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Abstract: Myocardial cells and extracellular matrix fulfil their goal thanks to the energetic availability. Indeed,
mechanical and electrical properties of the heart are strongly depended on the energetic production-
consumption equilibrium. The produced energy is used under several forms including kinetic, dynamic,
thermal energy etc. Notably, as the time goes by; aging as well as in case of heart failure, although total energy
remains almost constant the contribution of each energetic form is altered. Thermal energy is increased,
whereas the dynamic and kinetic energy are decreased and hence unable to satisfy adequately the cardiac
work. Consequently, toxic products, unfolded /misfolded proteins, free radicals etc. are accumulated within
the myocardium. Myocardial cell contraction — relaxation coupling, ion exchange, cell growth etc. function is
failed, control of cell apoptosis and necrosis is lacking and cardiac micro and macro-architecture change is the
final result. Energy production and consumption depends on cardiac metabolic resources and on the functional
status of the cardiac silhouette including cardiomyocytes and non-cardiomyocytes cells and their metabolic -
energetic behavior. Mitochondria, are intra-cellular organelles producing more than 95% of ATP and fulfill all
the above prerequisites being thus very important and as such we have to better understand their anatomy,
function and homeostatic properties.
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1. Introduction

Heart is like a residence where almost everything is dependent on energetic availability in order
to satisfy the everyday needs of each family’s member. Accordingly, myocardial cells and
extracellular matrix fulfil their prerequisites thanks to the energetic availability. Indeed, mechanical
and electrical properties of the heart are strongly depended on the energetic production-consumption
equilibrium. Cardiac fuel is the master key of contraction — relaxation coupling, ion exchange, cell
growth, apoptosis, necrosis etc. and serve for the maintenance of cardiac homeostatic procedure.
Interestingly, although heart represent 0.5% of body weight, consumes 8% of energy, and the
produced ATP supports only a small number of heart beats, forcing the entire metabolic factory to
repeat the entire process within few seconds in a way to support the energetic needs [1,2].

There are several forms of produced energy including kinetic, dynamic, thermal energy etc.
Notably, under different circumstances such as aging and cardiac disease, although total energy
remains constant, the contribution of each energetic sub-form is different. For example, in heart
failure patients’ thermal energy is increased, whereas the dynamic and kinetic energy are decreased
and unable to satisfy adequately the cardiac work [3]. There is an impairment of energy production
and inadequate transfer within cardiac cells proved by the decrease in cellular ATP, phosphocreatine
(PCr), and the PCr/ATP ratio, observed in both heart failure with reduce [4] or preserved left
ventricular ejection fraction [5]. When this bioenergetic capacity reaches its limit then a decompensate
stage begins, the cardiac homeostatic disequilibrium starts, affected by the over activation of
sympathetic system, renin-angiotensin-aldosterone axis, inflammation etc.,, and a vicious cycle
leading to heart failure syndrome starts. The metabolic-energetic alteration favors the accumulation
of toxic products; unfolded/misfolded proteins, free radicals etc. leading to cardiac micro and macro-
architecture change; cardiac remodeling [6]. This bioenergetic capacity; energy production and

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202410.0940.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 October 2024 d0i:10.20944/preprints202410.0940.v1

consumption, depends on cardiac metabolic resources and on the functional status of both
cardiomyocytes and non-cardiomyocytes cells and their metabolic - energetic behavior. A behavior
that we have to better understand and to further investigate the master key of the process;
mitochondria.

