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 Abstract: Parkinson’s disease (PD), is the second common and deadliest neuronal and a multisystem disorder that 

contributes to significant morbidity and healthcare burden in the world. Its causes are poorly understood and there 

is no proven therapeutic line of attack to foil the disease progression. The neuropathological studies of Parkinson’s 

disease brains show irreversible relapse of dopaminergic neurons in substantia nigra and other brain regions, and a 

simultaneous loss of dopamine (DA) in the striatum may be one of the main reasons for this disease. But now a days 

it is known that mitochondria, has a great role to promote so many neurological disorders along with Parkinson’s 

disease. Defects in neuronal development and neuronal plasticity are related with the deregulation of the 

mitochondrial fusion or fission process. On the other hand result of mitochondrial dis-regulation is, generation of 

reactive oxygen species (ROS), which also activate some specific pathways that cause ultimately cell damage and 

finally neurological disorder like PD. In this review it is intended to gather current knowledge about the relation 

between mitochondria and ROS with PD. It is true that this is playing key role in PD so, targeting all the pathways 

related to this dysfunction and modification in this field can be helpful to create a new therapy. 
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Introduction 

Parkinson’s disease (PD), is the second common 

and deadliest neuronal and a multisystem 

disorder that contributes to significant morbidity 

and healthcare burden in the world (Pringsheim et 

al., 2014). Its causes are poorly understood and 

there is no proven therapeutic line of attack to foil 

the disease progression (Onyou Hwang, 

2013).Characteristics of this disease include 

tremor at rest, rigidity, bradykinesia and postural 

instability. Premotor and non-motor symptoms of 

Parkinson’s disease include constipation, 

hyposmia, REM-sleep behaviour disorder, as well 

as cognitive, neuropsychiatric, autonomic and 

sensory disturbances (Goldman and Postuma, 

2014). Recent neuropathological studies of 

Parkinson’s disease brains show irreversible 

relapse of dopaminergic neurons (Fig. 1) in 

substantia nigra and other brain regions, and a 

simultaneous loss of dopamine (DA) in the 

striatum  may  be  one  of the main reasons for this  
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Fig.1: Main cause of Parkinson disease. 

disease (Rietdijk et al ., 2017). 

Aggregation of alpha-synuclein and Lewy 

bodies are present in the soma of the spared 

neurons in different cerebral region. At present, 

the pathogenic implication of these is a birthplace 

of much debate among researchers but the alpha-

synuclein (SNCA) which codes for alpha-Syn, a 

140-aa protein, was the first gene in which 

mutations causing PD (PARK1; or PARK4) were 

recognized (Carolina et al., 2018). Apart from 

SNCA, mutations in 15 other proteins are related 

to autosomal dominant and recessive forms of PD, 

including LRRK2 (PARK8), PINK1 (PARK6), 

PARKIN (PARK2), and DJ-1 (PARK7). Mutations in 

all of these proteins cause for all intents and 

purposes the AME clinical characters and 

pathology, proposing that they all participate in a 

common pathogenetic path. As Lewy bodies 

holding alpha-Syn are present in most PD patients, 

so perhaps alpha-Syn plays a role in this common 

pathway (James Surmeier et al., 2017; Carolina et 

al., 2018). But the real interesting thing is that 

mitochondria has a great role in this. 

It is well known to us that Mitochondria is the 

metabolic center of the cell. It has their private 

genome (Frezza, 2017) and manufactures most of 

the cellular ATP, nucleotides, fatty acids, and iron-

sulfur collections (Lackner,  2014). Mitochondria 

are necessary to be mounting up in sites where 

high amount of energy or calcium buffering are 

desired in neural activities (Otera and Mihara, 

2011). In quite a few neurodegenerative diseases 

and disorders interrelated to mitochondrial 

failings, the neurons show modifications in the 

oxidative phosphorylation, the homeostasis of 

intracellular ROS and the levels of calcium, as well 

as in the mitochondrial kinesis, mitophagy and 

fusion/fission dynamics (Burte et al., 2015; Ryan 

et al., 2015). Defects in neuronal development and 

neuronal plasticity related with the deregulation 

of the mitochondrial fusion or fission has also 

been associated with both in ex vivo and in vivo 

models (Berthol et al., 2016). So it is the 

concluding point that loss of mitochondrial 

functionality related with so many neurological 

disorder, including Parkinson’s disease. According 

to current evidence, Mitochondrial damage, 

production of ROS, loss of calcium supply, 

Imbalance between fission and fusion of 

mitochondria, and mitochondrial fragmentation 

leading eventually to neuronal death and loss of 

neuron to neuron communication (Fig. 2).       

