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Abstract

interest in N-acetylcysteine (NAC), a strong antioxidant
and cysteine precursor, as a potential therapeutic agent.
We conducted a bibliometric analysis of 421 Scopus ar-
ticles to assess current trend and future potential of
research on the use of NAC in Parkinson’s disease. The
number of publications related to this topic reached the
peaked in 2010 and gradually decreased afterward. We
identified 4 main clusters of research theme related to the
potential mechanism of NAC effects on Parkinson’s
disease progression. These include research focusing on
NAC effects on oxidative stress, dysfunction of the
mitochondria, aberrant protein accumulation and clear-
ance and inflammation. Investigating NAC effect for
Parkinson’s disease in human is a potential research area.

Keywords: Bibliometric analysis; N-acetylcysteine; Network
analysis; Parkinson’s disease
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Parkinson’s disease (PD) is a prevalent neurodegenerative

disorder without a definitive cure. Oxidative stress is
significantly implicated in its pathogenesis, prompting
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N-acetylcysteine (NAC) serves as a precursor of cysteine,
the sulphur-containing amino acid; this amino acid is essen-
tial for glutathione synthesis, one of the major antioxidants in
our body.! In 1985, NAC was approved for treating
paracetamol poisoning by FDA. Now, intravenous NAC
administration becomes the standard protocol for the
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treatment of paracetamol poisoning across the globe.2 NAC
has also been used for indications beyond its original role
as an antidote of paracetamol poisoning. For decades, it
has been widely used as a mucolytic agent in chronic
obstructive pulmonary disease.” Owing to the antioxidant
and anti-inflammation activities, NAC has potential efficacy
for the treatment of health conditions related to oxidative
stress, infection, inflammation, and toxic damage.l For
example, NAC has been used as a renal protective agent in
contrast-induced nephropathy,4 as an adjuvant therapy for
polycystic ovary syndrome,” and SARS-CoV-2 infection.’

The interest in using NAC to treat neurological disorders
has been growing over the past years as evidence of the
involvement of inflammation and oxidative stress in these
conditions is accumulating.” Of note, emerging studies suggest
that NAC may be implicated in other processes involved in
various psychiatric and neurological disorders such as
dysregulation of dopamine system, apoptosis, neurogenesis,
mitochondrial dysfunction and neuroadaptation and
plasticity.*” Furthermore, NAC has been demonstrated to
correct glutamate dysregulation and modify intracellular
and extracellular glutamate, the most significant excitatory
neurotransmitter.'’ Parkinson’s disease has been shown to
disrupt these pathways, and NAC’s ability to modify these
pathways offers justification for investigating NAC’s
potential as a treatment for Parkinson’s disease.'!

Studies of NAC for Parkinson’s disease have been a topic
of interest in the last decades. A quick search in Pubmed
conducted on May 2024 for papers published before the year
2000 using N-acetylcysteine as the keyword resulted in 4340
papers. The number skyrocketed to 22.097 papers in 2024
suggesting the substantial increase in research productivity of
NAC use in the last two decades. However, there has been a
lack of scientific data regarding evaluation of research pro-
ductivity as well as current trend on the use of NAC for
Parkinson’s disease. To the best of our knowledge, there is
only one bibliometric analysis on NAC that focuses on its use
for paracetamol overdose, published nearly a decade ago.2
Bibliometric analysis uses quantitative data and statistical
analysis to provide information on current state of scientific
research and to identify novelty and future perspective in a
particular area of research.'>!” Bibliometric analysis allows
us to assess research productivity, to identify active research
as well as potential collaborators, to sort trending topics
and to track the dynamic trends over time which can help
researcher determine new lines of research.'*

This study aimed to assess the global research trends on
NAC in the context of PD, using bibliometric tools to analyze
publication trends, identify core research themes, and suggest
future research directions, clarifying the current research
landscape with the aim of guiding ongoing and future studies
on the potential of NAC as a therapeutic option for PD.

