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Effect of Yishen Zhuyu Tongluo Decoction on chondrocyte pyroptosis and
ferroptosis in rats with knee osteoarthritis

WANG Jingya"?, YAN Kang’, LI Jian'*>, WANG Meng'”** , YANG Yuyang'?, YU Yueyue'’
(1. College of Traditional Chinese Medicine, North China University of Science and Technology,
Tangshan 063210, China. 2. Key Laboratory of Integrated Traditional Chinese and Western
Medicine, Hebei Province, Tangshan 063210. 3. College of Traditional Chinese Medicine,
Hebei University, Baoding 071000)

[ Abstract ] Objective  To investigate the effects of Yishen Zhuyu Tongluo Decoction on chondrocyte
pyroptosis and ferroptosis in rats with knee osteoarthritis (KOA). Methods Forty SD were divided randomly into a
sham operation group (n=10) and a modeling group (n=30). A KOA model was established in the modeling group
by anterior cruciate ligament transection of the right hind limb knee joint. The drawer test was used to confirm the
successful establishment of the model. Post-surgery, the rats were subjected to 30 min of forced activity daily to
induce KOA. Lameness and hopping movements were observed after 4 weeks, and hematoxylin and eosin staining
confirmed cartilage surface damage, deformation, and inflammatory cell infiltration, indicating successful modeling.
The model rats were then assigned randomly to a model group (n=8), celecoxib group (n=8), and Yishen Zhuyu
Tongluo Decoction group (n=8). The sham operation and model groups received 10 mL/kg of saline by gavage, the
celecoxib group received 12 mg/kg of celecoxib solution, and the Yishen Zhuyu Tongluo Decoction group received 5. 4
g/kg of the herbal decoction, once daily for 8 weeks. After the interventions, the rats were anesthetized, blood was
collected from the abdominal aorta and serum was separated, and the knee joints were isolated. Three samples were
fixed in paraformaldehyde, while the remaining cartilage tissue was reserved. Pathological changes in joint cartilage
were observed by hematoxylin and eosin and Safranin O-Fast Green staining. Bone microstructure was analyzed using
micro-computed tomography. Serum interleukin (IL)-1B and IL-18 protein levels were detected by enzyme-linked
immunosorbent assay. Relative mRNA expression levels of NLRP3, ASC, Caspase-1, GSDMD, IL-18, IL-18, ACSL-
4, FTH-1, GPX-4, and cyclooxygenase ( COX) -2 were detected by reverse transcription quantitative real-time PCR,
and protein expression of NLRP3, Caspase-1, and COX-2 were detected by immunohistochemistry. Results
Compared with the sham operation group, model rats showed surface damage and deformation of cartilage tissue,
disordered cell arrangement in all layers, significant loss of Safranin O-Fast Green staining, and sparse and irregular
trabecular bone distribution. Serum levels of the inflammatory factors IL-18 and TL-18 were elevated ( P<0.01).
mRNA expression levels of NLRP3, ASC, Caspase-1, GSDMD, IL-18, IL-18, ACSL-4, and COX-2 were also
significantly increased (all P<0.01), while FTH-1 and GPX-4 mRNA expression levels were decreased ( P<0.01).
Compared with the model group, rats in the celecoxib and Yishen Zhuyu Tongluo Decoction groups showed smoother
and more intact cartilage surfaces, significantly increased cell counts, less loss of Safranin O-Fast Green staining,
denser trabecular bone, and thicker cortical bone, with improved bone microstructure. Serum IL-13 and IL-18 levels
were reduced (P<0.01), NLRP3 (P<0.01, P<0.05), ASC, Capase-1, GSDMD, IL-18, IL-18, ACSL-4, and
COX-2 mRNA levels were decreased (all P<0.01), and relative expression levels of FTH-1 and GPX-4 mRNA were
significantly increased (P<0.01). Conclusions Yishen Zhuyu Tongluo Decoction can treat KOA by inhibiting
chondroptosis and ferroptosis in chondrocytes, reducing serum IL-1B and IL-18 levels, and improving bone
microstructure.