Thus, strategies to adjust abnormal mitochondrial
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Fig. 2:  Schematics cause of PD. 

dynamics and ROS warranted, therapeutic target 

for the treatment of neurodegenerative disease 

including Parkinson’s disease. In this review the 

cause of PD with recent data is discussed and then 

suggested a new research approach that could be 

helpful. 

Mitochondrial Dynamics: 

Mitochondria are always dividing and fusing to 

control numbers, their size, and morphology. They 

exist both individual and interlocked networks. 

The constant cristae remodelling, the fission and 

fusion of the mitochondrial membranes helps 

itself to achieve its morphology. All in all, these 

methods are known as mitochondrial dynamics 

(Pernas and Scorrano,  2016).  Mitochondrial 

dynamics depend on onproteolytic and 

posttranslational modifications of the  core 

proteins involved in the process (Cho et al., 2012). 

The control of the number and supply of 

mitochondria, as well as in the response to 

deviations in energetic cellular requirements, the 

disposal of damaged mitochondria and 

maintaining of the components of the respiratory 

chain, the cristae shape and the ATP production in 

all Mitochondrial fission chip is very important 

finding. To sustain cell homeostasis, fusion play 

pronounced role that take in the junction of outer 

and inner mitochondrial membrane as an 

alteration to assist message between Mitochondria 

and host both (Pernas and Scorrano, 2016).  

Fusion is also important which is linked to the 

maintenance of the capability of the mitochondria 

to conserve biochemical similarity, and genetic, 

agree to the degeneracy of ROS, the conversation 

of mutated DNA, and the repolarization of 

membranes to retain mitochondrial functionality. 

The structural and functional prestige of 

mitochondria is synchronized by Fission and 

fusion (Santel and Frank, 2008). 

Combination and Breaking up Process of 

Mitochondria: 

Mitochondrial dynamics is vastly synchronized by 

at least four well-maintained dynamin-related 

GTPases that facilitate the membrane 

transformation over and done with the junction of 

mitochondrial membrane (Westermann, 2010). 

Dynamin-related protein 1 (Drp1), which controls 

mitochondrial division, on the other mitofusins 1 

and 2 (Mfn1 and Mfn2) and optic atrophy 1 

(Opa1), which drive fusion. Dynamin-Related 

Protein (DRP1, in humans), which switches 

splitting up of the mitochondrial outer membrane 

(Ingerman et al., 2005; Karbowski et al., 2007; 

Chang and Blackstone, 2007; Mears et al., 2011). 

Their part in separation is well-maintained in all 

the characterized eukaryotes. Numerous proteins 

play the role of the Peace Corps shifting the outer 

and inner membranes along the fusion pathway. 

These proteins include Mitofusins, Fzo (Fuzzy 

onions) in flies and yeast, as well as human Mfn1, 

Mfn2 GTPases and Opa1 (Karren et al., 2005). It is 

found that Mfn1 and Mfn2 share N-terminal 

sections, where the GTPase territories in charge 

for the binding and hydrolysis of GTP (Huang et 
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al., 2011; Palmer et al., 2011) (Fig. 3, Table 1). 

Mitofusins are phosphorylation for the regulation 

of the mitochondrial fusion and ubiquitination to 

assist mitophagy, i.e., the mitochondria 

elimination by autophagy (Leboucher et al., 2012). 

Opa1 is found at the inner mitochondrial 

membrane and amalgamated in the cytoplasm. It 

is processed in the mitochondrial matrix . The 

profile and the distance of the mitochondrial 

cristae regulated Opa1, for the duration of 

apoptosis through the involvement of L-Opa and 

S-Opa (Frezza et al., 2006). Mitochondria is the 

energy stock and perform so many different 

physical routes-- cell division, metabolism 

apoptosis, and bioenergetics also (Chen et al., 

2003; Westermann, 2010; Otera and Mihara, 

2011; Gomes et al., 2011). Recent studies suggest 

mitochondrial dynamics processes when got 

changed that could be cause of human illnesses 

(Cho et al., 2010). On the other, the human 

heritable diseases are also linked to defect in 

fusion and fission proteins, like Drp1 in a 

development, microcephaly, in syndromes such as 

sudden death, and inattentiveness to soreness 

(Waterham et al., 2007). Not only that but also 

mitochondrial dynamics proteins like mitofusins, 

is allied with pulmonary hypertension, breast 

cancer and diabetes mellitus (Zhao et al., 2013). 