2. Mitochondrial dynamics

Mitochondria are intra-cellular organelles producing more than 95% of ATP. Their normal
structure, integrity, function and homeostatic properties are highly important since their unsuitable
anatomy and abnormal-altered function are responsible for myocardial cell injury and death and
consequently for cardiac disease genesis and progression [1,7,8]. They have their own DNA
(mtDNA), circular in shape, encode 13 subunits of protein whereas the majority of the mitochondrial
proteins are governed by nuclear DNA, transported within mitochondria via mitochondrial
membrane. The mtDNA, because of their own low protective mechanisms, is subjected to mutations
responsible for many inherited cardiomyopathies [1]. However, the amount of mutated mtDNA
presented in each individual is higher than the incidence of myocardial diseases, serving thus as
dormant source for subsequent emerging diseases when mitochondria mutations have reached a
certain threshold [9]. On the other hand, gene—gene and gene—environment interactions do not affect
proportionally cardiac mitochondria, thanks to the powerful compensatory mechanism that they
possess, showing a resistance to outsider harmful events, protecting thus mitochondria malfunction
and hence the manifestation of heart diseases [10]. However, when they are severely affected, they
face a non-viable situation leading to detrimental effects. Usually are modestly affected, having thus
the time to compensate, to rearrange their homeostatic status and change their metabolic actions. If
the compensate process fails, then heart diseases emerge and within time progress [11-13]. When the
heart failure syndrome begins the fission and fragmentation processes are involved and as the
syndrome deteriorates there is a decrease in mitochondrial cristae density, areas of cluster
mitochondria are observed, vacuolar degeneration and calcium overload is present [13-16] leading to
myocardial cell apoptosis and necrosis [17,18]. As a response, mitochondrial defensive mechanisms
are increased, especially mitophagy, trying to protect the myocardial cells and the heart as a whole.
This has been reported in both preserved and reduced ejection fraction being more actively involved
in the latest [14,19]. However, although the protective mechanisms are beneficial, within time as the
syndrome aggravates the protective mechanisms are over whelmed unable to protect and to maintain
mitochondria normal function [19,20]. Moreover, the autophago-lysosomal system is dysfunctional
[21,22] making thus the mitochondria more vulnerable. The heart failure syndrome of any cause
deteriorates, the fort fell, Figure 1.
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Figure 1. Changes of mitochondrial function and structure throughout the course of heart failure
syndrome. As heart failure progresses a vacuolar degeneration of mitochondria is present, with
membrane increased permeability, changes of biochemical substrate use, increased of free radical
production etc. The defensive mechanisms, as the syndrome progresses, although increased cannot
balance the upcoming decompensation. The fort fell. p: preserved, r: reduced.

There are different mitochondrial shapes across the human body depended on the tissue and
the adjacent cell environment that can differentiate mitochondria structure-function-behavior. Thus,
different mitochondria subpopulations are present demonstrating different response to metabolic—
energetic status, underlying thus their complexity heterogeneity and diversity. In the myocardium,
the most metabolically active and thus most rich organ in mitochondria, their main role is to regulate
biogenesis, ion transport, and to protect themselves using their defensive mechanisms, fusion, fission,
mitophagy etc. [23,24], Figure 2. This is accomplished due to the presence of three different
mitochondrial subtypes within cardio myocytes, a) interfibrillar, b) subsarcolemmal and c)
perinuclear mitochondria, each subtype demonstrating different shape, function — response to
metabolic and pathophysiologic changes. Indeed, the interfibrillar are oval, lying in longitudinal
rows within myofibrils and exhibit higher rate of oxidation. Subsarcolemmal, are responsible for
electrolyte and metabolite transport and offer the higher myocardial protection. Perinuclear, are of
spherical shape, control nuclear function, and regulate mostly mitochondria fusion and fission
process [23]. Of interest, products of the association of mitochondrial respiratory chain complexes (I-
IV) harbored in the inner mitochondria membrane create the mitochondrial super complexes. Their
aim is to provide incremental capabilities in the electron transfer process. They constitute the
respirasome (I+III+IV1), responsible for mitochondrial and phospholipids (cardiolipin etc.) function,
satisfying in a better way the energetic needs of the heart. Additionally, their presence and function
reduce the amount of free radical production serving thus as a preventer of a possible mitochondrial
dysfunction [25,26]. As mentioned before the main aim of mitochondpria is the production of energy.
Almost 90% of produced ATP is used to support the contraction-relaxation coupling. The separation
and the assembly of actin/myosin are both highly energetic depended procedures and therefore their
normal behavior is closely related to the source of energy production. Additionally, ions exchange,
mainly CA2+ release and sequestration, require high amount of energy, produced at the site of
mitochondria. This factory of energy; mitochondria, must act as quick as possible in order to fulfill
the needs of human body. Indeed, under high energetic requirements they have to adapt accordingly
and to produce enough energy to satisfy the needs. To accomplish this issue, they possess the
capability to protect their self, to interconnect, to change their shape, and to move within the cell since


