein 1),

HE  HEMEHRAE (intervertebral disc degeneration, IVDD) JE5| &ZMEMELS R EEORNZE, HARHNLHIE 2, AR
0E . RN . MR B ST R 2 AR BEAEM . LA/ % -1B (interleukin-1B, IL-1B) FE ML E F o (tumor
necrosis factor-a, TNF-a) .0 B0E R4, #ad 3G A% H + «B (nuclear factor-xB, NF-xB) . #£ %4 i G 0 85 1 34 g
(mitogen-activated protein kinase, MAPK) . #ZHTRLE A4S & & B EE P IS IR H 25343 (nucleotide-binding
domain leucine-rich repeat and pyrin domain-containing receptor 3, NLRP3) & 5t /MA, 3 JIg Bt UL IS 3 384 /28 A 34 B B
(phosphatidylinositol 3-kinase/protein kinase B, PI3K/Akt) 4§24 CHEE S, U AR I IVDD JF R AR LI M 4%, A
R G IR WSS S HE S AN A iz MM SNE T (extracellular matrix, ECM) AR fEH, HREPEZ
LG Z RN RERTRET TERRE, METR L, IR (BB . cS A PRHEAE) KR T REE PR A
FIRMFSARAL, RHEPUR . PUAL . MR T ST RIPECM. AT AW S E AW ERN, A SUESE IVDD
PR, BRI, FA WAL )R BT B — o3 X B —38 B A BRE TR H 245 52 5 A 2038 B sl A N 2% b i R AR LS, L
FAHRNGIRF AL (UG REE) I Z IRAIRE . FRMRFE GG AT . LTSS AR, L
SRR B2 BiA VDD BYRRE N, T HESHH 0 G RS i T F S mg (14 2 Btk 4k

A MR, JoiE, (FEE, h2, BINT

FESES R681.5, R285.5, R274.9 DOI: 10.3724/j.pibb.2026.0029 CSTR: 32369.14.pibb.20260029
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HEB] #5318 4% (intervertebral disc degeneration,
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N AL (extracellular matrix, ECM) fUi5f
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p50 K H AR 1 p105 (NF-xB1) . %ifi% p52 K H:
HIAEE A p100 (NF-xB2), ‘B 138 H LA IR a8 57 5
TRIRMIE L IE T RE . XS R B B A RS
Rel [FlIR&5 ML, TN FEAR R, ZE
fii . DNA Z54 KL 540618 A kB B9AHEAEH
TR T, NF-«Bilid 5 kB 455 N JGig
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IRIL-1R1, TNF-aZK TNFR1/2) 4565, 36T
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FRFOELRL S 70 NF-xB B 5 B0 AR T A
() 255 40 B A AR E S 7, s T ECM I R fid . ik
Ah, NF-xBiR 58N . bR TR pe i 4 i A
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Z—e
1.1.2 P2y ENF«BIGIFIVDD

NF-«B {5 53 1 1) 55 P06 S IVDD S S 1
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AFERAT, BRGERRAT IR . AR AR A
5, KT TR M A A kB R A
A& B2 IxBo 2R 1 M BHIBT p6s #5547 325, Lisg
WA B, D12 B SRR oy P B ¥ 7] GRB2, I
P8 IkBa, 411 NF-B S H T e 56 4 i A 1 19 %
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Yo UORI, PR WA pIkBo Al pp6S [
itk , BHLLE p65 A% 7 LA il NF-xB 15518 4 A9 3%
TR AEZZ IVDD, X 0] fE 4 IVDD #2135 97 i e .
FEFHICRR TR, % Y iR,
425 145 e il of b8 miR-483-3p, 3 5 4 Al T
IkBo T B A% M p65 T AP NF-«B il %, M
KPR . PLA T AR R RS I EH . Tian
A IR R, BRI IVIE S I p-IkBa, I
WD T p6s IAZHERS , LI NF-«B il i, 7RI
AN E 8l 7 IVDD, 2 B H ] /5 R iR 97
IVDD 9259 . 51 18 1 B#AIK p6S AT TK Ba 1
MRfb K, FFE I NF-«B 4647, LI NF-«B
15 530 FE BTG, W RAEA AR, IR AELR
IVDD AL/ R st iR AL 1 Rl
W p-p65 Bl A /K T LU ] NF-«B {5 i i, I H
/0 ROS & 23] T IL-1B /5 19 ECM 1B 4k Fi
77, MARPIRMASNSZEG 56 UE T 1% 15 X VDD Ay {4
PHER Y, =L B E A N miR-222-3p ik,
T34 P9 o o 0L 3 SR TSR, T I NF-xB
KL, TR IL-1B 175 () HNPCs /T . RIE
R SRR, NS A Rel il o 10l IKK,
TV p-p65, F HLIMHI p6s 1% (37 LA ] NF-«B il
B, X IL-1B 75 53 19 R B S (] 435 R AR K BT 4%
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THERThAE, AT REINH p6s w1k MR, T
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NF-kB, 427 5 IKKa/p. I«xBa 25 A A A |
YEH I8 7 o — 25 5250 50 0 o 38R B o 4 i)
TRAF3 % 45L &, FHLWF TNF/NF-«B {5 55 5,
DL K BRUNPCs 1 B T O R I R IR T
IVDD (%477, Wang & ' il il (R N AL 56 % 81,
' B 38 V7 T A RS PR A0 L P NF-xB 38
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5, FEKp-p6s /K, Mifiliids ECMACHC A, il
il A I RaE, IEZZ B 2R 854k & IVDD i
. MFm e, Mok, MFims 2
] i E ] p6s . IxBo BIBERR 1k M p65 K% 54457 LA
T NF-«B 3l J% (035500 . JEm 22/ ECM FEfg, 31
HIBRAET B RAE P F Ry IR, B3 IVDD 2, 54
SYHT, SN PR R B T AR 24 LA I Ak
PE L TR RE L, FEAXTIVDD RS “al
B TR ARG, A PRAE A D TR
il A AE B . DAL . D SRR . SRR
P, XU ORI, REMBE TP
2y “HEZ” IRIT T HIVDD RRRE P

