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Research progress on natural active ingredients intervening in the hypoxia-pyroptosis-inflammation cascade
in intervertebral disc degeneration through HIF-1la
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ABSTRACT Intervertebral disc degeneration (IVDD) is the core cause of chronic low back pain, which severely impairs
patients’ quality of life and imposes a heavy social and medical burden. The hypoxia-pyroptosis-inflammation cascade mediated by
hypoxia-inducible factor-la (HIF-1a) is the core pathological mechanism driving the initiation and progression of IVDD. Natural
active ingredients derived from traditional Chinese medicine (TCM) have become a research hotspot in the field of IVDD
prevention and treatment due to their advantages of multi-target effects, favorable efficacy, and low toxicity. This paper
systematically reviews the mechanism of HIF-la-mediated hypoxia-pyroptosis-inflammation cascade in degenerative nucleus pulposus
tissue and the intervention of related active ingredients. It is found that natural active ingredients such as baicalein, curcumin and
resveratrol can intervene in the HIF-1a-mediated pathological cascade through four core links to delay IVDD progression: targeting
the HIF-la oxygen sensing pathway to block the initiation of pyroptosis cascade, inhibiting NOD-like receptor protein 3
inflammasome activation to cut off the cascade amplification of inflammatory signals, intervening in the Gasdermin D-mediated
pyroptosis execution stage to protect cell membrane integrity, and regulating extracellular matrix metabolism to reconstruct
intervertebral disc homeostasis.

KEYWORDS HIF-la; natural active ingredients; nucleus pulposus tissue; hypoxia; pyroptosis; inflammation

ABETE 1AK% ARPHARE G H (No.ZR2021LZY 006, No. N
ZR2023MH063) HE[R] #%:1E 7F (intervertebral disc degeneration, IVDD)

* FE—EE WA, W5 ) B A RS S O S TR BE ARZC R I R L R B e o R SR
E-mail: 1363091613@qq.com T Al R [ ALk ALl SR T s a .

Y ISER W LU BULE SO0 B g b PO AR RS B D AR , o] A
AP . E-mail: 2022140062@sdutem.edu.cn F ARG U, I R UTEE 4t S BT 4" P, IVDD

- 1092 - China Pharmacy 2026 Vol. 37 No. 8 PEZ R 2026 45 37 455 8 1
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55 HIF- 1o YA 58 B400 JE SRRV finh 2 i — %6 1) ke
AT -RIE "I . EIREIRFEIOR , T3
B A% 200 M0 A A IR SR E AT P A, TVDD fia) AN R 7 )
K& . HIF-lo i iR AR HEA% 4 2 Bl A - R T - R0 ™ )
I SN 14 56 R g ST L ) DL T 1
2 RAEMEMR S 3 HIF-1o SR IVDD L& -£5
T--RAE " Bk I Bz i E F AL i
2.1 #B[E HIF-la REAIERR R ETENMES
IVDD ZAR M HIF-1o 32t B3R TR, 29K 3N 7 22 50
ST YU IR BN R . B A HIF- 1o 19458
o M S Bt 06 e 2 DAV Sk L BH BT B 55 A% 0
FM
2.1.1 4 HIF-La (A R S50
B4R e IR IE R i 2 T MR AR A I B R 2 Ak &
7/ S RANTTTE Sy (Y BT SN DIy N W 2 i L SR T
B Z 0] R REARSAE T /KF, F I HIF- Lo LSS PN
B A R 73238 5 Chen S 7E IR JIEJHME PR %% (non-obese
diabetic, NOD )/ JiE & f 2 6t [ (severe combined im-
munodeficiency, SCID) /)N ER A AR I #5580 v % 3L, AT 5
L B IR B ILEE 3-155 ( phosphatidylinositol 3-kinase,
PI3K /%% |11 B (protein kinase B, Akt)/MH L34 & 1A
75 2 # K 1 (mammalian target of rapamycin, mTOR ) il
%, 98/0 HIF-1oc 5 S A% 0r , i 2R D) BERR A L o
/DROSAE ML, AT, B4 3R AT S B S - - AR il

T HATH B
! /

= 3N
: MMP 5% (// C/

R B A S A ik

PRAEE S RSO R S PR B A 08 . Han
B N i 9 0 i AR RIS, AT 3 o ok A
P 2 T N 4 e, /D S A S T HIF-1a FLUER 11
] U I PR Sy, DT 1) 5553 AR 7 AR R g A
BHLT I S S 5

