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Abstract :

This review provides a comprehensive overview of the current understanding of CA’s pharmacological

mechanisms and the progress in formulation and delivery technologies aimed at enhancing its dermatological

efficacy. At the molecular level, CA delays cellular senescence primarily through activation of telomerase reverse

transcriptase (TERT) and modulation of redox-sensitive signaling pathways such as Nrf2/ARE and MAPK/NF-

«kB. These effects strengthen the skin’s antioxidant defense system, suppress ultraviolet (UV)-induced reactive

oxygen species (ROS) accumulation, and downregulate matrix metalloproteinase (MMP) expression, thereby

preventing collagen degradation and photoaging. In addition, CA has been shown to elevate hyaluronic acid

content and upregulate key epidermal hydration and barrier-associated proteins, including filaggrin and serine

palmitoyltransferase, improving skin elasticity and maintaining epidermal integrity. Furthermore, CA promotes

fibroblast proliferation and type I/III collagen synthesis via activation of the TGF-f/Smad axis, while its crosstalk
with the PI3K/Akt/mTOR pathway contributes to enhanced barrier recovery. By inhibiting the TLR4/NF-«xB

pathway, CA also suppresses pro-inflammatory mediators such as IL-6 and TNF-a, suggesting potential therapeutic

value in inflammatory dermatoses, including atopic dermatitis and psoriasis. Collectively, accumulating evidence

indicates that cycloastragenol represents a promising bioactive candidate for anti-aging, whitening, and anti-

inflammatory skincare formulations. Continued optimization of nanocarrier-based and other advanced delivery

systems will be critical to overcoming its physicochemical limitations and translating its dermatological benefits

into clinical and cosmetic applications.
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