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Tanshinone Il A Ameliorates Cartilage Degeneration in Ovariectomized Rats by Regulating TGF-1/Smad2/MMPs
Signaling Pathway  GUO Qin, GUO Yuanli, LIAO Feng'er, TAO Ying" . Department of Obstetrics and Gynecology, The
First Affiliated Hospital/The First Clinical Medicine School of Guangdong Pharmaceutical University, Guangzhou 510080,
China
A Corresponding author, E-mail: 1140832540@qq.com

[ Abstract] Objective To investigate the ameliorative effect of tanshinone I A (Tan) on osteoarticular
degeneration in ovariectomized rats (a postmenopausal estrogen deficiency model) and the mechanisms involved.
Methods Eight-week-old female Sprague Dawley (SD) rats were randomly allocated to 5 groups (n=10 each), including
a Sham operation group (Sham), an ovariectomy group (OVX), and low, medium, and high-dose Tan groups. Eight weeks
after bilateral ovariectomy, the rats in the low, medium, and high-dose Tan groups were treated with Tan at the doses of 5,
10, and 20 mg/kg for a duration of 28 days. Evaluation of the rat articular cartilage was performed using X-ray imaging,
anatomical observation, hematoxylin and eosin (H&E) staining, and toluidine blue staining. Immunohistochemistry was
performed to assess the expression levels of transforming growth factor f1 (TGF-P1), phosphorylated-smad2 (p-Smad2),
type Il collagen (CII'), matrix metalloproteinase 9 (MMP-9), and MMP-13 in the cartilage tissue. Results The knee
joints of the OVX rats exhibited narrowed joint spaces, osteophyte formation, cartilage erosion or even localized cartilage
cracks, faded methylene blue staining on the cartilage surface, disordered arrangement of chondrocytes, unclear or
interrupted tidal line, and increased Kellgren-Lawrence grading, Pelletier grading, Mankin grading, and OARSI scores
compared to those of the Sham group (P<0.01), as revealed by X-ray imaging, anatomical observation, and histological
examination results. Tan ameliorated the degenerative changes in the knee joint caused by OVX in a dose-dependent
manner while improving Kellgren-Lawrence grading, Pelletier grading, Mankin grading, and OARSI scores.
Immunohistochemistry findings showed that TGF-B1, p-Smad2, and CIl expression levels were significantly increased
(P<0.01), while MMP-9 and MMP-13 expression levels were significantly decreased (P<0.01) in the articular cartilage of
the Tan group compared to those of the OVX group, with all these effects being dose-dependent. Conclusion Tan
mitigates articular cartilage degeneration in ovariectomized rats, which may be related to the regulation of TGF-
p1/Smad2/MMPs signaling pathway.
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Fig 1 Representative X-ray images of knee joints and Kellgren-Lawrence grading scale scores in different groups of rats

Arrow a indicates smooth articular surface; arrow b indicates osteophyte formation. L-Tan: 5 mg/kg Tan; M-Tan: 10 mg/kg Tan; H-Tan: 20 mg/kg

Tan. n=10. * P<0.01, vs. Sham group; 'P<0.05, "P<0.01, vs. OVX group.
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The dashed arrow indicates smooth cartilage surface; the solid arrow indicates cartilage erosion. L-Tan, M-Tan, and H-Tan denote the same as those in Fig 1.

n=10. " P<0.01, vs. Sham group; 'P<0.05, "P<0.01, vs. OVX group.
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Fig 3 Representative HE and TB staining images of knee cartilage, Mankin scores (B) and OARSI scores (C) of the rats in each group

A, scale bar=200 um. The dashed arrow indicates smooth cartilage surfaces; the solid arrow indicates cartilage fissure. *** indicates light coloring. L-Tan, M-Tan, and

H-Tan denote the same as those in Fig 1. n=10. * P<0.01, vs. Sham group; P<0.05,  P<0.01, vs. OVX group.
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Fig 4 Expression of TGF-B1, p-Smad2, C [l , MMP-9, and MMP-13 in the articular cartilage of rats in each group

A, Immunohistochemical images of TGF-p1, p-Smad2, C Il , MMP-9,

and MMP-13 expression in the knee joint (scale bar=100 um); B-F, quantitative results of TGF-

1 (B), p-Smad2 (C), CII (D), MMP-9 (E), and MMP-13(F) expression. L-Tan, M-Tan, and H-Tan denote the same as those in Fig 1. n=10. " P<0.01, vs. Sham group;

"P<0.05, "P<0.01, vs. OVX group.
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