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Mitochondria are complex and multifunctional intracellular organelles involved in
many aspects of cellular life, with a primary role in energy production via oxidative phos-
phorylation process. Mitochondria constitute a dynamic network of signaling platforms,
playing several key roles in cell metabolism, proliferation, and survival [1]. Dysfunctional
mitochondria are critically involved in the pathogenesis of a wide range of metabolic,
neurodegenerative, immune, and neoplastic disorders [2].

In the fourth volume of this Special Issue, four review papers and two original articles
were published, dealing with compelling topics related to mitochondrial bioenergetics in
certain pathophysiological contexts.

Alzheimer’s disease (AD) is the most common neurodegenerative disorder, character-
ized by a progressive failure in cognitive function due to the progressive loss of neurons in
the forebrain and other brain areas [3]. Mitochondrial dysfunction has been established
as an early and prominent feature of the disease [4]. Mitochondrial changes in AD have
also been shown to correlate with reduced energy metabolism and oxidative stress. In their
review, García-Bermúdez et al. focused on the compelling parallels between the retinal and
cerebral manifestations of AD, providing a detailed account of the retinal structure and cell
alterations observed in the context of AD [5]. The review delves into the intricate interplay
between retinal cells and the resulting bioenergetic deterioration, oxidative stress, and mi-
tochondrial dysfunction, discussing the promising diagnostic techniques already available
for the detection of retinal and ocular alterations in AD, which offer the dual advantage of
early diagnosis and the potentially dynamic monitoring of disease progression [5].

Mitochondrial dysfunction is widely recognized as a common central pathway in-
volved in the pathogenetic processes of Parkinson’s disease (PD), the second most common
neurodegenerative disorder, characterized by the selective loss of dopaminergic neurons
of the substantia nigra [6]. The interesting data shown in the study by Mironova et al.
highlight the therapeutic potential of the natural metabolite uridine in preventing and
slowing the development of PD. The mechanism of the neuroprotective action of uridine
may be related, among other aspects, to its ability to activate the mitochondrial channel
mitoKATP, and prevent the progression of mitochondrial dysfunction in brain tissue [7].

A growing body of evidence points to mitochondria as key targets for the development
of therapeutics aimed at resolving both metabolic and vascular dysfunction. MitoNEET was
identified as a binding target for a class of antidiabetic drugs and is now recognized for its
role in regulating various crucial cellular processes. Indeed, mitoNEET has demonstrated
promising potential as a therapeutic target in various chronic diseases, encompassing
cardiovascular and metabolic diseases. In their paper, Tam and Sweeny show an overview
of the molecular mechanisms of mitoNEET, with an emphasis on their implications for
cardiometabolic diseases [8].
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Mitochondria are key organelles in crucial sperm functions, such as motility, hyperac-
tivation, capacitation and fertilization, with sperm mitochondria being the driving force
behind human spermatozoa activities (for a narrative review, see [9]).

In their study, Ferigolo et al. evaluated the effects of the isoflavone genistein as
a mitochondrial modulator on the quality of the spermatozoa of Wistar rats, focusing
on mitochondrial function [10]. Genistein treatment was found to enhance the overall
mitochondrial oxygen consumption, increasing plasmatic testosterone levels by showing
pro-spermatogenesis action with a better mitochondrial profile, and without systemic
toxicity. Short-term treatment with a relevant dose of genistein resulted to be effective in
improving sperm mitochondrial efficiency.

Mitochondrial dysfunction is involved in periodontitis, defined as a chronic inflamma-
tory disease caused by Porphyromonas gingivalis that leads to the destruction of periodontal
tissues, the resorption of alveolar bone, and even the loosening and loss of teeth. The
periodontal inflammatory response results in the abnormal release of mitochondrial con-
tents. In their paper, Luo et al. reviewed the emerging involvement of mitochondria in the
pathogenesis of periodontitis, which results in mitochondrial metabolic transformations
and induces an imbalance in mitochondrial quality control. This leads to the accumulation
of defective mitochondria and an increase in mitochondrial ROS sustained by an efflux of
damage-associated molecular patterns that trigger inflammatory responses [11]. The mito-
chondrial pathway was found to be inextricably linked to the pathology of periodontitis
caused by P. gingivalis.

Mitochondria are dynamic, energy-transforming, biosynthetic, and signaling or-
ganelles that actively transduce biological information. Novel research has shown that the
mitochondrial function of mammalian cells can be modulated by various energetic stimuli,
including sound vibrations. Regarding acoustic vibrations, in recent studies, the effects of
different sound stimuli and musical styles on cellular function and mitochondrial activity
were evaluated and compared in human cells cultured in vitro to investigate the underly-
ing responsible molecular mechanisms [12]. In their narrative review, Valenti and Atlante
undertook a multilevel path from the macro to the intracellular microcosm, discussing
the intimate vibrational activities of sound that permeate and shape living matter, and
the impact of sound on biological systems, focusing their discussion primarily on recent
evidence showing the competence of mitochondria to act as energetic portals capable of
sensing and transducing the subtle informational biofields of sound vibrations [13].

Mitochondria could participate in the “symphony of cellular oscillatory patterns”,
acting as dynamic bio-informational “trackers”, transducing and promoting molecular and
informational transfer in and out of the organelles and across the cell on the nuclear level,
and enabling the regulation of the expression of transcriptional regulators and transcription
factors [14].
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