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Abstract

Calcium spikes in cells function analogously to clock signals in microprocessors, regulating cellular
activities through their frequency. These spikes, controlled by signaling pathways, particularly in the
microenvironment between mitochondria and the endoplasmic reticulum, dictate the timing of gene
expression and other cellular processes. High-frequency calcium spikes accelerate cellular functions,
driving rapid gene expression and metabolic activities. Conversely, in aging cells, the frequency of
calcium spikes diminishes, leading to a deceleration of cellular processes, akin to a slower clock
speed in microprocessors. This reduction in spike frequency effectively slows down the cellular
&quot;time,&quot; impacting the overall functionality and efficiency of the cell. Understanding the
dynamics of calcium spikes and their frequency offers insights into cellular aging and potential
therapeutic targets for age-related cellular dysfunctions such as diabetes. This knowledge can help
develop strategies to maintain cellular function and mitigate the effects of aging on cellular
processes.

Calcium spikes within a cell result from a positive feedback mechanism in the IP3 channels on the
endoplasmic reticulum. These channels are primarily controlled by reactive oxygen species (ROS),
which are mostly produced in the mitochondria. Additionally, the frequency of calcium spikes can be
modulated by external magnetic fields, which directly affect ROS production in mitochondria. Our
studies have shown that electromagnetic fields can influence ROS levels, thereby impacting calcium
signaling pathways. This modulation offers potential therapeutic avenues for controlling cellular
processes and addressing diseases associated with calcium signaling dysregulation. Over the past few
years, we have conducted convergent research on calcium spike dynamics and the effects of ROS and
magnetic fields on this phenomenon. The results show a promising capability for controlling calcium
spikes, effectively acting as the cellular clock.
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