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ABSTRACT

The integrity of the mitochondrial function is important in cell life. Mitochondria are very coordinated, interconnected
organelle that stimulate cellular activities and contribute to programme death by initiating regulated apoptotic
cascades. The mitochondrial turmoil in the system can therefore correlate with cell disruption or even death.
Approximately one-fifth of the body's energy consumption is responsible for brain energy masses to carry out
neurotransmission and other developmental processes. Approximately one-fifth of the body's energy consumption is
responsible for brain energy masses to carry out neurotransmission and other developmental processes. Mitochondrium
is the key intercellular organelle that controls neuronal energy and survival. This review aims to connect our
understanding of structural-functional integrity to healthy neurons. Clarify mitochondrial dynamics disturbances which
lead to neurodegenerative diseases. This analysis also seeks to explain the key facets of mitochondrial biology as a
critical step in our understanding of the neuronal health contribution of mitochondria. Influence of cell signaling and the
control of mitochondrial activity, mitochondrial calcium intake, while over-accumulation of mitochondrial calcium has a
significant effect on neuronal production and activity. Again mitochondria are the key reservoirs and the primary
targets of free radical species. Various pharmacological techniques were investigated to deal with various cellular
complex mitochondrial dysfunctions. Eventually, debate is expanded to consider the significance of nutrition in
enhancing the mitochondrial functions coordinated with neuronal health.
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INTRODUCTION

In various metabolic processes, mitochondria are penetrative and multifunctional organelle, particularly
energy generation and bimolecular synthesis. Intracellular Ca?* homeostasis, steroid synthesis, free
radical generation and apoptotic cell deaths are also centralized by mitochondria. Consequently,
mitochondrial dysfunction has a detrimental impact on cell integrity, and can be objectively associated
with ageing, metabolic and degenerative disease in higher-species and humans[1]. Highly dynamic
organelles fuse, split, transmit and replicate in most mitochondria cells, and are typically associated with
a small life span shorter than that of host cells [2]. In addition to harboring initiative enzymes which
catalyze synthesis of essential byproducts (e.g., heme and urea), mitochondria successfully lead to cell
signaling and maintaining redox cellular condition and homeostasis of energy with concomitant
thermogenesis [3]. The current review aims to summarize neuronal health associated with mitochondrial
function. We expect in most ways that the basic functional properties of mitochondria in neurons mimic
those in other types of cells. Nonetheless, the challenges posed by having to move organelles across
extreme distances, and also preserving cellular homeostasis in very large and highly active cells, are
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peculiar to neurons, rendering mitochondrial function of special interest in these cells. Neuronal
mitochondrial dynamics is a simple but highly nuanced process with broad ramifications for normal and
abnormal cellular and mitochondrial activity [2]. Trafficking in mitochondria is very important in neurons
and particularly in their axons and dendrites. [4].

Survival requires cells to make organized economic use of their resources. In this link mitochondria is
similar to high-energy subcellular sites. The central nervous system requires mitochondria; despite just 2
% of total body weight, the human brain absorbs 20% of the remaining metabolism resources [5]. The
key part of the central nervous system is the production, distribution and transmission of impulses. The
primary ions, Na+, K+ and Ca2+ in the neuronal plasma membrane can only be done if they have an
electromagnetic imbalance that requires constant energy consumption. That's why 50%-60% of the total
brain-produced adenosine triphosphate (ATP) is used for ion movements [6]. Indeed, neuronal processes
have greatest demand for mitochondrial energy. Most of the studies have shown a lack of uniform energy
demand in the human brain and are predicted to increase in cortical grey matter ( GM) compared to white
matter (WM), based upon the fundamental assumption that GM tissue associated with large synapsis
populations and intensive neuroactivity needs more energy compared to WM. In addition, quantitative
imaging research showed that 4.7 billion ATP molecules per second are absorbed by a resting cortical
neuron [7]. Since the oxidative metabolism of most neuronal ATPs depends critically on mitochondrial
function and oxygen supply [8]. Conversely, neuronal activity and the survival of mitochondrial
dysfunction are very sensitive [9]. To proceed with complex organ operations, considerable amount of
energy is required and mitochondrial dysfunction interrupts energy flow to the detriment of biochemical
operations in complex biological processes. This affects the cell cycle and contributes to increased
apoptosis (ageing) and cancer development. With this mitochondrial malfunction, several human diseases
such as diabetes, atherosclerosis, heart failure, myocardial infarction, stroke, neurodegenerative and
multi-organ failure trauma also grow [3].