IVDD 355w, fEIL-1B 4R EN T/EH T,
TLR4 B , B4 0 TLRA#45E MyD8S 1424 11
WG 52 A, iR, #5rh 2y
Wik — 3o R & 2 BAE . il 22 2K 5 A B B
TLR4/MyDS88 i M, RIFEPLHT . ik YL
b I ECM BPEH, #EZ IVDD ', 4k,
TLR4/MyD88{E M558 G Y REIIE T iiFi(E S
Felp, P, PHMTHA: S nl DIESZ IVDD, B
238 1 30 TLR4/MyDS88 15538 f%, LA F s
P65 BERR I S A% A, FE T BH BT NF-«B il fif, IEZ%
IVDD ', 40 g 4F , HMGBI 5 RAGE. TLR2.
TLR4 5 ZAREE A, % MyD88, Ml 2 NF-xB
OB BOE TR SR R Y R —
Tt 0 g BT ARHE A i, R IR T S YRS R 22 55
X0 2 i gE B, K 22 A6 e A B i HMGB1/
MyD88/NF-«B il % Fl1 NLRP3 48 i /IMA BT, W&
W AAE IV . AN TR ECM [, NINTA 3L
L IVDD,

5 H AN RS S AR, SIS PLAR P R
PR ARG R TR “PRIEEA” BRI,
Nrf2 J2& 41 S8 A0 B 3 DG B R e 2, FREDIRETF
H S MR A 1 Keapl 454, sz €1k
Rt , DRAFIACOE s fEDUEARZSYIERTT . Keapl
RN Nef2 BB BE 71, A8 B Nrf2 BRI 54 07
AK%, NN 5 ARESS G, A 8— R84
PPIED B95E 55 HO-1 2 Nrf2 BYSREE N 22—, HO-1
B Hs I =l B VS BR ROS, SE T4 i NF-
kBfF Tl 2, MR P L aER Y. il
RPN B0 Xl 2 P0E Nef2/HO-1,  #]
NF-«kB {5 5l i LI#§T NPCs, #EZZ VDD, I4h,
PELFEAT W — 2538 od M R s Aobr A F v, H
HilERFET B, SIRT1 S —F K fi T NAD (1) 2= Z ik
fLBE, SIRTI AJ B 2= 4 WAk p65s B Nrf-2 21, 41
4 22 Ml S IR SIRT, #80% Nrf2/HO-1 A #1
NF-kB, WHFEIfEH HNPCs ', 32Tl 5 7E 82 7+
HENR RLA0H B B P asAE R ie ), IKIZRE
AT REEE A M T AR

ZEEPRR, P2 BT NF-«B 15538 i 1 3 il
BIH “ZHA. ZRER. 2R EERME.
AT BENS E B W2 i 1 2 BE A R, 16
A sz A . SR . 22 B3 I M PRI LR 3
ARG ELANYEEIATUNE T X PP LS AR 4
B, SrpEEgy RS M CHRIEIRIR” hiik
W A ERIEMALSS” At SR AMEE
(RO VAR BE R, R A3 2 TR TP 25967
KM T RGEBAKYE . 254 NF-«xB
(&S EIATT IVDD HEAIALH L3 1,

Table1 Herbal medicines targeting the NF-kB signaling pathway for the treatment of IVDD
x1 HHMFINF-«B{E SiEHETIVDD

BARIETT Vs SEH AR Y eh 2577 R TP 2R
QU PR UNTD) (Hgbs R

B = HNPCs (TNF-o & 4 i gilith e = IkBa. GPX4. SLC7AI1 1 NPCs#5 1 ;
fi); SDREL (AF4ER% 10 pmol/L; MRV BRIETS . JONE

HED £, 10 mmol/L MR |
Py Dol A HNPCs (TNF-a20pg/L); 453235, 100.  pIkBa. p65. COX-2. iNOS. MMP- 4fuiiig. #%
SD KR 500 mmol/L; HE[EI#L 13- ADAMTS-5. ROS. caspase-3. i AT,

CREAREMEIRI AT D WS, 02 g Bel-2 | ; Bax. AGG. COL2 1 ECM /i |
s FH g Y pBET HNPCs (L-1B 10 pg/L);  ZHAREFRIE, 10, IL-6. TNF-a. COX-2. iNOS., KARE A
- 50 umol/L; - MMP-3/13. caspase-3+ Bcl-2 | ; -l ECM&