[ Keywords] Zhuyu Tongluo Decoction; osteoarthritis; cell pyroptosis; ferroptosis

Conflicts of Interest: The authors declare no conflict of interest.



o OB BE R 2R 2025 4E 1 A5 35 4245 1] Chin J Comp Med, January 2025,Vol. 35,No. 1 51

RS TT B PE ST 22 (knee osteoarthritis, KOA )
S PR DS T IR Bl T B R A A
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1.1 WY

40 HL SPF it SD KB, 6 JE#S , R 200
~230 g, W [ bt 4E B A YR I A BR A W)
[ SCXK( 51)2020-0004] , KEAEFILH TR
S L AT 7 d IS R M 3R [ SYXK ()
2020-0007 ] , fAIFEASEAT A E bR ifE (GB 14925-
2023) . WS JT SE RARAL I TR 3h 16 3
Ze U WAL i (2021-SY-0070) , S2E6 Sh ) 1) 37
NS 5 oF #2399k 2> (reduction ) | B AL
(replacement ) FIfLAL ( refinement ) B 3R JE 0]
1.2 FERAFENHE

i B B 4% e 17 iR 2y Hoh sy
W30 g 12 g P16 g FTL3 . HH9 ¢,

A= 9 g LIAE9 g )15 6 g %2 6 g AFMF S g
T3 6 g AHHE6 ¢ FZEH6 ¢ 2051
g RN 1 g FEH 1 g, HENIR A I T IL B Bk 24
WA BRA A, 258K RUS W4 25 2 0.6 g/mL,
4 CRRAF# M. B4/ % - 1B (Interleukin-1p,
1L-18) ELISA A7) £ [ RE st gt sl A= 9 142
BF 55 T, %% 5. A0172; K440 M A & - 18
(Interleukin-18,1L-18 ) £ il i 51 55 W) I e ot fi bt
PR BRA 7], 525 BY-ER330204 ; # 1 R
L5 RAL A Z AR 3 B [H (NOD-like
receptor family pyrin domain containing 3, NLRP3) |
P8 T AH 5 UKL A 28 [ 2 K] ((apoptosis-associated
speck-like protein containing a CARD,ASC) . %2
JoE 2 R 1Y K 4 2 R A 1 K A B 5 Y (ceysteinyl
aspartate
Gasdermin-D ( GSDMD) \IL-1B . 1L-18 K B Mk F& 4
i A & B 4 FE [ (long-chain acyl-coenzyme A
synthase 4, ACSL-4) T8 % [ & [H (ferritin heavy
chain 1, FTH-1) %4 Bt H Bk o A 1L 9 B 4
( glutathione peroxidase 4, GPX4) Fl 3 4 1k ff-2
(eyclooxygenase-2, COX-2) BG4 F5 (WL 1)

specific ~ proteinase,  Caspase-1 ) |

x1 5YFsl
Table 1 Primer Sequence
AR FF3(5°-3")
Name Sequence(5’=3")

F:ACAGCAACAGGGTGGTGGAC

CAPDH R: TTTGAGGGTGCAGCGAACTT
NLRP3 F. CTGCTGAAGTGGATCGAAGTG
R: TGCAAAAGGAAGAAACCACGT
F. TCATTGCCAGGGTCACAAAAG
Ase R: CAAGTTCTTGCAGGTCAGGTT
Cupase-1 F. AACTGAACAAAGAAGGTGGCG
R: GCAGATAATGAGGGCAAGACG
F.CCTGTGTGATGAAAGACGGC
f1-18 R:TATGTCCCGACCATTGCTGT
s F.GGAATCAGACCACTTTGGCAGA
R:CACAGATAGGGTCACAGCCAGT
- F.ACCAGAACCGGAGTGTTTTG
R:TGAGTCACACGCAGCATACA
B F:AAATGCAGCCAAATGGAAAG
Acsta R:CACAGAAAATGGCAATGGTG
F:ATGATGTGGCCCTGAAGAAC
FrHt R:GCACACTCCATTGCATTCAG
oy F.CCGGCTACAATGTCAGGTTT
R:ACGCAGCCGTTCTTATCAAT
Coxa F:ACTACGCCTGAGTTTCTGACA

