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4R % HEIRIE SIRT3/Parkin E1E 2RI IR BER SR IL-18 IS SRR BE
LB E L RS AN NLRP3 28t /MASE L

FRKR, RwAl ML, &R O FL, REBERY OB WM
1. VR R 2 R 4B, TR AN 450000
2. WEEEFER, WEF A 450000

H E: B BEWARAFBEYE (Uchyranthis Bidentatae Radix polysaccharides, ABPS) X #E#Z 400 R KR E R HAH]. &
SR BUE I A BEAZ AN, SR (140 2-1B CinterlenkinlB, 1L-1B) ACFEAGHERERZANMLIEAARAY, H541 o At R, TL-1B 4H.
ABPS (100mg/L) +IL-1p #H. ABPS (200mg/L) +IL-1B 41, W57 ABPS %} 1L-1p 4K SRBEZANMINSE .. EALR. NOD #
ZARE H 3 (NOD-Like Receptor Protein 3, NLRP3) FAZERAA H W (15200 o K0 B AL Jeii 475 % 82 1 2 (Parkinson disease
protein2, Parkin) shRNA, B&J5%H IL-1p A1 ABPS AbBE, FFFLRIR [ 1EAE ABPS $01H] 1L-1p ACFREEIZ A M UL REEFT NLRP3
RMEAMETEAL R VE R . B4R XTI, TL-1B 4. ABPS+IL-1B 4. ABPS-HIL-1p+HITEE BT T 3 (silent information
regulators 3, SIRT3) #Ifil#] (3-TYP) #H, 5% SIRT3 7E ABPS VRIF4HMIZERI R B WG IIER . Sl o Feyd ke A B e A% bt
(proliferation related Ki 67 antigen, Ki67) FIMERR A2 R E A3 (cystein-asparate protease-3, Caspase-3) AR EAICE A
1 4245 3 (microtubule-associated protein 1 light3, LC3) SZRifRr I3 EAio; A BARIIANAE H5317; Western blotting 1o
W R JE (type 1T Collagen) AR FA%ERE (aggrecan). b2 Caspase-3 (cleaved Casase-3). NLRP3. Caspase-1. Parkin. LC3.
PEFEE EWERE LR -1 (sequestosome-1, SQSTM1/p62). FF5% SIRT3. B iUtk y5-2 (B-cell lymphoma-2, Bcl-2) PAK Bel-2 %
Bk X #5H (Bel-2 associated X protein, Bax) HEFKZE; A ARNFRFGE (TdT-mediated dUTP nick end labeling, TUNEL) frill4H
MIPET RAREHCITEYES (reactive oxygen species, ROS). ZKifAfiRAL (mitochondrial membrane potential, MMP) FIZEfi
A4 (mitochondrial ROS, mtROS); HuERHEE ALY LEG (superoxide dismutase, SOD). B H /K (glutathione, GSH)
FANZ% (malondialdehyde, MDA) 7K. £55R EXTHEALLEL, IL-1 HBEIZAHIAAEZ . type Il Collagen 1 aggrecan 7K LA
Fe Ki67 De)6omE 18 B % (P<<0.05), 1i Go/Gr {I4ME /3 A EL I N BT (P<<0.05). 5 TL-18 41tbis, ABPS AbBEEAIZNA
%, type II collagen 1 aggrecan % [/KT-LL K Ki67 BRI (P<0.05), Go/Gi HH4HAL i LLB A B (P<<0.05). 1E4h,
xR, IL-1p 4HEEZ4TAH SOD F1 GSH 7K PR (P<<0.05), MDA. ROS. TUNEL BH{4:40ffl. NLRP3. Caspase-3+ cleaved
Caspase-3 1 Caspase-1 FE /K TFHIRTIE (P<0.05). ABPS ZbFEUHE T TL-1p AbTH N BEAZ A AL S . I T-F0 NLRP3 #
IMRIEALIREEIA . AN, ABPS AbFRSELSS T IL-1B AbIR 5 S BEZ A MMP FE{CR mtROS FHi& (P<<0.05). ABPS 451 [
IL-1B AbFRBERZ 40 T Parkin F1 LC3 HI3ik (P<<0.05), SQSTMI1/p62 & AXE# — LK (P<<0.05). Parkin shRNA FH K
T ABPS X} IL-1p 4 FEBEAZ AN ML AR A W . AL . JHT-A1 NLRP3 &M /IMARIEEI (P<<0.05). Ak, TL-1p AP ARG
AR SIRT3 B HACF RIS (P<<0.05), ABPS 2B 4 SIRT3 S HAK R (P<0.05). 3-TYP FHIT I ABPS *f IL-1B
ALFERERZ A Parkin /- SERLA IR TER (P<0.05). £5i& ABPS Al 4% SIRT3/Parkin {55l S LA
WE, R TL-1B 55 I BEAZ 40 AL LR NLRP3 4 M/ MASE Ak

