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[Abstract] Objective: To explore the anti—inflammatory and anti —pyroptosis effects of Bushen Huoxue
Decoction (BHD) on a rat model of intervertebral disc degeneration (IDD), based on the interaction mechanism
between macrophage polarization response and nucleotide oligomerization domain-like receptor thermal protein
domain 3 (NLRP3)/cysteinyl aspartate specific proteinase—1 (Caspase—1) / interleukin—1@ (IL-1B) signaling pathway.
Method: Among 44 SPF-grade male SD rats, 12 rats were randomly selected as blank control group, and the
remaining 32 were the surgical model group. The surgical mode group rats were modeled using a new annulus
fibrosus puncture modeling method to establish the IDD rat model. Totally 30 successfully modeled rats were
randomly divided into model control group, traditional Chinese medicine group and inhibitor (MCC950) group
according to the random number table, with 10 rats in each group. Each group was given corresponding drug
intervention for 4 weeks. After the intervention cycle ended, all rats were sacrificed and the caudal intervertebral
disc tissues were removed. Hematoxylin—eosin (HE) staining was used to observe the pathological morphology of
intervertebral discs and conduct histological grading and scoring. The ultrastructure and pyroptosis of nucleus
pulposus cells were observed by transmission electron microscopy (TEM). The level of tumor necrosis factor—a
(TNF-a) in intervertebral disc tissue was detected by enzyme-linked immunosorbent assay (ELISA). The positive
expression levels of MO-type macrophage marker protein (CD68) and M1 —type macrophage marker protein
(CD197, NLRP3, Caspase—1 and IL—-1B) in intervertebral disc tissues were detected by immunohistochemistry
(IHC). The relative expression levels of NLRP3, Caspase—1 and IL-1f proteins in the tissues of intervertebral
discs were detected by Western blotting. Result: The morphological structure of the intervertebral disc tissue in
the blank control group rats was normal, and the annulus fibrosus was neatly and densely arranged. In the
model control group, the intervertebral disc morphology and structure of rats were disordered, and the nucleus
pulposus tissue was deformed and disordered in arrangement. There were fissures in the annulus fibrosus in
model control group. The intervertebral disc tissue structure was basically intact in traditional Chinese medicine
group and MCC950 group. A small amount of swelling and deformation of the nucleus pulposus tissue could
be observed, and there was a slight fissure in the annulus fibrosus in traditional Chinese medicine group and
MCC950 group. The model control group showed higher histological score than blank control group (P<0.01).
The traditional Chinese medicine group and MCC950 group showed lower histological scores than model control
group (P<0.01). The model control group showed higher number of pyroptosis bodies in the nucleus pulposus
cells, than blank control group (P<0.01). The traditional Chinese medicine group and MCC950 group showed
lower number of pyroptosis bodies in the nucleus pulposus cells, than model control group (P<0.01). The model
control group showed higher level of TNF-a in the intervertebral disc tissue, than blank control group (P<0.01).
The traditional Chinese medicine group and MCC950 group showed lower level of TNF-a in the intervertebral
disc tissues, than model control group (P<0.01). The model control group showed higher positive expression levels
of CD68, CD197, NLRP3, Caspase—1 and IL-1( proteins in the intervertebral disc tissues, than blank control
group (P<0.01). The traditional Chinese medicine group and MCC950 group showed lower positive expression levels
of CD68, CD197, NLRP3, Caspase-1 and IL-1f3 proteins in the intervertebral disc tissues, than model control group
(P<0.01). The model control group showed higher relative expression levels of NLRP3, Caspase—1 and IL-1B
proteins in the intervertebral disc tissues, than blank control group (P<0.01). The traditional Chinese medicine
group and MCCI950 group showed lower relative expression levels of NLRP3, Caspase—1 and IL-1(@ proteins in
the intervertebral disc tissues, than model control group (P<0.01). Conclusion: Bushen Huoxia Decoction may inhibit
the NLRP3/Caspase —1/IL —1B pyroptosis pathway mediated by macrophage polarization, thereby inhibiting
macrophage infiltration and polarization, reducing the release of pro—inflammatory factors and pyroptosis of

nucleus pulposus cells, and alleviating the pathological damage of intervertebral disc tissue in IDD.
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F 241.401

