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DESCRIPTION

Mitochondria play an essential role in the normal functioning of
cells, particularly in energy production, cellular metabolism and
signaling. In organs with high energy demands, such as the
kidneys, mitochondria are fundamental to maintaining healthy
cellular processes. Kidneys filter blood, remove waste and
regulate electrolytes and water balance. Given their energy-
the

mitochondrial activity. Any impairment in mitochondrial

intensive  functions, kidneys depend heavily on
function can therefore have significant effects on kidney health
and contribute to the development and progression of various

kidney diseases.

In recent years, the effects of mitochondria in kidney diseases
have gained attention, as researchers seek to understand how
mitochondrial dysfunction impacts renal health. Mitochondrial
abnormalities have been linked to a wide range of kidney
diseases, including Acute Kidney Injury (AKI), Chronic Kidney
Disease (CKD) and diabetic nephropathy. Understanding the
impact of mitochondria on kidney diseases can provide insights
into the mechanisms that drive these conditions and identify
potential approaches for treatment.

Mitochondria are often referred to as the cell's powerhouses
because they generate ATP (adenosine triphosphate), the
molecule that stores and transfers energy within cells. In the
kidneys, this energy production is essential for functions such as
filtration, reabsorption and secretion. The high demand for
ATP, vparticularly in the kidney's proximal tubules, places
mitochondria at the center of renal health. Besides energy
production, mitochondria are involved in regulating calcium
levels, producing Reactive Oxygen Species (ROS) and controlling
cell death processes such as apoptosis.

ROS production, while necessary in small amounts for cell
signaling, can become harmful when produced excessively. In the
kidneys, ROS generated by mitochondria need to be tightly
regulated, as high levels can damage cellular structures and
contribute to inflammation. Similarly, mitochondrial involvement

in apoptosis is essential in preventing damaged cells from

accumulating.  However,  excessive apoptosis due to
mitochondrial ~dysfunction can lead to «cell loss and,
consequently, tissue damage. Thus, the normal functioning of
mitochondria is essential to prevent kidney «cells from

undergoing excessive oxidative stress and apoptosis, which could
lead to disease development.

Acute Kidney Injury (AKI) is a sudden decline in kidney function
often triggered by ischemia (reduced blood flow), toxins, or
infection. Mitochondrial dysfunction is a well-known contributor
to AKI, as mitochondria play a critical role in managing the
energy supply, oxygen consumption and ROS levels in kidney
cells. When the kidneys experience ischemia, oxygen availability
drops, leading to reduced ATP production. This lack of ATP
compromises cell integrity and increases the production of ROS,
causing oxidative damage to cellular components.

During AKI, mitochondrial dysfunction is characterized by a
disruption in mitochondrial membrane potential, leading to
impaired energy production and excessive ROS release. This
ROS overload not only damages the mitochondria but also
promotes inflaimmation and apoptosis within kidney cells.
Damaged mitochondria release signals that activate inflammatory
pathways, attracting immune cells to the site of injury. While the
immune response is essential for tissue repair, excessive
inflammation can exacerbate kidney damage and hinder recovery.

Efforts to protect mitochondrial function during AKI focus on
restoring energy production, reducing ROS generation and
preventing mitochondrial damage. Interventions that target
mitochondrial health may therefore help mitigate the severity of
AKI and promote faster recovery of kidney function.

Chronic Kidney Disease (CKD) is a progressive loss of kidney
function over time and is often linked to hypertension, diabetes,
or glomerulonephritis. In CKD, mitochondrial dysfunction plays
a central role, as it contributes to sustained oxidative
stress, inflammation and fibrosis.
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