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BT PR 5 3R FH G LT 2 S R (micro-CT) 33 /N BB S35 95 K K -PH 21 (HE ) Y {6 F 3 21 [Elfi 8 00 58
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E[1 375 ¥ (Western blot) 46 il 4% 21 #1541 2 cleaved Caspase-3 . RIPK3 fll GSDMD-N & H % ik . RS0 . B 4 i SD K, 18
FHALIE-0.2% 11 9 J5e Jit ity 308 v , 2 ST 0B A M A AN 0 R AR 2R o 148 2 AR B Al M 2 25 (I BT 41 [ 10 mg- L' IR 2 4%
(LPS) Tii4b# 24 h+1 wmol-L" Nigericin Z&bH 4 h] % B 4 i K H (10 mg-L" LPS ik B 24 h+1 wmol- L' Nigericin Zb # 4 h+
100 g- L7351 T i B4 1 70 24 h) o 5¢ 6 I 3o B8 0 2% 306 A S 4k 7] 8 oY e A8 /1R 4k 2 % (AO/EB) iR 71 & F1 Y O-PRO-1/PT it
T e 00 )5 CE A0 I TG 4 (ROS) K - RN = ﬁ%&ﬂtﬁﬁtrﬂi TEM WL EE 5K 40 M 72 U8 7 48 5 45 7 A8 Ak 5 IR f 38
W B 52 25 CELIS A )R 30 40 fitd = 38 W H 1 41 i A 25 (IL)-18 5 TL-18 75 #1 ; Western blot I 5 2 41 i 8 7= IR FE M PR - 5 fE 1
&% M cleaved Caspase-3.cleaved Caspase-8 .RIPK3.Z-DNA 454 ﬁl:l 1(ZBP1) .GSDMD-N HI NOD ¥ 3% 14 # 11 3(NLRP3)
Tk, GRS EFARM LR, BIUAH /N R Lequesne MG W/ 5 5 45 M BRAEAS 5 #5080 22, 501 B it ™ 0 5 0 80285 49 T DL 3
A A T SRR TS A TR B #0CE 41 41 P cleaved Caspase-3 . RIPK3 Fl GSDMD-N 3 ik B % 71 & (P<0.05, P<
0.01) , H 5 41 il ROS 7K - {3 7 5 (P<0.01) , AO/EB Y o R £1 6,5 o 3k i i 3% in (P<0.01) , YO-PRO-1/PT 4 8 4% 2,5 e
5o fa ¢ S 26 1k B LGN (P<0.01) 5 #CE 4 i R 3 W IL-18 A1 IL-18 7K - W 2 48 55 (P<0.01) ; W iz A - M X E H
cleaved Caspase-3 .cleaved Caspase-8 .RIPK3.ZBP1 .GSDMD-N I NLRP3 ) £ ik It 2 7 /55 (P<0.01) . SEIRIA L5, 38 5 TH IR
JiE 3% 2H AT W 0 /N BRAH E 280, Lequesne MG PP 43 FRAIR , 5G] 94 O, /B 2 100 S0 0 />, 0B 400 40 D 26 L i A L O 1 LI 8E
PRV T 5 AR TR B U, SRR T B B N R R4 3K 28 % L ROS L IL-18 il IL-18 7K - W] 1 F& A% ( P<0.05, P<0.01) , %k B 2 41 vh iz 1
T2 O 2R F1 3R 38 B L B IR (P<0.05) , Western blot 25 2 58 7 %1 4H Al v 72 9 72 #H ¢ % [ cleaved Caspase-3 . cleaved Caspase-8 .
RIPK3.ZBP1,GSDMD-N FI NLRP3 3 ik fit th W] . F [ (P<0.05, P<0.01) . £538 « 17 1 114 9 00 4% At i o ool 5 S Ak 7 380, R Mz
AT M1 % H GSDMD-N . cleaved Caspase-3 Fil RIPK3 45 35 , MM 2 28 #5541 U iR A2, 2o 3% KOA JE IR .
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Mechanistic Study on Tougu Xiaotong Capsules in Regulating PANoptosis to Delay

Degeneration of Chondrocytes in Knee Osteoarthritis

YE Jinxia', LIN Yixin', LEI Xiaoqing', HUANG Yanfeng’, FU Changlong’,
LI Desen’, WANG Wenyi"', WANG Lan™
(1. College of Integrative Medicine, Fujian University of Traditional Chinese Medicine (TCM), Fuzhou
350122, China; 2. Fujian Key Laboratory of Integrative Medicine on Geriatrics, Fuzhou 350122, China;
3. College of Pharmacy, Fujian University of TCM, Fuzhou 350122, China;
4. Innovation and Transformation Center, Fujian University of TCM, Fuzhou 350122, China; 5. Institute
of Chinese Materia Medica, China Academy of Chinese Medical Sciences, Beijing 100700, China)

