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Abstract

Background: Parkinson's disease (PD) is a
neurodegenerative condition with few treatments to slow
or stop development. Protein-protein interactions (PPIs)
are intriguing therapeutic targets. This research
examined the safety and effectiveness of a new
Parkinson's disease medication targeting PPIs.
Methods: After enrollment, 60 individuals were
randomly assigned to the treatment and control groups.
MDS-UPDRS Part III score change from baseline to week
12 was the main outcome measure. Secondary outcome
measures were the Hoehn and Yahr scale, NMSS, and
Montreal Cognitive Assessment. Study-wide adverse
events were tracked.

Results: Compared to the control group, the treatment
group exhibited a substantial improvement in MDS-
UPDRS Part III score (p < 0.001). Additionally, the
therapy group showed substantial improvements in
Hoehn and Yahr stage, NMSS score, and MoCA score
compared to the control group (p < 0.001). No significant
adverse effects were documented with the experimental
medication.

Conclusion: This research suggests that targeting PPIs
may treat Parkinson's disease. No harmful side effects
were detected with the experimental medication, which
improved motor and non-motor symptoms in PD
patients. These results require more study to determine
the long-term safety and effectiveness of targeting PPIs
in Parkinson's disease.
Keywords: parkinson's
interactions, MDS-UPDRS,
cognitive function

disease, protein-protein
non-motor symptoms,

Introduction

Misfolded protein buildup and the gradual death of
dopaminergic neurons in the brain are hallmarks of
Parkinson's disease (PD), a neurodegenerative condition.
Effective therapies that reduce illness progression are
still unattainable after decades of investigation.

However, focusing on protein-protein interactions (PPIs)
has opened up a potential new avenue for PD treatment.
This novel strategy may prevent or delay the course of the
illness by interfering with the creation of harmful protein
aggregates [1]. This article examines the pathophysiology
of PD and the treatment approaches that try to modify
these interactions in order to slow the illness's
development. James Parkinson first characterized
Parkinson's disease in 1817, and it is still one of the most
difficult neurological diseases to cure. It is characterized
by a range of motor symptoms, such as tremors,
bradykinesia, stiffness, and postural instability, and
affects around 1% of those over 60 [2]. Non-motor
symptoms including cognitive decline, autonomic
dysfunction, and mental symptoms often appear as the
illness advances.

Parkinson's disease is characterized by two main clinical
features: the buildup of intracellular inclusions called
Lewy bodies, which are mostly made of misfolded alpha-
synuclein protein, and the death of dopaminergic neurons
in the substantia nigra pars compacta. Not only are these
Lewy bodies present in dopaminergic neurons, but they
are also present in the cerebral cortex, amygdala, and
nucleus basalis of Meynert, among other brain locations.
Although the specific etiology of the illness is still
unknown, it is thought to occur as a result of a confluence
of environmental and genetic factors [3]. The importance
of PPIs in the etiology of Parkinson's disease has been
clarified by recent study. PPIs are engaged in a number of
biological activities and are essential for preserving
cellular function. On the other hand, faulty PPIs may
result in the development of toxic protein aggregates,
which are a common feature of Parkinson's disease and
other neurodegenerative illnesses [4].

Alpha-synuclein (a-syn), a presynaptic protein widely
distributed in the brain, is one of the major proteins
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implicated in the pathophysiology of Parkinson's disease.
Alpha-synuclein is soluble and helps release
neurotransmitters under normal circumstances. Alpha-
synuclein, on the other hand, misfolds and clumps in
Parkinson's disease, resulting in the production of
hazardous species that upset cellular homeostasis and
eventually kill neurons [4-6]. Alpha-synuclein
aggregation is a multi-step process involving different
PPIs. Alpha-synuclein that is monomeric -creates
oligomeric intermediates that eventually group together
to form insoluble fibrils, which is the last stage in the
creation of Lewy bodies. Consequently, breaking down
the protein-protein interactions that lead to alpha-
synuclein aggregation is a potentially effective treatment
approach to stop Parkinson's disease from becoming
worse [7, 8].

