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Study on the mechanism of acupotomy in regulating oxidative stress injury of cartilage in

rabbits with knee osteoarthritis via the Sirtl1/Nrf2/NQO1 signaling pathway

Wang Min"?, Zhang Zhaoqing'”, Cao Yuwei’, Li Kai', Zhang Zhe’, An Kang*, Luo Xiaojuan' ('Department of Pain and
Rehabilitation, Wuhan Third Hospital, Wuhan 430060, China; 2School of Acupuncture-Moxibustion &. Orthopedics,
Hubei University of Chinese Medicine, Wuhan 430000; ‘Bengbu Third People’ s Hospital, Bengbu 233000, Anhui
Province; ‘Department of Orthopedics, Songyuan Hospital of Integrated Traditional Chinese and Western Medicine,
Songyuan 138000, Jilin Province)

[ABSTRACT] Objective To observe the effect of acupotomy on the sirtuin 1 (Sirt1)/ nuclear factor erythroid 2-
related factor 2 (Nrf2)/ NAD (P) H: quinone oxidoreductase 1 (NQO1) signaling pathway of oxidative stress in the
cartilage tissue of rabbits with knee osteoarthritis (KOA) , so as to explore its underlying mechanism in ameliorating
cartilage injury. Methods Twenty-four male New Zealand rabbits were randomly divided into normal control, model,
acupotomy, and acupotomy+inhibitor (EX527, an inhibitor of Sirt1) groups, with 6 rabbits in each group. The KOA
model was established by using the modified Videman method. After successful modeling, the acupotomy group
received acupotomy releasing at the medial collateral ligament, lateral collateral ligament, medial patellar retinaculum,
lateral patellar retinaculum, patellar ligament, and cord-like nodular points of the left lower limb, once weekly for 4
weeks. The acupotomy + inhibitor group received intraperitoneal injection of the Sirt1 inhibitor EX-527 30 min before
every session of acupotomy intervention, once weekly for 4 weeks. Before intervention and one week after the final
intervention, the Lequesne disability index score (Lequesne score) assessment and passive range of motion (PROM)
measurement were performed. The cartilage tissue was collected for observing histopathological changes after H.E. and
Safranin O-Fast Green staining, detecting the level of reactive oxygen species (ROS) with immunofluorescence stain,
detecting the activity of superoxide dismutase (SOD) and glutathione peroxidase (GSH-Px) with colorimetric assay and
enzymatic reaction combined with DTNB colorimetric method respectively, and for measuring the contents of total
antioxidant capacity (T-AOC) with ABTS method, and MDA with TBA method. The contents of IL-1p and TNF-a in the
synovial fluid were measured using ELISA. The expression levels of Sirt1, Nrf2, NQO1, recombinant A disintegrin and
metalloproteinase with thrombospondin 5 (ADAMTS5) and matrix metalloproteinase-3 (MMP-3) proteins, and Sirt1,
Nrf2 and NQO1 mRNAs in the cartilage tissue were detected using western blot and real-time fluorescence quantitative
PCR, separately. Results Compared with the normal control group, the model group showed a significant increase in
the Lequesne score, contents of IL-1B, TNF-a and MDA, immunofluorescence intensity of ROS, and expression levels
of Nrf2, MMP3 and ADAMTS5 proteins, and Nrf2ZmRNA (P<0.01, P<0.05), and a significant decease in the PROM
score, contents of SOD, GSH-Px and T-AOC, and expression levels of Sirt1 protein and mRNA (P<0.01). In contrast
to those of the model group, both the increase and decrease of the indexes mentioned above in the acupotomy group
were all reversed (P<0.01). Compared with the model group, the Lequesne score, contents of TNF-a, MDA, and
immunofluorescence intensity of ROS were obviously decreased (P<0.01, P<0.05) , while the PROM score,
expression levels of Nrf2, Sirt1 and NQO1 mRNA strikingly increased in the acupotomy+inhibitor group (P<0.01). The
effects of acupotomy were significantly superior to those of acupotomy+inhibitor in lowering the Lequesne score,
contents of TNF-«, IL-13, MDA, ROS immunofluorescence intensity, expression levels of MMP3 and ADAMTS5
proteins (P<0.01, P<0.05), and in increasing the PROM score, contents of SOD, GSH-Px and T-AOC, expression of
Sirt1, Nrf2 and NQO1 proteins and mRNAs (P<0.01, P<0.05), suggesting a strikingly weakened efficacy of acupotomy
after administration of inhibitor EX-527 and an involvement of Sirt1 in acupotomy effect. Morphological observation
revealed that in the model group, the cartilage surface of the knee joint became thinner, and the number of
chondrocytes was decreased, with disordered arrangement, and Safranin and Fast Green staining showed that the
protein polysaccharides were lost. Compared with the model group, the number of chondrocytes was increased, with
regular arrangement, clear nuclear and cytoplasmic structures, and the protein polysaccharides was increased in the
acupotomy group; but in the acupotomy+inhibitor group, the damage of the cartilage surface was more severe
compared to the acupotomy group. Conclusion Acupotomy therapy can ameliorate joint function and cartilage
pathological damage in KOA rabbits, which may be related to its functions in mitigating oxidative stress and
inflammatory responses by activating the Sirt1/Nrf2/NQO1 signaling pathway.
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