KR AP B4 DOEREREIETET 3 meEkED LRikA R
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Abstract: Objective The aim of this study is to investigate the protective effect of Achyranthes Bidentata polysaccharides (ABPS)
against degeneration of nucleus pulposus cells (NCPs) and its possible mechanisms. Methods Rat intervertebral disc NCPs were isolated
and treated with interleukin-1p (1L-1B) to construct a model of NCP degeneration. The cells were divided into control group, IL-1 group,
ABPS (100 mg/L) + IL-1p group, and ABPS (200 mg/L) + IL-1p group to investigate the effects of ABPS on proliferation, oxidative stress,
NOD-like receptor protein 3 (NLRP3) and mitophagy in 1L-1p-treated rat NCPs,. To investigate the role of mitophagy in ABPS-mediated
inhibition of IL-1B-induced oxidative stress and NLRP3 inflammasome activation in NCPs, lentiviral vector-mediated transfection of
Parkinson disease protein 2 (Parkin) short hairpin RNA (shRNA) was performed, followed by treatment with IL-1p and ABPS. To examine
the role of silent information regulators 3 (SIRT3) in ABPS regulation of mitophagy, cells were divided into four groups: control, IL-1f,
ABPS +1L-1p, and ABPS + IL-1B + 3-TYP. Immunofluorescence was employed to examine the co-localization of cell proliferation-related
Ki 67 antigen (Ki67), cysteine-aspartate protease-3 (Caspase-3), and microtubule-associated protein 1 light 3 (LC3) with mitochondria.
Flow cytometry was performed for cell cycle analysis. Western blotting was used to detect protein expression levels of type II Collagen,
aggrecan, cleaved Caspase-3, NLRP3, Caspase-1, Parkin, LC3, sequestosome-1 (SQSTM1/p62), SIRT3, B-cell lymphoma-2 (Bcl-2), and
Bcl-2 associated X protein (Bax). Terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) was employed to detect cell
apoptosis. Fluorescent probes were used to assess reactive oxygen species (ROS), mitochondrial membrane potential (MMP), and
mitochondrial ROS (mtROS). Colorimetric assays were performed to measure the levels of superoxide dismutase (SOD), glutathione
(GSH), and malondialdehyde (MDA). Results Compared with the control group, the viability of NCPs, type Il Collagen and aggrecan
levels, and proliferation related Ki67 fluorescence intensity were significantly decreased in the IL-1B group (P < 0.05), while the
distribution ratio of cells in Go/G:1 phase was significantly increased (P < 0.05). Compared with the 1L-1f group, cell viability, type 11
Collagen and aggrecan protein levels, and Ki67 fluorescence intensity were increased in the ABPS-treated group (P < 0.05), while the
distribution ratio of cells in Go/G1 phase was significantly decreased (P < 0.05). Compared with the control group, the levels of SOD and
GSH in NCPs were decreased in the IL-1B group (P < 0.05), and the levels of MDA, ROS, TUNEL-positive cells, NLRP3, Caspase3,
cleaved Caspase-3, and Caspasel were significantly increased (P < 0.05). ABPS treatment reversed the effects of IL-1p treatment on
oxidative stress, apoptosis and NLRP3 inflammasome activation in NCPs. In addition, ABPS treatment attenuated the IL-1p-induced
reduction of MMP and increase of mtROS in NCPs (P < 0.05). ABPS enhanced the expression of Parkin and LC3 in IL-1p-treated NCPs
(P<0.05), and SQSTM1/p62 protein expression was further reduced (P < 0.05). Parkin shRNA blocked the effects of ABPS on mitophagy,
oxidative stress, apoptosis, and NCPs3 inflammasome in IL-1B-treated NCPs (P < 0.05). The level of SIRT3 protein in NCPs from IL-1p-
treated group was decreased (P < 0.05) and increased (P < 0.05) in ABPS-treated cells. 3-TYP blocked the regulation of ABPS on Parkin-
mediated mitophagy in IL-1B-treated NCPs (P < 0.05). Conclusion ABPS attenuates IL-1B-induced NCPs oxidative stress and NLRP3
inflammasome activation by modulating SIRT3/Parkin signaling pathway-mediated mitophagy.

Key words: Achyranthis Bidentatae Radix polysaccharides; nucleus pulposus cells; silent information regulators 3; Parkinson protein;

mitophagy
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M EEFEF 2 —. LBP FIAIRHREE LT, W
TERBLGFMEST 40, HERIAL (intervertebral
disk, TVD) B2 3 BUBEF 1 32 2 X A K 2
YE9 IVD I EZThREA, SRS 59 pshkt
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Z AR, LRRT) Rl RS 5V 2 B AT PR
(B4 TVD B4 B UIFHRPL, HHF iR, 1754
LA W6 ]8I B R LA . BEfIK ROS K
S ] NLRP3 58 Rk /IMA R0 DL A il A% 20 B 7
ToR#IEZE VD BALIEFEC, X WS 3 Csilent
information regulator 3, SIRT3) Z&ki A ) 3= F2H i,
oy, SEFEELSR. KIE. RETREEE
PN IRV 25 A 3R B Ik R T R 4 2 D) A o ol
SIRT3 M= PLaL LR A IR [P, nJRR
A RERZ NN T, KR SIRT3 W37 AR AH J 1)
R, Rk, SIRT3 76 IVD (B FE b4
A 2253 RN A RN

4 £ W& ( Achyranthis Bidentatae Radix
polysaccharides , ABPS ) J& M 4= & Achyranthes
bidentata Bl. [FJTEARAFSEHLL), IRIARFIZ R iR
B, ABPS E A ST Pra AP b iffE 214,
Fu ZE0SIF 75 R B, ABPS R+ ECM [P, M
TR B 1T 2 3 TR R BB AL 2 . 75 TVD 1B Ak
PR EE R, RERZ AR ORE RAER 1, M
1M 51 & — % # S51R S FEAH G R S E0e) RREAH G
SCHR, A4EAER-1B CinterlenkinlB, 1L-1p) HH
T g A A0 R A B RO AR A I T
ABPS X 1L-1B 55 FIBEIZ 20 f A4 S 4 g
JHTZAT NLRP3 Z8RE/IMATEAL IS, DL A b fi
%A MR PR P LE 73 L], G2 RVE SIRT3 4
FIA 22572 A TONIRIRTRBTFIIGRTT IVD 184k
Rt z%,
1 R
1.1 =4