[Abstract] Objective: To investigate the effect of Tougu Xiaotong capsules (TGXTC) on the regulation of chondrocyte
PANoptosis, delay of chondrocyte degeneration, and improvement of the symptoms in knee osteoarthritis (KOA ). Methods: In
vivo experiments: 50 male C57BL/6 mice were randomly assigned into five groups (n=10 per group) : sham operation group,
model group, low-dose TGXTC group (7.2 g-kg') , high-dose TGXTC group (14.4 g-kg') , and diclofenac sodium group
(0.05 g-kg'). Except for the sham group, KOA models were established in all other groups using the modified Hulth method.
Following successful model induction, the TGXTC groups received daily oral gavage of 7.2 or 14.4 g-kg™ for 6 weeks, while the
diclofenac sodium group received 0.05 g-kg' solution daily over the same duration. Model evaluation was performed using
Lequesne MG score; micro-computed tomography (micro-CT) was used to scan the knee, hematoxylin-eosin (HE) staining and
safranin O-fast green staining were used to observe the morphology of cartilage, transmission electron microscopy (TEM) was
used to determine ultrastructural changes of PANoptosis. Multiple immunofluorescence (IF) co-localization assays was performed
to detect the co-localization of cleaved Caspase-3, receptor-interacting protein 3 (RIPK3) , and the N-terminal domain of gasdermin D
(GSDMD-N) in cartilage tissue, while western blot was employed to detect the expression levels of cleaved Caspase-3, RIPK3,
and GSDMD-N. In vitro experiments: The knee cartilages of 4-week-old SD rats were isolated, and a chondrocyte in vitro culture
system was established through mechanical digestion with 0.2% type Il collagenase. Second-generation chondrocytes were divided
into three groups: the control group, the model group (pretreated with 10 mg- L™ lipopolysaccharide (LPS) for 24 h followed by
treatment with 1 wmol- L™ nigericin for 4 h), and the TGXTC treatment group (pretreated with 10 mg+-L™" LPS for 24 h, followed
by exposure to 1 wmol- L™ nigericin for 4 h and subsequently treated with 100 mg-L"' TGXTC for an additional 24 h). The levels of
reactive oxygen species (ROS) , apoptosis, necroptosis, and pyroptosis of chondrocytes were evaluated via fluorescence
microscopy following staining with ROS detection, AO/EB and YO-PRO-1/PI staining kits. Transmission electron microscopy was
utilized to investigate the ultrastructural changes associated with PANoptosis in cartilage tissue of KOA mice. Inflammatory
cytokine levels (IL-183 and IL-18) were measured using ELISA. Western blot was conducted to assess protein expressions related to
PANoptosis, including cleaved Caspase-3, cleaved Caspase-8, RIPK3, ZBP1, GSDMD-N, and NLRP3. Results: Compared
with the sham group, the Lequesne MG scores were significantly up-regulated (P<0.01) in the model group, and the pathological
changes of cartilage were significantly, with joint spaces narrower, osteophyte formation increased, secere abrasion of cartilage
surface. Ultrastructural analysis revealed pronounced chondrocyte apoptosis, necroptosis, and pyroptosis, along with markedly
elevated expression of cleaved Caspase-3, RIPK3, and GSDMD-N in cartilage tissue (P<0.01). In addition, The mean
fluorescence intensities of ROS, orange-red fluorescence in AO/EB staining, green fluorescence and red fluorescence in YO-PRO-1/
PI staining were increased of chondrocyte in the model group (P<0.01) . The levels of inflammatory factors IL-18 and IL-18 in the
supernatant were increased (P<0.01). The expression of PANoptosis related proteins (cleaved Caspase-3, cleaved Caspase-8,
RIPK3, ZBP1, GSDMD-N, and NLRP3) were also significantly upregulated (P<0.05). Compared to the model group, the
TGXTC group demonstrated a significant improvement in various parameters of mice. These included a reduction in the Lequesne
MG score, an increase in joint space, a decrease in osteophyte formation, diminished cartilage damage, reduced release of ROS,
and alleviation of apoptotic, necroptotic, and pyroptotic processes in chondrocytes. Additionally, mitochondrial swelling and
endoplasmic reticulum dilation were also mitigated. The levels of ROS as well as IL-18 and IL-18 were significantly decreased ( P<
0.05). Furthermore, the expression levels of proteins associated with PANoptosis in cartilage tissue showed marked reductions (P<
0.05). Similar results were observed in chondrocytes: cleaved Caspase-3, cleaved Caspase-8, RIPK3, ZBP1, GSDMD-N, and
NLRP3 exhibited significant decreases as well (P<0.05). Conclusion: TGXTC may mitigate chondrocytes degeneration and
alleviate KOA symptoms by reducing oxidative stress and suppressing the activation of PANoptosis pathways.
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T T R (KOA ) & — Ff LA OG5 0| ik 47 1
TR A5 Sy A% o AR AT 1 08 B QT e L I R R
TN KTV SR B K T RE R AT, R R
AEmE . HERIGI REZHE 2R NE
VP ORI TR K P WA= R AR L S
Z PR A PR T I AR R O A . Hod e
B B A R BT R i 5 A AR R A S B
B R [ G HEFR AT Y AT AE K L 92 8 T2 (PANoptosis)
Vi R — Pl & PR R P PE A0 i e T A S, R
T T (apoptosis) . £ T (pyroptosis) S I8 FE £ 7 T
(necroptosis) A A% 0> 43 F R AE ", 78 KOA & 9k MLl
T R OH 25 82 BIOCTE B A T R
J7 T T AT

AR BRI A KOA 8 T S UE " B 97 K
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R 2 B AR N BRSSP e £ e P Al 5 7
oA 1 8 (HE 1 S 1) 25 il 4% 5 220190010000) o %
D EVERCR BT AT JIE T A 4 2R
R 8, HL AT A0 B SE0RS DUYA AR 4 RUIE I AR A 1Y)
LEA TR, B PR 92 UF 52, 3% i 77 A 0 3 ok
KOA B & X7 5, 0m I ik 2 76 2 32 B 45 I IR E
AR S ik BIF 5% IR 2 B HL R Ak 0 AR E A T R
JC R AP BB 2 I S0 R M A O AR R O T RETY
SR, OC T35 1 V1 0 G 208 R 3 | DR 4 A L AR
Gy F AL, Dt IR X BT 24 0 T AR T AR Y A
AR DA FRRA BB . %32 8 7278 KOA 3 H
R AR ) SRR T, AR BIF 5% S0 0 o7 2B AR R 4N
JiLASE A /N B KOA FE R HY | R GE 4515 335 1 T e G
W SR 5 3 3 R A 0 8 T OGRS A I R A
P, DT Ay o] B G 245 284 FHBIL ] B 4857 1 B8 K 4
1 ##
1.1 ¥ 2 A C57BL/6 /ML 50 L, 1A i (20+
2) g, W [ 1l 3 e L5 s W A R ST A R [ A%
IE 5 SCXK (97)2022-0004 ], T @ & [ 25 K 2 52
98 B A O R 3 [ AT IE S SYXK (] )2023-0004 ] .
SCR AR SR F = IR (24+2) °C, AHXTR E 40%,
12 W12 hG-BE IR IR 250 T o A TAndEra R, B
RES5UOK,