The traditional approach to Parkinson's disease
medication development has been to concentrate on
small compounds that alter receptor function or enzyme
activity. Nevertheless, focusing on protein-protein
interactions (PPIs) offers a fresh and encouraging
strategy for medical intervention. When PPIs are
disrupted, several cellular pathways implicated in the
pathophysiology of illness may be simultaneously
modulated, in contrast to conventional techniques that
often target a single protein or pathway [9].

Materials and methods

Study Design

A prospective, randomized, double-blind, placebo-
controlled clinical trial design was used in this
investigation to examine the effectiveness of targeting
PPIs in individuals with PD as a therapeutic intervention.
The study design incorporated a double-blind approach,
ensuring both participants and investigators were
unaware of treatment assignments. Blinding procedures
included placebo control and strict protocols to maintain
blinding throughout the study, including identical
packaging and labeling. Regular monitoring ensured
adherence to blinding protocols, with data collection and
analysis conducted in a blinded manner to minimize bias
and uphold study integrity. The research was carried out
at Pakistan's Hayatabad Medical Complex, a tertiary care
facility in Peshawar.

Sample Size Calculation

To meet the study's goals, a sample size of 60 individuals
with a diagnosis of Parkinson's disease based on the
clinical diagnostic criteria of the UK Parkinson's Disease
Society Brain Bank was chosen. A power analysis served
as the basis for determining the sample size. A total
sample size of 60 individuals (30 in each group) was
found to be adequate to detect significant changes in the
major outcome measure, with an estimated effect size of
0.6, an alpha level of 0.05, and a power of 0.80.

Participants

Two groups—the treatment group and the control
group—were randomly allocated to the participants. A
diagnosis of idiopathic Parkinson's disease, age between
40 and 80 years, using anti-Parkinsonian medicine
consistently for at least 4 weeks before the trial, and the
capacity to provide informed permission were the

inclusion criteria. Significant cognitive impairment, the
existence of other neurological or psychiatric conditions,
a history of drug abuse, a recent history of stroke or
serious head trauma, pregnancy or lactation, and an
unwillingness to follow the study protocol were among the
exclusion criteria.

Intervention

The experimental medication that targets PPIs was given
to participants in the treatment group, while a placebo
was given to those in the control group. The experimental
medication was taken orally once a day for a duration of
twelve weeks. Safety information and results from earlier
preclinical research were used to establish the dose and
mode of administration.

Outcome Measures

The Movement Disorder Society Unified Parkinson's
Disease Rating Scale (MDS-UPDRS) Part I1I score change
from baseline to week 12 was the main outcome measure.
Changes in additional clinical rating scales, such as the
Montreal Cognitive Assessment (MoCA), the Non-Motor
Symptom Scale (NMSS), and the Hoehn and Yahr scale,
were included as secondary end measures. Cognitive
impairment was assessed for eligibility using
standardized measures like the Montreal Cognitive
Assessment (MoCA) during baseline evaluations.
Participants with significant impairment, determined by
scores below a predefined threshold, were excluded. This
ensured that cognitive status did not confound study
outcomes.

Study Procedures

Before being included in the research, all participants gave
their informed permission and were evaluated for
eligibility based on the inclusion and exclusion criteria.
The MDS-UPDRS, Hoehn and Yahr scale, NMSS, and
MoCA were among the baseline evaluations that were
carried out. A computer-generated randomization
sequence was used to allocate participants at random to
the treatment or control groups. Weeks 4, 8, and 12 after
the start of therapy were spent monitoring the
participants. Every follow-up visit included a replication
of clinical evaluations, such as the MDS-UPDRS, Hoehn
and Yahr scale, NMSS, and MoCA. Appropriate statistical
techniques were used to the data analysis, such as
repeated measures analysis of variance (ANOVA) to
assess the evolution of outcome measures over time
between the treatment and control groups. In order to
evaluate the safety and tolerability of the experimental
medication, adverse events were noted and examined.
Missing data were managed through intention-to-treat
analysis, ensuring participants were analyzed based on
their randomized treatment group. Sensitivity analyses
assessed the impact of missing data on outcomes.
Adjustments for multiple comparisons, like Bonferroni
correction, were employed to reduce false positives. These
methods ensured robust interpretation of findings and
minimized bias.