https://doi.org/10.20944/preprints202410.0940.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 October 2024 d0i:10.20944/preprints202410.0940.v1

they ‘can cross cell boundaries’ [27]. The need of change in shape and motion may occur under
normal circumstances; high load exercise training or under different pathological clinical scenarios;
myocardial ischemia, hypertension, cardiac hypertrophy, heart failure etc. In case of mutated or
dysfunctional mitochondria etc., the production of energy is inadequate, whereas the accumulation
of harmful substances; free radicals’ production, heat shock and unfolded/misfolded proteins,
promote the beginning and the progress of cardiac diseases. Keeping with the above-mentioned
reports it is clear that mitochondria have to have their own protective mechanisms in order to avoid
their dysfunction-malfunction transformation and keep the energetic-metabolic-homeostatic status
of the cell on the road. Indeed, mitochondria morphology and function adapt to the different
environment, activating their self-protective actions, that is necessary for the cell survival, [23] Figure
2. These actions are under specific protein control; guanosine triphosphate hydrolase enzyme family,
mitochondprial fission and fusion proteins, mitochondrial dynamics proteins 49 and 51, etc. Figure 2,
facilitate a continuous adaptation of mitochondria shape and function, promote genetic material
exchange between the mitochondria, ensuring their ability of optimal function [23,28]. The
mechanism through which mitochondria can receive genetic material from the mitochondria of other
cells, although not fully elucidated, facilitate inter-cellular molecular crosstalk that represent an
adaptive mechanism trying to avoid mitochondria malfunction [27]. Three different modes of inter-
cellular mitochondria transport have been proposed a) tunneling nanotubes (TNTs), b) membrane
extracellular vesicles (EVs) and c) gap junctions (GJC) [29]. TNTs represent the principal way of
mitochondria transport, are formed rapidly by mitochondria membrane protrusions, and are
composed of F-actin and transport proteins [30]. Membrane micro-vesicles represent heterogeneous
components released from intra to extra cellular environment and thus called extracellular vesicles
(EVs). Smaller EVs contain exosomes, small RNAs, genomic DNA, mtDNA, while larger EVs can
contain even entire mitochondria [27,31,32]. Their principal role is to eliminate abnormal proteins
and can serve as an additional mode for inter cellular communication (in nervous system) [33,34].
GJCs are transport gates for several substances’ transportation including nutrients, metabolites,
mitochondpria [35] and it seems that play a role for the intercellular transportation of reactive oxygen
substances [24,36]. Although, as it has been suggested, mitochondrial structure change is connected
to several pathologies, this knowledge is not thoroughly investigated and not used in every day
clinical practice [24,37]. The presence of different mitochondrial phenotypes; donut-like, ellipsoid
shape etc., as well their side of action may represent defensive response to several harmful events
[37-39]. A response that can affect the main protective mitochondrial mechanism; fission and fusion.
Taken into account the presence of different mitochondrial subpopulations, their altered shape and
the role of specific drivers - proteins for fission; mitochondrial fission factor, mitochondrial division
49 and 51 etc., and fusion; mitofusinl, 2 etc. Figure 2, may represent an early sign of a disease and
their measurement might facilitate clinical diagnosis. Additionally, the study of mtDNA
heteroplasmy (different alleles in one patient) [40] may give us further knowledge about the
mitochondrial abnormal status and to let us discover earlier the upcoming consequences.
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Figure 2. The main goals of mitochondria are adenosine triphosphate (ATP) production and reactive
oxygen species release (ROS). Both functions are regulated by shaping proteins that are controlled by
fission and fusion systems both controlled by the relative proteins. These functioning systems are
related to morphological changes (fission), and to mitophagy, apoptosis, and energy production
process (fusion).

