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DESCRIPTION
Myxomatous mitral valve disease, a condition marked by the 
progressive degeneration of the mitral valve, stands as one of the 
leading causes of valvular heart disorders. This condition is 
characterized by the thickening and weakening of the valve leaflets, 
leading to mitral regurgitation. While structural abnormalities in 
the mitral valve have been extensively studied, emerging evidence 
highlights the role of cellular and molecular dysfunction in its 
progression. One area of focus is mitochondrial bioenergetic 
dysfunction, a phenomenon that affects the energy metabolism 
within cells and has been linked to the pathophysiology of various 
cardiovascular diseases.

The mitral valve is a dynamic structure comprising valve leaflets, 
chordae tendineae the surrounding extracellular matrix. These 
components are maintained by specialized cells, including valve 
interstitial cells and valve endothelial cells. The integrity of these 
cells is dependent on efficient energy production, primarily 
driven by mitochondrial activity. Mitochondria serve as the 
powerhouse of the cell, generating adenosine triphosphate 
through oxidative phosphorylation. In myxomatous mitral valve 
disease, disruptions in mitochondrial function have been 
identified as a contributing factor to the degeneration of valve 
tissue.

Mitochondrial bioenergetic dysfunction refers to the impaired 
ability of mitochondria to produce energy and maintain cellular 
homeostasis. This dysfunction is often associated with 
alterations in mitochondrial dynamics, including changes in 
biogenesis, fission, fusion mitophagy. In myxomatous mitral 
valve disease, abnormalities in these processes can lead to energy 
deficits, oxidative stress apoptotic signaling, all of which 
contribute to the degeneration of valve tissue.

Oxidative stress is a characteristic of mitochondrial dysfunction. 
Reactive oxygen species, byproducts of mitochondrial respiration, 
are typically maintained at low levels by antioxidant defense 
systems. However, in pathological conditions, an imbalance 
between reactive oxygen species production and antioxidant 
capacity can occur. This imbalance results in oxidative damage to

cellular components, including proteins, lipids DNA. In the 
context of the mitral valve, oxidative stress can disrupt the 
structural integrity of the extracellular matrix, weaken the valve 
leaflets impair cellular function.

One mechanism through which oxidative stress affects the mitral 
valve is through the activation of matrix metalloproteinases. 
These enzymes degrade collagen and elastin, the primary 
structural components of the valve. Increased matrix 
metalloproteinase activity has been observed in myxomatous 
mitral valve disease and is believed to contribute to the thinning 
and prolapse of valve leaflets. Mitochondrial dysfunction, by 
promoting oxidative stress, can exacerbate this process, 
accelerating valve degeneration.

In addition to oxidative stress, mitochondrial bioenergetic 
dysfunction can disrupt cellular energy balance. Valve interstitial 
cells rely on mitochondrial ATP production to perform various 
functions, including extracellular matrix synthesis, contractility 
repair processes. Energy deficits can impair these functions, 
leading to the accumulation of damaged matrix components and 
further weakening of the valve structure.

Another consequence of mitochondrial dysfunction is the 
activation of apoptotic pathways. Mitochondria play a central 
role in regulating cell death through the release of pro-apoptotic 
factors, such as cytochrome C. In myxomatous mitral valve 
disease, increased apoptosis of valve interstitial cells has been 
reported, contributing to the loss of cellularity and structural 
integrity. This process is thought to be driven, in part, by 
mitochondrial dysfunction and oxidative stress.

The molecular mechanisms underlying mitochondrial 
dysfunction in myxomatous mitral valve disease are complex and 
multifaceted. Genetic mutations, environmental factors systemic 
conditions can all contribute to mitochondrial abnormalities. 
Mutations in genes encoding mitochondrial proteins or enzymes 
involved in energy metabolism have been implicated in some 
cases of valve degeneration. Additionally, systemic factors, such 
as hypertension, diabetes metabolic syndrome, can exacerbate
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mitochondrial dysfunction through chronic inflammation and
oxidative stress.

The mitral valve is not an isolated structure but part of an
integrated system influenced by hemodynamic forces,
neurohormonal signaling systemic metabolism. Alterations in
these factors can impact mitochondrial function and energy

metabolism within valve cells. For example, increased
mechanical stress due to mitral regurgitation can stimulate
mitochondrial activity to meet higher energy demands. However,
prolonged stress can overwhelm mitochondrial capacity, leading
to dysfunction.
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