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Long-term neuroprotective
efficacy of VEMSA-PD nasal
drops: An innovative approach for
management and mitigation of

Parkinson’s disease symptoms

Muralidhar S Talkad", Aamir Javed', Vijay Satish!, HV Anil

Kumar?, Kamal Saba3

ABSTRACT

Background and Purpose: Parkinson's Disease (PD) is a neurodegenerative disorder
primarily affecting dopamine-producing neurons in the brain, leading to a spectrum
of motor and non-motor symptoms. Methods: This study introduces VEMSA-PD nasal
drops as a potential candidate, which, based on our investigations, has shown
promising neuroprotective properties. VEMSA-PD nasal drops are a proprietary
herbal compound enriched with micro-emulsions and bioactive components that are
beneficial for the Central Nervous System (CNS) and managing PD. Our
experimental model initially involved inducing PD in mice using 1-methyl-4-phenyl-
1,2,3,6-tetrahydropyridine, administered at a dosage of 20 mg/kg (i.p) twice daily for
five days. Result: Subsequent treatment with VEMSA-PD nasal drops revealed a
significant neuroprotective effect. Notably, co-administration of MPTP with VEMSA-
PD (2 drops, 3 times/day) almost restored the striatum's glutathione (GSH) levels and
antioxidant enzyme activity to normal levels in the MPTP-induced group (1.33 *
0.06). Additionally, the elevated malondialdehyde (MDA) levels seen in the MPTP-
induced group (8.11 + 0.05) were considerably reduced in the group treated with
VEMSA-PD, achieving MDA levels of 2.63 + 0.143 in the striatum and 4.45 + 0.169 in
the treated group. Conclusion: Human PD patients received VEMSA-PD nasal drops
for six months in the research. Uric acid levels decreased significantly pre-, four-
month-, and post-treatment, suggesting VEMSA-PD may manage PD-related
metabolic dysregulation. In conclusion, VEMSA-PD nasal drops reduce uric acid

levels in human PD patients and protect neurons in animal models of PD.

Keywords: VEMSA-PD nasal drops, MPTP, Parkinson’s disease, oxidative stress, free
radical, brain histopathology.
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1. INTRODUCTION

Parkinson's disease (PD) is a chronic and progressive neurodegenerative disorder that poses significant challenges to medical
researchers and clinicians (Ojha et al., 2016). The disease is marked by both motor and non-motor dysfunctions, the most significant of
which include dopaminergic neuronal death, oxidative stress, and neuroinflammation (Mhyre et al., 2012; DeMaagd and Philip, 2015).
As PD continues to affect millions of individuals worldwide, gaining a profound understanding of its pathophysiology is of paramount
importance for the development of effective therapeutic strategies (Dinda et al., 2019). PD is characterized by a distinct neuropathology,
predominantly involving the loss of dopaminergic neurons in the substantia nigra pars compacta (SNpc) region of the brain, and the
subsequent reduction of dopamine levels in the striatum (Dinda et al., 2019).

This characteristic feature of PD, combined with the presence of intraneuronal proteinaceous inclusions known as Lewy bodies,
forms the pathological basis for the cardinal motor symptoms observed in the disease, which include bradykinesia, resting tremor,
rigidity, and postural instability (Alexander, 2004). To explore the pathophysiological mechanisms of PD and evaluate potential
therapeutic approaches, various in vivo models are employed. One of the most extensively utilized models involves the administration
of 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) (Alexander, 2004). This neurotoxin exerts its detrimental effects primarily on
dopaminergic neurons and induces the formation of a-synuclein in the striatum and substantia nigra, recapitulating many aspects of
PD pathology (Von-Bohlen, 2005; Grotemeyer et al., 2022).

a-Synuclein, a protein primarily found at presynaptic terminals, plays a significant role in the pathogenesis of PD. Under
pathological conditions, it can aggregate to form insoluble fibrils, which contribute to the formation of Lewy bodies. Recent research
has highlighted the role of a-synuclein in modulating neurotransmitter release, synaptic function, and plasticity, further underscoring
its importance in PD pathophysiology (Stefanis, 2012). Animal models of PD, such as the MPTP model, offer essential insights into the
underlying mechanisms that contribute to the broad spectrum of symptoms associated with the disease. These models serve as
instrumental platforms for both fundamental and translational research (Ghavami et al., 2014). When rodents or primates are exposed
to MPTP, they exhibit biochemical and cellular changes that closely resemble those observed in human cases of idiopathic PD (Duty,
Jenner, 2011; Meredith and Rademacher, 2011).