In order to understand neuronal physiology and pathophysiology in particular neurological disorders, it
is important to provide detailed explication of interplay between mitochondrial control, energy
metabolism and neuronal activation. In this review we discussed normal mitochondrial and neuronal
physiology and attempts to link plethora of information on role of mitochondria in neuronal health.
Furthermore, mitochondrial dysfunction relates with neuronal health and associated neurodegenerative
diseases. Finally, the nutritional function of healthy mitochondria is being addressed with healthy
neurons.

MITOCHONDRIA: THE HUB OF ENERGY / DYNAMIC CELL ORGANELLE

Mitochondria are the most critical sources of cellular energy and do so with high efficiency. By connecting
electron transportation with proton gradients generation for oxidative phosphorylation, Mitochondrion
generates approximately 15 times more ATP in glycolytic cells via the glycolytic pathway [10].
Mitochondria consist of two independent and functionally distinct outer membrane (OM) and inner
membrane (IM) that encapsulate the compartments of the intermembrane space (IMS) and matrix [11].
The inner mitochondrium membrane typically consists of many infoldings that form structures
containing a variety of membrane-bound mitochondrial enzymes. The cristae arrangement tends to vary
greatly between different tissues, and the functionality of these structural variations is quite uncertain
[12].

Mitochondrial Dynamics

Mitochondria, which can rapidly alter form and function to satisfy physiological requiring of the cell, are
tightly regulated and multi-faceted organelles. These processes are known collectively as mitochondrial
dynamics because they are necessary to understand many biological processes such as preserving
mitochondrial functions, apoptosis and ageing. In a cell i.e. fission and fusion, two dominant factors
mainly control changes in the amount and size of mitochondria [12]. Overall, fission and fusion processes
regulated by various protein component (Figure 1).
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Figure 1. Mitochondrial dynamics
Fis1- Mitochondrial fission 1, MiD51-Mitochondrial Dynamic Protein 51, MiD 49- Mitochondrial Dynamic Protein 49,
Drp1- Dynamin-related protein 1, Mff-Mitochondrial fission factor, Mfn 1-Mitofusion 1, Mfn 2- Mitofusion 2, OPA-1-
Optic Atrophy 1, OPA-2- Optic Atrophy 2

The plasma membrane is wrapped in the components in the cell during endocytosis and then sprayed to
create a vesicle through which the cytosol is transferred. This membrane scission is done by dynamin
superfamily members which are versatile broad GTPases (guanosinetriphosphatases) that mediate
different processes of membrane remodeling in eukaryotic cells. Dynamine, a mechanical enzyme that
narrows and then cleaves vesicles to the neck and separates membranes. Dynamin-related protein 1
(Drp1) mainly present in cytosol of mammalian cells and Dnm1 in yeast cells are the key mediators of
mitochondrial division in most eukaryotic organisms and yeast cells respectively. These are soluble
protein that includes an N-terminal GTPase, a middle domain and an effector C-terminal GTPase domain
active in self-assembly [13].