HEME SD KB, 6 FEg, i 170~190g,
M AEDESZIS Zh R Ly, S ATHIESR S SCXK
2019-0002. KR IEFETUREE 22 'C AHXREE (501
5) %ML, HIREBEEE 12h. FrASLR TR
22T R A8 I I 0 S EE B AR B 51 s ik
(&35 PZ-HNSZYY-2022-014).
1.2 ZAm5i

g (S Y231101) T4 VY )IF B 25k 4E
H AR AR, & A bR A R R AT
FR 2G4 e N RHEY IR A. bidentata Bl 1T
B

1T B 5 Ctype I collagen, b5 C2-BIOC).
IL-1B (fit*5 SRP3083) [ £ H Sigma-Aldrich 22
#]; DMEM-F12 £ 7+ 3% (Hit5 SLM-243-B) W H %

Gibco AF); 1%H R =/ R (M5 G4003).
0.25%JB: i -EDTA ({IL'5 G4010) T 8 o [F i
Servicebio 2 FJ o & 4L (41t 5 1168027).CMXRos
FOETRET (5 M7512) W H 3£ H Invitrogen A 7
Parkin shRNA ({lt*5 sc-270243-V) 1 [ 3£ [H Santa
Cruz; DCFH-DA J514:% (reactive oxygen species,
ROS) #R%l (k%5 HY-D0940) F1 SIRT3 il ] 3-
TYP (fit*5 HY-108331) JiJ [ 3 [ MedChemExpress
AF]; QuickBlock HufE Gttt A (k5 P0260).
AN B EAZ PR (proliferation related Ki 67 antigen,
Ki67) Ptk (5 AF1738). FITC FricilizfEfifh
IgG (H+L) %690 (b5 A0562). Cy3 Fricih
FPiR IgG (HHL) W63 (L5 A0516). 4/, 6-
PRI 2R (47, 6-diamidino-2-phenylindole,
DAPD Jefaifi (Jit5 C1005). 4HARTTH4L-8 &
(cell counting kit-8, CCK-8, #t*5 C0038). 41/
BRI & (s C1052). & AR HIFIR &
(#£'5 P1005). RIPA Zf#i (L5 PO013B). HiAR
ARSI L ST R P (LS A0208) R
A7 & i 5 id 7% ( TdT-mediated dUTP nick end
labeling, TUNEL) T # A& (S C1089).
e kiR HLAL (mitochondrial membrane potential,
MMP) filliafl& (s C2006) W H H E EigEE
B RAEVFARERAT; Type 11 collagen Fifk (it
5 AF0135). ZEHEWE (aggrecan) Pifk (it
DF7561). Hiif-3-i L i Z 4§ (glyceraldehyde-3-
phosphate dehydrogenase, GAPDH) #ifk (#t5
AF7021). NLRP3 #ifA& ({lt'5 DF7438). L2
KA E HM-1 (cystein-asparate protease-1,
Caspase-1) Pufk (#t'5 AF5418). SIRT3 Hifk (#t
5 AF5135). MH& RN A 2 (Parkinson disease
protein 2, Parkin) Fifk (L5 AF0235). FlEAHK
T H 1 #5% 3 (microtubule-associated protein 1 light 3,
LC3) Ptk Git's AF5402). M A bRk EA-
1 (sequestosome-1, SQSTM1/p62) Hifk (#Ht5
AF5384). B 4 e itk 298 -2 (B-cell lymphoma-2, Bcl-
2) Pk (5 AF6139). Bel-2 KB X & (Bel-
2 associated X protein, Bax) P& (5 AF0120).
Pt R R A 2 R & B -3 ( cystein-asparate
protease-3, Caspase-3) Hiffk (#b'5 AF6311). ¥Hfk
' Caspase-3 ( cleaved Casase-3) ¥k (it 5
AF7022). ECL 257 (5 S0033S) M EHTLIRR
B FEH O BRA s MitoSOX 2R AR 1448
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(mitochondrial ROS, mtROS) ##£4 (k5 LX3608)
W R IR AR A TR A ] s B
1L (superoxide dismutase, SOD) ikifl& (Ht5
D799594) . £t H ik (glutathione, GSH) 7 & (it
5 D79961) F1A % (malondialdehyde, MDA ) i
A& (5 D799762) W H g TAY) TR
HIRAA; D-(+)-JoKH & (iS5 50-99-7). D-
HE@ERE (L5 3458-28-4). RZHE (b5 6155-35-
T D-(+)-LILFERE R (b5 91510-62-2) D-F-7L
B (IS 59-23-4). D-(+)-AKBE (JIL'S 58-86-6)+
D-FHi AR (bS5 10323-20-3). D-FEEHE (L5
6138-23-4) W H LM AR A R A w] (D-Fi]
P APTRE S IR B R0 B0 =99%,  FL A3 5% Bp o IR
JR B H 5 =98%) .

1.3 Y&

IX71 B WA (H AR s AR E B A F]D;
MK3 R (Z£[E Thermo Fisher Scientific A4
H IR AT ); BD-FACSVerse 24/ sC ALY (Z£[F BD
Bioscience A& ); LSM700 Y0943 58 A B Ak
B (fEEZEERD.