R:GGTGGGCTGTCAATCAAATGT
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M REF YA B A 7 A A, EDTA 1 H bRt
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3wl S TP1020 {8 B AR 9 W S i 1 22 e
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Z ) fE B b5 AL W H Molecular Devices, %! 5.
Flexstation 3 ; 1 ZUF /K L AL AL Bk H HLI I
AR AR FARAHE, B, JT-12] JB-L6
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ALY FF & B Bk 5 BV 4% 4, B H 36 3h 7 =X 16 3
I S A AR, A 4 F8 S, BT i K
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I 4% 22 5 W D Bl A TR O 71 [ 7 Ji ik
Z PSS AR BEBEHEST micro-CT 14, M4
KBRS B A
1.3.5 i % 5% %€ & PCR ( reverse transcription
quantitative real-time PCR, RT-qPCR) £ Jll mRNA
HIESN
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RNA, i 5% 5 a cDNA , fiff FSEH 3 2 PCR A 5
NLRP3 [ ASC  Caspase-1, GSDMD | IL-13 ., IL-18 |
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1.4 FitFEHE

IS ] SPSS 22. 0 AR Bl b A7 Ak B, 450
SER IR 2E (xes ) i, 4L1R] FLE I
One-Way ANOVA , FiJ5 He# 7 2255 B FH Bonferroni
W56, 77 25 R 5% ] Tamhane T2 #538, LA P<0. 05
hEFHAG R

2 R

21 HEEREL AR AR SE0HM

HE 3 35 L T OB NG A 700
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IL-1B8 I IL-18 &3 T (P <0.01) , f7 75 B Ay
JNE IV 5 A4S R 4 L, 2Ok A A AN 25

BFERA HERIZE
Sham operation group Model group

T B OHTk O RZ RISk R A A

PRIE 257 41 34 0 3R R T R I T R RE R
FKIK(P<0.01) 3R —HWHABRMEH, W
2,
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NLRP3  ASC . Caspase-1, GSDMD | IL-18 F IL-18
mRNA FH X} ik & #1827+ 5 (P<0.01) , KOA
TR B 20 40 A7 E A RE 40 Jf A T2 A G
FEHF Ak LR, SRR A s, 280k B A 4l 2
B B 4517 2H K VR 4 2 NLRP3 (P<0. 01,
P<0.05) .ASC , Caspase-1,GSDMD . IL-13 F1 IL-18
(¥ P<0.01) mRNA Rk i T %, 5 B 2550 4
RS BE RN R T ST SR KL, WL
#*3,K4,

FER A AT 2H

Celecoxib group

i BRI 7
Yishen Zhuyu Tongluo Decoction group

200 um

B 1 #E HE Jifa

Note. Blue arrow, Surface layer of cartilage was defective and deformed. Yellow arrow, Chondrocyte proliferation.

Figure 1 HE staining of cartilage

BFEARA FORZH
Model group

Sham operation group

200 pm-~""

T B Ok O RZEVE Ok Qe @Ek

FEAAHT AT

Celecoxib group

il = eSS STEEN
Yishen Zhuyu Tongluo Decoction group

200 (m 200 um

2 HERLAESG O

Note. Blue arrow, Surface layer of cartilage was defective and deformed. Yellow arrow, Staining deficiency.

Figure 2 cartilage safranin and solid green staining

3 E A 2D R EIE
Figure 3 2D imaging image of subchondral bone
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R4 IHEBRRGELE GRS M ACSL-4 ,COX-2 FTH-1 ,GPX-4 mRNA fY540 (n=3)
Table 4 Effects of Yishen Zhuyu Tongluo Decoction on ACSL-4, COX-2, FTH-1, and GPX-4 mRNA in chondrocytes (n=3)

215
ACSL-4 COX-2 FTH-1 GPX-4
Groups
RTFARA | | | .
Sham operation group
FERIZH .
3.77+0.48™ 2.53+0.07™ 0.26+0.03 ™ 0.20+0.03™
Model group
TERE Y
;'éE.l%ﬁﬂ 1.02£0. 084 1.310. 1324 0.89+0. 08" 0. 88+0. 06"
Celecoxib group
BB 5
i A A 1.96+0.10°% 1.41£0.13%% 0.67+0.03%" 0.60+0.07°%

Yishen Zhuyu Tongluo Decoction group

0 ST AREMIL, ™ P<0.01; SHEIHM L, 22 P<0.01,

Note. Compared with sham operation group, ** P<0.01. Compared with model group, “* P<0.0l.

BFARL BRI

Sham operation group Model group

FER AT

Celecoxib group

i B S R 7 4
Yishen Zhuyu Tongluo Decoction group
U YR R K
Y PR
P L0 *: 7(}.
& jj;}"ﬁ‘.(v' -h(r’?

¥ Yo

20 um

5 REBECATHE AL COX-2 Kik

Figure 5 COX-2 expression in rat knee joint cartilage tissue
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