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Abstract
Parkinson’s disease (PD) is a neurodegenerative disorder characterized by the progressive loss of dopaminergic neurons in 

the substantia nigra, leading to motor and cognitive dysfunction. Recent studies have highlighted the potential of Nicotinamide 
Adenine Dinucleotide (NADH) in the prevention and treatment of PD. This paper aims to summarize the current understanding 
of the pathogenesis of PD, the mechanism of NADH in treating PD, and the results of research conducted by various universities 
and institutions on NADH’s potential for treating or preventing the disease. NADH demonstrates its therapeutic potential through 
various mechanisms, including enhancing ATP production, exhibiting antioxidant properties, and modulating neurotransmitter 
systems. While preliminary results from clinical trials are encouraging, further research is needed to establish the optimal 
dosing, safety, and long-term efficacy of NADH in PD patients. This review emphasizes the need for large-scale, randomized, 
double-blind, placebo-controlled trials to confirm NADH’s therapeutic potential in PD and to explore its underlying molecular 
mechanisms.

Pathogenesis of Parkinson’s Disease

Parkinson’s disease (PD) is a chronic, progressive 
neurodegenerative disorder that primarily affects the motor system, 
leading to symptoms such as tremor, rigidity, and bradykinesia. It 
is the second most common neurodegenerative disease, affecting 
approximately 1% of the population over 60 years of age [1]. 
The pathogenesis of PD is complex and multifactorial, involving 
genetic, environmental, and age-related factors. This section aims 
to provide a comprehensive overview of the pathogenesis of PD, 
discussing the key molecular and cellular processes involved, and 
citing the latest research in the field.

Loss of Dopaminergic Neurons

The hallmark pathological feature of PD is the progressive 
degeneration of dopaminergic neurons in the substantia nigra 
pars compacta (SNpc) and the subsequent reduction of dopamine 

levels in the striatum [2]. This dopaminergic deficit leads to the 
characteristic motor symptoms of PD. The exact mechanisms 
underlying this neuronal loss remain unclear, but several 
processes, including oxidative stress, mitochondrial dysfunction, 
neuroinflammation, and protein aggregation, are thought to play a 
significant role.

α-Synuclein and Lewy Bodies

The accumulation of misfolded α-synuclein protein 
aggregates, known as Lewy bodies, is a major neuropathological 
feature of PD [3]. Although the precise role of α-synuclein in 
PD pathogenesis is not fully understood, it has been suggested 
that its aggregation may contribute to cellular dysfunction and 
neurodegeneration [4]. Genetic mutations and multiplications in 
the SNCA gene encoding α-synuclein are associated with familial 
forms of PD [5]. Recent research also points to the prion-like 
propagation of α-synuclein aggregates throughout the brain, 
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leading to the progressive spread of the disease [6].

Oxidative Stress

Oxidative stress is a key contributor to the pathogenesis 
of PD, resulting from an imbalance between the production 
of reactive oxygen species (ROS) and the capacity of cellular 
antioxidant defense mechanisms [7]. The high metabolic rate of 
dopaminergic neurons, combined with the presence of dopamine 
and neuromelanin, makes them particularly susceptible to oxidative 
damage [8]. Furthermore, the impairment of mitochondrial complex 
I, observed in PD patients, leads to increased ROS production and 
reduced ATP generation [9]. Several genes implicated in familial 
PD, such as DJ-1, PINK1, and Parkin, also play a role in regulating 
oxidative stress [10].

Mitochondrial Dysfunction

Mitochondrial dysfunction is a well-established factor in the 
pathogenesis of PD. Numerous studies have reported complex I 
deficiency in the substantia nigra of PD patients, leading to impaired 
oxidative phosphorylation, reduced ATP production, and increased 
oxidative stress [9]. Environmental toxins, such as 1-methyl-4-
phenyl-1,2,3,6-tetrahydropyridine (MPTP) and rotenone, which 
selectively inhibit complex I, can induce parkinsonism in animal 
models [11,12]. Additionally, several PD-associated genes, 
including PINK1, Parkin, and DJ-1, are involved in maintaining 
mitochondrial function, quality control, and mitophagy [13]. 
Mutations in these genes can lead to mitochondrial dysfunction 
and contribute to PD pathogenesis.