2 7k

21 HEBEHEEENE

211 FBRZHERSIR BCTRIAREMAR S g,
& 1000 mL [FJEREHEH, I 500 mL 285K, 7K
WIMPBRRIRI 2 K, B4R 1.5 h, & IR, W4d,
eI A S RN 90%, P HEE 4 CUKFEEE
R, 3 RIS, Dl oK CREE S B 2 K,
EPUE TR, TN LA R TR AT T,
HEMEERE, PETRFBEZHmnARIS,

2.1.2 ARSI RS RRE “2.1.17 TR
HFEZHERM A 0.0l g 2 10mL B, FEBKE
HAE 10mL, EPFAE S IR

2.1.3  XFRESOA TR B RS BRI K R A
0.1mg, FZEM/KERE 100mL, IR ERE N
0.1 mg/mL 7] %5 B ) BE S I

2.1.4  RM-BRERE B OB IR SR R AR
B2 RISV 100 uL, FZE MK E A% 1.0mL,
HRARNE T, I 5% ARMVETR 1 mL VRS, B n
NKBRER SmL, #4515 B /KBS 20 min, UG
VKAK#E 10 min, AEIEFR . [FVEHIES 5 R
IS VB, 7E 200~800 nm I EROGEE (4)
{8, SRR AR 485 nm!',

2.1.5 FRAEMIZRIIZ ] RS IR AR 20,

40, 80+ 120, 160. 250 uL, 7 EAZ 1.0 mL Ef,
R RE, B0 mL B S% AR, #2510
IONHRBRER 5 mL, &%, WK HIN#A 20 min J5,
VKK 10 min 2=, 8 AT WA Y66 B TR
485 nm AbISE A fH. VLA EAAEAR (YD), DLAEA
BES ROBALER (X0, HHTRIEACEE, 2dlbaiE i
2k, [N Y=3.9875 X+0.1575, R°=0.9997,
KRR BT

2.1.6 FEMEREE  REEIRI “2.1.17 TR Hl )
A — R VA, TR “2.1.47 TRTVEINE 4 18, LA
30 min AIAISE, FESHE 2 h, 11545 RSD N 1.92%,
T WA N EATIEE 2 h R ENE R I .
2,17 KWL KSR R 2 0 A
W, %R <2147 TUlE 4 E, ERENE 6K, it
519 RSD N 2.15%, RN EEHE RUT.

2.1.8 HEEMRE FEEHRIUE M5 6 1, %
BR“2.1.4” WiEe A8, BRLER. 4%
RSD 7 0.19%, KA ZTIEEZERL.

219 SEMNE WS EBR 1.0 mL, %
“2.1.47 TURNFHATINE, WRIEEATFEHEL R, %
TR 2SR, BHE 3 IRPATL
5, THEATH AR 2 M PR IR 28.45%, RS
N 47.58%.

22 BRAHIEREIES

221 HEPEXRSETR 2 BIFREL D-(+)-TEK
HWEHE (6.87mg). D-H &M (5.51mg). WZE
BE (5.70 mg). D-(+)-F-FMERER (4.66 mg). D-
Bl HiAEHE (4.35 mg). D-(+)-FFHE (4.25 mg).
D(+)-AHE (4.54mg). N (5.69mg), & 1mL
B, RKBEIFMBERZIE, WS L
I 8 i B (1) B — o) VAT

222 FRZHKMAE FREL 100 mg A4 M2 N,
H 2 molL = LBIEIEM, %EE, 110 CK
fif 4h JEEUH, AAIRER, 3 mol/L S AV
WO pH EZE 6.5,

223 fTAAALBE R S AT S TR
BV “2.2.17 TN 25 B0 R AL, “2.2.27 TR 2
BEAK A 0.3 mL, 2K IK I 0.5 mol/L PMP-
H VRN 0.3 mol/L S SE AN, IR A,
70 ‘CH74 30 min, AHZE=EE, MM 0.3 mol/L &
WAL N . FEELEFIIN 1 mL &%
WO TR, FREWE, W EERW; 583K,
HIF EEBRIEZ 045 pm JEREE, SRR,
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PAFEATHEAK IS 1 SV 73R AT A
T A BE J5 )45 BRSO RS AR 0.2 mL, AR E S
0.45 um JELJEIE, WERIEWE, IREAEATA ML
Je PRIV £ Yot R VA
224 Bk MHS RFGEHERE KA RD-Cis
(250 mmX4.6 mm, 5 um) @ift:, LLpH 6.5 i
EREMPR (A -2 (B) NS, SERETemt (82
18) 30 min; AN 35 ‘C; AFHIRE 1.0 mL/min;
Rl N 250 nm; AR 10 L. B “2.2.27
“2.2.37 TR I 22 WE 7K SRR 5 0 R Vv, 3F
FENE FH e i .
2.3 FEZMRER S B FLETE