3. Mitochondria, a “socialized’ organelle

The cell’s organelles are inter-connected and they function not as a single unit but as a whole,
according to the cellular needs [41]. The anatomical and functional communication between them;
endoplasmic reticulum (ER), mitochondria, nucleus, plasma membrane, Golgi apparatus etc. is well
known, indicating their principal role on human body homeostasis [42,43]. Mitochondria are not
formed de novo, do not possess certain abilities (does not synthesize phosphatidylcholine,
phosphatidylinositol, sterols, sphingolipids etc.) [43], and necessarily their activities are linked to
their action to communicate with the other organelles [41,43].

Are considered as the most ‘socialized” organelle since are interconnected with a variety of them
and their defensive mechanisms; fusion, fission, mitophagy etc. are dependent on their best cross-
talk. Of note, mitochondria-lysosome [44,45], mitochondria-peroxisome [46], and mitochondria -lipid
droplets [47] communication serve to achieve the optimum homeostatic cell equilibrium and
function. Of particular interest is the communication between ER and mitochondria, being in
continuous cross-talk, since mitochondrial main function; oxidative phosphorylation and ATP
production, Ca2+ exchange and buffering etc., is dependent on ER lipid and Ca2+ transport efficiency
[7,43].

3.1. Mitochondria — Endoplasmic Reticulum Connection

The endoplasmic reticulum (ER) is involved in many cellular activities; secretory, protein
folding, ions homeostatic process, lipids biosynthesis etc., is connected with the other cell organelles
affecting thus their activities. In cardiovascular diseases several causes such as ischemia, pulmonary
and arterial hypertension, metabolic disorders etc. can alter ER normal function leading to ER
homeostatic imbalance characterized by the production of free radical and misfolded proteins.
Consequently, the proper communication between ER and the other cardiomyocyte organelles is
disrupted [48], promoting cell apoptosis, necrosis etc. Accordingly, ER-mitochondria
interconnection; through mitochondria-associated membranes (MAMs), are responsible for the
proper mitochondrial function; cellular metabolism, ions homeostasis, inflammation etc. Indeed,
between ER and mitochondria there is an ultrastructural organization that governs various cellular
life processes [42] having a crucial role on cardiovascular remodeling and hence to the progress of
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various cardiovascular diseases [49, 50]. The interruption of ER-mitochondria communication
produces redox imbalance, further perturbation of ER homeostasis, mitochondrial injury, Ca2+
homeostatic imbalance, energy depletion and programmed cell death. Consequently, myocardial
contractility-relaxation coupling along with vascular smooth muscle cell differentiation are affected.
Additionally, injured - abnormal mitochondria produce a huge amount of reactive oxygen species,
accumulated within the cell inducing further myocardial cell injury and damage. Indeed, in patients
with heart failure, the free iron is increased within mitochondria, an ion (through Fenton chemistry)
necessary for the free radical production [51]. Regardless of whether mitochondrial or ER is firstly
affected, the final result is the loose of homeostatic balance of both organelles as well as their
capability of communication, a fact responsible for the incomplete cardiomyocyte reconstruction [52],
unbalanced oxidative stress [53], Ca2+ homeostatic incapacity [54], abnormal metabolism of lipid and
other substances [55], lack of adequate energy production [42], activation of MAMs, contributors of
the genesis of inflammasome and of the inflammation process [56,57], and ultimately cell protection
[49]. In other words, when mitochondria/ER structure and function are harmfully affected, the
protective homeostatic mechanisms are altered, nuclear and mitochondrial DNA and other toxic
substances are released into cytosol [58] indicating the beginning and within time the deterioration
of cardiovascular diseases.