The process for recruiting Drp1 for spiral development and mitochondrial fission into the mitochondria
remains unknown [14]. The role of mitochondrial fission is better understood in yeast [13]. Initially,
dynamin is recruited to the OMM with the help of adaptor proteins mitochondrial fission 1 (Fis1) and
mitochondrial division protein 1 (Mdv1). Fisl is a tiny protein in the outer membrane. Its N-terminal
domain faces the cytosol, forming a six-helix bundle with repeat tandem tetratricopeptide (TPR) motifs
which provides an interface for interaction of Mdv1 protein. Mdv1 includes a Fis1 binding N-terminal
segment, a heptad repeat area that mediates homo-oligomeric interactions, and a dynamin-interacting
with WD40 C-terminal repeat domain [15]. Drp1 and the related division proteins establish pressure for
division at the target position creating a depression in the mitochondrial membrane. Depression rises
until the membranes fuse with each other on either side of the region, allowing the mitochondrion to
become two mitochondria [16]. Hence, a mutation in any of these proteins leads to blocking of
mitochondrial division.

Mitochondrial fusion and fission are interdependent processes. Membrane fusion is fundamental process
which are part of various activities in eukaryotic cells like fusion of transport vesicles with cell organelles,
gametes fusion during fertilization etc. [14]. In mammals, the process of mitochondrial fusion is
regulated by three GTPase in dynamin superfamily i.e. Mfn1, Mfn2 (Mitofusion 1 and 2) and OPA1 (Optic
atrophy 1). Cell-free fusion assays indicate that Mfn1 and 2 mediate fusion of OMM while OPA1 mediates
fusion of the inner mitochondrial membranes. OPA1 is situated on the mitochondrial membrane inside,
towards intermembranespace. OPA1 is also responsible for the preservation of mtDNA, as well as IMM
cristae structural integrity. Around their OMM, the two mitochondria first attach, and Mfn1 and 2 function
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to connect the OMM, in which OPA1 works to link the IMM. The merger of two mitochondria raises the
amount of mtDNA copies and rejuvenates the organelle components [16].

Mitophagy

Autophagy is the catabolism process of cellular components, such as cytosols, organels and protein
aggregates, through their encapsulation with a double-membrane structure known as the
autophagosome[17]. Mitochondrial autophagy also known as “mitophagy” refers to the destruction of
mitochondria via autophagy is thus considered to be the core mechanism of both mitochondrial quality
and quantity control [18]. Some developmental processes involve removal of non-damaged mitochondria
which are essential for tissue and organ development. Paternal mitochondria in fertilized oocytes and
during erythrocyte differentiation mitophagy eliminate healthy mitochondria in programmed fashion
[19]. Recent findings indicate that mitophagy is triggered by stable aggregation of putative kinase protein
1 (PINK1) induced by PTEN on the surface of impaired mitochondria, accompanied by Parkin recruitment
from the cytosol to the mitochondria. Parkin, an E3 ubiquitin ligase, then ubiquitinates a variety of
mitochondrial OM proteins and stimulates the ubiquitin proteasome network that acts to degrade
mitochondrial OM proteins along with the AAA ATPase p97. This leads to formation of autophagosome
which engulf damaged mitochondria [15]. This pathway has been suggested to be important to mitophagy
in response to acute mitochondrial stresses.There are some other identified pathways as well. The
mitochondrial OM protein, the BCL-2 homology 3 (BH3)-containing NIP3-like protein X (NIX, also named
BNIP3L), has been shown to play an important role in erythrocyte removal of mitochondria [20]. NIX
comprises an amino terminal LC3-interacting region (LIR) that attaches to LC3 on the isolation
membranes [21]. This helps NIX to function as a selective mitophagy receptor that binds the autophagy
system physically with the mitochondrial surface of erythroid cells. The mitochondrial OM protein
suggested as a mitophagy receptor is FUN14 domain containing 1 (FUNDC1), which controls
mitochondrial autophagy degradation in reaction to hypoxia. FUNDC1 has the required LIR for LC3
recruitment [22]. Under hypoxic circumstances, the mitochondrial phosphatase phosphoglyceratemutase
family member 5 (PGAM5) dephosphorylated this LIR, thereby increasing its physical interaction with
LC3 and facilitating mitophagy (Figure 2)[23].