XF 30 At SD KR ip d&ERElZ (>
150 mg/kg) J& St 2 SRAE. 76 s N AT 4R 7 B
JERE . D T RETERERZ AL, FH 0.1%F#) Type I Collagen
7637 C N BERZHZ 4 ho FH 200 HUEMEN )5,
BERZ4000 T DMEM-F12 55373 (& 1% H 5 R/6EH
F).5%C02. 37 CHiFR. S5 FREEAEMR 1d B4 1 IR
A BRI P1 A P3 RANMEH Type 1T
Collagen [FIZIA/KF, XHERZAIMHI T4 €
24 RSESHRE
2.4.1 ABPS XHERZ4HMRAETE M 4 ) A
6.25. 12.50. 25.00. 50.00. 100.00. 200.00 A1
400.00 mg/L ] ABPS AbEEEIZANA 24 h, %HL
ABPS & AbH 7 & .
2.4.2 ABPS X} IL-1p ACFRBERZ AN . AL
W NLRP3 78 PE/AMATE L AL MR H LR ¥
YU AR IRZE . TL-1p 4. ABPS (100 mg/L) +
IL-1B 41. ABPS (200 mg/L) +IL-1p 41, BaxfiA
HAh, HpKHALIH 10 ng/mL /) IL-1p A-PE4H i
24 h, BTHERZAMOB IR,
2.4.3  Parkin ¥ IZERIR HIESE ABPS #01i] IL-
1B 75 HERZ A0 E A SR NLRP3 48E/MATE AL
HEPER dZBRULEH S, S BT B (NC DshRNA
FI Parkin shRNA (50 nmol/L) ¥ YL4Hfitl. 85154
J2 43 ot BB (NC shRNA %5 4%) 2H . IL-1B(NC shRNA
By 41, ABPS (200mg/L) +IL-1p (NC shRNA
e 4. ABPS (200 mg/L) +IL-1p (Parkin shRNA
By .
2.4.4 SIRT3 7Ei#% Parkin /S48 k44 [ W 1 4
¥ BEAZ AN 4y Xt R . TL-1B 41. ABPS+IL-
1B 4. ABPS—+IL-1p+3-TYP 4. 1] SIRT3 41
A 3-TYP (50 pmol/L) Fil4b3 2 h Ji5, KH 200 mg/L

ft] ABPS 5 10 ng/mL IL-1p Zk%E 4 FH4HMI 24 he
25 GREWRNEE

WBERZAILL 1X 105 A~/mL %R 24 4L
B, Bl 1 mL 4RI, $% “2.4.27 TR LA
UM, Z IR T 4% % 5 W ] € 402 20 min. BE)S,
F 0.1%TritonX-100 7£ =i N ZEALREZ A 15 min.
H QuickBlock BH W2z BH W48l 15 min, 28 /5 H
Type II Collagen(1 : 100).Ki67(1 : 200)5% Caspase-
3 (1:100) PifkT 4 CiELIR. H PBS Mk 3
K5, F FITC brid il =Edide =41 (1 1 2000 F1 Cy3
Fricll EHR P (102000 WEAM. &5, M
DAPI e a0 4 AZ AT e e i, 38 5 mine SR
FH 5% 6 58 e R A B A
2.6 YHEBTEIEERKN

FHEIZAMI L 5 X 1044/ mL ZFEHEFR T 96 FLIR,
AL 100 pL HMLEIE, WETHH, % “2427 BIF
THFACEEANND . AL 10 uL CCK-8 ¥, 37 “CHi¥
H 2h, T 450 nm K NIGE 4 {8, THEARAER.

MPAFTER=(A ws—A w0)/(A sw—A 1)
2.7 RINLRAR(L 5 Hrem AR E AR

Y BERZAH M LA 2 X 105 /AL FEEEFT 6 LA
Fi “2.427 TN TR AN . fd R g AX,
Fae IR S B A5 2 b 24 L 30
2.8 Western blotting #M1HxEHFRIA

FH & A B AR RV S B4 RIPA S8k
TRALABERZ AN, 4 °C. 12 000 r/min 250> 20 min,
Wb o B EURE i 4 e SR TR N - SR TR s A e
JHLUK, ¥ % PVDF JiE, IR T S%MBIE Yk &
M 2h, 4355 E —$i Type Il Collagen (1 :2000).
aggrecan (1 . 2000). GAPDH (1 . 5000). NLRP3
(1:1000), Caspase-1 (1 :1000). PINKI (1:
1 000). Parkin (1 :1000), LC3(1:1000). P62
(1:1000). SIRT3 (1:1000). cleaved Caspase-3
(1:1000). Bax (1:1000) #1Bcl-2 (1:2000),
“HU=ERME 1h. XA ECL &5, Image-J #A4-%F
IKEEAEIAT 7347
2.9 ROS HIE

BN B 10 pmol/L ) DCFH-DA &7,
37 C LI E 20 min. TG L5 1S IR FETE VE 2
Wha, AR MB M. i, FH
MitoSOX #R%F 6 Il mtROS 7KF . ¥ MitoSOX .
YEH W (5 umol/L) IO BIBERZANAEH, 7537 C%
£ FBOEEE 10 min, HBSS ¥V 3 e, %
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F M. LSD I ¢ K5
3 Z#R
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WE 1 R, SRR R R IF70 5 (O
BEIRT 1.5, BB LA H ZEHE KT 6 000,
L BF A HE VORGP0 8 AN = A . R
ZHETH BN R, LIURREER . RIAIE. 2k
FLBE B 18 1 5T B 20 Hio) N 3.98.21.27.4.29,
6.66. 3.47. 10.81 mg/g.
3.2 XTIL-1PACTEK FR B84 ZH A E 5 FNIR T RS2 g

G g Yt g5 IR, Type Il Collagen 7E4H
fuh ik (RaEvt), H P1AUM P3R4
Type 11 Collagen KA A E %R (K 2-A). W
2-B ffizr, HXREZAELEE, 400.00 mg/L ABPS 4b#E
(1 BEAZ AR R R PRI (P<<0.05). Wil 2-C
Bz, SRR LR, TL-10 240 M A7 26 03 A
(P<0.05); 5 IL-1p #L#, ABPS k. miiflgE4
MMAEE R B E T (P<<0.05). WK 2-D~G fr
N, SXTHRALLLE, IL-1B 4R Ki67 & AR LK
FEAE (P<<0.05), Go/Gy 4 g 7347 Lb i =55 5 TL-

A
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Il |7 o457 8
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A-TRAE IR S B-F IR 2 E KR 1-D- 1 B2 0k s 2-R 25 0k
3-D-(+)-FAERERR s 4-D-(+)-ToKHEHE; 5-D-(+)-F A8 6-
D-(+)-AHE; T-D-BIRiAARE; 8- EEHE .