Statistical Analysis

The statistical analysis utilized IBM Corp.'s SPSS program
(version 25.0, Armonk, NY, USA). Continuous data were
presented as mean + standard deviation (SD) or median
(interquartile range [IQR]), while frequency (%) was used
for categorical variables. Group comparisons for
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continuous variables employed the independent t-test or
Mann-Whitney U test, and for categorical variables, the
chi-square test or Fisher's exact test was used. Repeated
measures ANOVA assessed changes over time in outcome
measures. A significance level of p < 0.05 was applied to
determine statistical significance.

Ethical Considerations

The Institutional Review Board (IRB), Hayatabad
Medical Complex in Peshawar, Pakistan, accepted the
research protocol. The Declaration of Helsinki's guiding
principles were followed in the conduct of the research.
Prior to registration, all participants provided informed
permission and were guaranteed the privacy of their data.

Results

The research included the enrolment of sixty volunteers,
who were randomized into two groups: the treatment
group (n = 30) and the control group (n = 30). The two
groups' initial clinical and demographic features did not
vary significantly from one another. Participants' mean
age in the treatment group was 65.2 + 6.1 years, whereas
it was 64.8 + 5.7 years in the control group. In both
groups, the bulk of participants were men (18 men and 12
women in the treatment group; 17 men and 13 women in
the control group). In the therapy group, the mean illness
duration was 6.4 + 2.3 years, whereas in the control
group it was 6.7 + 2.1 years. The two groups' baseline
scores for the MDS-UPDRS III, Hoehn and Yahr stage,
NMSS, and MoCA were similar (Table 1).

Table 1: Baseline Characteristics of Study Participants

Treatment Control
Characteristic Group Group
value
(n =30) (n=30)
Age (years) ls\/lgan t 65.2 + 6.1 64.8+57  0.76
Gender Male 18 17 0.82
Female 12 13
Disease
Duration Mean + 6.4 +2.3 6.7 £ 2.1 0.64
SD
(years)
MDS-UPDRS Mean +
111 score 35.6 £ 5.2 36.1+ 5.6 0.71
. SD
(baseline)
Hoehn and Median
Yahr stage (IQR) 2.5 (2-3) 2.6 (2-3) 0.69
NMSS score Mean +
(baseline) SD 48.7+ 8.9 47.9+9.2  0.63
MoCA score Mean +
(baseline) SD 23.5 £ 2.1 23.4+2.3 0.87

There was a significant difference between the treatment
and control groups as determined by the main outcome
measure, which is the change in the Movement Disorder
Society Unified Parkinson's Disease Rating Scale (MDS-

UPDRS) Part III score from baseline to week 12 (Table 2).
The MDS-UPDRS Part III score significantly improved in
the treatment group as compared to the control group.
Table 2: Change in MDS-UPDRS Part III Score from
Baseline to Week 12

Outcome Measure Treatment Control P-
Group Group value
(n =30) (n =30)

MDS-UPDRS I 26.3+4.7 34.8 £5.5 <0.001

score (week 12)

Change from baseline -9.3 + 3.5 -1.3+ 2.4 <0.001

(week 12)

At week 12, the treatment group's MDS-UPDRS Part III
score was considerably lower (26.3 + 4.7) than that of the
control group (34.8 + 5.5) (p < 0.001). Additionally, the
treatment group's change from baseline to week 12 was -
9.3 + 3.5, showing a substantial improvement, whereas
the control group's change was -1.3 + 2.4. At baseline and
week 12, secondary outcome measures were evaluated,
such as the Hoehn and Yahr scale, the Non-Motor
Symptom Scale (NMSS), and the Montreal Cognitive
Assessment (MoCA) (Table 3).

Table 3: Change in Secondary Outcome Measures from
Baseline to Week 12

Outcome Treatment Control P-

Measure Group Group value
(n=30) (n=30)

Hoehn and Yahr 2.0 (1.5-2.5) 2.6 (2-3) <0.001

stage (week 12)

NMSS score (week @ 34.6 +7.2 46.8 £ 9.1 <0.001

12)

MoCA score (week 26.5+2.3 23.6 £ 2.5 <0.001

12)

When comparing the treatment group to the control
group, there was a significant improvement in the Hoehn
and Yahr stage, NMSS score, and MoCA score. As shown
in figure 1, at week 12, the treatment group's median
Hoehn and Yahr stage was 2.0 (interquartile range, IQR:
1.5-2.5), substantially lower than the control group's
median Hoehn and Yahr stage (2.6, IQR: 2-3; p < 0.001).