P 0.000

& 5 EGATRAIE, P<0.01; 5 BEA A PR 2 b 4R P

0.01; 5 P 25201045 ,°P<0.01,

2.4 BAKFMNE FCD68.CD197.NLRP3.Caspase—~1.IL-1B
FME AR R AR g P R 2 R UM 1a] 45 B A 40 e i
P S A D ik B 0k, FBACD68 .CD197 .NLRP3
Caspase—1 . TL— 1B Y2235 by 55 PH M o A5 70 Xof B 20 R BBt Az 4
Marh LR SRR (R IR I ST B . rh 25 41 FTMCC95041 K
SRS AZ AT A A 2 P DU O 2 38 e/ g B G R, L PR R R 1Y
55 B T S I T TR X HE 2 L (DL IEL3)

A5 0 Xk B 2H R BHME ] 48 40 40 CD68 .CD197 .NLRP3 .
Caspase—1TL~1BFHPERIA AT 5 T2 FI HRZE(P<0.01); Hh 24
ZHHIMCCOS0K AR £:4H 2 CD68 .CD197 .NLRP3 . Caspase—1 .
IL-1B AR B K TR F I XT R4 ( P<0.01) ; MCCO50 K
FUMEIR) #4121 CD197 .NLRP3 BH: 32 38 /K AR T 25 41 ( P<
0.055% P<0.01) . (L 4)

B S Tanorr- ) / - "
=0 ‘ 3 5
ol i o a‘ ;v)'
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e :
5. S /;-TF‘., I rEps
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- e 2 A
&) A % ST 7 ; vy o ?
z ‘_ i -\ . - ! :
DB e 2k N T A ?
P Y R
g e .
0200 P0G P
= SN % I X
. B va 'ty ,77',:,_,#1 : dot
A “ 1 ¥ i
=b v % i : .
SR BRG] hahdl MCC95041

B3 KRAXBRHHEBEZP CD68.CD197 . NLRP3, Caspase—1.
IL-18 PHERIEER (&AL, x400)
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x4 BAKXRHEEZHALA CD68.CD197 NLRP3 Caspase—1.JL-18 BEAL L EELLE (xxs5)

A5 no SR CD68 CD197 NLRP3 Caspase-1 IL-1pB
FAMMA 10 1000 mL/(kgrd) 45400 £ 50.87 38.00 + 2.74 577820 £ 651.61 2984.40 £ 325.16 9.822.00 + 4 787.74
BREIXRA 10 1000 mL/(kg-d) 22353.20£2880.14*  891.00+95.79" 462 082.20+48 612.21* 64 037.60 +2908.91* 75 106.80 + 2 170.47"
Hizhe 10 1044g(kesd)  790020£200.81"  268.40+81.72° 1818020+ 1937.00" 36057.80+241.17°  16379.00 + 1 434.74"
MCCO5041 10 10.00mg/(kg'd) 599140+ 133834 5220+ 19.61"  631620+846.00"  33007.80 1 230.01" 17 542.80 £ 2 947.74"

F 172.096 196.854 413.637 122.930 378.072
P 0.000 0.000 0.000 0.000 0.000
E 5w ORI, P<0.01; 5 AR R AL P P<0.01; 5 P 25 413K, <P<0.05,9P<0.01,°P>0.05

2.5 A48 K SR & ¥ NLRP3. Caspase—1 . IL-13 & & 48 3
KRB E BIRIXT R K RAME) 8 P NLRP3  Caspase~1 .
TL-1B 8 FIAH X 2R3k 5t & T 25 FIX IR ZH (P<0.01) 5 Hh 2 41
MCC9502H K FUHER] 45 " NLRP3 . Caspase—1 .IL-1R & 1 A XF
LRI R TS L ( P<0.01) s MCCO504L K FME ] 45 o
NLRP3.Caspase—1 .IL~1 BEEFAHXTZA L T 2520 (P<0.01 ) .
(JLFEl4 #5)

O ) S = (D,

NLRP3

Caspase-l‘l . - - _ —— 45 kDa

IL-1p —e ) = e== D

G o - - - o

S ARIRAL BIRRSIEAL P25 MCCO504L
B4 FBHXBHEEEZHEL NLRP3 Caspase-1.1L-18
EHRIE Western blotting [
x5 HBAKRHEBEEALZR NLRP3, Caspase—1.11-1