A-mixed reference substance solution; B-hydrolyzate of Achyranthis
Bidentatae Radix polysaccharides; 1-D-mannose; 2-thamnose; 3-D-(+)-
galacturonic acid; 4-D-(+)-anhydrous glucose; 5-D-(+)-galactose; 6-

D-(+)-xylose; 7-D-arabinose; 8-trehalose.
1 fT%4-HPLC BiL

Fig. 1 Derivatization-HPLC chromatograms

1B 4HLb#, ABPS K. miflEA4ifut Kie7 HH
FKiLBZETE (P<0.05), Go/Gi HI4HHE LA PR .
WE 2-H. 1R, SXTIEALE, 1L-18 4 Type I
Collagen 1 aggrecan i [ 1A 2 # F# Ik (P<<0.05);
HIL-1B 4 #, ABPS i =715 4H Type 11 Collagen
A1 aggrecan 5 HRIE BEHIN (P<0.05). LA R4S
BHKH], ABPS BEXGE IL-1p X BfiAZ 4H o 184 5 fr 410
HIER, EZRERX AR .
33 3 IL-1p B AR EEZ ARSI RIE . SATFI
NLRP3 &M /MR EISNT

WK 3-A. B Ao, S5xtiRAILE, 1L-1p 418E
AU ROS KR EFE (P<0.05); 5 IL-
1B 4 EER, ABPS K. il =4 BEZ 40 i+ ¥ ROS
K2 FE B (P<0.05). Wl 3-C. D fios, 5%
M LU, IL-1B A4l SOD J& £ GSH 7K-F
BEFL (P<0.05); 5 IL-1p 4Ik#:, ABPS fi.
7 A B AZ 41 B R ) SOD 5 4 A1 GSH /K- 35 3%
e (P<0.05); W 3-E~G fin, SxHE4LE
5, IL-1B 2414 MDA & &1 TUNEL B 41
R ETE(P<0.05); 5 IL-1p A LLE:, ABPS K.
EFIE AN MDA & f1 TUNEL FH P40 %
PG (P<<0.05). 0 3-H~K fliz, SxFHE4LEL
B, IL-1p H4ufH Caspase-3 Fil cleaved Caspase-3
FEAERIAYEZER N (P<0.05); 5 IL-1p 4,
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A-P1. P3 fREGIZANET Type 11 Collagen [ [1FRi%: B-AFEFTEKE ABPS AFEHZANM 24 h J5MANIIE ;. C-CCK-8 WIsE4NMi% /7: Dy B-
FHEEZA Ki67 BB TR Fo G-AUEA MG Hy I-EEZ AU+ Type 1 Collagen 1 aggrecan & 171k ; HXEAALLE:: #P<0.05;
5IL-18 41 *P<0.05, FEM.

A-protein expression of Type II Collagen in P1 and P3 generation nucleus pulposus cells; B-cell viability of nucleus pulposus cells after 24 h treatment
with different concentrations of ABPS; C-cell viability was determined by CCK-8. D, E-immunofluorescence results of Ki67 in nucleus pulposus cells in
each group; F, G-cell cycle distribution; H, I-protein expressions of Type II Collagen and aggrecan in nucleus pulposus cells; *P < 0.05 vs control group;

“P <0.05 vs IL-1B group, same as below figures.

2 ABPS X} IL-1p IR KR BE#Z RARISFEFIIR T AIRM (X s,n=3)
Fig.2 Effect of ABPS on proliferation and degeneration of IL-1p treated rat nucleus pulposus cells (X £ s, n=3)
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A. B-ROS 7/KF; C-SOD j{fft; D-GSH 7KF; E-MDA & #: F. G-TUNEL Jefa:ll%F TUNEL BHYE4HMR%; H. I-Caspase-3 (IR F#RE: J.
K-cleaved Caspase-3 £t [4#ik; L~N-NLRP3 #l Caspase-1 & [ [f15Ri4.
A, B-ROS levels; C-SOD activity; D-GSH level; E-MDA content; F, G-TUNEL positive cell rate was determined by TUNEL staining. H, I-Caspase-3

protein expression; J, K-cleaved Caspase-3 protein expression; L—N-protein expressions of NLRP3 and Caspase-1.

3 ABPS Xt IL-1p 0B A REEZMAME LA . JATH NLRP3 &M /MATELMSN (X+s,n=3)
Fig.3 Effect of ABPS on oxidative stress, apoptosis and activation of NLRP3 inflammasome in IL-1§ treated rat nucleus

pulposus cells (X £ s, n=3)

ABPS k. &7 =HYHMu+ Caspase-3 Fl cleaved . JAT-AI NLRP3 4 /M1 .