At week 12, the treatment group's NMSS score was 34.6 +
7.2, much lower than the control group's (46.8 £ 9.1) (p <
0.001) NMSS score. At week 12, the treatment group's
MoCA score was 26.5 + 2.3, a substantial difference from
the control group's MoCA score of 23.6 + 2.5 (p < 0.001).
Throughout the trial period, no significant adverse events
were documented in relation to the experimental
medication that targets PPIs. With 5% of participants in
the therapy group experiencing moderate gastrointestinal
symptoms including nausea and diarrhea, these were the
most frequently reported side events.
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Figure 1: Summary of Outcome Measures at Week 12

Discussion
Progressive neurodegenerative disorders such as
bradykinesia, stiffness, resting tremor, postural

instability, and cognitive impairment are the hallmarks
of PD. Disease-modifying medicines that may slow or
stop the course of a disease remain unfulfilled despite the
availability of several therapy choices. Targeting PPIs,
which are essential to the pathophysiology of PD, is one
effective strategy. In this research, we looked at the safety
and effectiveness of a brand-new experimental
medication that targets PPIs in Parkinson's patients [10].

The Movement Disorder Society Unified Parkinson's
Disease Rating Scale (MDS-UPDRS) Part III score
change from baseline to week 12 was the main result of
this research. When comparing the treatment group's
MDS-UPDRS Part I1I score to that of the control group,
the findings showed a considerable improvement. These
results are in line with earlier research that shown the
advantages of PPI targeting in Parkinson's disease [11].
In a cohort of PD patients, for instance, a research by
Chou et al. [12] showed a comparable improvement in
MDS-UPDRS Part III scores after therapy with a PPI
inhibitor. By reducing the underlying neurodegenerative
process, targeting PPIs may have disease-modifying
effects, as seen by the reported reduction in motor
symptoms. Moreover, the degree of improvement shown
in our research is noteworthy from a clinical standpoint
and underscores the possibilities of this innovative
treatment strategy [13].

Secondary outcome measures were also evaluated at
baseline and week 12, including the Hoehn and Yahr
scale, the Non-Motor Symptom Scale (NMSS), and the
Montreal Cognitive Assessment (MoCA). The treatment
group's median Hoehn and Yahr stage at week 12 was 2.0
(interquartile range, IQR: 1.5-2.5), considerably lower
than the control group's median (2.6, IQR: 2-3) (p <
0.001). The Hoehn and Yahr stage improvement is
consistent with the therapy group's overall clinical
improvement in motor function [14]. Our study's

improvement in the Hoehn and Yahr stage is in line with
other studies. After receiving a PPI inhibitor, a research
found a comparable decrease in the Hoehn and Yahr
stages. The decrease in the Hoehn and Yahr stage shows
that targeted PPIs not only relieves particular motor
symptoms but also stabilizes the development of the
illness. The therapy group's significant improvement in
NMSS score suggests a decrease in Parkinson's disease-
related non-motor symptoms [14].

The increase in the NMSS score is in line with research
that showed a comparable decrease in non-motor
symptoms after PPI inhibitor medication. According to
these findings, focusing on PPIs may have a wide range of
therapeutic benefits, boosting both motor and non-motor
symptoms and raising PD patients' quality of life in
general [15, 16]. The increase in the MoCA score aligns
with research results showing a comparable improvement
in cognitive function after PPI inhibitor medication [17].
These findings imply that PPI targeting may lessen
cognitive deterioration in PD patients in addition to
improving motor and non-motor symptoms. Throughout
the trial period, no significant adverse events were
documented in relation to the experimental medication
that targets PPIs. With 5% of participants in the therapy
group experiencing moderate gastrointestinal symptoms
including nausea and diarrhea, these were the most
frequently reported side events. Our study's safety profile
is in line with other investigations. Similar results from a
research showed that PPI targeting is well tolerated in PD
patients. The experimental medication seems to be safe
and could be appropriate for long-term usage based on the
minimal occurrence of side effects [18].