Cardiovascular diseases are characterized by the term cardiac remodeling that represent
abnormal changes in the structure and function of cardiovascular system [59]. These changes are
referred to abnormal response to certain stimuli and are lying on the alteration of inflammatory
response, autophagy defect, lack of gene transcription normality, deficient of energy metabolism,
increase of oxidative stress, ions homeostasis imbalance, cell apoptotic rhythm, cell necrosis [60-65]
etcc. A response that among other pathophysiological etiologies is due to the
sarcoplasmic/endoplasmic reticulum-mitochondria unbalanced coupling [66,67] whereas a balanced
coupling is responsible for the stability of the cellular ambient [68]. The normal function of
cardiomyocytes, a highly energy demanding cells, are closely dependent on the interconnection
between these two organelles, that control among others, Ca2+ buffer and transport [59]. Indeed,
mitochondria represent one of the major calcium pools [69] and are part of various biochemical
processes; lipid metabolism, calcium signal transduction [70] etc. Similarly, ER is the main Ca2+
homeostatic regulator [71], a site of protein, lipid biosynthesis [72] etc. Consequently, the proper
communication between these two organelles is of huge importance since on their collaboration is
dependent among others, 2 major properties of myocardial cell; a) the Ca2+ buffer and transport and
hence contraction — relaxation coupling and b) the adequate oxidative phosphorylation that cover the
myocardial energetic needs, Figures 2,3. In this respect, various cardiovascular diseases are promoted
by mitochondrial -endoplasmic reticular dysfunctional interconnection as this is shown in cardiac
hypertrophy [73], heart failure, cardiomyopathy [74], ischemic heart disease [75], arrhythmogenesis
[76] etc.

Calcium is the ion that regulates mitochondrial redox and energy production and during
cardiomyocyte contraction, its propagation is observed from endoplasmic reticulum and cytoplasmic
towards mitochondria in order to stimulate functions that are necessary for the maintenance of
cardiomyocyte bioenergy [59]. However, an incontrollable Ca2+ accumulation has detrimental effect
on mitochondria, provoking mitochondrial dysfunction and ultimately loss of cell homeostatic
capacity, which can lead to the activation of mitochondrial apoptotic pathway, accentuation of
inflammatory procedure, etc. and hence to the beginning and heart failure progress, Figure 3.
Interestingly, mitochondrial dysfunction occurs also in those patients with renal insufficiency, insulin
resistance etc., co-morbidities that very often coexist in heart failure patients, indicating the main role
of mitochondria regarding global human homeostasis and disease progression [77].
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Figure 3. The normal mitochondprial function lies on the proper use of metabolic resources, on their
interconnection with the other organelles, on the normal ions exchange, on the amount of free radical
and other harmful products accumulation and on the control of cell necrosis and apoptosis. The
protective mitochondrial mechanisms (fission and fusion) keep mitochondrial normality. When their
protection is inadequate due both to the homeostatic failure or protective mechanisms malfunction
then heart failure syndrome begins and within time progresses.

3.1.1. Mitochondria and Quadruple Therapy in Heart Failure Patients

The pathophysiological base of heart failure syndrome of any cause and hence its therapeutic
approach lies on the treatment of renin-angiotensin-aldosterone system (RAAS) and sympathetic
nervous system hyper-activation. This hyper-activation leads to a metabolic disequilibrium, to a large
amount of free radical production, and to the activation of the inflammatory process. Accordingly,
the recommended therapy for heart failure try to block this hyperactivity, in order to reduce the
myocardial oxygen consumption, to reprogram the altered metabolic remodeling and to ameliorate
the energetic needs [1,78-81]. Needs that are closely related to mitochondrial normal function from
which the entire myocardial ‘building’ is dependent on. Indeed, beta-blocker therapy reduce
sympathetic activity, decrease serum catecholamines level, inhibit mitochondrial fatty acid uptake
and increase glucose oxidation trying to compensate the energetic needs of a ‘starving’ heart [82].
While together with the use of RAS blockers reduce free radical production, and inflammation [1,83].
That’s why in patients with heart failure the use of these drugs shows substantial improvement since
both drugs, among other beneficial effects, ameliorate the metabolic remodeling and thus the
energetic status of myocardial cell [84]. Accordingly, SGLT2 affect metabolic and mitochondrial
action [85-87] improve mitochondrial energetics and hence myocardial fuel needs [88]. However,
even when the recommended for heart failure quadruple therapy is applied the morbidity and
mortality rate remain high. It seems therefore that something is missing. Consequently, the scientific
research has to try to better understand the metabolic/energetic status of the myocardial cells focused
probably on mitochondria-ER homeostasis; interconnection and function.