Under acute Under hypoxia

mitochondrial stress condition
Formation of stable
PGAM 5
aggregation of PINK-1
induced by PTEN dephospissgsts LIR
Under acute mitochondrial Increases interaction
stress of LC-3 with NIX
NIX function as
Degrades mitochondrial OM selective mitophagy
protein and AAA ATPase pa7 receptor bind to
autephagy system
Activation of
Formation of autophagosome mitophagy receptor
FUNDC

Mitopha

Figure 2. Schematic view of factor inducing mitophagy
PINK1- Putative Kinase Protein 1, PTEN- Phosphatase and Tensin Homolog, OM-Outer Membrane,
PGAMS5- PhosphoglycerateMutase Family Member 5, LIR- LC3-interacting region, FUNDC- FUN14 Domain
Containing
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Mitophagy actively destroys mitochondria that are damaged by a laser irradiation in hepatocytes. Studies
of pancreatic b-cells and COS7 cells indicate that mitochondrial fission, with one depolarized daughter
mitochondrion and one hyperpolarized mitochondrion, will create unequal items. These depolarized
mitochondria are much less likely to fuse, have decreased OPA1 protein amounts, and ultimately
autophagocytised. Such mitophagy is based on fusion depletion and fission involvement, as OPA1-
overexpression, Fis1 RNAi, and Drpl dominant-negative expression both minimize mitophagy rates.
Through this way, oxidized proteins accumulate as mitophagy is disrupted, and cell respiration and
insulin secretion decline. It should be noted that while mitochondrial fragmentation is permissive for
mitophagy, but it is not an adequate signal for mitophagy[24].

Mitochondria in Neurons

Neurons are polarized cells that contain relatively small cell body, dendrites and a slender axon that, in
some peripheral nerves, can extend up to one meter long. These are extremely developed cells that
interact with one another at synapses by electrical and chemical processes. At chemical synapses,
synaptic vesicles carrying a neurotransmitter are quickly expelled into the synaptic cleft in response to an
accumulation of Ca2* ions through voltage-gated Ca2* channels, activated by action potentials [23].
Mitochondria apart from production of ATP also participate in synaptic plasticity for the short term
and regulate neurotransmission by buffering presynaptic Ca2*. The depletion of mitochondria from axonal
terminals is also likely to impede synaptic transmission due to inadequate ATP supply or decreased CaZ*
buffer ability. Neurons are post mitotic cells which live during the lifetime of organism. If a mitochondrion
is old or damaged, it must be disabled. Mitochondria often change their motility and distribution under
such stress situations or compromise their integrity. Therefore, efficient control of mitochondrial
trafficking and anchoring is necessary to hire and redistribute mitochondria to meet instructed metabolic
needs and to eliminate aged and weakened mitochondria and rejuvenate healthy mitochondria at distal
terminals [25](Figure 3).

Figure 3. Mitochondria in neuron
Ca2+ - Calcium, H+- Proton, K+- Potassium, Na+- Potassium, Na+/ K+ - Sodium Potassium Pump, 02- -
Superoxide, H202 - Hydrogen Peroxide, NOS - Nitric Oxide Synthase, NO - Nitric Oxide, NMDAR - N-
methyl-D-aspartate Receptor, ADP - Adenosine Diphosphate, ATP - Adenosine Triphosphate
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Role of Mitochondria in Neuronal Development

Mammalian neurogenesis begins at the prenatal stage and continues to the postnatal stage. Neural stem
cells (NSCs) called radial glial cells (RGCs) live in the ventricular region in early fetal development, and
contain neurons that form the neocortex[26]. Diverse molecular pathways modulate Neurogenesis. A
representative mechanism regulating neurogenesis is the regulation of transcriptional genes [27,28].
Transcription factors contribute during neuronal development to a change in the cell transcriptome
profile. Extrinsic influences including signaling molecules can have an impact on other neurogenesis
steps. Interest in studying the neurogenesis mechanisms has recently expanded to lipid metabolism. Fatty
acid oxidation is important for the conservation and proliferation of neural progenitor cells (NPCs) in
adult hippocampal neurogenesis, and lipogenesis is critical for neuronal differentiation [29,30].
Furthermore, neurons display a complex morphology, highly compartmentalized according to their cell
type and brain region in long neuronal segments, thus demanding a proper network of mitochondrial
trafficking. In addition, synapses, which are mostly found at cell extremities, need the maximum ATP
levels. Hence, several processes of neural development depend on mitochondrial control, including self-
regeneration and NSC differentiation, neurogenesis, axonal and dendritic expansion, and synaptic
formation and reorganization [31].