1.2 ¥ ARSmEPEN RS YRHE
B2t (4L HES FITCMIACUC2023377) .
1.3 259 3 T 0 e R e R 2 R
O N RCBE B Y B P SR (e o SCS TE) 24 0 A
720190010000, #LA4% 0.5 g/ki , #it 5 202205005) ,
ELEk K L AT IS by KU B, 22 4 P T
HER O A%, RSN NY — RE A
A 2 bR . SIS R 2 B v (bt il 4R
il 2547 B A L 45 X0964) o
1.4 XA B4 (FBS) i % %5 8% Dulbecco £k
K Eagle(DMEM/LOW ) 15 37 5 (36 [ Gibeco 24 H] , it
S03 0k A2743112CP . 8122657) 5 11 Y Jig Jist il ( 35
Sigma /A ) , 5 EZ63629121) ; ig Z 4 (LPS, Jb
ot 22 PR PR R R R A RS F] L LS 2880011741) 5
Je H R B K BN 40 1 5E 5 0 A (CCK-8)
ik 5 & (52 B Med Chemexpress 2y Al , it 5 43 5] A
262880 K101836133EFSE) ;1 P 4 (ROS ) K 1M i 71
& . YO-PRO-1/PLIXH & ( LR = RAEVHARA
Al LS4 3k 2905240814 .061923240315) 5 1Y g
R AR AL 2 BE (AO/EB) P il Ml & [ 4 T /4B T /%
() e A RS 7] L it 55 J801FA0006 | 5 75 A % -
P21 (HE) /& 3 18 3430 & B 41 83k 20 O- [ 4
VR P [ R R R e R (R B R OR R R
A B2 A] L5 43 518 CR2411059 . CR2502060 .
2504F064 ,CR2307127) ;0.5% H ZE iz ¥ e (db =
K TR A RN AL AS 2306001) 5 412
(IL)-1B IL-18 fiff i 4 92 W B I 2 ¥4 (ELISA ) 3l 5]
(LMK EYRHEARL A, #5550
ml037361L, ml107045L) ; NOD #f &% 1k & 1 3
(NLRP3) . {8 f % D 1Y N ¥i 45 #4 3 (GSDMD-N) |
Z-DNA %5 & & (1 1 (ZBP1) . 59 Y1 i Bk K 5 11 il
(cleaved Caspase) -8, Caspase-8. cleaved Caspase-3
YUk (€ H Immunoway 23 & , L5 435I 4 YT5382 .,
YT7991.YN2476,T5688.YM3377.YC0006) ; 52 4
AH HAE FH 2 3 (RIPK3) 4T M4 ( 32 [# Cell Signaling
Technology /A A , #iL 5 15828S) ; Caspase-3 HL1& . H
T -3- T 2 I S0 (GAPDH) Hio A& (2RI = J 4= 9y
HEARARA A, S 53514 19677-1-AP  10494-1-
AP)  REE NI IR IE T TR (BCA) 7 & L = o i i
B (b T AR R 2 BB BRA R it S 43 S
4103851450 .028B12005) .
1.5 {¥#% Quantum GX2 B! & #315 HLW 2 H 4
F A (micro-CT) 1% R 4e [ 314 5 R B AL B #L( I
WA RS T ] HT650 Bk S T B e (H A
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2 AHik
2.1 YR
211 FYERGI&S S A ENHRELRE,
H 50 HUNEUBE AL 4 A BT R 20 (10 H) i A5 40
(40 H) . A4 H ok B Hulth g g 7 g0, )
BRA T 2% S 960 J0e R I, 0 £ 2E A IR IR SE R, FE SR
A0 TET T A D) O R R Bl A B LI AL, )
W P00 ) T S R A R o AR R TR AT
YIFF A s ab B BR 5 55 5 . R g8601 0, 3F L
2077 U 7 %5 3 fh T B SRR L

WA 1R S R 40 s AR 2 /)N BRUBE AL 4 A A AR
23 BT R RGN A O T R R g
HOWAINBR AN, 4 10 Ko iF T R A R
36 g, WA S 5 N A 2 TR B8 1 24 W A 0T e 4
BT AT R N 2 36 g A2 2 /60 kg A
JidEx12=7.2 g A= 25 ik kg, BRI 2 %5500 i
w144 gokg'o A BE N IR R A 1R
0.5 g,3%/d, 28K, 353 g, Z MEIR 20 Aif 3] S Ay 22
INELA 25 3 g/60 kg A i 2 x12=600 mg- kg, HR
i 259 S5 Rk L), SRR 368 mg-kg o 2% it
IR 736 mg-kg! o XU IFER AN/ 25 N
0.075 g/60 kg {A Jii & x12=0.015 g-kg'. BFARHE
FERI A 25 T 45 0.9% A FRER K . #2 0.01 mL-g ' {&
R HYE R 1k FF82 6 7L S0 25 3R U/ B
TG HEAT JE Sk
2,12 EORTT R B E T4 (Lequesne MG) T
I3 X7 KOA /) BRUBEH %5 5 X/ B 17 Lequesne
MG 17 Ry 291 4324, % /I BB A R 1 0 2P A ek
AR ST G Bl Y PR B i B R R R AT VT 4y, b R
PR R N 43 4 9, PEAY 0~3 53, B AR 4y 4 9%,
PEF 0~3 43, SR I Sy I 43 4 9, PP 43 0~3 43, K15
i 53 3 9%, PF 4 0~2 43 o AT 4 0~11 43, T 43 1
e, AR R ™
2.1.3  micro-CT M 52 45 41 /N BB O 97 T8 2485 45 1) A8
b BUR LT 4% 2 5 B [ W0 /) BRUBR 4 4
FE AR b, R 2 20 DA BB o R R A R )
ISR e R = VAR R = K AN - = K 1 20
4 “High Resolution,4 min”, % REHIHf5EEe 5, B
- 152 -