miR-483-3p. IkBa. Bax. COL2AI. % 1
AGG 1
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=
RN FeE ey et 452507 R R #pS ZiFAE
QUSSP NED) CHAhs D
B I HNPCs (IL-1p 10 ug/L); MRk IR p-IkBa. p65KZHEfI. iINOS. COX-2. #AE. A
v [12) SDAREFR CEHEAE A4 100 umol/L; #HE,  Bax. cleaved-caspase-3. MMP-13. T, ECMfi# |
B 50 mg/kg ADAMTS-4 | ; Bcl-2. COL2, AGG 1
F o 0 A NREASECE M (IL- dnfuingREE, 10, p-p65. p-IKBa. TNF-a. IL-1B.  #JE. ECM[#
1BFIEAR M) ; C57TBL/ 20 umol/L; AERsEST, MMP-13 | ; COL2 1 fi |
VN (EHEATRTFAD 0.1 mg/(kg-d)
iy 04 S KREEZLNM (TL-1B MG FREE, 104 p-p65. MMP-3/9/13. ROS. Bax. LS. %
40 pg/L); SDAR. (& 20 umol/L; HEAIAELIE caspase-3 | ; AGG. Bcl-2 1 SiE NPT
MEME TR AR %, 10 pmol/L ECMP&fE |
= st i = HNPCs (IL-1B 75 pg/L); ANk 7R3, Bax. cleaved caspase-3. XBP1. RAE 4P
- 200 mg/L; ATF6. miR-222-3p. GRP78. IREla. T:. WJ5i MM
CHOP. TNF-a. IL-6|; Bcl-2 1 Wl
NS RBAH ANz KENPCs AL-1B 10 pg/L); s 7%, 20, 504 IL-1B+ IL-6. TNF-a. Bax. MMP-3. 40T,
Rgl [ SDAR. (FHEME AT A) 100 umol/L; FEE  IKK. p-p65 | ; Bel-2. AGG. COL2 T ECMF&f#. #
5, 20. 40. iE; 4
80 mg/(kg-d) W1
Bt 07 A ATDCSHCE MR ZHMIEEFR4E, 10, 200 p-p65. TNF-a. IL-1B. MMP-13.  #JE. ZHfs
(TNF-0. 10 pg/L); /MR 50 pmol/Ls JEREVEST,  NLRP3. caspase-1]: Col2al. TS e
EHERFRTF A 10 mg/(kg-d) AGG 1 BT
Kk 0y PN KEBEZAME (L-1B MR FREE, 5. MMP-3/13. cleaved caspase-3+ RIE
40 pg/L); K UBHELF 10 pmol/L; HMEMMAELIE p-p65 | ; LRPIZAH. COL2AL. R4 4fayEr:.
SRR %, 10 pmol/L, EAFEPE, Bel-2 1 ECMP4 1 |
4 pl/ik
FoAm U FA REEABZANE M35, 0. 625, ILIRL1. TRAFI~6. MMP-3/9/13.  #JF. ECMF4
(TNF-0 10 pg/L); /ML 12.5. 25, 50 pmol/L; TNF-o. IL-1B. p65. IxBa |; CX- fit |
EHERFRFAD S, 4 mg/kg/ik CL1/6/10/16. NOS2. Col2al 1

BEEH7

B

I #EE [22]

%TE%‘? [23]

AR

s PR Bk ADNRUERZRIEAR  10% 5245 10E: #%8, MMP-13. TNF-o. IL-18. RELA.

=, B, 2 (TNF-a 10 pg/L); KR 2 g/ml p-P65 | ; Col2 1
Fofl MR CEAME R T TAD
IIF S NEaw iR

hz5, H

M K= N JFARHNPCs (IL-1BFIE  30% & #jlLik: #EH, MMP3/13. ACSL4. PTGS2. ROS.

Z, AR A28 RBED; SDARL (EAE 5.4 ¢/(kg-d) MDA. LDH. p-p65. p-IxBa | ;
RFFA) AGG. COL2A1. GPX4. FTHI 1
12z HNPCs (IL-18 10 pg/L); gk, TLR4. MyD88. Bax. IL-6/8/12.
- 40 pmol/L; - MDA. cleaved caspase-3. TNF-o.
MMP-3. PGE2. MDA | ; Becl-2. %
H£EAFHE. COL2. SOD. GSH-Px.
CAT 1
B KERBEZAE aL-18 YR E%£100.  TLR4. MyD88. p-p65. TNF-a. IL-
10 pg/L); SDARR (200 umol/L; fgfE 1B+ IL-6. Bax | ; AGG. COL2.
HME 125 27 51D S, 1004 Bel-2. Ki-67 1
200 mg/(kg-d)
Lhgpse HNPCs (IL-1B ANHuEE IR, 25, 500 TNF-a. IL-6. IL-1B. IL-18. Bax.
20 ug/L); KB (EAMEE 100 mg/L: HEMIAEPN  NLRP3. caspase-1/3/9. MMP-3/13.
gD S, 50 mg/L ADAMTS-4/5. HMGB1. MyDg8.

p-p65 | ; AGG. COL2 1

RIE. ECMPE
fift |

FAE BRIET
ECM[4f# |

AMAET . %
JiE AL
L BECM&HT

FOE . 4
r-l; ECM&
B 4
V)
RIESNL 4
T, ECM
R |
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g1
LR INGCY] Hei SRR A o2 75 A B e
QU EENTD) QLY EEND)
L% WA HNPCs (IL-1B 10 pg/L); S R 3 plENKIA L p2 NP TL-6, TL-8. wHHEL HA.
SDARR CEMEMMZFHD 100 20 pmol/L; #EH MMP-3. MMP-13 | ; AGG. COL2. #Jit | ; ECM
4575, 100 mg/kg HO-1. SA-p-galAPE4HE 1 AH A
el
i P 2 2178 HNPCs (IL-1 10 pug/L): MMk E%E, 5. cleaved caspase-3. ROS. MDA. NO. ZULRi. 41
- 20 pumol/L; - MMP-3/13, iNOS. IL-6. TNF-a. BT, Z%E.
p-p65 | ; SOD. AGG. COL2 1 ECMF4fi# |
Ptz ) Vit KEBZAME AL-1p UfEESE, 20, TNF-0. IL-6. iNOS. COX-2. RIE
20 pg/L); /MR (EEMESR 40 nmol/L; JEfEVES, PGE2. NO. MMP-13. ADAMTS-5.  SAfbRik.
FRFEAL 5. 20 mg/kg p-p65. p-IkBa | ; AGG. COL2T  ECMP&f#. 4
M |
Henm B H KRB (IL-167 il ke = p-Nrf2. HO-1. NQO-1. COL2A1.  #JF. FT.
BEBARWHD; KB EHE 4 umol/L; MEMMZLANYE DCN. Bel-2/Bax ;5 p-NF-xB. IL- I ;
i IE R D) 5, 4 pmol/L 1B+ IL-6/17. TNF-o. MMP-3/13|  ECM&/% T
R DY TR KEBEZAIE (TNF-o 40083545, 100 MMP-3/13. COLI0. RUNX2. Bax/ #JE. #FE1:.
S5ug/L); KR CEHEME 20 pmol/L; FEMIESS, Bel-2. cleaved caspase-3 | ; COL2. 4ALRIEL. 40
V) i 25 oD 20. 40 mg/kg SOX9. GPX4. FTHI. SLC7AIl T JuT-l; H
L)
G o pAF B T HNPCs (TNF-a50 ug/L); M 7R3, 10, 20, p-NF-kB p65. IL-1B. IL-6. iNOS.  #JE. 4
- 50 pmol/L; — COX-2. MMP-3, MMP-13. AD-  To. WM
AMTS5, Bax. caspase-12. CHOP ¥ |; ECM#&
}; SIRTI. AGG. COL2. NQOI. Ji 1