Most of findings have documented morphological differences in mitochondria as NSCs in the developing
brain and adult brain are separated. The separated neuronal mitochondria show an elongated
morphology in the infant brain and a broader and strongly elongated morphology in the adult
hippocampus. Morphological changes in mitochondria throughout neurogenesis demonstrate
mitochondrial maturation and indicate the metabolic shift of cells from glycolysis to oxidative
phosphorylation in order to increase bioenergetics [32].

Mitochondrial Apoptosis and Neurons

Many triggers that causes intracellular damage, like damage to DNA, calcium overload, and cytotoxic
drugs can prompt the mitochondrial apoptosis, known as the intrinsic apoptosis pathway. This
contributes to the activation of the Bcl-2 family's pro-apoptotic proteins, which would then cause
mitochondrial destabilization and start the reaction chain [33]. Besides becoming an important member
of the apoptotic system, and the "cell superpower” by regulating anabolic / catabolic processes,
mitochondria could also have additional regulatory roles in other cellular contexts. In addition, it has
been shown that mitochondria controls proliferation and differentiation, as well as stem cell metabolic
flipping, and ageing. It has also been shown that productive neuronal differentiation and development
rely on integrity of mtDNA and the change from glycolysis to aerobic respiration [34,35]. Ironically, it has
been shown that selected members of the Bcl-2 family, the main players of apoptosis machinery, also
function as coordinators of mitochondria-to-nucleus. In addition, these family members are known to
toggle between mitochondria, cytosol and nucleus, having pivotal roles in the regulation of mitochondrial
activity / integrity and cell cycle status through ROS [36]. Particularly, an optimized mitochondrial
specialization often tends to synchronize the cellular interaction of a specific lineage. The Bcl-2 family
member, Bcl-XL, influences immortalized human neuronal growth, thus supporting the proliferation
ability of neuronal progenitors and enabling neuronal maturation rather than glial generation [37].
Mitochondrial ROS and Neurons

While other ROS processing sites, including cytosol, peroxisomes and endoplasmic reticulum, have been
established in recent years, the mitochondria electron transport chain (ETC) still represents the main
pathway for ROS generation under physiological conditions [31]. Curiously, an increasing evidence points
to an interrelationship between ROS production and signaling, self-renewal and differentiation of neural
stem and progenitor cells in the CNS. Throughout, emerging neurons exhibit higher levels of ROS and
mitochondrial respiratory chain components in comparison to undifferentiated cells, without exposing
oxidative stress features [38]. Moreover, early stem cells and NSCs present higher antioxidant capacity
than more differentiated progenitors, and offer more protection from oxidative pressure interceded cell
demise [39]. Moreover, the neurogenic basic helix - loop - helix (bHLH) key transcription NeuroD6 plays
a major role in ROS equilibrium, results in activation of associate degree anti-oxidant response
[40].Interestingly, it has been shown that ROS affects the selection among neuronal and astroglial
differentiation. The induction of mild oxidative stress triggers Sirtl activation and next Hes1-mediated
transcriptional inhibition of Mash1, main to elevated astrogliogenesis. At the other hand, p53 reduces
mitochondrial ROS and interferes with neural differentiation ability by promoting neuronal rather than
astroglial conversion [41]. Over the last few years, it has been made clear that NSC's fate regulation is
reliant on a very nuanced and context-dependent process mediated by ROS. In this manner, a strong
consensus remains to be reached on the amount of ROS needed by the stem cells for successful neuronal,
astroglial or oligodendrocyte production and function [31].
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Role of Mitochondria in Synaptic Communication

Regulation of events at the presynaptic terminal of am synapse is important for determining whether a
neuronal pathway will become reinforced during such processes as learning and the making of new
memories. Alternatively, biochemical synapse events may trigger synapse to fail during
neurodegeneration, such as AD, or in acute injury, like brain ischemia [42].