Furthermore, these models help to shed light on the role of oxidative stress, apoptosis, and neuroinflammation in PD progression,
even if the precise molecular underpinnings remain elusive (Imamura et al., 2003). Oxidative stress, defined as the imbalance between
the production of intracellular free radicals and the efficacy of the intracellular antioxidant defence system, emerges as a crucial
biochemical pathogenic component in PD (Dexter and Jenner, 2013; Dauer and Przedborski, 2003). Accumulating evidence suggests
that chronic oxidative stress can lead to cellular damage and dysfunction, contributing to the degeneration of dopaminergic neurons
observed in PD. Moreover, elevated levels of oxidative stress markers have been identified in the brain, cerebrospinal fluid, and
peripheral tissues of PD patients, reinforcing the concept that oxidative stress is intimately involved in the pathogenesis of PD (Dias et
al., 2013).

Interestingly, several studies indicate that specific compounds may exhibit neuroprotective properties against PD. For instance,
administration of Catalpol, a bioactive compound isolated from the herb Rehmannia glutinosa, has been shown to mitigate MPTP-
induced oxidative stress, thereby preventing chronic inflammation and neurodegeneration (Wang et al., 2019). Moreover, the herbal
extract Sophora tomentosa L displayed neuroprotective effects against MPTP-induced Parkinsonism by restoring nigrostriatal
dopaminergic function, suggesting a potential therapeutic role of natural compounds in PD (Hu et al., 2016). These neuroprotective
mechanisms likely involve the reduction of GSK-3 phosphorylation and a-synuclein accumulation, coupled with the rejuvenation of
striatal antioxidant defences (Garcia-Yague et al., 2021). Additionally, Embelin, a bioactive compound known to penetrate the blood-
brain barrier, has exhibited neuroprotective effects on the central nervous system and demonstrate beneficial impact in rotenone-
induced PD models (Witika et al., 2022).

Given the therapeutic potential of these natural compounds, the focus of the current study is on VEMSA-PD nasal drops. This novel
treatment modality contains a proprietary blend of herbal extracts, micro-emulsions, and bioactive constituents, purported to be
beneficial for the central nervous system and specifically for PD (Thomford et al., 2018). It is proposed that the neuroprotective
mechanism of VEMSA-PD nasal drops against MPTP-induced Parkinsonism may involve a multifaceted approach, including restoring

striatal antioxidant defenses, reestablishing nigrostriatal dopaminergic function, and reducing a-synuclein accumulation. As PD
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continues to represent a significant burden for patients and healthcare systems worldwide, novel therapeutic strategies like VEMSA-PD
nasal drops can potentially provide much-needed relief for those affected by this debilitating disease. The ongoing quest to better
understand the pathophysiological processes underlying PD and the exploration of innovative treatment approaches underline the
importance of this type of research in the field of neurodegenerative disorders.

This worthwhile examine the microscopic view of the brain tissue, specifically the hippocampus region, under the influence of
Parkinson's Disease (PD) and its reversal with the administration of VEMSA-PD Nasal Drops. Histopathological examinations offer a
fundamental means of understanding the disease's influence at the tissue level, providing an extensive picture of the changes the
disease induces within the brain (Dickson, 2012). Parkinson's Disease, a neurodegenerative disorder, prominently impacts the
dopaminergic neurons in the substantia nigra and significantly affects other areas of the brain, including the hippocampus. This region
plays an essential role in memory formation and spatial navigation, and any alterations in its structure can lead to cognitive and motor
deficits, commonly observed in PD (Halliday et al., 2014). In the study, the hippocampal region of PD induced and non-induced mice
was scrutinized. It was observed that PD led to significant pathological alterations in the hippocampus, including fatty vacuolation and
neuronal hyperplasia with apoptosis and gliosis.

These changes underline the destructive nature of the disease and emphasize the importance of identifying and implementing
neuroprotective strategies. The innovative VEMSA-PD Nasal Drops, designed as a non-invasive therapeutic administration method,
were found to be one such neuroprotective agent. The nasal route, with its direct connection to the brain via the olfactory and
trigeminal nerves, allows the drug to bypass the blood-brain barrier, ensuring more efficient drug delivery and less systemic exposure,
thereby reducing potential side effects. The nasal drops contain a potent formulation of selective herbal extracts, developed to combat
PD-induced oxidative stress, inflammation, and neurodegeneration. The histopathological observations of the hippocampal region
following the administration of VEMSA-PD Nasal Drops revealed a significant reduction in PD-induced pathological changes. This
suggests that the nasal drops not only protected the brain from further damage but also reversed some of the PD-induced
modifications.