EAHEMRESLE (xss)

413 n o %HE  NLRPYGAPDH  Caspase-1/GAPDH IL-1B/GAPDH
REREA 10 1000ml(kged) 005320002 0.091£0.004  0.062£0.010
BHHEE 10 1000mL(kgd) 103820067 102320027 08190025
A 10 1044gked) 05772003 063120015 057320013
MCCOS04L 10 1000 mgf(kgrd) 02630035 0362£0.021"  0.354£0.021"
F 1 066385 1 764398 1232051
P 0.000 0.000 0.000

E: 5RO AT RANE,P<0.01; 5B A AT BB AL AR 2 Pe
0.01; 5 P 24048 ,-P<0.01
3 3 it

rp = B (R] AR AR I Ry IR M A Vs SRR
Z R FE MR AME , SRS 2 T3 4 4 B ZE AR
MG SHA NG 15 | 2 o W D) 22 5 5 e IS % 46 181 28 A
Ko 1 IR 2R A P BB 48 kAR ML S AN, B AR o A A
155 HE MU IDD A7 B AL A , BORM I3 375 1 3 FH 3897
JE DD IDDIRHLE 2%, ¥ K e S KL ORI R R E
PN TDD ] LA Ry 3=, 6 30T LA o =, o 01 0 75 9
WEI YA, AR SR T S B AR AR A G LT
A B , 78 P R A I R R TR Y2 A P AN B 1
AR 3 Ty rh i A 2, A RN B ORGSR A £
B2 A FEAPARZICA F BT AL naE A B g