Materials and Methods
Search strategy

We retrieved bibliometric data from Scopus, one of the
largest electronic databases, on 12th of August 2024 using the
following search criteria: TITLE-ABS-KEY (n-acetylcysteine
OR acetylcysteine) AND TITLE-ABS-KEY (“Parkinson

disease” OR "Parkinson’s disease™)) AND (LIMIT-TO
(DOCTYPE, “ar”)) AND (LIMIT-TO (LANGUAGE,
“English”)) AND (LIMIT-TO (PUBSTAGE, “final”)).

Data analysis

To analyze the data, we used three software including
VOSviewer, RStudio, and Biblioshiny. We used R package’s
bibliometrics which were developed for quantifying infor-
metric and scient metrics. Following installation and loading of
R package for Bibliometrix into R Studio, launching of the
Biblioshiny application was started and bibliometric data from
Scopus was processed. For visualization, bibliometric data
were exported to VOSviewer version 1.6.14 and Biblioshiny for
further analysis. To create term maps, we used co-occurrence
analysis using author keywords as the unit of analysis. A
thesaurus was created and then appended such that VOSviewer
would recognize terms such as N-Acetylcysteine, n-acetyl-L-
cysteine and n-acetylcysteine as the same term. The co-
occurrence of keywords measures the relatedness of the terms.

Results

A total of 421 articles published from 1985 to 12th of
August 2024 were collected. This covers 192 sources, 2008
authors, 955 keywords and 22.551 references. Details of the
search result are described in Table 1.

Table 1: Main information related to publication data on the
use of NAC for Parkinson’s disease.

Description Results
Main
information
of data
Period included 1985:2024
Sources (Journals, Books, etc.) 192
Documents 421
% Of growth rate per year 6.58
Average of document age 12.5
Average of citations per document 54.99
References 22551
Contents of
document
Keywords plus/ID 4911
Author’s keywords/DE 955
Authors
Authors 2008
Authors of single-authored 9
documents
Authors
collaboration
Single-authored documents 10
Co-authors/Document 5.98
% Of international co-authorships 22.33
Document
types
Article 421
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Figure 1: Trend of NAC research on Parkinson’s disease based on annual number of publications.
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Figure 2: Top 10 journals contributing to research related to NAC and Parkinson’s disease.

Global trends of NAC research on Parkinson’s disease based
on the total number of publications each year

The first work on NAC and Parkinson’s disease was
introduced in 1985 when Perry and colleagues15 reported
the protective effects of four antioxidants including
NAC on dopaminergic cells of the substantia nigra
following administration of N-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine (MPTP) neurotoxin. However, no

publications related to this topic could be found until 10
years later. In 1995, Colton and colleagues16 showed that
NAC treatment enhanced the tyrosine hydroxylase-
containing (TH+) neurons survival cultured from embry-
onic rat mesencephalon. Since then, the number of publica-
tions reporting the work on NAC and Parkinson’s disease
showed an upward trend reaching its peak in 2010 with 26
articles published in this year. However, after this point, the
trend was reversed with decreased growth in publication
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Figure 3: Network visualization of keyword co-occurrence. Different colors represent different clusters; the frequency of keyword
occurrence corresponds to the size of the circle, the bigger the circle size, the more frequent the keyword occurs; the distance between
circles represents the strength of relationship between keywords with closer distance suggesting stronger relationship.

Table 2: Cluster analysis of keywords.

Clusters Keywords

Cluster 1 (red) - 35 items 6-Hydroxydopamine, 6-ohda, antioxidants, apoptosis, reactive oxygen species, ros,
ascorbic acid, autophagy, autoxidation, calcium, catecholamine, DNA damage,
dopamine, erk, free radical, free radicals, gsh, heme oxygenase-1, jnk, L-dopa,
lactacystin, manganese, neurotoxicity, nf-kb, nrf2, oxidation, p38, Parkinson disease,
pcl2 cell, pcl2 cells, reactive oxygen species (ros), sh-sySy cells, striatum, ubiquitin
proteasome system, ups

Cluster 2 (green) - 32 items Aggresome, aging, alpha-synuclein, alzheimer’s disease, astrocytes, caspase, cysteine,
cytochrome c, dementia with lewy bodies, dopaminergic neuron, dopaminergic
neurons, electron transport chain, glutathione, inclusion, mpp™, n-acetyl-L-cysteine,
neuroinflammation, Parkinson, Parkinson’s disease, parkinsonism, pesticide,
proteasome, proteasome inhibition, rotenone, sh-sy5y, sh-sySy cell, stem cells,
synuclein, thiol, ubiquitin, ubiquitin-proteasome system