Neuroinflammation

Neuroinflammation is another important factor in the 
pathogenesis of PD, with microglial activation and the release of 
pro-inflammatory cytokines being observed in post-mortem PD 
brain tissue [14]. Inflammatory mediators, such as tumor necrosis 
factor-alpha (TNF-α), interleukin-1 beta (IL-1β), and interleukin-6 
(IL-6), can promote dopaminergic neuron degeneration by 
exacerbating oxidative stress and mitochondrial dysfunction [15]. 
Moreover, epidemiological studies have shown that the long-
term use of non-steroidal anti-inflammatory drugs (NSAIDs) 
may be associated with a reduced risk of PD, further implicating 
neuroinflammation in PD pathogenesis [16].

Impaired Protein Degradation Pathways

Impaired protein degradation pathways, such as the ubiquitin-
proteasome system (UPS) and autophagy-lysosome pathway, 
are implicated in the accumulation of toxic protein aggregates 
in PD [17]. Mutations in genes involved in these pathways, such 
as Parkin and LRRK2, have been linked to familial forms of PD 
[18]. Inhibition of the UPS ofr autophagy-lysosome pathway can 
lead to the accumulation of α-synuclein and other toxic proteins, 
promoting dopaminergic neuron degeneration [19].

Genetic Factors

Although most cases of PD are sporadic, approximately 
5-10% of cases are familial, resulting from genetic mutations [20]. 
Several genes have been identified in monogenic forms of PD, 
including SNCA, LRRK2, PINK1, DJ-1, and Parkin [21]. These 
genes are involved in various cellular processes, such as protein 
aggregation, mitochondrial function, and protein degradation 
pathways, highlighting the complex genetic landscape of PD 
pathogenesis.

Environmental Factors

Environmental factors, such as exposure to pesticides, 
heavy metals, and industrial chemicals, have been associated with 
an increased risk of PD [22]. For example, the pesticide rotenone 
and the neurotoxin MPTP have been shown to cause parkinsonism 
in animal models by inhibiting mitochondrial complex I [12,13]. 
Moreover, epidemiological studies suggest that rural living, 
well-water consumption, and farming occupations may be 
associated with a higher risk of PD, possibly due to increased 
exposure to environmental toxins [23]. The pathogenesis of PD 
is complex and multifactorial, involving genetic, environmental, 
and age-related factors. Key molecular and cellular processes 
implicated in PD pathogenesis include the loss of dopaminergic 
neurons, α-synuclein aggregation, oxidative stress, mitochondrial 
dysfunction, neuroinflammation, and impaired protein degradation 
pathways. A deeper understanding of these processes is essential 
for the development of novel therapeutic strategies aimed at 
preventing or slowing the progression of PD.

Mechanism of NADH in Treating Parkinson’s Disease

NADH, the reduced form of Nicotinamide Adenine 
Dinucleotide (NAD+), is an essential cofactor in various cellular 
processes, including energy metabolism, mitochondrial function, 
and antioxidant defense. Recent research has suggested that NADH 
might play a role in preventing and treating Parkinson’s disease 
(PD) through several mechanisms. This section will delve deeper 
into the potential therapeutic mechanisms of NADH in treating 
PD and provide a comprehensive review of the relevant literature.

Enhancing ATP Production

Mitochondrial dysfunction and reduced energy production 
are widely recognized as critical factors contributing to the 
pathogenesis of PD [9]. NADH serves as a crucial electron donor 
in the mitochondrial electron transport chain (ETC), facilitating 
the production of adenosine triphosphate (ATP), the primary 
cellular energy source [24]. By enhancing ATP production, NADH 
could potentially mitigate the energy deficit observed in PD 
patients and support the survival and function of dopaminergic 
neurons. A study by [25] reported that NADH administration 
led to increased ATP levels in a rotenone-induced model of PD 
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in rats. This finding suggests that NADH supplementation could 
counteract the energetic deficit associated with PD and protect 
against dopaminergic neurodegeneration.

Antioxidant Effects

Oxidative stress, characterized by an imbalance between 
pro-oxidant and antioxidant mechanisms, has been implicated 
in PD pathogenesis [26]. NADH exhibits antioxidant properties, 
scavenging free radicals, and reducing oxidative stress, which 
could be beneficial in PD treatment [27]. Demonstrated that 
NADH administration protected against 1-methyl-4-phenyl-
1,2,3,6-tetrahydropyridine (MPTP)-induced neuroinflammation 
and neurodegeneration in mice. The study revealed that NADH 
reduced oxidative stress by modulating the nuclear factor 
erythroid 2-related factor 2 (Nrf2) pathway, a key cellular defense 
mechanism against oxidative damage.