BT 3D R A .
2.1.4 HE Qe fIF L O-[F 4% e o W52 45 4 /N UK
HHLOEE /N A S5 A0 A 38 5 6
&6 pm Yl R, 5 48 2K 3547 HE 4 0 e %
L1 O-[E gk e o, ik BB, PR g B R R
IR R LB B 2 U AR AL AR B
2.1.5 B HE B (TEM) W45 4/ AR 4 412
PR TR I A M AR RS 2 A A T R E LR
B OK R E L YR Y S , 7E 10 000 5 A
20 000 555 T 10 57 41 i 8 1 25 ¥ A2 4k .
2.1.6 £ AP YOE (IF ) 25 7 WL 45 41/ BB
EAEIE I 7 N I 1 e = B = VAR B
REA i itk /K AL, f# F cleaved Caspase-3(1:1 000) .
RIPK3(1:1 000) 2 GSDMD-N(1:1 000) i 14 5 &
SR HZH(1:1000) 1 F 1 h KUl & T8 A
b Ee Ykt B R POk WA BT R
2.1.7 7 4R B 3 5 (Western blot) 46 ) 45 41 /)y
RAPCH T MBS E A RL ]
VR A 300 2L, W R S R oK 5 R B i, i A
fit W T 4 °C 24 1# 30 min, 4 °C, 14 000 r-min" & .0>
15min(F.O0HE72em, FH). YW LF, R
BCA 1 I 7€ 8 (W BT AT AR PR AL 3] . Bl S AR IR
HEAT o8 B 19 6 - 3R VN A T e 968 i H Uk (SDS-
PAGE) ¥k % B Pt iR & , — PU 4L $5 cleaved
Caspase-3 .RIPK3,GSDMD-N(1:1 000) il GAPDH
(1:10 000) ,4 °CHEH A& ; —Hi(1:10 000) B F J5
ECL 5% , i i Image J 8 1F 50 M 515 JK B2 -
2.2 YIS
221 AMLEE g KA E S B E A g
212290 HCSD K BLZR 2% S JRUJoe JER B I S0ME A Ak
BE , TC I % A T AR Ah 43 B BB OC T O 2L, BE TR
R 22 U (PBS) TR Uk 3 kU5 L R 1 0.2% 1T Y Jie 5 il
Ak, 37 °C 5% CO, & 11 T 5 57 4% WO A 5RH 240
JfL o A A0 M AL AR A A 2 AR, T A R e (6 ]
IR e e € 0F A7 400 A i e R A
22,2 ZHMLS AL RAb B K 2 AR HCE A M T
96 FLAR , 13 201 il flt A5 B 3K 50% Bk LA ZS ‘1 71 9 M 20 401
25.50.100,200 mg- L™ $F 17 i 3% 3 B+ UMk & ; F
— AT 43 20 T T . a5 4 . I A 49 B Dulbecco X
K Eagle (DMEM/Low) K% & Wik & KL 35 37 5 B A 4 .
10 mg-L" LPS Zb# 24 h J5 , il 1 pmol-L" Nigericin
FI 4 by B E L] 10 mg- L' LPS AL #E 24 h
J& , 1 wmol-L" Nigericin # ¥ 4 h, [ i 45 7
100 mg- L™ 3% & 4 9 B 22 % W T 10 24 h; £ 41+
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SE U L R F CCK-8 1 46 1 41 B 7735 %

2.2.3  ROS {2t G A5 0 325 -1 T o i 28 %) 1R A8 kB
Y ROS KV (52 M 258 T 45 RIS, PBS UE A4
Ji1 3K, A DCFH-DA TAE# ,37 °C 5% COxiit St i
H 15 min, 55 EREE M, PBS I P 2 W BEFLIIMA
BEEREFREE 1 mL, 57 BDF o6 B T g IR 4R
UG A Image TP 5 43 A 45 20 20 2 G5 B
2.2.4  AO/EB I & A i £5 40 4B 48 M 0 T LR Ak
PEPT-MAE TR 299 T W45, PBS Pk ik 4l
Ji2 3 VK, BEFL AN A AO/EB Yt (a3 | mL, 40 g 15 7% 4L
R A SR RO E S minJ5 R B E PO
I B WK, fif H Image THR 1R 2 B A0 M 9 YEsR B
2.2.5 YO-PRO-1/PT ik 7| & K I 45 41 51 415 41 f 4
T RIEHE TR TR AW T HIZ RS, PBS
Ve AN 3 Wk, B FL A YO-PRO-1/PT K il T 4
1 mL,37 °C3# G T 20 min Ji , 5K JH 3] B 98 % B 1%
B2, ] Tmage T4 5E B0 B o YEsm

2.2.6 5T HLBE LS A 2 RO AN Y R T R s
AEfE 254 T Wik S5, PBS YRR 41 3 1K, Tl
HA, 54 [ 22 W (4 °C) UK - [#1 7€ 30 min; %) 52 A 25 0
(1000 r-min™, 10 min) , 3% b 1 , 5% 5% 41 g 141 B 258
fief [5] 52 0, 4 °CARAF 2 d LA b ; PBS ki )5 , 1%
R IR W 4 °CREE [ 7E 2 h, PBS PRI L . RIR 2
JUR G A B B K R R IR O L R T ) Rl A
XYL, BGOSR .

2.2.7 ELISA i 5 & 6 I 2 4 i b 3 Wk IL-18 A
IL-18 35K F 3l i ELISA 32 71 &0 K6 ) 4% 41 4%
A 135 WP 28 RE IR T TL-18 F IL-18 ik K, B
5 32 I ELISA 357 & il B B b 47

2.2.8 Western blot K il £ 2 85 4 fd 97 - IR A6 14
PTFAET M CE R RIS AT B AR 4
220 M, R T 2H 40 i B 1 O EAT BCA 8 it 58
PE o R HEAT BC R LK LB RN TR B F
— i cleaved Caspase-3 . cleaved Caspase-8, RIPK3,
ZBP1,GSDMD-N ,NLRP3(1:1 000) f1 GAPDH (1:
10 000)7E 4 °C ¥ FEFE R, —H1(1:10 000) 5 7,
B A%, Image T3 A 557417 -

2.3 Gt ar bt ASHESER AT SPSS 26.0 FAF AT
Biit2 500, R X + s TR, BB A IE
oA By 2255 R S R 5 2 00 b s B
22 51 (LSD) s 5 BERHAF & IR 40 A A J5 26 R 55 1Y
2] b5, SR PR 2 O 2 43 0 Games-Howell 5
F i PR AT B RS S A i R BRI R, 2
I J) 5 B0 L SR B A 7 25 43 B, A P<0.05 K

ERASRIFE L.

3 &R

3.1 Lequesne MG 735858 /N RROCTT#0 OCT T
B LB UE TGS WS X 4% 4 Lequesne MG
W irHM LR, 5RFARALK, B A
Lequesne MG ¥ 43 i & F 55 (P<0.01) ; 5B A2 [
B, 355 H 1M S 8% 2H Lequesne MG 3 43 BH I [ (1%
(P<0.05), WL 1.