6

MIE 2% 2 T7 AT A RN B2 AN iR B
T BT T, A5 B 250 B A SR L, T s A
[ BB AR 5 R A SUMAS R AER B 22 FAMITE 585 244
T ILARIRE 388 2% 1 I 5 5 24955 I Lk, T e et 5 1L 8 pA b
i T WS 2 5 AR 5 BB 1 ol i 1 3t e
B2y, BAT AN EHE 36 i A 8 2% kR B4R wT B R
TN 2y 1D WS L1 ) S B S LA W A 2T 2 8
rRO T AR KU, 38 45 1R 5 Z0A8 3 ALY, 4K 1 AT
LR A W AL e, AR T 1228, T LIS B i
AL SR T IE , M S B kb AL )67 5 HLC, A H
AL XUBRIR BV L BE S AT kgt e A1 A H el e R
A TS SN G [ SRR SRR LB PR, BRI LAk
TR ALBMIBITIT G, R PR B LU b 36 Gl R
GBI B PP, B RSB B 3 i AR i
26 IR SR E R EE B RN 3 — T AR L T b
A AR, WA ORI T RIEA B, R
PIIE”B9IRYT AR
IDDAE R —FR AT PSR , 55 HE ] 45 98 AE S0 K A% 240
LFE TG 2 o 1 G 240 B 2 i 32 ) B A 200 L 17 3 B2 AR TRk
R FEIDD ) Ji 14 SR DR 305191, A 20 M 52 B3 anp L
P S AE S SN R AT, N AR RR S R A, A FRfE
SR T, SR fioh e A B A T AR PO A B A TR — R AR
FEFFPEAET-T5 2K, SMENRI BN R Y SAE RS 3 DA DGR 7
IRARRMENRIEE D, B AR L R A A 2 (IL-1B IL-6)
FITNF-o S 58 PR T A HE— 2B 13X — R ERe2),
LW 2 B D RE 10 S 2 S B0 1] 2 SO S AR S O IS , i
A S AE PR 74 SR A A S HIL, e Jon sk 240 i &b S S )
WaE At 5 A ) 25 0 2B A8 PTG, 7EME ] SR AR B pIL R v,
240 L AL Ay A% R 20 L I W 4 2 A M B AR AR
S ) NSBB8 TRl T AN L—1 BRI TN F—oc o X PRI 48 IR 45
WS 22 S RAEAR 5 T8 B AN Toll FE 32 78 4 (toll-like receptor 4,
TLR4)/#% K F kB (nuclear factor kappa-light—chain—enhancer
of activated B cells,NF-kB) Janus ¥ & (janus kinase,JAK)/
& S RS EG T (signal transducer and activator of tran—
ions, STAT)f -1 % | 22 250 fLHE 130 (MAPK ) /e—JunZ,
FEA B (c—Jun N—terminal kinase , JNK)/p38MAPK, 3£ 1fij
B 98 IR T, ZIOHE ] 28 A2 T 01 7R A ] 43 S8 A A
B A2 58 R I W 24H M1 2308 B NLRP3 S5 /A ) I S5
(] 25 9 9 i . 40 i £5 T % DI AH 5621 NLRP3/Caspase—1/1L—16
FA PR 2o A AT DR R S AN WA B B TR BB B, TLR4/
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NF—«BfF 51 %2 5 NLRP3JATE/ MAH SCH 1 S IL-1 B HI £
) % S 3B FE L B B, IR 28 (lipopolysaccharide , LPS ) |
Jided SR FE DR - (TNF ) B 200 1 200 0 B J SRO0 64 e e ™ 49 (N -
acetylmuramyl-L-alanyl-D—isoglutamine , MDP ) %541 [i7 5 2l ifd
JIEE 1= 19 L ABE A R - 132K (interleukin-1 receptor,IL-1R) . Toll
FEZIR(TLR) JHERSER T2 44 (tumor necrosis factor receptor,
TNFR) S LA R B NODRESZ AR (NLR) #EATHH ELAE AT, i —
RS T NF-wBAF 5 i % o {5 5 8 8% i B0 e gk T
NLRP3 mRNA . F{i#4 (pro)-IL-18 mRNAFlpro—IL-18 mRNA
sk, IR BENLRP3JRAT/ IMA I S AR (L 15 25 A4 15
WINLRP3Z5FIEE H & CARDAYJA T HASCEE SRR H (apoptosis—
associated speck —like protein containinga CARD, ASC) X
Caspase—1 . FEFZML B G 31155 5 , NLRP3/Caspase—1/1L-1p15
S AW BT HE A B BE o NLRP3RAE/IMASZ 3| £ Fh
Z 409 JE A OC 4 F A5 X (pathogen —associated  molecular
pattern, PAMP) JiAH5E5 T (damage-associated molecular
pattern, DAMP) 93 Ui A= W s K %, 5 BUNLR P35 4 8
FIRHESER AL, I 5 S G B T ASCES & Bl
ASCHiZEpro—Caspase—1 , Te A TE Ji 58 Y NLRP3/Caspase—1/
IL-1BF 5 E G WP 2 E A& Wi S AT R)Y 25 G
AHOCHFFE MR, ASBIF T HEI B et B Ay i AL R LA S5 7 e
i NLRP3/Caspase — 1/TL— 1@ F 38 1% 7T LA 75 5 IDD 35 i 2
i

BRI, HEVE LR EL . 22 DDA F E R B
I AT Xk HE 2 A B 4 A ] 25 A U0 T R DL WY S i A 54
AL L SVRIET A PR 25 2F AR]85 )5 A7 e L o
2 WRIAR MR 2, AT A 5] BB (R A
TUXT AR ZH K BREH G2 S0P 1 128 X A (P<0.01)
25 20 MCCOSOZ R FUHE ] SR AR 1 DL % , BMAR I A LT
T oE R HEP A, R A0 A0 B i HUB 252 1E
W o TP 2541 KMCCOS0ZH K BLAL 4127 43 G T4 I T 55 780 X
H(P<0.01) ASHIFFEEE AT, AMEE M9 RE 2G5 R BUHE ] 45
AR AR DL o 5 2 Xk HE 2 K A ) 52 24 7P CD68 . CD197 \NL-
RP3 . Caspase—11L-1B FHEFRIE K15 T45 X HRAH ALY
X HEZH K BROME ] S 4 U AR T35 % 1 CD68 .CD197 \NL-
RP3.Caspase-1.IL-1BIF IR , S I 4602 4] AR TE
FAFEIDD &L & S I NLRP3/Caspase-1/1L-1BE S HIE.
BT, HAS 1 BB AN AR T P 25 O B A AN T 2
BRI R 58 8, 5T/ IVAKIC R 9D S AP T 25 51 A B
I 1M 7 BE DR LDD HH B A% 20 M A T L TNF -/ N A1
RAE SN I B A M AR 6 FINTRP3/Caspase—1/1L-1338
BT A SCHE R B P 1, T LA e SR A ] 2 R L
Wk 240 L % 72 DT 5 | 5 98 HE IR B, YOG 25 4% SR A T8,
SR 1] 50RO AT 285 SRR, AR IR 2 A B A ) 4520
ZURTNF-o/KF- 5 3725 FIO0 BRZ, RIS MC.COSOZH A A ] 2
L GUH TNF-a /K AR TR IRAL INF-a 2 5 TIDDR A4
KRR AR AR RS IT RE 215 B A fl i B iR R
SiE R S A 200 0 A 1 A BV o v 24 2K UM ) 41 41
HITNF - /K VAR TSRS BRZH I 1077 BE R IRIDD K Bl