Bel-2 1

1.2 MAPK{ESiE%
1.2.1 MAPK(5 5 5TVDD

5 NF-«xB E R #% s i i 19 /1 64 7], MAPK
{550 5 S TR M A RS S S AN, TE
PR IVDD H AL B N . 3 ST R
KAEROVER . MAPK % £ 24045 ERK, INK
p38 % ERKGl % £ 25 5N s Ao ik, (HAE %
JiE PRIE Pt B SO 1T AR S S AN e A T L A
WA, i INK I p3 8 38 f 2 21 B X 45 ol o7 SR 5
SMESH SRS T, FESH5NERN, H
PSR EUE R IL R Fak g, i s R A
il 5% 1 A (A A AT T RN AR T A B R A B AT T i
e, Hrp, p38 R RHLR AW EEAL B,
MAPK {5518 38 o = G S o] LA 9 i iR Ak 51
WG5S, IVDDWIH, IL-1B. TNF-o %2 & K
TG T MAPKKK, FifiJ5 W5 R fL I T 0% MAPKK,
XU E— A BERR L MAPK, {8 HS , BOS
() MAPK Gl i B R fb 2 Fh R U A 1, anf Al
F RIS IR TVDD Y 48 RE RN éﬁiﬂ’@ﬁ
Z . YT X ECM o ff S AR A B, B

B X MAPK G i 79 08 48 700 76 7 ME (8] 878 14 T
HAT ZHi5
1.2.2 25 MAPKIAY FIVDD

F1XF VDD H MAPK {5 53 # 1 5+ 164k, £
R 2 B AR AT B2 B, T3 L
MAPK 5 NF-«B 4 % 52 20 1 10 52 23 98 0 ) 2%
KeBiiA VDD, FHEZEY P71 BEARER Y Sy 1 1
p38 MAPK 18 % i 7% IL-1p 5 5 B9 NPCs 4 4 Fl
ECM [#f#, KAFIELZ IVDD WAEH . Lok, 7
IVDD ', IL-1B. TNF-a Al L i 7% MAPK 5
NF-«B {5 5, X558 MAFEsS XOE, — %
AIAHE ACHR . PRESCOR R AE 5IR 2855 . MAPK K
R BT (W p38. INK) AJ @ iR £k I % IKK 5%
p65, MK NF-«BfES; &2, NF-xBIRAEH
% MAPKGHE A LR Rk . KRG B A I,
— ZR N KRG M B G382 A ) R i — (4%
JEBLHA IVDD MR PR . R AT T rh 250
Z . BEMiE, BABEMIRSPUAMTEN . Guo
SIS RN, R AR B p38. INK A
p6S HIBEIRAL , %I T MAPK 1 NF-xB {5518
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FRODIEAL, BB AR TNF-o0 3755 19 NPCs FE 7 48 i
5%k, T KREMEN SRR SR
i 4 IKKo/B . IxBo £ p65 1Y 85 R 1L L) & p38.
JNK F1ERK (13415 , 7] B BH.#r NF-xB Fil MAPK il
B, PEMIRER VDD 40 5 NPCs /1= 0, Ak
K fiE A% 38 1 30 ] IkBou F11 p65 1 i W2 1k LA &2 INK
ERK Flp38 A% ,  [F] s FELIT RIP1/RIP3/MLKL I
SEMEUR T IE B, A RO IL-1B 15 % 19 NPCs &
SESRBEHERT, I /NRIVDD *, R
PR B 43 25 SR Y I8 G 0 IKK o, IkBa 1
p65 BYBERR L LA K INK . p38 Fl ERK [U3I% , [A]A
FH I§r STING-TBK1 i % , @ 2 I8 52 NPCs & 4iF .
DNA#ifi 5%, ARUEIVDD ', FiFw =2
R —FORIE T30 A RHE Y 1 KR B AL &
Y, BAPLR. Atk BuET Rina b s R
AN, BRI RV, 5 2L R0 o
MAPK/NF-«B il # H p38. JNK. ERK } p65 it
fR1k, T IH MMPs &35 Jf 1% SOX9 5 COL2AL1,

BT IE R R NPCs TH 5 IVDD #/, #iB M
WKREFET M2, A, BBENMEER
T A TL- 18 34035 A9 NF-kB 5 MAPK %, J#i/0
MMP-3/13 5 ADAMTSS %k, [AHE#E COL2A1
AR, M ZELE /N EL TVDD BERE ) S R 4 0 38
i % PPAR-y, #E1Mi# ] NF-xB 5 MAPK i %,
T ¥ MMP-2/3/9/13 Jf I+ i Aggrecan 5 COL2A1,
P ECM AR A DG (I B A 2R 38, MOk ) 47k
WEE 0 A, B ST R R A M AL
Sy EWEAERE, Wl H MAPK/NF-«B i
IS A T R SE 3k, RAEPLAR S A Ay
FEHT . MAPK 5 NF-«B {5538 [# Z [A1 f7 75 1 3
ZHAEM, HEFEE T IVDD fE SR Mm%, B
AW O O BDOGHE KA I SR m , (AXTR P AC E.
AR L B G R KA E 2 Tl b 1 2 25
BV M Z D KRETIRADS . T2y $s
MAPK {55 53 #7697 IVDD FEAIHLH L% 2.,

Table 2 Herbal medicines modulating the MAPK signaling pathway for the treatment of IVDD
®2 PHFAEMAPKIE SERIETIVDD