£1 ERHBEREMN KOANRTE K H Lequesne MG 753 HI %
W [M(P,, P>, n=6]

Table 1  Effect of Tougu Xiaotong capsules (TGXTC) on
lequesne MG scores in KOA mice [M(P,, P.)), n=6]

415 M it/g-kg'  Lequesne MG PF43/4
T A A 0(0,0)
2] 4.5(3.75,5.25)"
75 T i B B AR 0 4 2 7.2 0.5(0,1)%
25 T R M 4 gy ) ek 2 14.4 0.5(0,1)%
RUSAIF R B 4 0.015 0(0,1.25)?

G PR A U P<0.01; SHAIA H 48 2 P<0.05(F£ 3 [H)

3.2 BT R XN RO T A A R A
S0 micro-CT 45 5 Wn , {3 AR 41 ¢4y 1P 2t
WL OGN R BROE R SR R4 e B R A IR T
G MR AT B 0 B I B, O I (A B AR A
SRRV R, 7 T R R AL R D A
5 R 3, R AR X6 I G Ial BR AR K, H2
B A . 1 ) RO M R . LT L

3.3 I I E AT KOA /N BB 240 4L B AR 1k
R HEZ @A FL O-FEags R xR, 5BF
AR PG A, B A AR TR R L R 3 T A
AN, R 0 M A ] s B
B BT A AN B R LR OB T R I
BT TS /0N BRGNS ORI AR R A B A RS R
EE N SN DIt ek I =R g (R S W g =
Mg S 2 KONEE R 5] B 208 5 N ]
o, EEIA AR s . WK 2,

3.4 i ETH R AR N RUAKCE 20 T T A
475 Ak 11 52 1)

341 KOA/PNRBETHBHAZMTAEN TF
AR 2H AR 2 2, ] [] R OUE 2 2 41 i R T L3R AL
PERT-MET SN . S HEE THRE T RN
gl RN e NN AT I R S R TR AN 8
RS BR AR U0 BT 4R, A% e B 1 40, O T 24 B A
B PR/ DML IR HE 2 IR B0 U T 2 3k A
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TE AT AL B ARHL ; C.3f B 1 i I 8 (U0 3 28 5 D375 15 W 9 M 20 oo 700 F 2 5 B XU JF R B 2L (P 2 AT 4 1))

1 EBHEHBRENKOANREATREMNEI

Fig. 1 Effect of TGXTC on bone microstructure of knee joints of OA mice

HE

FLLO-F 5

2 EEHBRENKOANRREBEALRETLRZM (x200)

Fig. 2 Effect of TGXTC on pathological changes in cartilage tissue of KOA mice (x200)

Jot I ] B ifp , 20 1 4% D 8 S5O i, B S
oo 20 A AR T 3R I SORE R | IA BT AL 40
7 i i S AR R T A B R R )
(BT . WA 3,

AT BORSE MM CEET
E3 ZHBEENZEKOANBRBRXTHREZATER (BHH
B ,%20 000)

Fig. 3 TEM analysis of PANoptosis morphological changes in
cartilage tissue of KOA mice (TEM, %20 000)

3.4.2 B E YR 2N KOA /NRCEHAZ T
B2 BT R AL B Al I S I SE L Al
- 154 -

RE SRR, 0 R T B 4 M AT SR T R4
A, AT 2 A4 RE AN D0 T s Yl AR L A
JL 25 ok B, 4 M A% R Ak HL S B SRR L
B, 55 B R RS G L o 7 e R OB ST TR B A 1
I MBS 25 0 X Bk RAE ISR D 40 i A O R
ORI L. WK 4,

35 & B OH WO OB MR BE 448
cleaved Caspase-3,RIPK3 .GSDMD-N % H & i 5
FIRM R 5T AR AL LA, AR A /N BROG T BK
B 3FFE T 7 A AR AR P [ cleaved Caspase-3 .
RIPK3 }2 GSDMD-N ¥4 ik , # /5 KOA /) R 4K 1
NP B M AEAF AR T RBEE R T ST
S Bl Byz Y8 T2 B4 | cleaved Caspase-3 . RIPK3 .
GSDMD-N 2 i I & 4 /i1 (P<0.05, P<0.01) ; 5 451 AU
B, B T R B $E A D BROOC T BKE cleaved
Caspase-3 . RIPK3, GSDMD-N % i& B i % {i§ (P<
0.05,P<0.01), WLIES5.3k2,
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A

4 EBHBRENKOANMNRKBAABREMIIZIE GEHHEL, x20 000)
Fig. 4 Effect of TGXTC on ultrastructural changes of articular cartilage in KOA mice (TEM, x20 000)

cleaved Caspase-3 GSDMD

A RTARL B AL Cf B I 2 4L (K 6 [7])

RIPK3 DAPI Merge

Bs5 EFHBEREMDMRUBAQZATHEXEAEMSREMNFM (HAEIE,*<400)
Fig. 5 Effect of TGXTC on PANoptosis-associated protein localization and expression of articular cartilage in KOA mice (IF, x400)

F2 EZBHBRENSANRZATHXEARKEBEENZN
(x+s5,n=3)
Table 2 Effect of TGXTC on fluorescence intensity of

PANoptosis-related protein of articular cartilage in KOA mice

(x£s,n=3)
F leaved
4151 ”JE,I creave RIPK3  GSDMD-N
/g kg Caspase-3
BRFERUA 1.00£0.29  1.00+0.41  1.00+0.46
T 70 2] 36.33+11.99% 2.42+0.71" 21.62+15.52"

FEWERKAEA 7.2 2.00£0.957  1.19+0.64% 2.42+2.59%
e 5 M TR 4%V P<0.05, 2 P<0.01; 5 8557 4 1A P<

0.05,9P<0.01

3.6 BEH WK EXN/NRKE A L cleaved
Caspase-3. RIPK3 #ll GSDMD-N & H # ik ) ¥

M SRR L, BEALZ P cleaved Caspase-3 .
RIPK3 fil GSDMD-N & 1 ) % ik & F T+ &
(P<0.01) ; 5 B AU 241 bk ¢, & 5 1 8 I & 41 h
cleaved Caspase-3 ,RIPK3 fll GSDMD-N % H i & ik
B 88 R AR (P<0.05) ., LIl 6.3 3.