Synapses allow neurons to interact with each other and are therefore a necessity for normal brain
function. Presynaptically, this contact involves energy and causes large variations in calcium
concentrations. The balance of electrochemical gradients and the release and recycling of synaptic
vesicles are both energy-intensive processes. Neurons therefore need a mechanism by which local energy
use can be spatially matched to the output of energy and the buffer of Caz+ Mitochondria are best suited
to accommodate this spatial variation in metabolic demand and Ca?* buffering as they produce ATP
(through oxidative phosphorylation) and carry Ca2* into the mitochondrial matrix [43]. Mitochondria at
synapse may undergo functional and structural specialization. Synaptic mitochondria are morphologically
distinct from mitochondria elsewhere, are smaller and have enhanced motility and have a higher
proportion of cristae to outer membrane surface area associated with higher metabolic demand. Synaptic
mitochondria also has a peculiar metabolic profile: they are more prone to complex 1 inhibition and Ca2+
overload than nonsynaptic mitochondria, likely due to its relative isolation, older age and cumulative
exposure to oxidative damage, rendering them vulnerable to elimination [44-46].

To order for neuronal circuits to operate properly, neuronal connections need to be formed and
renovate correctly to response to rising demands. Local protein synthesis is progressively recognized as
playing a crucial role in the formation and redecorating of synapses mitochondria are excellent
candidates for energy supply to power these processes [47]. Glycolysis is capable of releasing cellular
energy directly from glucose breakdown, and some neuronal features have a preference for this fuel
generation method. For example, the rapid axonal transport of vesicles depends heavily on glycolysis and
the vesicles are equipped with their own set of glycolytic enzymes. During growth, however, neurons
(from rodents at least) use ketone bodies as their primary energy source, requiring mitochondria for
metabolism and eventual release of ATP. In addition, induced pluripotent stem cells shift from glycolysis
to oxidative phosphorylation as they differentiate into neurons [48,49].

Mitochondrial Defects: A Window to Neurodegeneration

The central nervous system (CNS) has an extremely high demand for oxygen, and its excess of
phospholipids makes it particularly susceptible to lipid peroxidation. These qualities collectively make it
more sensitive to mitochondrial oxidative stress, particularly since the blood-brain barrier restricts the
eviction of ROS and antioxidants into systemic circulation. The intimate relationship between oxidative
stress and neurodegeneration in AD is clearly demonstrated by the presence of oxidative stress markers
in affected brains [50-52]. This oxidative stress, which goes hand in hand with the downregulation of the
mitochondrial antioxidant superoxidant dismutase, is exacerbated by the activation of the microglia
amyloid-f3 (AB) protein fragment, which produces ROS. Although activated microglia can clear AB, the
generated ROS induce mitochondrial dysfunction, which decreases antiapoptoticBcl-xL activity and
activates caspase-3 [53]. In PD, mitochondrial dysfunction is associated with reduced activity of the
mitochondrial complex I, which promotes synuclein aggregation and development of disease. The
removal of this aggregate restores normal mitochondrial metabolism, indicating essential cellular
processes that unplug and decay protein aggregates constantly [54,55]. PINK 1 is especially suggested as
a major molecular checkpoint for preserving function and integrity of the mitochondria. In addition to
those PD-related proteins, a novel interacting parkin substrate (PARIS) has recently been reported. PARIS
negatively regulated PGC-1a and NRF-1 expression and PARIS overexpression increased selective cell
death of dopaminergic neuronal cells [56,57]. Considering the functional interaction of certain proteins
could enlighten the molecular mechanism of mitochondrial driven neurodegeneration. In addition,
disrupted mitochondrial fusion resulting from OPA1 mutations causes optic atrophy [58], and
impairments from mutations in Mfn2 can induce Charcot-Marie-Tooth disease type 2A (a familial
neuropathy) (Figure 4) [59].
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Figure 4. Mitochondrial dynamics and associated neurodegenerative disease
OPA1 - Optic Atrophy 1, Mfn2 - Mitofusion 2