BAR/RTT RIE S

(R R

27 G A
(5h; R

ZEEH

FhEzmy B BbFEEz HNPCs (IL-1B 10 pg/L); —

MR FEIE, 25, 50,

p-p38+ IL-6. iNOS. COX-2. pl6. #KAE. W¥. 4

100 pmol/L; — Bax. MMP-13. ADAMTSS5. cleaved HJ§1:. ECMF%
caspase-3 | ; COL2 1 i |
g B8 % HNPCs (L-1B 10 pg/L);  4IEF323E, 100 pmol/L; # p-p38. IL-6. iNOS. COX-2. MMP- #JE. ECM
C5TBL/6/NER, (RRAMENA] 4 B, 100 mg/(kg-d) 3/13. ADAMTS-5 | ; COL2. R |
ZEHD SOX-9 1
EERTEH P s KRB (TNF-o 40M0555:%:, 20 mg/L; #E[A p38. JNK. p65. MMP-3/9/13. p53/  #JE. 4L
10 pg/L; SDAER EMEH FVESS, 50 mg/L p21. SA-B-Gal | ; AGG 1 wel
#E 2D
wicdr B ] KRR (TNF-o 40085955, 80 pmol/L; #E  IKKa/B. p65. p38. JNK. ERK. RIE. A

20 pg/L); SDAERL (EHMEN
FHERD

[F) 2 P97 5480 pmol/L

Bax. MMP-3/9/13. IxBa. cleaved W
caspase-3 | ; COL2. AGG 1

Frlgwis U kg KEINPCs (IL-1B 10 pg/L):  Zifud%sR3E, 125, 25, JNK. ERK. p38. IkBa. p65. NOS. #JE. WRFEME
HEPECSTBL/6/NE (JEHEZR 50 pmol/L; M4, MMP-3/13. ADAMTS5. COX2 | ; i
FaFA 20 mg/kg AGG 1
FEAAREN  KE KRB (TNF-o 40089535, 20 pg/L; B IKKa. IkBa. p65. JNK. ERK. RAE 4 TE
g (42] 20 pg/L)s /MR OBEHECRE S, 20 mg/kg p38. MMP-3/9. p21/p53. dsDNAFH . DNAZR |
FA 2. SA-B-GallH 4N |
SR 3 KRBAZAM (TNF-o AR 7R, 6.254 p-p38+ p-JNK. p-ERK. p-p65. p21. #KJE.
% W 20 pg/L); SDAHRL CRRMEIR 12.5 pmol/L; HE Ak A 14 p53. MMP-3/9/13 | ; SOX9. %, ECMF4fi |
ki D) 12.5. 25 pmol/L COL2A1 1
HEEME  Mard NEREERZ M (IL-1PB MR FE, 4. 8 16+ p-p65+ p-INK. p-ERK. p-IxBa. #Jf | ; ECM&
% [ 10 ug/L); CS7BL/6/MR. 32 umol/L; JEREIEST, 5. MMP-3/13. ADAMTSS. COL10AL | ; T
(EEHER ST AD 10 mg/kg COL2A1 1
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PR ORI SR A o2 75 A et ZyEEA
QUSSP ENTD) QLSNP

FEE W ZaEk KREEEMNE (L-1p HHAEREIREE, 80umol/L; #HE p-p38. p-INK. p-ERK. p-p65. #KIE. ECM

5ug/L); SDAR MM (A& NS, 80 pmol/L MMP-2/3/9/13 | ; PPAR-y. AGG. REfR |
D COL2A1 1
FHEIEZE  EH HNPCs (TNF-0.30 pg/L); MR FREE, 5. 10, TNF-o. IL-1B. IL-4/6/18. p-ERK. RAE. A
g o SDAR CEMEMALZEHD 20 umol/L; #H, 15, 30, p-JNK. p-p38. p-NF-kB. caspase-1. fEr |

60 mg/kg

GSDMD |

1.3 NLRP3#RJE/MEK
1.3.1 NLRP3%J%E/IMESIVDD

YERRIEG SN “Ja3h” & R g
HAJE, NLRP3 SAE/MA ) 21 56 MBS 24 i N 1
B A5 5 55 Al 0 BN TL-1B/IL-18 48 P 2 2 (1) S e 1Y
R, TEIVDD W MER 5 A i L 1 b g AN T B
R/ fA £8 . NLRP3 4 %iE /M H1 NLRP3, ASC Fil
caspase-1 = TP H) B 470 1ZAT S0 B O AL FE
Jet Bl RS WA B B . i Bh B B & 7E TNF-a.
IL-1B%5%S T, 4 TLRs 0% NF-xB g, 55
NLRP3 Fl pro-1L-18 (1 F ik 5 ¥ T B B i PR
(BB FAMA . ZORLRP 1 sl P A R A i) 5
SMEVERIAE S (AR . W HE RNA) HIEH
i NLRP3, fi{fi NLRP3 15 ASC &% & 1K i 4 4iE /)N
&, B 5 ASC 4 52 3134 caspase-1, caspase-11J]
| pro-IL-1p Fl pro-IL-18, =4 ml 24 /Y IL-1B A1
IL-18, JE s RIER N ', 58, NLRP3 RIE
/MATETVDD HRgE 12 800G, G IR A Y SR E AR
N IE—A T TIVDD, 25 IVDD H#E ] 45 40 i
(I RAELIN . BCM Ffif . JAT- AT 7,
1.3.2  FZGPEFENLRPI AR AE/IMAIAYFIVDD

BT X NLRP3 R AE /MA X — IVDD H 1% G5 5
JEPATEIG, PZYRELH T2 2B AKEIHE
JETERE S . BRI AGIESE T 2558 7 (AnghE
W7 ) MO MEIER, R T — &
DI RN o T i 185 A 3 SN B 2 - ol Y 2
SN AR TR o, AT A 3680 ol 9 RE A5 400 M £
T2, DRAPHER SEL5H SR8 . #MNE I I 7 38 3 4
NLRP3 4 i /IMA T 16 B H T Ui R E PR 7 B,
TR N I NPCs AT, MMk 3% IVDD 5/,
BRAMEF TG M50, A — ZR 5 rp 2 B i 4
NLRP3 %A /M K AL T30, 7RI 9 0 S g Al
-4 ECM Jy i R B 2 AR E FPLE . R KiE
if 0l TXNIP 3% ik, BH Wr H 4 3 79 NLRP3/
caspase-1/IL-1B FE T i, TEARIN SR YA rh 8