Caspase-3 £ [IRIAY R EEL (P<0.05). WK 3- 3.4 XISEMZZERRL A B ISR S20T

L~N Frn, SXPHEZHLLAR, IL-1B8 44+ NLRP3 WK 4-A. B s, SxTHEALLRE:, TL-1p 4140
Al Caspase-1 HAKTFEZEFEH (P<0.05); 5IL- i MMP /KPR (P<0.05); 5 IL-1p 4Lk,
1B 4HAALL, ABPS K. Wi &EAH40+ NLRP3 F1  ABPS {i%. & EAH4MM MMP /KB THE (P<
Caspase-1 25 /KPR ZHFFK (P<0.05). LA LR 0.05). W 4-C. D fiw, SxiAE, IL-1p 4
K, ABPS 4] IL-1p ' FHBEAZAIMAEILS. 4 mtROS 7KF-F (P<0.05); 5 IL-1B 4LLLEL,
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A, B-IC-1 JepHa gz an it MMP f9224k; C. D-mtROS JepHE 40+ mtROS AI2E4k; E-WL%E LC3 HLkAIfK (Mitotracker A5ic) fI3E
SERLE L F~T-40f b Parkin 2 4. LC3IVLC3I [MME A p62 HEEIE.

A, B-changes of MMP in nucleus pulposus cells were detected by JC-1 dye; C, D-mtROS dye was used to detect changes of mtROS in cells. E-co-
localization of LC3 and mitochondria (Mitotracker label) was observed; F—I-pxpressions of Parkin protein, LC3II/LC3I and p62 protein in cells.

4 ABPS XBEAZAAALLRA BRERIFND (X +s,n=3)
Fig. 4 Effect of ABPS on mitophagy in nucleus pulposus cells (X £ s, n=3)

ABPS 1K, EAIEAAM mtROS /K BERFK (P< F&E (P<0.05), p62 & FHI/KF 2 P (P<0.05),
0.05). WK 4-E fiix, ABPS {E# T HEE LC3  455EW], ABPS A0S IL-1p AbHERZ 400 A2
SRR e . W 4-F~1 R, 5S4t RifkEnE.

B, IL-1B ZH4H M Parkin £ A% A/KFA1 LC3I/LC3I 3.5 Parkin shRNA Xt ABPS & IREE# 4L 4
PHEEZET & (P<0.05), p62 HEAKFREERIK - BRI

(P<0.05); 51IL-1p 41fHLL, ABPS K. milE4dl 1 5-A~C Fi7R, Parkin shRNA F] 41| ABPS
YlfiE Parkin 2K R IEACFA LC3I/LC3T MI{ERE S M Parkin Al LC3 AL L (P<0.05).
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A~C-% A% Parkin 25 AR LC3I/LC3I F{H; D-LC3 HLRifkdtesr; Hxfifatbis: *P<0.05; 5 IL-18 41HE, "P<0.05;

5 ABPS+IL-1B 44 (NCshRNA) Lt#:: 4P<<0.05, TFEF.

A—C-Parkin protein expression and LC3II/LC3I in nucleus pulposus cells from each group; D-co-localization of LC3 with mitochondria; *P < 0.05 vs
control group; "P < 0.05 vs IL-1pB group; 4P < 0.05 vs ABPS + IL-1pB group (NC shRNA), same as below figures.

5 Parkin shRNA 55 7 ABPS iESHIBEZMALLKABEME (X+s,n=3)
Fig.5 Parkin shRNA attenuates ABPS-induced mitophagy in nucleus pulposus cells (X £ s,n=3)

K 5-D Fiz~, Parkin shRNA BHIE T LC3 52Kk
3. 450 %EW, Parkin 257 ABPS %S
B A% 2 i B RS Ik
3.6 Parkin shRNA %t ABPS AMIESE+% RS (XN
. ETSF NLRP3 M/ MASEL O
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7S 1 MMP [£1K DL & ROS AT mtROS 7KF-FFH 51
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MMP. ROS Fl mtROS /K-F52m . a1 6-G~K
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410 MDA 7K°F-. Caspase-3 FiAFI NLRP3 %14
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Aggrecan K ARKIE . Z5 KW, ABPS Xf IL-1B
Ab P A% A M ) R AR 5 B0 Parkin /S 4R
CRENEN S
3.7 ABPS ¥t IL-1p A0 IBEEZ 4+ SIRT3 EH
FKIEHF M

WK 7-A. B fioR, SxTHRAIAHLL, TL-1B 4188
AN SIRT1 &% H R IR K F 83 PR (P<<0.05);
5 IL-1p 4lt%, ABPSHIL-1B ZH4HHE ) SIRTI
T ARIEKTFAR WA B2, W 7-C. D B,
IL-1p A EEZANAEH SIRT3 25 R IEK T IR

BEF% (P<0.05), 1 ABPS-+IL-1p 4140 1)
SIRT1 EAFLKT5 IL-1p AL B E T (P<
0.05). 41 7-E~G Fras, 5 ABPS+IL-18 4 EL#,
ABPS-+IL-1B+3-TYP #4140+ ) SIRT3 F1 Parkin
EAKFRL (P<<0.05). BFFT4E 1%L, ABPS i
ik 520 SIRT3 Kifi 4% Parkin & H KA.
3.8 3-TYP XHpaZeRiiA B . SUWNH- ATH
NLRP3 &M /NMETEBISNT