Cluster 3 (blue) - 19 items Anti-inflammatory, antioxidant, cell death, curcumin, cytotoxicity, deferoxamine, dj-
1, glutamate, mitochondria, mitochondrial dysfunction, mitophagy, mptp, n-acetyl
cysteine, n-acetylcysteine, neurodegenerative diseases, oxidative stress, paraquat,
parkin, Parkinson’s disease

Cluster 4 (yellow) - 19 items Copper, er stress, ferroptosis, gene therapy, inflammation, iron, microglia,
neurodegeneration, neuroprotection, nitric oxide, Parkinson’s, proteasome inhibitor,
redox, substantia nigra, unfolded protein response, glial cell line-derived neurotrophic
factor

Note: bold words indicate keywords with the highest frequency of co-occurrence.
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Figure 4: Overlay visualizations of NAC for Parkinson’s disease-related publications.

continuing until August 2024. In 2023, publication quantity
was half the quantity of 2010 data (see Figure 1). Based on
the number of publications, 10 journals were identified to
be the core journals that published articles related to NAC
and Parkinson’s disease (see Figure 2).

Keywords analysis and network visualization of co-
occurrence

Bibliometric analysis identified four clusters of research
theme based on the frequency of co-occurrence of keywords
and the level of agreement between keywords in the mapping
structure. These clusters are depicted in different colors as
shown in Figure 3. The frequency of keyword occurrences
represents the research focus of earlier studies. Details of
keywords in each cluster are presented in Table 2.

The most frequent keywords for the first cluster are
apoptosis, reactive oxygen species, dopamine, and antioxi-
dant which could signify studies related to the apoptotic
death of dopaminergic neurons in Parkinson’s disease
resulting from oxidative stress and how antioxidant such as
NAC could be used to treat this condition. In the second
cluster, the most frequent keywords are a-synuclein, gluta-
thione, proteasome, proteasome inhibition, and ubiquitin-
proteasome system suggesting the role of aberrant protein
aggregate such as a-synuclein aggregate in Parkinson’s dis-
ease pathogenesis and how antioxidant such as glutathione
and NAC may target the system involved in the disposal of
abnormal proteins including the ubiquitin-proteasome sys-
tem. The third cluster is composed of keywords such as
antioxidant, mitochondria, mitochondrial dysfunction, and

oxidative stress. This reflects research on how NAC may
slow the progression of Parkinson’s disease by maintaining
mitochondrial function, which shields dopaminergic neurons
from cell death brought on by oxidative stress. Lastly, the
most frequent keywords in cluster 4 are neurodegeneration,
neuroprotection, iron, inflammation, and microglia which
underline the role of NAC in reducing inflammation induced
neurodegeneration in Parkinson’s disease.

Figure 4 provides a comprehensive overview of the
evolving research topics overtime. From this historical
perspective, we can see that the focus of research in the
field is changing. Keywords used in earlier studies include
proteasome, free radical, antioxidants, GSH (glutathione),
oxidation, and L-Dopa while newer studies emphasis on
keywords such as mitochondrial dysfunction, microglia,
astrocytes, glutamate, NRF-2, ER stress, and iron suggest-
ing the change in research interest and priorities.

Discussion

One of the most prevalent neurodegenerative diseases,
Parkinson’s disease is typified by the death or degeneration
of dopaminergic neurons that connect to the striatum from
the midbrain’s substantia nigral.17 The pathological hallmark
of Parkinson’s disease includes the formation of Lewy bodies
composed of abnormal protein aggregates such as o-
synuclein and ubiquitin inside these neurons. It is still
unclear what precise process causes neuronal death in
Parkinson’s disease. However, a number of mechanisms,
such as oxidative stress, mitochondrial malfunction,
apoptosis, inflammation, and excitotoxicity, have been
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linked to neurodegeneration and cell death.'® In addition,
defects in systems required for the breakdown of abnormal
protein aggregation such as the ubiquitin-proteasome sys-
tem has been linked with the progression of Parkinson’s
disease.!” Here, we conducted a network analysis with
VOSviewer and identified clusters of research theme related
to possible mechanism of action of NAC on Parkinson’s
disease.