On the other, Opa1 relates with hypertension also. 

Morphological Changes in Mitochondria: 

Neurons is a well-timed and fitting transport and 

circulation of mitochondria needed for the energy 

and calcium which is important for the regulation 

for the neuronal synaptic broadcast along with the 

process called vesicle salvaging (Sheng and Cai, 

2012). The primary source of energy in neuron is 

oxidative phosphorylation, which is vigorous to 

regulate commotion of pumps and transporters, 

fission and fusion that involve large  ATP  (Table 1; 

Fig. 3) (Kuznetsov and Margreiter, 2009). In 

neurons it is important to carry mitochondria to 

places where high amount of energy is essential, 

like synaptic terminals (Otera and Mihara, 2011). 

The failure of neurons to keep the ATP production 

mandatory for neuronal electrical activity and 

axonal transport is necessary for neuronal 

communication and calcium regulation 

(Wakabayashi et al., 2009). 

Mitochondria in Disease: 

In neurodegenerative diseases diverse neuronal 

inhabitants are affected. In all circumstances a 

common complaint is an unusual mitochondrial 

structure and function that tell us about the 

facilitation or extension of mitochondrial 

dysfunction and neuronal death during the course 

of neurodegenerative , disorders (Jellinger, 2009). 

The pathologies associated with defects in fission 

and fusion proteins includes status epilepticus and 

schizophrenia in which activation of Drp1 is 

frequently reported (Flippo and Strack, 2017). In 

several neurodegenerative diseases and disorders 

related to mitochondrial defects, the neurons 

show alterations in the oxidative phosphorylation, 

the homeostasis of intracellular ROS and the levels 

of calcium, as well as in the mitochondrial 

mobility, mitophagy and fusion/fission dynamics 

(Burte et al., 2015). Deregulation of the 

mitochondrial fusion or fission has also been 

associated with defects in neuronal development 

and neuronal plasticity, both in ex vivo and in vivo 

models. Neuropathologies such as Alzheimer’s, 

Parkinson’s, and Huntington’s diseases are 

characterized by a progressive loss of neuronal 

function and have been related to mitochondrial 

defects as an early sign of neurodegeneration (Gao 

et al,. 2017). In genetic models of Parkinson’s 

disease, an overexpression of mutant α-synuclein 

leads to defects on axonal mitochondrial transport 

and an elevated mitochondrial fragmentation 

(Devoto et al., 2017), suggesting a close correlation between α-synuclein and 

mitochondrial distribution in this disease. In 

postnatal mouse cortical neurons, apoptotic 

conditions decreased the expression of Drp1 and 

parkin and these effects were abolished by 

recovering the expression levels of parkin or Drp1, 

which enhanced neuronal viability and 

reestablished the mitochondrial morphology 

(Wang et al., 2013). Parkin recognizes proteins of 

the  mitochondria  in  response  to  cellular  insults 
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Fig. 3: Mitochondria fission and fusion. 

Table1:  Key proteins involved in the fission and fusion of mitochondria and their expression (Filichia et al., 2016; 

Gautier et al., 2016; Ordonez et al., 2017; Carolina Cadastre et al., 2018) 

Protein Disease Function Expression 

Drp1 PD Fission High 

Opa1 PD Fission High 

Mnf2 PD Fusion Low 

 