WK 8-A~C Fian, HxtiB4Iuse, IL-1p 4140
il LC3 52kt e A FEFE T+ R Al mtROS 7K i
EZFE (P<0.05); 5 IL-18 41LHk#, ABPS+IL-1B
MM LC3 SAbifkIt e AT =, mtROS 7K
TR E R (P<0.05); 5 ABPSHIL-1p 4ltb%:,
ABPS-+IL-13+3-TYP H4HE LC3 5Ltk It e fir
FEEEFEK, mtROS /K FRZEFE (P<0.05). WK
8-D~G Fizn, SXTIRAIELE:, 1L-1B 414iH0 Bax Al
NLRP3 & /K FEEF S (P<0.05), Bel-2 FHHK
FEEERK (P<0.05); 5 IL-18 kAR, ABPS+IL-
1B ZH41ffd Bax Al NLRP3 /K FEFFEK (P<
0.05), Bel-2 EHEHKFRZEZE® (P<0.05); 5
ABPSH+IL-1p #HEb#%, ABPS—+IL-1p+3-TYP 4
i g Bax Al NLRP3 & [ /K1 &3 7t 5 (P<<0.05),
Bel-2 EAKPRERIL (P<0.05). Z5RFEH,



- 1662 » PER 2025438 B56% B5H  Chinese Traditional and Herbal Drugs 2025 March Vol. 56 No. 5

A B D
NC shRNA Parkin shRNA = 4 NC shRNA 60 NC shRNA
X 11 ABPS200mgL'ABPS200mgL’' N —Parkin shRNA s , " ParkinshRNA
2 = * [ z N
Ic-1 § 2 " §§30 *
O\ ™
(Aggregated £l kil I =15} &
,,,,,, ol EE__ IS I
=0 ]LE‘“ IL- IB 200 200 SRR IL-1B 200 200
JC-1 ABPS/(mg-L™") ABPS/(mg-L™")
(Monomers) C NC shRNA Parkin shRNA

IL-1B ABPS 200 mg'L"! ABPS 200 mg'L™

Merged

E
NC ShRNA Parkin ShRNA 1 NC ShRN A NC shRNA
E\BH 3 ¢  =PukindhRNA | # = Parkin ShRNA
paji IL-1p  ABPS200mgL'ABPS200mgL?! K 4 [ arkin § 3 ; A
- _’H’f [ Tco ‘ *
20 = < L -
0 pm _E ! gé 2‘ =
DAPI g1 . D £ 1[ ‘
B 05 O

X8 IL-1B 200 200 IL-1B 200 200

ABPS/(mgL 1) ©ABPS/mgL )
7 NC shRNA Parkin shRNA
NLRP3 e e e . 12X 105
GAPDH 37X 104
g - o+ o+ +
ABPS - - o+ +

mtSOX

Merge

1 K
NC shRNA Parkin shRNA g 60 NC shRNA NC §hRNA
g IL-1p  ABPS200mg-L™ ABPS 200 mg-L" HEJ —Parkin ShRI\m : 4 Parkin shRNA
4
a0 40 X 4
il W3
Casepase-3 B} ad 5 *
20 um %20‘ s 1
—= & =
0 20 L
© XTE” IL- 113 200 200 % X IL-1B 200 200
1 ABPS/ L!
Merged ABPS/(mg-L™) (mg'L™)
L ‘ M N
: IjIC shRNA Parkin shRNA s NC shRNA s NC shRNA
Type II Collagen . B e 40X 10° aﬂl}ﬂﬂ = Parkin shRNA X = Parkin shRNA
‘::ﬁ 1.0~ * ® 1.0
\ a *
el [YSIUE g yﬂq
Eﬂfjé 0.5+ # A £05- # 2
GAPDH e e e e 75 ) = I o i I
IL-1p - + o+ + SHE IL-1B 200 200 <0 e wap 200 200
ABPS - — 4 + ABPS/(mg-L~ ]) ABPS/(mg 'Lﬁl)
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A, B-MMP level; C, D-ROS levels in nucleus pulposus cells were detected by DCFH-DA staining; E, F-changes of mtROS in nucleus pulposus cells were

measured by mtSOX staining; G-MDA content; H, I-Caspase-3 protein expression; J, K-NLRP3 protein expression; L—N-protein expressions of Type 11
Collagen and Aggrecan in cells.

6 Parkin shRNA XE54%ZRA0E 1L R8N NLRP3 iE/MARIENN (X +5,n=3)

Fig. 6 Effects of Parkin shRNA on oxidative stress and NLRP3 inflammasome in nucleus pulposus cells (X + s, n =3)
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Lbe, "P<0.05; 5 ABPS-HIL-1B 4Lk 4P<<0.05; K.

A—D-expressions of SIRT1 and SIRT3 were determined by Western blotting. E—G-expressions of SIRT3 and Parkin were determined by Western blotting;
#P <0.05 vs control group; "P < 0.05 vs IL-1B group; 4P < 0.05 vs ABPS + IL-1B group; same as below figures.

7 ABPS % IL-1p A IRAVBERZ AR SIRT3 FRIEMFM (X +s,n=3)
Fig. 7 Effects of ABPS on SIRT3 expression in IL-1p-treated nucleus pulposus cells (X £ s,n=3)
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A-representative images of mitophagy; B, C-mtROS level; D—G-protein expressions of Bax, Bcl-2, and NLRP3.
8 3-TYP XZERLKAEE. FRA. B TF NLRP3 M/ MIELHIRM (X+s,n=3)

Fig. 8 Effects of 3-TYP on mitophagy, oxidative stress, apoptosis and NLRP3 inflammasome activation (X £ s,n=3)
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