Firstly, studies have examined the connection between
oxidative stress and dopamine cell death, as well as the po-
tential of antioxidants like NAC to stop neuronal loss, partic-
ularly that caused by apoptosis. It is commonly recognized that
Parkinson’s disease causes dopaminergic cell death due to the
buildup of free radicals, such as reactive oxygen species (ROS),
which intensify oxidative stress.””?! Studies using in vitro
model of Parkinson’s disease' ***** and in vivo model'>**?’
demonstrated the positive benefit of NAC in protecting
neurons from oxidative stress. Using MN9D cell, a murine
mesencephalon — derived dopaminergic neuronal cell line,
Choi and colleagues (1999) showed that administration of 6-
hydroxydopamine (6-OHDA) generated ROS which in turn
activated the c-Jun N-terminal kinase (JNK) pathway leading
to apoptotic cell death. Of interest, NAC treatment attenuated
the ROS-mediated JNK activation and rescued cell death.”’
Similarly, NAC prevented apoptosis of Parkinson’s disease
cybrids cells’> and TH + cells in the striatum following
MPTP injection in mice by suppressing JNK activationz(‘).
Other study showed that NAC decreased apoptosis by
inhibiting caspase-3 activity, poly (ADP-ribose) polymerase
cleavage, and ROS production23

Secondly, research in Parkinson’s disease has looked at
abnormal protein aggregation and protein clearance system
such as the ubiquitin-proteasome system and the autophagy
system. One of the main features of Parkinson’s disease is the
buildup of a-synuclein aggregates in the substantia nigra in
the form of Lewy bodies.”® This aberrant protein buildup
induces cytochrome ¢ production and malfunction of the
mitochondria® and initiates endoplasmic reticulum (ER)
stress which leads to apoptotic cell death.” Ubiquitin-
proteasome system is the main protein clearance route in
neurons. Studies showed that Parkinson’s disease compro-
mises this sys‘[em.3 ! Proteasome inhibition has been shown to
enhance free radical formation which in turn increases
protein oxidation that further compromises the degradative
capacity of proteasome.32 NAC therapy prevented the
apoptosis caused by proteasome inhibitor MG132 applied
in SH-SYS5Y cells. NAC treatment also inhibited
proteasome-induced autophagy, reduced ER stress, blocked
glutathione depletion and ROS formation which finally in-
creases cell viability.”” In addition, increasing glutathione
level in substantia nigra by NAC administration was able
to protect mice from o-synuclein toxicity.33

Thirdly, there has been interest in studying mitochondrial
malfunction in Parkinson’s disease. One of the pathological
processes in Parkinson’s disease is believed to be abnormal
mitochondrial architecture and functioning.34 Impaired
mitochondrial function reduces cellular capacity to
generate energy which then leads to increased formation of
ROS. Oxidative damage and programmed cell death will
occur as a result.” Early studies have shown that defect in
mitochondrial complex 1 activity was found in the
substantia nigra of Parkinson’s disease patients.}("37 Next,

it was found that cytoplasmic hybrid (cybrid) cell lines
from Parkinson’s disease patients were more susceptible to
toxin-induced apoptosis with 20 % reduction in mitochon-
drial complex 1 activity.”® The defects in mitochondrial
complex 1 activity causes a reduction in ATP synthesis
which promotes neuronal degeneration.34 NAC has been
shown to increase complex 1 activity in synaptic
mitochondria of aged mice which raised the potential
benefit for Parkinson’s disease treatment.’’ In vitro, NAC
treatment ameliorates the increased level of cell-free mito-
chondrial DNA, preserves the function of complex 1 and
prevents mitochondrial dysfunction caused by rotenone
exposure.40 In addition, NAC treatment restored the
reduction of parkin level, an important protein in
mitochondrial dynamic.‘“ Parkin is required for
maintaining normal function and morphology of
mitochondria®* to protect dopaminergic neurons in the
substantia nigra and striatum from rotenone toxicity.41