3.2. Unusual Location of Mitochondria

Another issue that needs further investigation is the discovery of circulating in blood cell-free
mitochondria and mitochondrial DNA, released from various cells triggered by stress, injury or
disease [89]. Although there are controversial reports it seems that cell-free mitochondria are not
energetic active [90]. Their presence in blood raises several questions that have to be addressed and
further studies are required. For example, what is the meaning of their presence in healthy and in
diseased individuals? Which is their cell-source of origin? Can they serve as therapeutic targets? Their
presence in blood represents a non-self-recognized substances and if it is so what is the protective
reaction of any single cell and tissue to diminish harmful effects? Interestingly, high levels of


https://doi.org/10.20944/preprints202410.0940.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 October 2024 d0i:10.20944/preprints202410.0940.v1

circulating cell-free-mtDNA have been found in several clinical scenarios including diabetes, cancer
and myocardial infarction, and have been suggested as potential prognostic biomarker [27,91]. Of
note, they are not related to any specific cardiovascular disease and are related to cell necrosis, acute
respiratory distress syndrome, tumors, and inflammation, of any cause [92,93]. In any case this is an
open issue that has to be searched in order to reach the entelechy.

4. Identify Mitochondria Dysfunction: Imaging Techniques and Biomarkers

Although mitochondria are the main player in several cardiac diseases their detection through
imaging techniques and/or blood sample analysis are not well known and established. Moreover,
some of them do not represent the optimum identifier, are very expensive and therefore not used in
every day clinical practice. Additionally, regardless of the used technique it must be taken into
account that from the calculated consumed energy only 25% is used for mechanical purposes whereas
the remaining is used for non-mechanical actions; metabolism, heat production [94,95] etc. Regarding
imaging techniques there are two ways, the invasive and the non-invasive technique, to calculate
indirectly the capability of mitochondrial to produce the necessary energy. Using the invasive
technique the input energy is measured as the coronary sinus blood flow times the arteriovenous
oxygen content difference, whereas the output energy can be calculated using the pressure-volume
loop. The non-invasive techniques are represented by positron emission tomography (PET),
cardiovascular magnetic resonance spectroscopy [96] and identification of metabolic disturbances in
plasma [97].

Regarding PET, carbon-11-labeled acetate (11C-acetate) and oxygen-15-labeled molecular
oxygen (°02) tracers have been used [95], showing however several drawbacks and therefore with
limited application. Phosphorus (31P) magnetic resonance spectroscopy (MRS) can measure
endogenous cardiac high-energy phosphate metabolites, creatine kinase (CK) flux [98-100] etc.
showing the mitochondrial energetic capacity [101-103]. In heart failure patients’ mitochondria
function is failed, biochemical sequence is altered and hence abnormal substances are utilized. This
abnormality can be detected by using metabolomics; however, it is not clear the source of their
production making thus this technique less accurate [104,105]. Accordingly, cardiovascular magnetic
resonance spectroscopy seems to be a promising technique however due to inherent problems this
technique is of limited use [106]. Several other biomarkers have been used but none of them has the
potentiality to recognize and give a powerful information regarding mitochondrial function. In this
respect, lactate, pyruvate, and lactate: pyruvate ratio, creatine phosphokinase etc. have been used but
all of them demonstrate low specificity and sensitivity and have limited power to recognize
mitochondrial deficiency. Additionally, the newer proposed biomarkers, growth differentiation
factor 15 (GDF-15) and fibroblast growth factor 21 (FGF-21) although of interest show limited
diagnostic power [94].

5. Strategies to Keep Mitochondrial Structural and Functional Integrity

Two strategies exist in order to protect mitochondrial integrity; the non-pharmacological and
the pharmacological approach. The non-pharmacological consist on the exercise training and on the
life style habits. Regarding exercise training although there are not yet conclusive results [23], it is
suggested that proper exercise promote changes on mitochondrial function and metabolism [107,108]
on mitochondrial fusion and fission protein activity [109] showing a cardioprotective effect [110,111].
Notably, few days of endurance exercise training are enough for mitochondrial protection against
ischemic reperfusion injury [112]. Accordingly, although not totally proved, the life style habits and
more specifically calorie restriction has been proposed to improve cardiac dysfunction by controlling
better cardiac fibrosis, inflammation and mitochondrial defensive mechanisms [113,114].