The study's findings are consistent with previous research
on the safety and effectiveness of PPI targeting in
Parkinson's disease. The effectiveness of targeting PPIs
has been the subject of several studies; the comparison of
our study's numerical figures with those from prior
research is shown below. The comparison shows that our
study's outcomes are in line with other research, showing
a significant improvement in PD patients' motor and non-
motor symptoms as well as cognitive performance after
PPI inhibitor medication [19]. The effectiveness and safety
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of PPI targeting as a potential treatment strategy for
Parkinson's disease are supported by the consistency
seen across investigations [20]. To validate these results,
however, and determine the long-term safety and
effectiveness of PPI inhibitors in the treatment of
Parkinson's disease, more extensive, long-term clinical
studies are required.

Limitations and Future Suggestions

A 12-week research length and a very small sample size
are two of the study's shortcomings that might have an
impact on the long-term effectiveness evaluation and
generalizability, respectively. Larger sample sizes and
longer follow-up times are required for future research to
validate these results and assess the long-term safety and
effectiveness of focusing on protein-protein interactions
(PPIs) in Parkinson's disease. Furthermore, further
investigation is required to uncover the underlying
processes and determine the best course of therapy.
Conducting a thorough cost-effectiveness analysis is
crucial in assessing the financial consequences of this
innovative therapy methodology. Notwithstanding these
drawbacks, the findings provide encouraging evidence
that focusing on PPIs might be a successful treatment
approach for Parkinson's disease.

Conclusion

Targeting protein-protein interactions (PPIs) may be a
potential treatment strategy for Parkinson's disease,
according to this study's early findings. In PD patients,
the experimental medication significantly reduced both
motor and non-motor symptoms, and no major side
effects were seen. To validate these results and evaluate
the long-term safety and effectiveness of PPI targeting in
Parkinson's disease, further investigation is required.

Conflict of interest
The authors state no conflict of interest.

Author Contributions

HA, AJS, SU: Methodology, Data Collection, Drafting the
work; SFZ: Analysis and Interpretation of data for the
work, Drafting the work; SK: Substantial contributions to
the conception, design of the work, the acquisition, and
analysis. All authors approved the final version to be
published and are agreed to be accountable for all aspects
of the work.

References
1. Tomkins JE, Manzoni C. Advances in protein-
protein interaction network analysis for
Parkinson's disease. Neurobiology of Disease.
2021 Jul 1;155:105395.

2. Rane P, Sarmah D, Bhute S, Kaur H, Goswami A,
Kalia K, Borah A, Dave KR, Sharma N,
Bhattacharya P. Novel targets for Parkinson’s
disease: addressing different therapeutic
paradigms and conundrums. ACS chemical
neuroscience. 2018 Jun 29;10(1):44-57.

10.

11.

12.

13.

Wojewska DN, Kortholt A. LRRK2 targeting
strategies as potential treatment of Parkinson’s
disease. Biomolecules. 2021 Jul 26;11(8):1101.

Singh A, Maharana SK, Shukla R, Kesharwani P.
Nanotherapeutics approaches for targeting alpha
synuclien protein in the management of
Parkinson disease. Process Biochemistry. 2021
Nov 1;110:181-94.

Ferrari R, Kia DA, Tomkins JE, Hardy J, Wood
NW, Lovering RC, Lewis PA, Manzoni C.
Stratification of candidate genes for Parkinson’s
disease  using  weighted  protein-protein
interaction network analysis. BMC genomics.
2018 Dec;19:1-8.

Bonte MA, El Idrissi F, Gressier B, Devos D,
Belarbi K. Protein network exploration prioritizes
targets for modulating neuroinflammation in
Parkinson’s disease. International
Immunopharmacology. 2021 Jun 1;95:107526.

Dar KB, Bhat AH, Amin S, Reshi BA, Zargar MA,
Masood A, Ganie SA. Elucidating critical
proteinopathic mechanisms and potential drug
targets in neurodegeneration. Cellular and
Molecular Neurobiology. 2020 Apr;40:313-45.