T W E iR SHERI B VER Y MR T
L 455 IF TS B3 12 2 2 TRIM31, i iF
NLRP3 1) K48 ii{Z RACREf#, Mm7E IL-18 7551
A AT K NEME AR Sh PR R o Rl R T %
i AAE T RF ECM AR 0 O MEAEIE-6-2 Y
i3 H LS A I NLRP3, I [6) 45 #8076 Nrf2/
HO-1 i LiE R, 16 IL-1B 17 Sy R ARk A rh i 45
PoA . BT S ECMARP BRSO 5,

Ak, NS AT VI 6] IkB-o/p65 R
b Be HAZ G, BELUST NF-«B i 5%, gE il ~ i
NLRP3/caspase-1/GSDMD £ T-%ll, 7EI#Z% IVDD &
i 2N S ECM [ v R FEAE R 54 251l et 4
] LU TAK L, $06 Hekmafk, ] NF-«xB il
#1516 S NLRP3 S AE/MEF K, Bl RIE . Ak
NS MMIE T ASESE VDD Y, = £ AT R1EH
Wi TLR4/P2X7/NF-xB 15 54, ] NLRP3 4 JiE />
1K 20 %& ) caspase-1/GSDMD 4 S ) 212, 13
NPCs ', NLRP3 4hE/IMAAE R 2 9 0 518 7 M
FET-MEZENFGE, Ch VDD T 1A #A S # by
A T2 E 2 R A T HI NLRP3 36k, {HX)
25984 NLRP3 i . R UERON 53+ DA e 5 Ho At 40
JgET- s (AngkAET) HBARMAFRANA 2. Ik
Ah, 2y NLRP3 B4 N 253005 4 1 2 2 4TS
Wit — L5 0E . W 25 845 NLRP3 RE/MAIR YT
IVDD EARBLHITE L 3
1.4 PI3K/Akt(S S8R
14.1 PB3K/Akt{F5E % 5IVDD

AN ] F i A 3 2 DL R A0 Sk 1 38
PI3K/Akt VE Ay 28 B ¥ 40 A7 15 {7 3l i, 72 TVDD
TR IR R A X R R, 3 R W O 2
WL, AT B O B 4% A 5 I AT R R
A% PIBK/AKt[F 5l BRI oA 1 . HE 58 . I
T XA A EE S, 7E TVDD A4 R S0 s v
HEM A, PI3K/AK {5580 F A0S 8 5 f AR
T (AN F o IGF-1) sl HAh iR 55 40 M A - 1)
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Table 3 Herbal medicines targeting the NLRP3 inflammasome for the treatment of IVDD
#3 PZEIEENLRP3IRE/IMEETTIVDD
LN i) HIH SRR 427 SRR L 5 e
QLA N D) (hbs D
ANEEEM T SF KERBEZA00 (L-1B 15%&251i%; #EH, NLRP3. IL-1B. IL-6. TNF-a. Bax. #%E. SfLM.
Jy B0 Z, fli3F. 50 ug/L); SDRR (EME 35, 70. 140 mg/(kg-d) Cyt-c. cleaved caspase-3~ MMP-9/13. 4HiE#HT-. ECM
Mg, &2 i) 2 D ADAMTS-5 | ; Bcl-2. AGG. COL2. [#f# |5 “kifk
[LFN SOD. CAT. GSH-Px {747 1
3k B £33 KBB4 (TNF-oif]  ZHI% 975, 50 nmol/L; TXNIP. NLRP3. caspase-1. AgET |
BEAHWD: CSTBLI/MER  HEREIEST, 30 mg/ke IL-1 | ; AGG. cOL2? ECM&& 1
(AR TFAD
iz 02 BiAE KRBER A (IL-1B AR 3L, 104 20, NLRP3. GSDMD-N. cleaved RAE AN
10 pg/L)s CS7BL/6/MR. 40 pmol/L; MM, caspase-1 | ; TRIM31 1 FET

(JEAERFETFAD 15, 30 mg/kg
LA EEE KRBz L-1B JHMIEETREE, 0.5, NLRP3. GSDMD. caspase-1. IL-1B. #AE. AR
Hoe-% 20 ug/L); - 1 mmol/L; — MMP-3. ADAMTS4 | ; Nrf2, HO-1.  ZiffET | ;
figr (53] AGG. COL2 ECM& % 1
JNSE 2 )1 Sk KNRBEZAME (IL-1B ARG TREE, 104 p-NF-kB p65. NLRP3. caspase-1. MkET: |
vi 54 10 ug/L); SDRR EME 25 umol/L; JEfETEST, GSDMD. MMP13 | ; COL2 1 ECM& T
[Tk D) 10, 20 mg/kg
s ) RES HNPCs (TNF-q gillithErs NLRP3. MMP-13. ADAMTS5.  #J%E. 4HfAET:.
10 pg/L); - 200 pmol/L; - iNOS. COX-2|; coL2 1 AT |
ECM& & 1
—hEHE = KEBEZAE (TNF-o ARG IR, 100 25, p-NF-«xB p65. TLR4/P2X7. NLRP3. #JE. ZIEHET:.
R1 B¢ 10 ug/L); SDAKR (ZF4E 50 pmol/L; BEIEVES, caspase-1. GSDMD | ; AGG. AL |
WD 20 mg/kg coL2? ECM& KT

AR (AN & 2 2 AR G B IR 2R ) 456 )
3, WOESZREE AR ; b5, PRK AL EIE
WOE PR PIP2 iR 1k M PIP3, PIP3 i —20
FHZEIF G Akt 7', Akt £ PDK1 A1 PDK2 89 1F H
T REBEER (LT 5E 2 PE . ) 81 NF-«xB Hl MAPK %
Ny F, HEHEIL-1B. IL-8 Fl TNF-o %5 40 [F 1B
i, AT TVDD i B AR T . RAE SR
G SuY
1.4.2  HZiE#PI3K/AKtE S B FIVDD
WA, ZFhrh 25 BURRE 92 51 XT PI3K/Akt
AN R BRI BT T B M b T X P8, R
B 2 AL T T AU ) o — 2 IS PI3K/AKt 3 i
DRG] S A I A A0 S Pt Be ) . FEIR AR S 3L
A NIREREE T, 20 B T 12 B ) DR P 53 S A Bl
THERF AR . B RS W TVl o 0% PI3K/Akt
5, M HNPCs TS, RAE VA ECM
fife, RAEXTHENM SR ORI AR 2 BB —Fh
UAEETL R . Ll PRy h i R &
W, BABR. iRk, PiET AP ECM &£
Pl A MG Ve o PR BIFSE R B, S sl o b