Lastly, the fourth cluster mainly consists of keywords
such as neurodegeneration, neuroprotection, iron, inflam-
mation, microglia, and ferroptosis suggesting the research
focusing on the involvement of inflammation pathway in
Parkinson’s disease. Misfolded a-synuclein aggregates lead-
ing to dysfunctional mitochondria and neuroinflammation
could be the underlying mechanism of Parkinson’s disease.*’
Tumor necrosis factor alpha (TNF-a), interleukin 1,
interleukin 2, and interleukin 6 are inflammatory cytokines
that promote neuroinflammation and cell death when o-
synuclein builds up.43 Using cellular model of Parkinson’s
disease, Kaya and colleagues (2023) showed that NAC
treatment prevented cell death by blocking inflammatory
cascade induced by TNF-o. and overexpression of -
synuclein.43 NAC effect was mediated by a reduction in the
expression of Toll-like receptor 2 (TLR2), which plays an
important role in neuroinflammation. Being highly expressed
in neurons and microglia, TLR2 would recognize o-synu-
clein protein and trigger inflammation.** People with
Parkinson’s disease have higher TLR2 expression, which
may indicate that the inflammatory pathway plays a role in
the illness.*’

A large body of preclinical studies demonstrates the po-
tential utility of NAC in the treatment of Parkinson’s disease,
among other conditions.*"**~* Whether this effect translates
to human will require further investigation. A preliminary
clinical data suggested the beneficial effects of NAC in
people with Parkinson’s disease.** This finding was
followed up with a pilot study by Monti and colleagues
(2019) who showed that NAC treatment improved clinical
outcomes and increased dopamine transporter binding in
the striatum of people with Parkinson’s disease.’’ However,
clinical study investigating NAC impact in Parkinson’s
disease is very limited. We believe that investigating the
efficacy of NAC for Parkinson’s disease in human could be
a potential new line of research.

Current pharmacotherapies for Parkinson’s disease only
address the symptoms and decelerate disease progression but
none can fully cure Parkinson’s disease. Thus, there is an
urgent need to explore new therapeutic options; one way is
by repurposing currently available drug. NAC is readily
available in the market and is not under any patent restric-
tion. NAC also has good safety proﬁle.SI“52 NAC has been
shown to improve health conditions related to
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inflammation and oxidative stress.' It was postulated that
NAC effect in improving the symptoms of people with
Parkinson’s disease was mediated by its direct action as an
antioxidant and by restoring glutathione level.”’
Intravenous administration of NAC at 150 mg/kg was able
to boost the level of glutathione in both the blood and the
brain™ while 4 weeks of oral NAC (6000 mg/day)
significantly increased systemic antioxidant parameters in
people with Parkinson’s disease.”® Given the role of
oxidative stress in the pathophysiology of Parkinson’s
disease, these findings raise the possibility of using NAC
for the treatment of Parkinson’s disease. More recently,
NAC increases dopamine release and  prevents
degeneration of dopaminergic neurons™ to improve motor
deficits in animal models of Parkinson.”® Together, this
suggests the potential benefit of NAC for the treatment of
Parkinson’s disease. To sum up, considering NAC safety51
and potential benefit, further studies to look at NAC
clinical efficacy for Parkinson’s disease are warranted.

We acknowledge that this study has a limitation. We
performed literature search only in one database which was
Scopus. Thus, literature published in non-Scopus journals
may not be covered in our study despite their contribution to
research productivity. Future studies could include more
databases (e.g., MEDLINE, Embase, Google Scholar) to
expand the coverage of the literature search and data
analysis.

Conclusion

A bibliometric analysis of 421 articles published in Scopus
to assess research theme, trend, and future perspective of
research on the use of NAC for Parkinson’s disease was
conducted. Four major research themes were identified.
While previous research has concentrated on how NAC af-
fects oxidative stress and cell death in Parkinson’s disease,
other studies have explored other approach to see the effects
of NAC including on mitochondrial function and inflam-
mation. While many studies were conducted in vitro and
in vivo animal model, studies in human are lacking sug-
gesting the potential exploration of NAC utility for Parkin-
son’s disease in human.
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