HEIR] S 2P TNF—oc S 12, DT BEL DB L35 K J& 482 96 i SR
DD KA & R A 1 e RN B W AN ML B S ME ) 8k 1 7
TR AR AL AR 4 52 7Y AFE TR Yo} HE 2 K R 1] 4541 27 7P CD68
RYTODME B T2 X IR 4 B e i CD68 AT it 2 5 T IDD &
AR R R HERBIE R o e A A (0 o | A R] 4
T R 1 CD68 B A0 43 AT o 24 4 K BRUAE [ B gl 4
CD68 B TODAEfIE TS AU X} HE 41 , 3% B 4N B 415 10 v ] LA Vs %
IDDHENE] £ 5 CD68 I 41 At Y 3 175 1 o 12 46 28 I g 4
DA I it 240 4 A2 A1 5 A1~ 38 AR A T 2 P, B T AR
BIL-1B15% FliFHE T B NLRP3/Caspase—1/IL- 131G fk . A%
IR LS F R, B X) RR 21 R BRUME a] 8- 41 4L CD 197 /9 10D
B T25 F 0 R ZH, MCCO50 4 K RRUAE ] 4 2H 21 Hh D197 1)
TODELAIR TR X B 2H  CD68TE 4 AE [K Tl M4 FH IR 1E )5
Ak A g % # D197, #1725 1DD R AE [ 37175 FNLRP3/
Caspase—1/IL-1B M7 1t o ' 24 21 K BUAME [E] 2 41 20 h CD 19711
TODE A T BB X HR A, 3= W 4h B 35 1L 3 B vak 2 [1] 28 v
CD197 E Wi 20 ML (4 35 1t AP SR 25 R W, MBI 1107 e % ek
TR MO IV 201 6 1T ML 1 5 IV 200 PRV 0 155 0, o A28 X 2 A U )
FAZIPNLRP3 (Caspase—1 IL-138E (AN Rk & & T4 H
XFHRZ , MCCOSOAL K FRAMEMRI £E4H ZUFNLRP3 . Caspase—1 IL-18
H U 2 A AR AR T T PR 4, 35 452 )5 NLRP3/Caspase—1/
IL-1p15 53 & T %4k, vl e SR A0k A AR TR .
NLRP3#IHIFIMCCO50 7] LA HI NLRP3/Caspase—1/IL-1B 15 &
BTS2 2 K BUMETR) 854 21 PINLRP3 . Caspase—1 .IL-1B
5 AR 3 K AR TR AR T HR AT, 2 B I B 945 1 3 T 0
NLRP3/Caspase—1/1L-1B45 5 fliFEH: , ATl i A% A p a7
5L

Z5 bR, A0 1037 7T 30 I TDD K FUME ) 28 (149 98 0 I
I K A 200 B A TR, BT e e L e 4 S
T MO I 20 it [ M1 200 AR AL 31 HINLRP3/Caspase—1/
L~ 1315 5 HTG AT O AR A A X B W 200 i 43 A |
— T E BB T T AR 0T, FFE AR TR AR AN B 36 1M
XeF MO L I 200 L 1) M T 200 R Ak ) 2 ), W 200 R e
HMNEFIE I e AL FE T B B TR K, L BRI A A I Y
THWEM, & W — L RARR
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