Additionally, NADH has been shown to reduce lipid 
peroxidation and promote the activity of antioxidant enzymes 
such as superoxide dismutase (SOD), catalase (CAT), and 
glutathione peroxidase (GPx) [28]. These enzymes play a critical 
role in neutralizing reactive oxygen species (ROS) and preventing 
cellular damage.

Modulating Neurotransmitter Systems

Dopamine deficiency resulting from the loss of dopaminergic 
neurons in the substantia nigra is a hallmark of PD, leading to 
characteristic motor symptoms such as bradykinesia, rigidity, and 
tremor [2]. NADH is involved in the synthesis of neurotransmitters, 
including dopamine, and could potentially alleviate motor 
symptoms in PD patients by modulating neurotransmitter levels 
[29]. Reported that NADH administration improved motor and 
cognitive symptoms in PD patients. The study suggested that 
NADH could increase endogenous levodopa synthesis, leading to 
enhanced dopamine production and subsequent improvement in 
PD symptoms.

Supporting Mitochondrial Biogenesis and Function

Mitochondrial dysfunction has been implicated in the 
pathogenesis of PD, with evidence suggesting that impaired 
mitochondrial function contributes to the degeneration of 
dopaminergic neurons. NADH, as a critical factor in cellular 
energy metabolism, may play a role in supporting mitochondrial 
biogenesis and function.

A study by [36] found that NADH supplementation increased 
the expression of peroxisome proliferator-activated receptor-
gamma coactivator-1alpha (PGC-1α), a master regulator of 
mitochondrial biogenesis, in a cellular model of PD. This finding 
suggests that NADH could potentially promote mitochondrial 
biogenesis and improve mitochondrial function in PD patients.

Modulating Sirtuin Activity

Sirtuins are a family of NAD+-dependent protein 
deacetylases that play essential roles in various cellular processes, 
including energy metabolism, DNA repair, and cellular stress 
response [30]. Sirtuins have been implicated in the regulation of 
neuronal survival and function, with evidence suggesting that their 
activation might provide neuroprotection in PD [31].

NADH, as a precursor to NAD+, may indirectly modulate 
sirtuin activity by increasing cellular NAD+ levels [28]. By 
enhancing sirtuin activity, NADH could potentially exert 
neuroprotective effects in PD by promoting neuronal survival and 
reducing oxidative stress, inflammation, and protein aggregation.

Modulating Autophagy and Protein Degradation Pathways

Impaired protein degradation pathways, including 
autophagy, have been implicated in the accumulation of toxic 
protein aggregates such as Lewy bodies in PD [32]. NADH has 
been shown to modulate autophagy and protein degradation 
pathways, which could potentially contribute to its therapeutic 
effects in PD. NADH was found to promote autophagy in a 
cellular model of PD by activating AMP-activated protein kinase 
(AMPK), a critical regulator of cellular energy homeostasis and 
autophagy. By enhancing autophagic activity, NADH could 
potentially promote the clearance of toxic protein aggregates and 
protect against dopaminergic neurodegeneration in PD.

In conclusion, NADH demonstrates potential in treating 
PD through a variety of mechanisms, including enhancing 
ATP production, exhibiting antioxidant properties, modulating 
neurotransmitter systems, supporting mitochondrial biogenesis 
and function, modulating sirtuin activity, and modulating 
autophagy and protein degradation pathways. Further research is 
required to fully elucidate the underlying molecular mechanisms 
of NADH’s therapeutic effects in PD and to establish the optimal 
dosing, safety, and long-term efficacy of NADH in PD patients.

Research Results on NADH for Treating or Preventing 
Parkinson’s Disease

Numerous studies have explored the potential of NADH in 
treating or preventing Parkinson’s disease. This section provides 
an overview of the significant research conducted, along with the 
findings and limitations of each study [29].

This open-label study treated 885 PD patients with NADH 
(5-10 mg/day) and found significant improvement in motor 
and cognitive symptoms in 80% of the participants. The study 
concluded that NADH could be a promising therapeutic approach to 
PD, particularly in its early stages. However, the open-label design 
of the study may have introduced bias, and further randomized 
controlled trials are necessary to confirm the results [33].
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In this randomized, double-blind, placebo-controlled trial, 
15 PD patients received either 10 mg/day of NADH or a placebo 
for four weeks. The study found significant improvements in 
clinical symptoms in the NADH group compared to the placebo 
group. Although the results are promising, the small sample size 
and short study duration limit the generalizability of the findings 
[34].

Swerdlow conducted a comprehensive review of the literature 
on the therapeutic potential of NADH in PD treatment. The review 
concluded that NADH may hold promise as a therapeutic agent for 
PD. However, further research is required to establish its safety 
and efficacy conclusively [35].

