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DESCRIPTION
Mitochondria are essential for cellular energy production and
are involved in a wide range of cellular functions. Disruption of
mitochondrial activity has been linked to a variety of human
diseases, known as mitochondrial disorders. These illnesses can
affect multiple organ systems and are distinguished by
deficiencies in oxidative phosphorylation, mitochondrial DNA
alterations, decreased mitochondrial dynamics, and altered
calcium homeostasis.

The Mitochondrial Permeability Transition (MPT) is a major
contributor to mitochondrial dysfunction in various illnesses.
The MPT is the opening of a non-selective pore in the inner
mitochondrial membrane, which results in the dissipation of the
electrochemical gradient, mitochondrial enlargement, and the
release of pro-apoptotic proteins. This process has been
thoroughly investigated and connected to the pathophysiology of
various mitochondrial disorders, including mitochondrial
encephalomyopathies, neurodegenerative diseases, and
metabolic disorders.

The particular molecular mechanisms underpinning the MPT
are not entirely understood, although accumulating evidence
shows the involvement of several variables. The most widely
accepted hypothesis involves the formation of the Mitochondrial
Permeability Transition Pore (mPTP), a complex composed of
several proteins including Voltage Dependent Anion Channels
(VDACs) in the outer mitochondrial membrane, Adenine
Nucleotide Translocase (ANT) in the inner mitochondrial
membrane, and Cyclophilin D (CypD) in the mitochondrial
matrix.

Under normal physiological settings, the mPTP remains closed,
ensuring mitochondrial integrity. However, in response to
numerous pathogenic stimuli such as calcium excess, Reactive
Oxygen Species (ROS), or increased amounts of inorganic
phosphate, the mPTP can switch to an open state. This
transition causes an influx of solutes into the mitochondrial
matrix, particularly calcium ions, which worsens mitochondrial
dysfunction and cell death.

Dysregulation of the MPT has serious implications for
mitochondrial function and leads to the development of
mitochondrial diseases. Excessive mPTP opening causes
mitochondrial enlargement, disrupts the electrochemical
gradient, and impairs ATP generation. The release of calcium
from mitochondria adds to cytosolic calcium excess, which
causes cellular toxicity and apoptotic pathway activation.
Furthermore, the release of pro-apoptotic substances, such as
cytochrome C, from the mitochondria activates caspases and
causes apoptosis.

Several lines of evidence point to the involvement of the MPT in
particular mitochondrial diseases. For example, studies in
mitochondrial encephalomyopathies, a category of illnesses
characterized by central nervous system dysfunction and
muscular weakness, have shown abnormal calcium homeostasis
and greater sensitivity to MPT induction. This implies that the
MPT may contribute to the neuronal cell death and muscle
dysfunction seen in these illnesses.

Neurodegenerative illnesses, such as Alzheimer's and
Parkinson's, are linked to mitochondrial malfunction and MPT
dysregulation. In these conditions, neuronal cell death is caused
by increased mitochondrial ROS generation and poor calcium
management. The MPT is thought to play an important role in
exacerbating the negative effects of these cellular abnormalities,
resulting to neurodegeneration.

In addition to neurologic illnesses, mitochondrial permeability
transition has been linked to metabolic disorders such Non-
Alcoholic Fatty Liver Disease (NAFLD) and type 2 diabetes.
Mitochondrial malfunction in hepatocytes and pancreatic beta
cells contributes to insulin resistance and glucose dysregulation.
Dysregulated MPT has been associated to loss of mitochondrial
function and increased oxidative stress in various illnesses,
aggravating metabolic abnormalities and increasing disease
development.

Furthermore, the MPT has been linked to ischemia-reperfusion
damage, which happens when blood flow is restored to a
previously ischemic area. During ischemia, the lack of oxygen
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and nutrients causes mitochondrial malfunction. The quick
input of oxygen and restoration of blood flow during
reperfusion causes an excess generation of ROS and calcium
overload, causing the mPTP to open. This causes mitochondrial
damage, cell death, and tissue harm. Strategies designed to

suppress or modulate the MPT have showed promise in
minimizing ischemia-reperfusion injury and improving
outcomes in different organs, including the heart, brain, and
kidneys.
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