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Mechanism of curcumin inhibiting ferroptosis and alleviating osteoarthritis through
p53 signaling pathway
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Abstract Objective To investigate whether curcumin (CUR) can reduce chondrocyte inflammation and cartilage degradation in osteo-
arthritis (OA) and the underlying mechanisms. Methods A rat model of OA was established. Rats were randomly divided into a Sham,
OA,CUR+OA ,and deferoxamine (DFO)+OA groups with 10 mice in each group. Chondrocytes from 5-day-old SD rats were divided into
the control , interleukin-1f (IL-18), CUR+IL-1B,and DFO+IL-1B groups. A CCK-8 assay was performed to assess the effects of CUR
on cell viability alone or combined with IL-1B. Toluidine blue staining and alcian blue staining were used to observe the morphological
changes of IL-1B-induced chondrocytes. The expression of inflammatory response-related proteins (COX-2 and iNOS), extracellular matrix
degradation-related proteins (COL2A and MMP13),and p53,SLC7A11,and GPX4 proteins during ferroptosis were detected by Western
blotting. The mitochondrial membrane potential was detected by JC-1 staining. Mitochondrial morphology was observed using transmission
electron microscopy. Safranine O-fast green/HE staining was performed on cartilage tissues. Immunohistochemical staining was performed
to detect COL2A and SLC7A11 expression levels. Results CUR and DFO were found to reduce IL-1B-induced inflammation, cartilage
degradation, and ferroptosis, and restore mitochondrial function in chondrocytes. CUR also reversed IL-1B-induced changes in collagen II ,
p53,SLC7A11,GPX4,MMP13,iNOS, and COX-2 levels. In vivo, intra-articular injection of CUR significantly improved cartilage injury
in the OA rat model, and the percentages of COL2A- and SLC7A11-positive cells significantly increased in the CUR+OA and DFO+OA
groups. Conclusion CUR inhibits ferroptosis and ameliorates cartilage degeneration in OA through p53 signaling pathway.
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A, the viability of cells treated with the different concentrations of CUR; B, the viability of cells treated with the different concentrations of CUR in the
presence or absence of IL-18 (10 ng/mL). * P < 0.05 vs. 0 pmol/L CUR group;** P < 0.001 vs. 0 pmol/L. CUR group; A P < 0.05 vs. control group;# P <

0.05 vs. IL-1B group.
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Fig.1 Effect of CUR on cell viability
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A, toluidine blue staining ( x 4, x 10) ; B, alcian blue staining ( x 10) ; C, Western blotting results; D, JC-1 staining results ( x 20) ; E, transmission elec-
tron microscopy ( x 20).

El2 CURFIDFOHAIRE IL-1BEE SR B 48R A E K B AN A S B SR B R I B0 I L- 1B SRR TE T FR R L 3 4%
Fig.2 CUR and DFO can restore the inflammatory response and extracellular matrix degradation of chondrocytes induced by IL-1B,

and also improve mitochondrial damage in ferroptosis induced by IL-13
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Tab.1 The fluorescence intensities of GPX4, ROS, iron, and lipid ROS in each group of cells as well as the quantitative analysis of
related indicators of ferroptosis in chondrocytes
Group Fluorescence intensity GSH level MDA level Tron level
GPX4 ROS Iron Lipid ROS (ng/mg) (pmol/mg) (pmol/L)
Control 0.92 0.03 0.11 £0.01 0.13 £0.01 0.11 £0.01 5223 £5.01 2.39+0.23 10.87 + 0.43
IL-1B 0.11+0.01" 0.78 + 0.03" 0.83 + 0.04" 0.83 +0.03" 2423+3.04"  3.64+031" 25.33+0.38"
CUR+IL-1B8 0.32 £0.02” 0.37 +0.02” 0.14 + 0.02” 0.38 + 0.04” 3427 +4.12° 2.44+£0.19” 17.14 £ 0.41%
DFO+IL-1B 0.33 £0.02” 0.48 +0.03” 0.16 +0.02” 0.24 +0.02” 33.11+346”  2.52+0.26” 17.01 +0.37”

1) P < 0.05 vs. control group;2) P < 0.05 vs. IL-18 group.
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1, control group;2,IL-1B group;3, CUR+IL-1B group;4,DFO+IL-1B
group.
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Fig.3 Effects of CUR and DFO on protein expression of the
p53/SLC7A11/GPX4 signaling pathway in chondrocytes
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A, safranin-fixed green staining ( x 10) ; B, HE staining ( x 10) ; C,immunohistochemical staining of COL2A ( x 20) ; D, immunohistochemical staining of

SLC7A11 ( x 20).

El4 CURTEOAXRIEE R T
Fig.4 CUR alleviates cartilage injury in the rat model of OA
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