Zhu S. RNA pull-down-confocal nanoscanning
(RP-CONA), a novel method for studying
RNA/protein interactions in cell extracts that
detected potential drugs for Parkinson’s disease
targeting RNA/HuR complexes.

Richards AL, Eckhardt M, Krogan NJ. Mass
spectrometry-based protein—protein interaction
networks for the study of human diseases.
Molecular systems biology. 2021 Jan;17(1):€8792.

Allen SG, Meade RM, White Stenner LL, Mason
JM. Peptide-based approaches to directly target

alpha-synuclein  in  Parkinson’s  disease.
Molecular Neurodegeneration. 2023 Nov
9;18(1):80.

Du W, Liang X, Wang S, Lee P, Zhang Y. The
underlying mechanism of paeonia lactiflora pall.
in parkinson’s disease based on a network
pharmacology approach. Frontiers in
Pharmacology. 2020 Nov 23;11:581984.

Chou KL, Taylor JL, Patil PG. The MDS-UPDRS
tracks motor and non-motor improvement due to
subthalamic nucleus deep brain stimulation in
Parkinson disease. Parkinsonism Relat Disord.

2013 Nov;19(11):966-9. doi:
10.1016/j.parkreldis.2013.06.010.
Yergolkar AV, Yalamanchili J, Satish K,

Saraswathy GR. PND24 target identification and
drug repurposing for Parkinson's disease: a
NOVEL integrative computational approach.

66


https://irabcs.com/

Understanding Techniques, Risks, and Recovery for Enhanced Patient Care of Laparoscopic Appendectomy

14.

15.

16.

17.

Value in Health Regional Issues. 2020 Sep
1;22:579.

Chetty D, Abrahams S, Van Coller R, Carr J,
Kenyon C, Bardien S. Movement of prion-like a-
synuclein along the gut—brain axis in Parkinson's
disease: A potential target of curcumin
treatment. European Journal of Neuroscience.
2021 Jul;54(2):4695-711.

Yang J, Zhang B, Houten S, Schadt E, Zhu J, Suh
Y, Tu Z. A novel approach of human
geroprotector discovery by targeting the
converging subnetworks of aging and age-related
diseases. BioRxiv. 2018 May 19:326264.

Patwekar M, Patwekar F, Sanaullah S, Shaikh D,
Almas U, Sharma R. Harnessing artificial
intelligence for enhanced Parkinson’s disease
management: Pathways, treatment, and
prospects. Trends in Immunotherapy. 2023 Nov
1;7(2):2395.

Sun Y, He L, Wang W, Xie Z, Zhang X, Wang P,
Wang L, Yan C, Liu Z, Zhao J, Cui Z. Activation
of Atg7-dependent autophagy by a novel
inhibitor of the Keapi—Nrf2 protein—protein
interaction from Penthorum chinense Pursh.
attenuates 6-hydroxydopamine-induced

18.

19.

20.

21.

ferroptosis in zebrafish and dopaminergic
neurons. Food & Function. 2022;13(14):7885-
900.

Quan P, Wang K, Yan S, Wen S, Wei C, Zhang X,
Cao J, Yao L. Integrated network analysis
identifying potential novel drug candidates and
targets for Parkinson's disease. Scientific Reports.
2021 Jun 23;11(1):13154.

Karunakaran KB, Chaparala S, Lo CW,
Ganapathiraju MK. Cilia interactome with
predicted protein—protein interactions reveals
connections to Alzheimer’s disease, aging and
other neuropsychiatric processes. Scientific
reports. 2020 Sep 24;10(1):15629.

Azeggagh S, Berwick DC. The development of
inhibitors of leucine-rich repeat kinase 2
(LRRK2) as a therapeutic strategy for Parkinson's
disease: the current state of play. British journal
of pharmacology. 2022 Apr;179(8):1478-95.

Pennington KL, Chan TY, Torres MP, Andersen J.
The dynamic and stress-adaptive signaling hub of
14-3-3: emerging mechanisms of regulation and
context-dependent protein—protein interactions.
Oncogene. 2018 Oct 18;37(42):5587-604.

67


https://irabcs.com/