ARPREERIE AL A iR AL S5 245 PR v (0 B 2 Ak
A%, Ding FERIE B RN . RAW264.7 E I
20 i A A 7 SRS TR e E S, LT e 2 L B A L
TR AALI K, ] HIF-1a 25355 ROS A2 5L, HETi 1)
WHE S5 JNE A G R BE I

ZWHELERZHMERBNZHmELEY.
Wang 55 7E SD K BRUE G 1T R | C28 1 41 il 5 i
R R S, AT REAI AR AE R 7K F- , s 20 RE T e
fife , 0 p38 22 L i U 1 1Y A F UK (p38 mitogen-
activated protein kinase, p38 MAPK ) i {15115 ; [7] B 7] 3
T PISK/Akt/mTOR 3 [ 98 /b HIF-1oc A& B, P00
GBI 2 , (2 i TR AR AR | AL Ui BT 206 S0
2.1.2  fiEF HIF-1 o P fiff ol ST A S0 1

MR I 5 7 S AR 2 TR A Hh i R R AL
B PR RS o, HoT 3458 HIF-1a 5
i UR-MRIE 8 R ES A RE T Rk 2 R, Al At
LA HIF-1o 28 1A B, DA 1 55 906 B 1L 9K 3
551,

F#EP RS S MY SEPAh N ZHEE
Yy, Jiang S HE SRR TT R I IE 75 510 LA P B2 4 i
R P IE S, AT 3 5 S AMP 35 AR 1 2B F SR I T

| @ = '
GSDMD

[ . . V) GS‘DMDVN : / _______

ADAMTS %% 1
1 1 NLRP3
I asc
o © 1 = fIn
o O [
o © caspase-1
@4, e
| | o— D B
)
=0 iv
o caspase:

KoM

ASC : T HACHE S FESR 11 ; DAMPs : 35140 64Tt

El1l HIF-lat R EREHZAR BRE-ET-RE"REREHLEITEE

-+ 1094 - China Pharmacy 2026 Vol. 37 No. 8

hEZG B 2026 4E55 37 45 8 11



R {5 B U 17 A F 1 (silence infor-mation regulator 1,
SIRTL )il % , fi¢ i7F HIF-1o 85 P BRI A, Dol HoAZ Y AR
2 5L SR  Guo Z5Y 7 RAW264.7 B0 4 Jfd 48 i A5
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LR ENLRHEY) 28 FERF 2 rh I K
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/1N B 0 A T AR AR P ST, LT 3 S O A e SR R
ZLAR 2 MG 2/ L1 3R T4t - 1 3 % 75 B ROS , 111
SIRT1/NLRP3/caspase-1 15 5%l , ¥ /> NLRP3 i 1k 5 40
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2.3.1 15 GSDMD HyY)E) 5L

P —PR R M R RS 3R IR AL SE L
caspase-1 413 (1) GSDMD ) 1, BHLKT A2 TP A7 B BE A A
AL, B HE R 0] A RAW264.7 I 20 ity 46 i s
rf i 3 F0 ) PKC/ERK/NF- B il /0> caspase-1 3815
Wi GSDMD VI FITE AL, 9 /b HL 28 FL TG £ (1) GSDMD-
N R BeA ™, BbAh, Meng S5 BIF5E & B, 73 KA Al
1 ) F Al A8 B 3224 ) GSDMD-N fY LI TE i 2 BE
TRAP AR e st . B B RlE R M i GSDMD Y-
FH 1T GSDMD-N L& JE i S AL, B4 T a2
RPATIERE , AT S AT S I 1) RAEY T A H
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JoBR Z RN G RNR T ARAE P AR U S S
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B i 2 B ) A B A M, R B R IR A5, 3845 4N
Jft X} GSDMD A3 ZE FLA6 473 A FKPLRE 1 5 [ s 34 v 3 2o
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RARDIRE M s et A RGE TR T R B AR S &
FEY
24 ECMEEEERBEER
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(NF T2 S 7T
3 HEERE

AR 53 1 ZR G0 A AR A 7T R Ky TVDD A
BN AR T S R = RN IR R R
IR T HIF-1oc A S 09 Bl A - AR T 00T ™ K I L
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