and promotes the repair of mitochondria though 

autophagy and proteasomal mechanisms (Seirafi 

et al., 2015). There are evidences suggesting that 

Drp1 and parkin work in a synergistic manner to 

maintain mitochondrial function and structure in 

the brain. Both molecules are critical when 

mitochondrial division is altered, which suggests 

that the initiation and progression of Parkinson’s 

disease are related to a decrease in the 

mitochondrial division and depend on these 

molecules. The machinery that links Drp1 to the 

origin and evolution of Parkinson’s disease is 

unclear; nevertheless, it has been demonstrated 

that Drp1 is closely modulated by different 

conditions that are also involved in Parkinson’s 

disease. For example, Drp1 levels are quite 

sensitive to induction of autophagy. In cultured 

striatal neurons, mitochondrial fission and Drp1 

levels are decreased after autophagy induction 

and the inhibition of autophagy induces high level 

of Drp1. Thus, it is possible that the observed 

fission in neurodegeneration could be 

counteracted by autophagy through a reduction in 

Drp1, affecting Drp1 and parking modulation may 

also play a pivotal role in Parkinson’s disease. This 

includes Drp1 and parkin SUMOylation that 

interferes with mitochondrial fusion/fission by 

reducing the amount of parkin available for 

mitochondrial recruitment. Finally, in a model of 

Parkinson’s disease, it was shown that the S-

nitrosylation of parkin leads to an increase in the 

levels of Drp1, but a reduction in its interaction 

with Drp1. This condition also induces the 

phosphorylation of Drp1 Ser616 and its 

recruitment to the mitochondria (Table 1). 

Effect of Calcium and ROS on Mitochondrial 

Dynamics: 

Calcium the cellular courier is involved in 

signalling pathways that regulate numerous 

processes. In the nervous system, calcium is 

critical for several events, including synaptic 

transmission and cell migration etc. The role of 

calcium in mitochondrial dynamics has been 

extensively reviewed. For example, it has been 

reported that an increase in the levels of calcium 

alters both the mitochondrial function and Drp1 

activity. Drp1 in neurons is regulated by calcium 

through the participation of calcineurin.  In 

addition,  under  excitotoxic  conditions,  the levels
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Fig. 4: Calcium and ROS in mutual interplay on mitochondrial dynamics. 

 

of Drp1 and Opa1 are mainly affected by a rise in 

intracellular calcium (Wang et al., 2015). 

In addition to calcium, ROS are also important 

for the remodeling of mitochondrial architecture, 

probably by acting on some of the proteins 

responsible for the mitochondrial dynamics.ROS 

are reactive metabolites of oxygen that can be 

radicals, such as superoxide anion and hydroxyl 

anion, or no-radicals, including hydrogen 

peroxide. The redox signalling is important for the 

mitochondrial dynamics in several cell types and 

the levels of ROS are closely related to the function 

of the proteins involved in fission or fusion. There 

is evidence relating the oxidative microenviron-

ment to the modification of these proteins, as well 

as to the regulation of the mitochondrial 

dynamics. The loss in the fusion and fission 

balance has been related to oxidative stress in 

neurons (Knott et al., 2008). Fission is probably 

the most studied event related to ROS production 

in neuronal models. In general, an elevation of ROS 

levels triggers mitochondrial fragmentation. This 

condition also leads to a modification of Drp1 

activity. In cerebellar Purkinje cells, the loss of 

Drp1 causes neuronal damage, probably because 

mitochondrial division is necessary for their 

distribution in dendrites during neurite extension. 

That ROS production is involved in this process, 

and showing that mitochondrial fission capacity is 

important to avoid neurodegeneration (Kageyama 

et al., 2012) viability. In the same model of 

cerebellar neurons, the increase of ROS levels 

causes Opa1 cleavage at the N-terminal and the 

residue K301 is removed, leading to protein 

deactivation; finally, this condition results in 

mitochondrial fragmentation and dysfunction, as 

well as apoptosis, suggesting that mitochondrial 

fusion imbalance can compromise neuronal 

viability (Gray et al., 2013) (Fig. 4). 

Conclusion 

Increasing evidence suggests that the alteration of 

mitochondrial dynamics is important in several 

neurodegenerative diseases like Parkinson’s 

disease. The cellular ROS levels stimulus the 

expression and activity of Drp1, Opa1, and 

mitofusins, which in turn control the neuronal 

fortune. For several neurodegenerative disorders 

the role of ROS in the regulation of mitochondrial 

dynamics is critical. Imbalance of ROS is the 

earliest signals in the pathophysiological process 

of neurodegeneration. So to investigate the 

impermanent course of ROS changes in next of kin 

to the proteins involved in fission or fission, as 

well as in the molecular pathways that are 

activated in this route. Thus, strategies to modify 

both the ROS construction and unusual 

mitochondrial dynamics and its function may be 

an smart therapeutic target for the management of 

neurodegenerative diseases which may be in case 

of Parkinson’s disease also. Further studies are 

needed in this field. 
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