Sirtl I 34{E PIBK/AKt (5538 [, XL IL-18 15 R 1)
ECM B fift 5 RRE 0, 280 i R HEm 2. L H
L 25 B3 3 410 ) TL-1B 75 4 A AL ™ A= 119 ROS,
WG PIBK/AKt 5538 1, AT HNPCs J/ T2 Jf
FEZTVDD Y, IR PI3K/AK I i, LLBHIK
55 A SR R 28 B BIMRIOR RN . St K &
TR, R, MR AEL, R R
i i A1 PI3K/Akt/ mTOR @ B, ##6 H W, 4E28
NPCs % 5 ECM F&ff, JF7E KB IVDD Al 3%
PR ) 22 s O 4 ] PI3KY Akt BE T2
1t, TV p-IxBa 5 p-p65 FFHWr p65 %7, M
JN ] NF-xB il 1%, *F NPCs 4 AE [z i K /)N B IVDD
WIEHIGITER (. 22 2 i s A I
il PI3K, T p-AKT. p-IxBa 5 p-p65 AIF ik IF-4
il p65 #4311 BEL T NF-xB i i 5 NLRP3 4
JE/MEN-SFROAMAET, BHEPIR . BT, R
ECM 5 E/ER], SEZZIVDD Y SEAER E ot il
il ITGA2 # 3k, #1fi T & PI3BK/AKT., NF-«B I
MAPK i@ Bk, X% IL-1B17% 3 /0 K BLIVDD &
PR . i T P MR ECM B 28 G AF
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FIEARE . 2 IEEE PIBK/AK (S 238 V59T IVDD
(g HARBIL ] L3 4.

%', PIBK/AKt/E b 28 L4715 38 %, #£ IVDD H
HA M JEEER . AR L HARR . 2
oA, X ARG . WS T BT

Table 4 Herbal medicines modulating the PI3K/Akt signaling pathway for the treatment of IVDD

*=4 HZHARPI3K/AKE S1E KIS TIVDD

RN b/ S SER Y ei 577 AR L= 2R
25 CHgbs D QU PN

WEHH B HNPCs (IL-1B 10 ug/L); — ZHfsE9%3E, 100 pmol/L; - cleaved caspase-3. TNF-a. IL-6.  #JE. 4L
v 51 MMP-13 | ; Bcl-2. AGG. COL2T T:. ECM

R |
itz (o0 5K HNPCs (IL-1B 10 pg/L): —  4HAEREFHE, 10 pmolL: — TNF-a. IL-6. NO. PGE2. caspase-3/ #3%E, VAT:
7. MMP-3/9/13 | ; AGG. COL2. |; ECM#&

SOX-9 1 A

KRG 57 HNPCs (IL-1B 10 pg/L); — MAERTFEIE, 104 204 ROS. Bax. cleaved caspase-3 | ; RIES A

g tod 40 pmol/L; - p-Akt. Bel-2 1 N
FPFRE T KERBEZAM L-18 Z0Bki3R%E, 100 20 umol/L;  p-PI3K. p-Akt. p-mTOR. p62 | ; 4ifus% | ;
% [ 10 pg/L); SDAR (EMEN FR, 5 mg/ke LC3-1I. ATG7. p62 1 HIE. ECM

Bt AT

L ) By KEBEZAM (TNF-o AHMIEEFREE, 25, 50 p-Akt. p-IKKa/B. p-IkBa. p-p65. RIE |
10 pg/L); C57TBL/6J/INER, 100 nmol/L; NEHETEST, IL-1B. IL-6. TNF-a | ECMA& 1

CREMET AL 280D 10 mg/kg

HEm e F KEBZAE AL-1p WRIHIREE, 5. 10, p-PI3K. p-AKT. p-IcBa. p-p65.  #JE. 4Nk

10 pg/L)s /R (IR 20 umol/L; #EH, 15+ NLRP3. cleaved caspase-1+ IL-1B+ FET

FA 30 mg/kg IL-18. PGE2. iNOS. COX-2. MMP-
3/9. TNF-0. ADAMTS-4/5]; AGG.
coL2 1

FEfE K 169 FEAE KRB (TL-16 MR R, 10, 200 300 p-PI3K. p-AKT. p-mTOR. p-ERK. #Ji. #Hif

10 pg/L); SDRE (JEHEN]
B

40 pmol/L;  MEEET,
20 mg/kg

p-JNK. p-p38. p-P65. IL-6. COX2. VT 4l
iNOS. MMP-13. pl6. p2l. SA-B-gal F¥ |
FHPE4AE. Bax | ; AGG. COL2. ECMAL T
Bel-2 1

1.5 EHft
1.5.1 JAK/STAT{E 5%

Janus 3 B#/JAK (STAT) =+ % JAK & H .
STAT 4 111 LA S AT 45 46 4 e e AR 1) 41 B 2 1 A2 {44
B, JAK/STAT {5 53 % 78 IVDD Hr = 295 [
JAK1, JAK2. STATI1 Fll STAT3 25 (5. IL-1PB.
TNF-o 5542 2 1 5 AN 52 K45 & 5, JAK/STAT
{55 MBS, SRR TE SAE SN . AN T S
W ECM [ AR EAL . A ' 8
'l o 9] p-JAK2. p-STAT3 3 1) il JAK2/
STAT3 {5 53 [, ST TG B W B, R IFEPT
-, fRECM & . PikEmfER- .. T4k, JAK/
STAT {55 18 [ 120 4 i R #4138 %, {H7E TVDD 41
B, JAK/STAT {5 5 I RS A XS B, AR RATY