This study examined the effect of NADH supplementation on 
mitochondrial complex I activity and oxidative stress in the brain 
of aged rats. The findings revealed that NADH supplementation 
increased complex I activity and reduced oxidative stress, 
suggesting that NADH may have a protective effect against age-
related neurodegenerative diseases like PD [36].

Ying et al. investigated the neuroprotective effects of 
NADH in a rotenone-induced rat model of PD. The study found 
that NADH significantly attenuated rotenone-induced motor 
deficits, dopaminergic neuron degeneration, and oxidative stress. 
The results indicate that NADH may have therapeutic potential 
in treating PD, at least in part by reducing oxidative stress and 
protecting dopaminergic neurons [27].

Khan et al. investigated the neuroprotective effects of 
NADH in a 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine 
(MPTP)-induced mouse model of PD. The study found that 
NADH treatment significantly improved motor performance and 
reduced neuroinflammation and oxidative stress in the mice. The 
researchers concluded that NADH may protect against PD by 
reducing neuroinflammation and oxidative stress. [37].

This study assessed the neuroprotective effects of NADH 
in a paraquat-induced rat model of PD. The results demonstrated 
that NADH treatment attenuated paraquat-induced motor deficits, 
dopaminergic neuron degeneration, and oxidative stress. The 
researchers concluded that NADH may have therapeutic potential 
in treating PD by protecting dopaminergic neurons and reducing 
oxidative stress [38].

Liu et al. investigated the effects of NADH on mitochondrial 
dysfunction and oxidative stress in an α-synuclein-overexpressing 
cell model of PD. The study found that NADH significantly 
improved mitochondrial function, reduced oxidative stress, 
and increased cell viability. These findings suggest that NADH 
may have potential as a therapeutic agent in PD by targeting 
mitochondrial dysfunction and oxidative stress [39].

In this study, the researchers examined the effects of 
NADH supplementation on synaptic function and plasticity in 
a 6-hydroxydopamine (6-OHDA)-induced rat model of PD. 
The results showed that NADH treatment ameliorated synaptic 
dysfunction and restored long-term potentiation, a cellular model 
of learning and memory. These findings indicate that NADH 
may have potential in treating cognitive dysfunction in PD by 
improving synaptic function and plasticity [40].

This study evaluated the effects of NADH on α-synuclein 
aggregation, mitochondrial function, and neuroinflammation in a 
Caenorhabditis elegans model of PD. The findings revealed that 
NADH treatment reduced α-synuclein aggregation, improved 
mitochondrial function, and suppressed neuroinflammation. These 
results suggest that NADH may have potential as a therapeutic 
agent in PD by targeting multiple pathological processes, 
including α-synuclein aggregation, mitochondrial dysfunction, 
and neuroinflammation [41]

Zhang et al. investigated the effects of NADH on motor 
function, mitochondrial biogenesis, and autophagy in a rotenone-
induced rat model of PD. The study found that NADH treatment 
significantly ameliorated motor deficits, enhanced mitochondrial 
biogenesis, and promoted autophagy. The researchers concluded 
that NADH may have therapeutic potential in PD by improving 
motor function and targeting mitochondrial dysfunction through 
the promotion of mitochondrial biogenesis and autophagy.

In summary, numerous studies have explored the potential of 
NADH in treating or preventing Parkinson’s disease. The findings 
from these studies suggest that NADH may have therapeutic 
potential through various mechanisms, such as enhancing 
ATP production, exhibiting antioxidant properties, modulating 
neurotransmitter systems, reducing neuroinflammation, and 
protecting against dopaminergic neuron degeneration.

However, it is essential to consider the limitations of the 
existing literature. Many studies have small sample sizes, short 
study durations, or animal models that may not fully replicate the 
human disease process. Additionally, most studies have focused 
on the effects of NADH in the context of specific pathological 
processes or symptoms, and more research is needed to understand 
the full spectrum of NADH’s potential benefits in PD treatment.

To further establish the safety, efficacy, and optimal dosing 
of NADH in PD patients, large-scale, randomized, double-blind, 
placebo-controlled trials are necessary. Such trials will provide 
more definitive evidence for NADH’s therapeutic potential in 
PD and contribute to a better understanding of its underlying 
molecular mechanisms. With further research, NADH may 
become a valuable addition to the current treatment options 
for Parkinson’s disease, helping to alleviate the burden of this 
debilitating neurodegenerative disorder.
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