3.7 iU R OB FE T R AR B i Mk R O
e AR 40 M2 LPS (10 mg- L") T i 24 h BE &
Nigericin(1 pwmol-L") Tl 4 hJ5 , % & i & 11 i K
2 1 W vk BB R 25.50.100.200 mg- L, T i i
[B] B B2 hy 12,24 48 h, 6z 0 2% 2 KB 200 ML A 0% %
5K L TE 12 hHL 48 h T TR, & B 05 B T U
Jist 4 2 5 LPS+Nigericin ZH L 4%, BCE 40 10 A7 16 R 34
2R LG 2FE L7 24 h THUN, & & 18 I i 22
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GSDMD-N = ‘ - 55 kDa gﬁﬁﬁ%mﬁ%(F<001)o IJILI;X—J 7\%%50

GAPDH

- o

cleaved Caspase-3 | s “ S 17 kDa
I

Caspase-3 J— 32kDa

GAPDH M 37 kDa
RIPK3 @ gD @ 56 kDa
GAPDH WS SN g 37 kD2

A B C
Eo SANMNRBRXTHRBANAZATHEXEERERK
Fig. 6 Electrophoretic expression of PANoptosis-related protein

in articular cartilage tissue of KOA mice in different groups

R3 EBHBRENKOANMRZATHXEBREKTENZN
(x+s5,n=3)
Table 3 Effect of TGXTC on expression levels of PANoptosis-

related protein of articular cartilage in KOA mice (x+s,n=3)

g3 #ik  cleaved Caspase-3  RIPK3 ~ GSDMD-N
ZH S

/g kg /GAPDH /GAPDH  /GAPDH
B FARAH 1.00+0.26 1.00+0.08  1.00+0.34
R 2 2.00+0.34" 1.68+0.27" 2.30+0.52"
HEHEWE 7.2 1.22+0.24% 1.20+0.05> 1.36+0.18%
PR A

S VR B RO 3 R R A A 0 R (P<0.01) , Horp
100 mg- L 2 A7 1 6 3 f5c s (P<0.01) o PRk 4%
100 mg- L1 24 hE N 5 28 S8 25 F . WK 4.

R4 EBRHBEREMNBERBHEBTFEENBI (I+s,n=6)
Table 4 Effect of TGXTC on survival of degenerated

chondrocytes (x+s,n=6)

=R 1‘:"
415 E/F'EMEJT 12 h 24h 48 h
mg'

S 99.86+7.67 99.67£72.25 99.80+1.48
82.71+3.09” 52.83+71.17" 49.80+2.49"
84.43+44.93 54.17+72.48 49.20+3.96
50  85.29+8.38 58.33+72.42% 49.80+1.10
100 84.86x4.85 61.50+75.017 51.20+2.77
200 83.00£2.65 57.83£71.60” 49.80+1.30
T A AL VP<0.01; B LB P<0.01 (£ 5-% 7

i)

3.8 iF I e 2 R AR R E 40 i ROS K SF B 5

W 525 gl g, AR 4] 2R 00 5 Sl 5 3
(P<0.01) ; SR P4, 55 B 14 9 e 28 4 4 (0.9
- 156 -

A B C
HAAHA ,Bfﬁﬂgﬂ,C@%{ﬁﬁﬂﬁfg@éﬂ( & 8-1& 11 17])
7 EBHBREXNRTHREHEEROSKFEHNZMN

Fig. 7 Effect of TGXTC on ROS levels in degenerated

chondrocytes

®5 EBHBRENETRBHMROSKFEMHEM (X+s5,n=3)
Table 5  Effect of TGXTC on ROS levels in degenerated

chondrocytes (x+s,n=3)

4151 Jo e /mg - L ROS 155658 4
2 M4 1.00+0.20
AR 2 430+0.21"
7 TH O e 2R 100 2.29+0.59”

3.9 37 T R e A XoT AR I R A L T RSB DA
TRAET AR AO/EB Qe 525 Hdl b,
Y 2 R 4T 8 75 S 2 K i I S R i (P<0.01) 5 5%
T B, 385 1 T i M 9 2L B 0 £ O e 0k i I O
/1 (P<0.01) ; YO-PRO-1/PI 4t o vh | 525 |9 40 ML 4%
B Y2 (0,9 O 5 40 A 98 O 3R ik 1 B 2 B (P<
0.01); SRR L, BEHIHMKEAROKILE
2185 G 3k i W 3 I (P<0.01) , 156 B 325 B VF U
JE e T T2 05, BRI T AR R R A LA T IR SE P
T AT R, WK K9 K6,

A ---

B ---

C ---
AO EB

Merge

8 EHHBREVHKEHARACTC . AEZHBTCHIZMN
(AO/EB, x400)

Fig. 8 Effect of TGXTC on apoptosis and necrotic apoptosis of
chondrocytes (AO/EB, x400)

310 75 7 P M A X AR S R A M O T A
AR RS2 23 2 00RO 25 R R e
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Hoechst

9 EEHBREXNKBEMETHZM (YO-PRO-1/PI, x400)

YO-PRO-1

YO-PRO-1+PI Merge

Fig. 9 Effect of TGXTC on pyroptosis of chondrocytes (YO-PRO-1/PI, x400)

®o6 EHHAREMKEERAC AEEATCMECRIENS
Mg (X+s,n=3)
Table 6 Effect of TGXTC on expression of chondrocyte

apoptosis, necroptosis, and pyroptosis (x+s,n=3)

IL-18 Fl IL-18 & &t i 2 $2&  (P<0.01) ; SRR 4 [
B, 35 B T R I A BE A5 4 R AR B e R IL-18
FIL-18 B (P<0.05), WK 7,

X7 EZBEHBREXKE MM LFRIL-18.1L-18 7k F & & 1

15 T A e AO/EB %} YO-PRO-1/PIAH X
- /mg-L" 538 e e L (%s,n=3)
2% 4 1.004£0.00 1.00+0.00 Table 7  Effect of TGXTC on IL-18 and IL-18 levels in
chondrocyte supernatant (x+s,n=3) ng-L"
LKl 34.20£11.57”  63.33+5.69" R
¥ lt"
N 21 5 0 HE X 52 } )
N R R e 4 100 3.80+2.42% 5.67+2.52% 4051 /mg-L" IL-18 IL-18
- N ; . EEEE| 15.40+5.74 10.50+1.37
HE U T TR L A N e 6 5T o3 A X 5T i o v 2ok N , ,
TR 2] 65.64+10.30 14.77£1.11
BT EE . 525 Hd e, B 21 41 A N G
(NSRS R i, BURAL AN B2 P e i BT R I B A 100 34.47+3.51% 11.13+0.48”