Mitochondrial Therapeutics in Neurodegenration
The restoration of mitochondrial function by pharmacological approach is a potentially effective way to
treat a wide range of conditions that include mitochondrial dysfunction. The neurodegenerative disease
associated with mitochondrial malfunction requires repairing and restoring mitochondrial function. A
couple of strategies are already being devised that open up ways of controlling mitochondrial functions
and may facilitate selective neuronal shield in neurodegenerative disease care.
a) rhTFAM
A recent study suggested that the human mitochondrial genome can be engineered from outside the cell
to alter the expression and increase the production of mitochondrial energy. Mitochondrial transcription
factor A (TFAM), a protein that occurs naturally, can be engineered to easily move through cell
membranes and enter mitochondria. rhTFAM has been shown to function on cultured cells with both a
mitochondrial DNA disorder and laboratory mice. rhTFAM reaches and energizes the mitochondrial
mice's DNA allowing these mice to run twice as long on their spinning rods compare to control group
cohort [60].
b) MitoQ
MitoQ is a mitochondrially targeted form of coenzyme Q10 (a key part of the mitochondrial electron
transport chain and an antioxidant) which has been shown to have positive effects in animal
neurodegeneration models, with amplification of neuropathology and synaptic shortfalls in AD and
Huntington disease transgenic mouse models [61].
) Mitochondrial division inhibitor 1
The modification of the mitochondrial fission-fusion equilibrium may also be used therapeutically. For
example, in a mouse model of AD, genetic depletion of Drpl reduces mitochondrial dysfunction and
improves synaptic function. Mitochondrial division inhibitor 1 (Mdivil), commonly known as an inhibitor
of Drp1, balances PINK1 mediated mitochondrial dysfunction and ameliorates mitochondrial dysfunction,
synaptic impairment and cognitive deficits in an AD mouse model. Mdivil has also recently been shown
to be a complex I inhibitor [62].
d) Resveratrol
Resveratrol polyphenol stilbene molecule has recently gained significant attention and interest as a novel
antioxidant drug. Specific enhancement of mitochondrial biogenesis and oxidative ability can be
accomplished with resveratrol, which promotes sirtuin 1 activity and thereby imitating calorie restriction
which improves longevity in a variety of organisms [63,64]. Resveratrol has also shown promise in a
recent small clinical trial of AD, minimizing cognitive loss and the inflammatory indicators of the
cerebrospinal fluid [65].
e) Dimebon
Dimebon was initially used as an anti-histaminergic drug. Recent findings confirms its neuroprotective
role. It has been shown that dimebon can inhibit mitochondrial transition pore permeability and defend
neuronal mitochondria from mutant proteins such as A, Huntingtin mutant, and other toxic
mitochondrial insults [66].
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CONCLUSION

Impairment of mitochondrial function is obviously one of the main pathogenic factors in a spectrum of
neurodegenerative disorders. Mitochondrial function and actions are fundamental to human physiology,
and thus mitochondrial impairment has been identified in a wide variety of diseases that include all areas
of medicine. Neurodegenerative disorders are currently a significant cause of worry in health care
professions. Of course there are more. The basic pathophysiological mechanisms in most of the neuronal
diseases remain skeptical, but in all, mitochondrial abnormalities have been implicated at some stage of
the pathogenic cycle. Among the many factors that control synaptic, neuronal, and network behavior, the
location and role among mitochondria’s has a significant effect. The nuanced and often confounding
reciprocal relations between mitochondrial and neuronal dynamics explored in this review allow for the
derivation of certain general principles.
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