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Abstract  

Aging is defined as a time-dependent decline in organ or tissue function. The rate of 
physiological aging differs among individuals. In addition to genetics, environmental 
factors contribute to the acceleration of aging. Gerontogen refers to environmental 
toxicants that can accelerate cellular aging. Toxicology, which is the study of 
unintended exposures to toxicants, can provide insight into the aging process. 
Despite the lack of an excellent biomarker to detect aging at the molecular level, 
several gerontogens, including UV radiation, have been identified. This study will 
present concise and brief information regarding several biomarkers that can be used 
to identify gerontogen, as well as a brief explanation of the fundamental mechanism 
by which gerontogen causes accelerated aging. 
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Introduction 

Aging is one of the primary risk factors for the majority of chronic diseases.1 

Several studies have investigated the relationship between aging and the incidence 

of chronic diseases such as heart disease,2,3 type II diabetes,4,5 and cancer.6 According 

to Boersma et al., the prevalence of several chronic diseases in the United States, 

including arthritis, cancer, chronic obstructive pulmonary disease, coronary heart 

disease, diabetes, hypertension, and kidney failure, increases with age. 

Approximately 63.7% of individuals aged 65 and older have more than one of these 

chronic illnesses.7  

It is already well-established that specific environmental exposures, such as 

UV light and cigarette smoke, can cause diseases such as skin and lung cancer. 

However, it is unknown how these disease-promoting agents relate to aging. 

Nevertheless, the notion that environmental factors influence aging is not new. 

Individual variability in gerontogen-environmental factors that can accelerate the 

cellular aging process-exposure may explain why the rate of physiologic aging varies 

among individuals. Unlike genetics, toxicology, which analyzes unwanted exposure 

to toxicants, has not been widely utilized to study the aging process. Meanwhile, 

many environmental toxins, such as benzene in cigarette smoke or particulate matter 

in air pollution containing heavy metals such as iron and arsenic, are difficult, if not 

impossible, to avoid.8,9 

This paper will provide insight into the role of toxicology in aging research, 

including its biomarkers. 

 

Biomarkers for Aging Research 

Aging is a time-dependent decline in organ or tissue function. To date, there 

are at least nine cellular and molecular hallmarks that are thought to play a role in 

causing and determining aging phenotypes, which include genomic instability, 

telomere attrition, epigenetic changes, loss of proteostasis, deregulated nutrient 

sensing, mitochondrial dysfunction, senescence, stem cell exhaustion, and disruption 

of cellular communications.10 

In general, a few aspects of aging biomarkers need to be considered to 

identify aging-promoting agents. To begin, it is imperative that a particular marker is 

applicable across multiple organ systems and is not tissue- or disease-specific. An 

even more essential and restrictive condition is that the biomarker must play a causal 

role in aging.8 

One of the most commonly employed methods to detect aging is by detecting 

senescence. Senescence is a state of permanent cell-cycle arrest in response to 

various stressors such as oxidative stress, telomere shortening, DNA damage, and 

oncogene activation, or as part of physiological processes.8,11,12 Senescent cells are 
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known to accumulate with aging. They are hypothesized to influence aging by 

altering homeostasis and reducing regeneration capability through the secretion of 

pro-inflammatory factors.8 Due to the close relationship between aging and 

senescence, senescence biomarkers can be used to identify aging. However, to date, 

there is no universal marker for senescence detection. Therefore, the recommended 

approach for detecting senescence is to use two or more biomarkers representing 

different processes that occur in senescent cells, including markers for cell-cycle 

arrest, structural changes, apoptosis resistance, and senescence-associated 

secretory phenotype. 13–15 A detailed explanation of these biomarkers has been 

described in recent publication.13 

 

Gerontogen 

In addition to genetic factors, environmental factors play a role in accelerating 

the aging process. Environmental factors that can accelerate the aging process on a 

molecular level are termed gerontogens. Gerontogens include environmental 

substances (such as arsenic, benzenes, etc.) to which humans are often unwittingly 

exposed. These may also include non-chemical exposures like ionizing radiation or 

ultraviolet light. Not only that, but gerontogens also include intentional exposures, 

whether for pleasure (e.g., cigarette smoke) or as unexpected side effects of 

therapeutic therapy.8 

Most research on the toxicology of aging has focused on DNA-damaging 

agents and the activation of DNA-damage response (DDR). For example, UV 

exposure can accelerate aging by causing DNA damage. UVA and UVB can indirectly 

damage DNA by producing reactive oxygen species (ROS). UVB can directly damage 

DNA by forming cyclobutene pyrimidine dimer (CPD).16 DNA damage will activate the 

DDR leading to the cell-cyle arrest.17 

 While DNA damage and DDR activation can both contribute to senescence, 

this does not necessarily imply that senescence always occurs in conjunction with 

DNA damage and DDR activation. In fact, DDR activation itself can occur in the 

absence of DNA damage. Previous research indicate that non-DNA-damaging agents 

can also cause increased expression of the cyclin-dependent kinase inhibitor p21 and 

evoke cellular senescence without causing detectable DNA damage as measured by 

the comet assay. Nevertheless, proteins that constitute DDR are still present in these 

cells.18 

Senescence can also occur in the absence of both DNA damage and DDR 

activation, as in oncogene activation or tumor-suppressor gene suppression. There 

appear to be other pathways that do not involve DNA damage, such as senescence 

in human mammary epithelial cells that is related to TGF- upregulation rather than 
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DDR pathway, upon induction by oncogenic Ras overexpression. Numerous 

interrelated studies are currently presented in a review article devoted to this topic.18 

Hence, forthcoming investigations into gerontogens might encompass not 

only DNA-damaging agents, but also other prevalent toxicants that can potentially 

trigger senescence and hasten the aging process via alternative mechanisms.18 

 

 Conclusion 

Several studies have shown that various environmental toxicants can 

accelerate the aging process by promoting senescence. Unfortunately, we are 

constantly subjected to a wide range of these gerontogens on a daily basis. Many 

additional agents may have not yet been identified but have the potential to 

accelerate aging and promote subsequent aging-related diseases. This highlights the 

significance of bringing toxicology into aging research. Future research may focus on 

discovering universal biomarkers to facilitate gerontogen identification. 
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