@ TR EER , 0 5 2 WA A R T, R AR A A S
(Y RN T e S R A D T A O B A
PR AR DN T 9 R T B v o SRR LA,
25 H TH R I A T U R T 4t A B R L R AR i
i SES SR =N I EE ST RT3 NS (VS

£

E10 ZFHBERENKESHEBZATEBHREMTLHZMW (&
STHLBE, <10 000)

Fig. 10
PANoptosis in chondrocytes (TEM, x10 000)

Effect of TGXTC on ultrastructural changes of

3.1 iF H I W I A R AR AR 40 F T R b
IL-1BFINTL-18 Hp e S5 HA i, il

3.2 i IH R R G IR AR A 4 B OE T A oG
A
RIPK3 . ZBP1.,GSDMD-N Fl NLRP3 % ik 4 5 i
Ha AR, B A oz e E A
cleaved Caspase-3. cleaved Caspase-8., RIPK3.
ZBP1.GSDMD-N Fl NLRP3 (1) % ik 0] & FF 55 (P<
0.05,P<0.01) ; 5 BI AU 20 L4, 3% B 1 I 41
cleaved Caspase-3. cleaved Caspase-8. RIPK3.
ZBP1,.GSDMD-N #l NLRP3 (1) & 1 % ik W] i [ ik
(P<0.05,P<0.01). WK 11.%38,
4 itig
KOA 1) v B 95 LA AIE 8 30 R 7 J b 52, L P i
B T R R AR KT S AIMEE 6 i B T 28 4%
WAy B0 2 A o Tk — i MLARE A, DR A4 iy 00 4
AR AR IR YT A ST T IR E LU
f SR IR LARE KU | 1k R e T R T R
- 157 -

cleaved Caspase-3. cleaved Caspase-8.
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cleaved Caspase-3  quu_—- - — 17 kDa

Caspase-3 B = = 32kDa
GAPDH (s @mm® @ 37kDa

cleaved Caspase-8  ym - , 54 kDa

Caspasc-s TN @D WO 55 kDa
GAPDH wp 4D ¥R 37kD:
RIPK3 - — - 56 kDa
GAPDH _‘ 37 kDa

ZBPl ww=m SN " 47 kDa
GAPDH "D S e 37 kDa
NLRP3 * 110 kDa
GAPDH - S s 37 kD2

csoun | >~
onron | 5

A B C
E11l SEARBHEBEPZEATHXEARIEBEK
Fig. 11 Electrophoretic expression of PANoptosis-related protein

in chondrocytes

U], 3 2o % 9 ] 3 S5 B kD 2 AT L 5k R X
TR AU A, TR B HE SRR 5T, ] BA B Zh wF
il A R 2 O B TN R B A S B
il 751 75 F T R R . %07 RIRE R R LA
AT NS s X4 R 25 Bl RO AL, B AT R SRR
TP AR AL 3 AL A R XUBR IR 1 255 T3, 2 2 4F
I PR 5 B IR 52 xF B ) KOA & & HoA I 37
BT T A AR R T A R A e R
SN IE R BB RN B S HA A
ML 3 BT LA A 55 50, A% 285 1125 0 47 A, 8 25 i
AR AR, 15 15 3R A B ) S SR A O
Bk A 175 I P 38 100 AN 40 T, AT i I g 1 i A 452 B
W0 T T RIBCLBR b 2 4t .

FE A T 96 B9 B s BEAIL A 5 v, B E I
BT 20 ML W] BE T O =X T IRFEE R T K
BT 5 ROS Y W & AR R U OCH . &Y
ROS i 12 5 & Ak I O N, AT OB 4 i R A=
22 2 1H A BN S AN BR T g ot S
Z PR 7 P R T 38 12 O AR IR D) R 2 AL L 40 R
T N K AR BN A AT 3 e g Bk AR
[F] 12 7 600 R 2 T I e A0 2 A7 e 2 I 3 OV AR
RAT AR o ML A B A 43 HT, ROS &
B O LR A SO A6 TS . DG Caspase
AP VR T3 s (B Y VR TR ) R R 3k £ R AR TR
P e TS Z R R 42 ) 7 @58 1 NLRP3 484 /M A
15 A B SRR Ty B B 5 45 HIL 1 I8 2 72 ) M 400 i AE
IR RN G R 7N I N R (S S
(RIPK1)/RIPK3/iE & 1% & W M 45 14 WA & B
(MLKL) 5 5 G Sz 0 75 -5 2R 14 JB5E i 7 250 28 | i
KRR ROS(mtROS) Kt 7= A4, 3 1 fisk & S5 58 1k
P AR XA ) A T A R TR T R
AR IR AR (1 5 B L AL

A 5% 38 2k ST A AR 0 R A M R A A A
/N B KOA R 8 AL, 25 4 iz ] AO/EB B3 |
YO-PRO-1/P1 4t (e i75 85 L 45 45 2 B S ik HOR 947
RGN TE KOA JE R HPE L T i e A /e i 1
CRPAE Sy A% 81 45 e 0 T2 /AT i) IR BE 1 O T (3R
IR Ry A48 B RO 5 R P A IR R M N S A e ) R T
(F#MiE P GSDMD-N BEFLIE 1% ) 3 #hAE T~ X AL AF 1
TR GEE IR T IS , BB
1N R A R T A 1 B S O A A A O
AR EH A0 AS S50 58 8 A A B 5 Ok K
2 B R 8 /D A X TR S A R SRR 5 R
FREARZ U T2 KT A RO R RE BN N R 2 )
4

kit — 25 W LA kB, AR 5T R FH £ 60
P IEFEARNT KOA BB HLREAREATIZ T M K E
IR 28 8] e 67 43 BT o 25 2R R, 15570 4 400 2 41
i cleaved Caspase-3(J# T-#5 &4 ) \RIPK3 (IR AL PE