T LA TR B F A
1.5.2 AMPK/SIRT1{Z 538 %
AMPK/SIRT 1 3 i P4 4N BE AR . IR
SiE AR I A 2 40 i R ok SESZ TVDD i
2. 4 AMPK 9306 B, AT B2 8 R AL 0T S
SIRT1, e FHILFEEHT, JHshdii g mshis
BN ANEIE AL T Ml R Y B A
AMPK/SIRT1 3 %, A2 7 Wik &5 3740 1 NPCs
T, fR¥ECM, ZEZEIVDD #EfE. Mz, #Eg
1% AMPK/SIRT 13 9 A A& iR Y7 IVDD B H i
SR
1.5.3 PINKI1/Parkinf{Z 518 f
IVDD 73 NPCs Zfi Az 11, PINK1 &4 H
BRI B G , W 5 FUiFSE (A Parkin, DUJA
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BHERRIIR [ W, ZEFR40 MG SRR AR Y L
Zi 3] [ 5% % B, ESRI/NATI0 #l, 328 PINKI
mRNA i) ac4C LBk, ek | ms, MEM

LR TN TL-1B 1755 B/ BB 2 AR 4R i AR A2
KARGLR . DU T KA ECM A 9 T4 VR
2GR SR Sl B P LR S

Table 5 Herbal medicines targeting the JAK-STAT, AMPK/SIRT1, and PINK1/Parkin signaling pathways for the

treatment of IVDD
®5 HZHFEJAK/STAT. AMPK/SIRT1X PINK1/Parkin{s S i #4577 IVDD
BT R TR LW W & s LY 2y
(RAb: AP (RAb: AP
Wit Bt REREEZYIR aL-1p 495, 10, p-JAK2. p-STAT3. p62. Bax. cleaved J¥1-. ECMF&f# | ;
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Abstract Intervertebral disc degeneration (IVDD) is the predominant pathological contributor to chronic low
back pain, a pervasive musculoskeletal condition affecting over 630 million people globally and imposing
tremendous socioeconomic and public health burdens. The etiopathogenesis of IVDD is remarkably complex and
multifactorial, involving intricate crosstalk among chronic inflammatory responses, extracellular matrix (ECM)

catabolism, cellular senescence, aberrant programmed cell death (including apoptosis, pyroptosis, and ferroptosis),
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mitochondrial dysfunction, and oxidative damage. Compelling evidence indicates that the inflammatory
microenvironment acts as a decisive driving force throughout the entire degenerative course of IVDD. Among the
diverse inflammatory mediators, interleukin-1f (IL-1B) and tumor necrosis factor-o (TNF-a) serve as core pro-
inflammatory cytokines that initiate and perpetuate the degenerative cascade. These two pivotal cytokines
collectively activate an array of canonical intracellular signaling pathways, including nuclear factor-xB (NF-kB),
mitogen-activated protein kinase (MAPK), nucleotide-binding domain leucine-rich repeat and pyrin domain-
containing receptor 3 (NLRP3) inflammasome, and the phosphatidylinositol 3-kinase/protein kinase B (PI3K/Akt)
cascade. Such interconnected signaling networks trigger a self-reinforcing positive feedback loop, which
exacerbates inflammatory reactions, disrupts the anabolic-catabolic homeostasis of the ECM, promotes oxidative
stress and mitochondrial injury, induces multiple forms of disc cell death, and ultimately leads to progressive
structural collapse and functional deterioration of the intervertebral disc. Conventional therapeutic strategies,
dominated by nonsteroidal anti-inflammatory drugs and surgical interventions, are limited by systemic adverse
reactions, suboptimal long-term efficacy, and the risk of adjacent segment degeneration. In contrast, traditional
Chinese medicine (TCM) exhibits prominent advantages in the prevention and treatment of IVDD by virtue of its
holistic regulation, syndrome differentiation, and multi-component, multi-target, multi-pathway pharmacological
properties. This review systematically elucidates the molecular mechanisms by which inflammation-associated
signaling pathways modulate disc cell fate and ECM metabolic homeostasis, and comprehensively summarizes
the experimental progress over the past five years on TCM monomers and compound formulas for intervening in
IVDD. Accumulating studies have confirmed that numerous natural active ingredients isolated from herbal
medicines (ferulic acid, mangiferin, paeonol, astragaloside IV) and representative TCM compound prescriptions
(Bushen Huoxue Formula, Shensuitongzhi Formula, Fuzi Decoction) exert synergistic protective effects by
coordinately targeting core signaling hubs. These TCM agents demonstrate potent anti-inflammatory, antioxidant,
anti-apoptotic, anti-pyroptotic, anti-ferroptotic, ECM-protective, and autophagy-regulating bioactivities, thereby
effectively decelerating the pathological progression of IVDD. Despite remarkable progress, current
investigations are still confronted by several critical limitations. Most studies are restricted to validating the
regulatory effects of single TCM components on individual signaling pathways, leaving the systematic, dynamic,
and synergistic mechanisms of TCM compound formulas within multi-pathway regulatory networks largely
unexplored. Furthermore, clinical translation of TCM is severely hampered by the lack of efficient targeted drug
delivery systems, unclear pharmacokinetic profiles, suboptimal local bioavailability, and incomplete long-term
safety assessments. Therefore, future research should adopt an interdisciplinary paradigm integrating multi-omics
technologies, artificial intelligence, organoid models, and organ-on-chip systems to systematically decipher the
scientific basis of TCM against IVDD. Concurrently, the development of intelligent, site-specific delivery systems
(hydrogels, nanoparticles, exosome-based carriers) is urgently needed to enhance the local accumulation and
sustained release of TCM ingredients. By deepening mechanistic exploration and accelerating translational
research, TCM is expected to evolve into safe, effective, and personalized precision therapeutic regimens for

IVDD, offering novel and reliable solutions for the clinical management of chronic low back pain.
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