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Background of research 

Skin ageing is a physiological process characterized by wrinkle formation, pigmentation, loss of 
elasticity, and impaired wound healing. It not only negatively affects individual appearance, but 
also impairs whole body health. It is proposed that skin ageing actively contributes to disrupted 
homeostasis in distal organs or tissues1. Also, Skin status reflects health conditions and 
physiological age of individuals2. Hence, anti-skin ageing strategies hold promise to improve both 
health and appearance of individuals. Considering the accelerated population ageing in China, 
there will be a huge demand for anti-skin ageing products.  

Skin ageing is classified into two types: intrinsic skin ageing and extrinsic skin ageing. Intrinsic 

skin ageing is induced by physiological decline of cell function and disturbed tissue homeostasis. 

While extrinsic skin ageing is driven by exogenous stimuli including UV exposure, air pollution, 

and smoking.  

Cellular senescence is the most important causal factor of both extrinsic and intrinsic skin ageing3. 

Cellular senescence is generally considered to be a state of irreversible cell cycle arrest and can be 

identified by a set of biomarkers including senescence-associated beta-galactosidase (SA-β-gal), 

expression of cell cycle inhibitors (P16INK4A and P21CIP), enlarged morphology, senescence 

associated heterochromatin foci (SAHF), lipofuscin accumulation and senescence associated 

secretory phenotype (SASP)4. Skin is a regenerative tissue composed of various proliferating cells 

including hair follicle stem cells, melanocytes, keratinocytes, and fibroblasts. As organisms age, 

cellular senescence results in skin ageing3. 

Senescent cells are “zombie” cells. Although they do not proliferate anymore, they are 

metabolically active and hypersecretory. SASP is the most universal and important feature of 

cellular senescence. Generally, senescent cells secrete SASP components including inflammatory 

cytokines, extracellular matrix modifiers, growth factors, extracellular vesicles. With SASP, 

senescent cells actively participate in many biological processes including wound healing, fibrosis 

resolution, immune cell recruitment, and embryonic development5-7.  

Although SASP favors many biological processes in young individuals, as individuals age, 

accumulated senescent cells secret excessive amount of SASP factors that disrupt tissue 

homeostasis, lead to age-related disorders (ARDs) and ageing phenotype8-10. The chronic low-

grade inflammation mediated by SASP is thought to be a major driver of organism ageing and the 

bridge between cellular senescence and organism ageing. Considering the importance of SASP in 

ageing, the SASP-mediated functional decline and ageing phenotype is also named inflamm-

aging11,12. SASP is also a critical contributor to skin ageing. The structure of dermis layer is mostly 

sustained by collagen fiber and other extracellular matrix. Over 70% composition of collogen fiber 

is type 1 collagen. As people age, the content of type 1 collagen declines, which is associated with 

wrinkle formation and loss of elasticity. Matrix metalloproteinases (MMPs) secreted by senescent 

fibroblast cells can catalyze degradation of Type 1 collagen, resulting in fractured collagen 

fiber3,13. 

Considering the importance of SASP. Two therapeutic strategies targeting SASP have been 

developed: senolytics (drugs that selectively kill senescent cells) and senomorphics (drugs that 

block SASP secretion of senescent cells). Their effectiveness has been validated in vitro and in 

vivo14. Natural compounds are valuable resources of bioactive compounds. Some natural 

compounds including pro-cyanidin C, fisetin, curcumin, quercetin showed senolytic or 

senomorphic activities in vitro and in vivo15,16. The most well-known senomorphic compound is 

rapamycin that blocks SASP by specifically inhibiting mTORC17. Rapamycin has been 

demonstrated to improve the lifespan of mice18. In this study, we aim to define the senomorphic 

property of novel natural compounds and test if they can prevent skin ageing in mice. This 

research will provide reference to anti-ageing research and prompt anti-ageing skin care product 

development.



Figure 2. establishment of cellular senescence model. a, schematic design of in vitro model. b, 

morphological change. c, SA-β-gal. d, accumulated population doubling. e, cell cycle analysis. f, 

quantitative result of cell cycle analysis. g, IL-6 mRNA expression level from Day 5 to Day 8. h, 

MMP-1 mRNA expression level from Day 5 to Day 8. i, SASP signature on Day 8. 



Figure 3. senomorphic effect of CU-01. a, chemical structure of CU-01. b, cytotoxicity of CU-01 

for 72 h. c, SA-β-gal on Day 8 upon treatment of CU-01. d-i, expression levels of SASP 

components on Day 8 upon treatment of CU-01. 
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