*8 BERHEKENSHRBEMZATHXEAENREKFEHIM (fts,n=3)
Table 8 Effect of TGXTC on expression levels of PANoptosis-related Protein in chondrocytes (x+s,7=3)

g &%mrg cleaved Caspase-3 cleaved Caspase-8 RIPK3 ZBP1 GSDMD-N NLRP3
/mg-L~ /Caspase-3 /Caspase-8 /GAPDH /GAPDH /GAPDH /GAPDH
2 H4 1.000.09 1.00+0.24 1.000.08 1.00+0.10 1.000.02 1.000.09
R 4] 1.46+0.04% 2.90+0.34” 1.25+0.03% 1.96+0.31% 1.49+0.02% 1.40+0.18"
b= SRR 100 1.26+0.08> 2.07+0.25Y 1.06+0.08> 1.32+0.19” 1.24+0.04" 1.11£0.02>
S FA A Y P<0.05,PP<0.01; 5HE R 4H A P<0.05,% P<0.01
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FT-#5E Y ) & GSDMD-N (£ T-hp & W ) 3 & Bl g
PR RL, H3FE A G S AW Bt E i mE .
Western blot & it 43 7 45 I 5 S s o Y M 88 — 5. 5
IEH 25 UL I, A 2 i Al 4 AR 3 Rz
THECEAM KRB R EF S . B85 HmERER
I7 5 AT I 3 R X — o B el AR R B A 3 AP B T AR
EEANERAYHE T, X —4RaEnniEd
TH JF B 4 T RE 38 A 40 v O T SR e N R R
TRy EH

FRBR AR B 5T A A0 M S 56 b S AR T
i) 25 (LPS 24 h+Nigericin 4 h) B #&0 , {H 5 T
21 it BE T3 04 ST Bh ) A R AE R AT SCHRE A
FRA T B 00 A S0 2ok e T 3 AR AE T 7 X AT RE A AE
Bf P Pk 25 55 AE LPS w0, 32 22 DL T A i
RAEAG 5 WG R F . LPS# T Toll #5214 4(TLR4)
A R 32 A B0 1% % sk Bl -k B(NF-«B) 5 5
i, W LR AR 8 T [ A0 Fas B A& (FasL) (g
PRAE A T o TNF-a ) %5 T AR T4 56 iR 25 13 [ 40 iy
M (pro)-TL-18 NLRP3 45 | f) 1k 772530 A i 4 v
A, Nigericin 1 4 58 2 19 55 — 15 %5, ol {i& fff NLRP3
RAE /AR 41 %6 T I0G Caspase-1, S EET B L
PE % Az ) IR Bl R B TL-18 11 TL-18 45 48 iF IH 1 Y
B o e B BRI B Y 4 RE BN AR A IV T A 45
(78 M BE RO'S ) 3 £ ik — A5 i il 8 b A 451 03 A Py
JoE A 57 98, AT AR 0 N IR O T R R BT R T Y
Az 74 TR I 3 — R YD AT B s A ORI IR BE 1k U T
TP N g A B B o A ORI R R Y S AE
ARG AT e B3 AT T Oy K W A I A AR
b N A N e S R I A s 2 aa o 92 e
B, 5 BN FUAE Y 5 1 A T 40 B R i ) DAMPs (4
3 AH 56 43 7 X ) RTS8 0 8 40 L TF B
E-SET B AEE B o aX — B A i AR T AR EL T 4 g
BT A B 2k ] Ak

A 5% & F LPS+Nigericin B¢ & T 7l /& &
S = S 7 O IR % S5 € U I -S4 S
(LPS 24 h+Nigericin 4 h) H.A4 B\ Z Rl 22 & LR
AT B VA A R PR S AR T IR SR R T A T T R U B
Mo BEFREE R IR, 3% B R 2 BEAE X — DG B A
] A5 % 45 22 AR IR R A 20 ROS 3 BE 7= A
b 5 A R e R IR L M R R
O3, [ 25 F JE BT AT 3 FhAE TR A 0 S S bR AR (f
$§  cleaved Caspase-3/8, RIPK3, NLRP3 7
GSDMD-N %) . i 6 % Bl 75 43 4% W 35 - 114 0% I 4
XA Z AT R A S R BB A Ak

BiiiN
2

b
SN

WA [6] BE T 7 =X =22 ) B 0 PR 2F 3 Ry HE Il PR
Pt 7 Y S AR .

JEARR S T LR EW BN FEES T
SO I, ST SE SR E AN DU 4E B R AT IR
AR B < A 4 M 52 56 )23 T, $00R HH B R A B S 0 R
G bz T B 3 A AR S T A I s sh 3
FEAE RS B A 2 & AR A B TR) 6 10 R S IS L B
FOFFEP T (BT S IR AR U T 22 [R] Y 52 L 45
2 R 2 O S 43 A) ) HR ML 5 TR T B 2 A
2T /IMERTEAR 5 4% 5 9 23 F SCAE T e H
R, ZEINETHFRERLAZ T 20
M2 T BRI AE R AT S S R A I 2 2 B )
X R R G A W 2 A R A L PR
B 5 - W R O 2 YRS T S, A
T ik A7 JEL 25 550 o B el AN AVE AL . 76 3 4 5L 5
J5 T, J 250K i if CRISPR-Cas9 3 K 4 48 L iR A 5%
I B AT 0 R DR 3R Ak BORE S A o R T A
Bt , &1 % NLRP3,GSDMD ,RIPK3 % X 8 17 15 I
HE e ] 5 T, LA DR 3 i T O TS A O R DR A
1 R0 BE AR A 20 WL, A LI & R IR T
B ORTTRAH 25 4 i A1 1R S A R S A

g5 B TR 37 T R A RE 6% 1 3 E KOA /)
SR AR, I A R e B A0 M R kR A 0
ER AR AR TR LN oS = TSR e e i) S N 'O =
RATREA B F IR YTBOR | 8] B X 28 XU P DG
96 Fm PR 56T gt R B0 B4 AT R . X HR
7N IZ 25 W) RT3 L A 22 R R O R b o 1
g BREA AT SE L SR IR 7 o BRI R AER D A 4
FR B, AN A BT e L 2205 R#0a J7 B9 AE
FER, A Rz e P R0 I DR HE T N SIS 2 K
FE & i A R 2 1 B AR 5 R S

[FIFHMR] ARG EEMTHHEF R,
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