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ABSTRACT 

Cellular senescence is a fundamental biological mechanism implicated in aging 

and age-related diseases. Senescent cells accumulate with age and contribute 

to tissue dysfunction through the secretion of pro-inflammatory mediators 

collectively known as the senescence-associated secretory phenotype (SASP). 

Senolytics are emerging therapeutic agents designed to selectively eliminate 

senescent cells and restore tissue homeostasis. 

This article synthesizes five key scientific insights into cellular aging and 

senolytics, including mechanisms of senescence, pathological effects of 

senescent cells, therapeutic senolytic strategies, systemic effects on organ 

systems, and future translational potential. Evidence from preclinical studies 

suggests senolytic interventions may improve vascular, metabolic, and 

musculoskeletal function, although human clinical validation remains limited. 

 

Keywords 

Cellular senescence, senolytics, SASP, aging biology, geroscience, healthspan, 

longevity medicine 

 

1. INTRODUCTION 

Cellular aging is a central hallmark of biological aging. Senescent cells 

accumulate due to stress-induced damage and contribute to chronic 

inflammation and progressive tissue dysfunction. 
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The hallmark of aging framework identifies cellular senescence as a key driver 

of age-related decline and disease progression (1). 

Senolytics represent a novel class of agents designed to selectively remove 

these dysfunctional cells, thereby improving tissue microenvironment and 

potentially extending health span. 

 

2. SENESCENT CELLS AND SASP BIOLOGY 

Senescent cells are characterized by: 

• Permanent cell-cycle arrest  

• Resistance to apoptosis  

• Secretion of inflammatory cytokines  

SASP mediators include: 

• IL-6  

• IL-8  

• TNF-α  

• Matrix metalloproteinases  

These factors contribute to: 

• Chronic inflammation  

• Tissue remodeling dysfunction  

• Paracrine aging effects  

 

 

 

 

 

 



TABLE 1 — Biological Features of Senescent Cells 

Feature Biological Effect Clinical Impact 

Cell-cycle arrest Loss of regeneration Tissue aging 

SASP secretion Chronic inflammation Multisystem decline 

Apoptosis resistance Cell accumulation Persistent damage 

Oxidative stress Cellular injury Organ dysfunction 

 

 3. PATHOPHYSIOLOGY OF “ZOMBIE CELLS” 

Senescent cells accumulate due to: 

• DNA damage  

• Oxidative stress  

• Telomere shortening  

• Chronic disease states  

Consequences include: 

• Vascular stiffness  

• Sarcopenia  

• Neuroinflammation  

• Immune dysregulation  

These mechanisms are well described in aging biology literature (2,3). 

 

 

 

 

 



FIGURE 1 — Cellular Senescence Cascade 

 

FIGURE 1. Cellular stress → DNA damage → Senescence induction → SASP 

secretion → Chronic inflammation → Tissue dysfunction 

 

4. SENOLYTIC THERAPEUTIC STRATEGIES 

Senolytics selectively eliminate senescent cells by targeting survival pathways. 

Investigational senolytics: 

• Dasatinib + Quercetin  

• Fisetin  

• Navitoclax  

Mechanisms: 

• Inhibition of anti-apoptotic signaling  

• Selective induction of senescent cell apoptosis  

Preclinical studies demonstrate improved physiological function following 

senescent cell clearance (4). 

 

 

 

 

 

 



TABLE 2 — Senolytic Agents 

Agent Class Status Mechanism 

Dasatinib + 

Quercetin 

Tyrosine kinase 

inhibitor + 

flavonoid 

Preclinical / early 

clinical 
Apoptosis induction 

Fisetin Flavonoid Preclinical 
Anti-inflammatory, 

senolytic activity 

Navitoclax BCL-2 inhibitor Experimental 
Anti-apoptotic 

blockade 

 

5. SYSTEMIC EFFECTS AND TRANSLATIONAL POTENTIAL 

Senolytic interventions in preclinical models have demonstrated 

improvements in: 

• Vascular function  

• Metabolic regulation  

• Musculoskeletal performance  

• Tissue regenerative capacity  

However, robust human clinical evidence remains limited, and long-term 

safety profiles are under investigation. 

 

FIGURE 2 — Senolytic Therapeutic Impact Model 

FIGURE 2. Senolytic therapy → Senescent cell clearance → Reduced SASP 

→ Improved tissue microenvironment → Functional restoration 



6. FUTURE DIRECTIONS 

Future research focuses on: 

• Targeted senolytic delivery systems  

• Biomarker-guided therapy  

• Combination geroprotective strategies  

• Long-term safety evaluation  

Lifestyle factors (exercise, fasting, polyphenols) may modulate senescence but 

remain adjunctive rather than therapeutic substitutes. 

CONCLUSION 

Cellular senescence is a validated hallmark of aging biology. Senolytics 

represent a promising investigational strategy aimed at reducing senescent cell 

burden and improving tissue function. However, clinical translation remains in 

early stages, requiring further validation. 
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