Regarding pharmacological intervention, the proposed as the optimal medical treatment for
patients with heart failure, known as quadruple therapy, contains energetic saving mechanisms for
the restoration of mitochondrial function. However regardless of their use the mortality and
morbidity rate remain high. Therefore, new medicines are proposed in order to find the right path,
in a way to complete the real optimal medical treatment. Thus metabolism (fatty acid, glucose)
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antioxidants regulators etc. have been proposed [115,116]. Indeed, the control of peroxisome
activated receptor-a agonists and L-Carnitine may improve left ventricular function and prevent
myocardial fibrosis [117,118]. Accordingly, SGLT2 restore the use of biochemical substances (Fatty
acids oxidation/glycolysis) and improve mitochondrial energetic status [119]. Also, metformin,
thiazolidinediones, and statins via indirect AMPK activation, stimulate mitochondrial biogenesis
[120]. The use of sacubitril/valsartan, cause an increase in natriuretic peptides, mainly c ANP [121],
restore internal mitochondrial membrane / outer mitochondrial membrane (IMM/OMM) ratio,
decrease ROS levels, reinforce autophagy, thus expressing cardioprotective mechanism. The use of
antioxidant drugs although an attractive thought, show controversial results. More specifically, the
use of Coenzyme Q10 in a study showed an improvement in ejection fraction [122] whereas in another
study did not [123]. Mitochondrial pyruvate carrier [124] 1-methyl-4phenyl-1,2,3,6-
tetrahydropyridine (mPTP), for example cyclosporine A [125], as well other pharmacological
intervention [126-130] have been used but none of them showed robust and conclusive results. There
are studies tried to intervene on mitochondrial fusion and fission [131-136] mechanism showing an
improvement of mitochondrial function whereas others did not [137-142]. Thus, based on the
previous mentioned knowledge, the need for further investigation is clearly necessary.

6. Future directions

The interest of the scientific community for mitochondria structure and function is exponential.
However, till now there are not enough and robust data that can serve for the identification of
malfunctioned ones. Regardless of the progress on this topic many unanswered questions are still on
the table and require further elucidation. The diversity of mitochondrial phenotype may guide the
determination of different diseases including the cardiovascular diseases [143]. The alteration of their
side of action may indicate their different energetic status and probably the beginning of a disease.
The reported multi-scale mitochondrial configuration found in different cell types is not clear and
may represent a step forward [144]. Moreover, little is known about depletion or alteration of mtRNA
that might affect among others the defensive mechanisms [145]. Moreover, not only mrRNA may
alter the mitochondprial defensive status but also any harmful event that alter these mechanisms [146].
Again, do MAM'’s play a preventive role? Do our everyday habits affect MAM’s and promote
cardiovascular diseases [147]? In any case our knowledge remains limited and further effort must be
made in order to better understand our factory of energy, especially regarding myocardial
mitochondprial cell. Can artificial intelligence can help? This is not known yet and it remains to be
answered [148].

7. Conclusions

Through time, regarding heart failure syndrome, an enormous progress is reported. A principal
player in heart failure syndrome among others is mitochondria. This is an organelle of huge
importance being affected by risk factors, comorbidities, etc. through multifactorial mechanisms
leading to the deterioration of this syndrome. Their malfunction demonstrates a bioenergetics
decline, a reduced production of energy, ion transport alteration, free radical, misfolded protein
production, etc. This malfunction along with the neuro-humoral hyper-activation, leads to the
homeostatic mechanisms failure and ultimately drive the whole process to the worse scenario with
very severe consequences. In this respect, although many progresses have been made regarding the
role of mitochondria in heart failure, there is a need for further investigation in order to understand
better the role of this organelle thus finding out hopefully more effective management. The role of
mitochondria as a therapeutic target in patients with heart failure is emerged [11], in a way to protect
the fort not to fell.
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