Carnosic Acid shields Bone: Mitigating Dexamethasone-Induced Oxidative Stress and Mineralization Loss
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Introduction: Glucocorticoid-induced osteoporosis is a significant clinical concern, affecting a notable percentage of patients undergoing long-term glucocorticoid therapy and contributing to substantial healthcare costs annually. Connexin 43 (Cx43), the predominant gap junction protein in bone tissue, plays a pivotal role in regulating the viability, differentiation and mechanotransduction of osteogenic cells. Pharmacological modulation of Cx43 has been shown to restore gap junction intercellular communication, promote osteogenic lineage commitment and suppress apoptosis in osteoblasts and osteocytes. Dexamethasone, a well-known inducer of osteoporosis, downregulates Cx43 in human osteoblast MC3T3-E3 cells. Carnosic acid (CA), a bioactive diterpene from Rosmarinus officinalis, exhibits potent antioxidant and anti-inflammatory properties and has been reported to inhibit osteoclastogenesis in mouse ST2 cells via suppression of RANKL expression.  

Aims: To assess the effect of Carnosic acid on Dexamethasone-induced alterations in Cx43, calcium deposition and oxidative stress in mouse osteoclast and human osteoblast cells. 

Methods: RANKL-induced RAW 264.7 and SaOS-2 cells were treated with dexamethasone (50µM). The effects of carnosic acid on dexamethasone-induced alterations were assessed using Ethidium bromide and Evans blue hemichannel assays in both cell lines. Oxidative stress parameters, including malondialdehyde, reduced glutathione, reactive oxygen species and nitric oxide, were also quantified in both cell lines. Furthermore, alizarin red staining was performed to evaluate mineralization in SaOS-2 cells.

Results: The results demonstrated that dexamethasone elevated oxidative stress and decreased mineralization. CA restored malondialdehyde and nitrite concentrations to baseline levels and enhanced glutathione activity, reflecting improved antioxidant capacity in both osteoclasts and osteoblasts. Dexamethasone-induced downregulation of Cx43 was restored by CA, which was confirmed by hemichannel assays. The mineralization assay of carnosic acid further demonstrated enhanced calcium deposition in SaOS-2 cells.

Discussion: The findings of this study demonstrate that CA effectively mitigates dexamethasone-induced alterations in bone cell function. These results suggest that carnosic acid holds promise as a protective agent against dexamethasone-induced bone degeneration, potentially through its dual regulation of gap junction communication and redox homeostasis.