The implications of these findings extend beyond our understanding of the disease's microscopic effects on the brain's structure.
They highlight the potential of VEMSA-PD Nasal Drops as a novel and effective therapeutic strategy for PD, underscoring the potential
of herbal extracts in the management and treatment of neurodegenerative diseases. Recent studies have highlighted the potential role of
uric acid in neurodegenerative diseases, including PD (Cutler et al., 2015). Uric acid is the final oxidation product of purine metabolism
in humans and has potent antioxidant properties, which can counteract oxidative stress, a primary contributor to the development of
PD (Sautin and Johnson, 2008). Interestingly, epidemiological studies have found an inverse correlation between uric acid levels and
the risk of PD, implying that higher levels of uric acid may have a protective effect against PD development (Fazlollahi et al., 2022).

However, the precise role of uric acid in PD and its potential use as a therapeutic target or biomarker in PD remains unclear
(Cipriani et al., 2010). In this study, we aimed to investigate the effect of VEMSA-PD nasal drops on uric acid levels in PD patients.
VEMSA-PD is a proprietary herbal compound infused with micro-emulsions and bioactive components beneficial for the Central
Nervous System (CNS) and managing PD. We hypothesized that the treatment might not only help with PD symptoms but also
regulate uric acid levels, thereby providing a holistic approach to manage PD. This research represents an essential stride towards
understanding the multifaceted mechanisms of PD and highlighting the potential of innovative therapeutic interventions. Our findings
can illuminate the potential therapeutic effects of VEMSA-PD nasal drops and help establish the groundwork for larger clinical studies
investigating the effectiveness of these drops as a treatment for PD, taking into consideration both the symptomatic management and

metabolic modulation.

2. MATERIALS AND METHODS

Animal Preparation

ARRIVE guidelines have been followed in the preparation of the manuscript. The experimentation was carried out as per Research and
Ethics (CPSEA/154/106/2022) approved experimental protocols. Two months old male, C57BL6/] mice procured from the Jackson
Laboratory, USA (Stock no: 000664) were used for the study. They were housed at 22°C, 60% relative humidity and 12hrs light/dark
cycle with ad libitum access to food and water. Mice were randomly divided into two groups:
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MPTP Group (n=6): This group received MPTP 20mg/kg (SIGMA/Aldrich, USA) prepared in normal saline as IP once in a day for 7
consecutive days.

Control Group (n=7): This group was treated with normal saline as IP (volume: 25gm/kg) once in a day for 7 consecutive days.

Formulation and Administration of VEMSA-PD Nasal Drops
The VEMSA-PD nasal drops, a potent extract formulation, were meticulously prepared using the well-established Soxhlet extraction
process. This extraction method allows for the comprehensive extraction of active constituents from the selected herbs, providing a rich
and therapeutically potent formulation. The drops have been designed with a dosage concentration of 100mg/ml, optimized for ease of
administration and therapeutic efficacy. The specific formulation encompasses a blend of five distinct herbal extracts, each chosen for
their unique medicinal properties.

The botanical ingredients and their quantities per milliliter of the formulation are as per the ingredient given in the (Table 1). Each
of these components contributes to the overall efficacy of the VEMSA-PD nasal drops. Mucuna pruriens, for example, has been found to
contain naturally occurring levodopa, which may provide dopaminergic support in the treatment of PD. Similarly, Curcuma longa is

known for its anti-inflammatory and antioxidant properties, both of which may be beneficial in neurodegenerative conditions like PD.

Table 1 Formulation of VEMSA-PD Nasal Drops

Botanical Name | Part Used | Form of ingredient | Qtyin ml
Mucuna pruriens Seed Extract 2.0

Vitis vinifera Seed Oil 1.5

Sida cordifolia Root Extract 1.0
Curcuma longa Rhizome Extract 0.05
Prunus amigdalus | Seed Oil 0.05

Table 1 details the individual botanical ingredients used in the formulation of VEMSA-PD Nasal Drops. Each component, including the part used,
form of ingredient, and quantity per milliliter of formulation, is listed.

The safety and tolerance of VEMSA-PD nasal drops were carefully assessed via an acute toxicity LD 50 evaluation. This assessment
was conducted in a controlled laboratory environment following the guidelines stipulated by the Organisation for Economic Co-
operation and Development. The "LD 50" represents the lethal dose at which 50% of the tested population would be expected to
succumb, hence providing a measure of the substance's acute toxicity. As per the regulatory guidelines, the maximum therapeutic dose
of any drug should not exceed 1/10th of the maximum tolerance dose determined from the LD 50 evaluation.

Accordingly, the therapeutic doses for the VEMSA-PD nasal drops were judiciously set at 250 mg/kg and 750 mg/kg of body
weight. These dosages have been selected to optimize the neuroprotective benefits of the formulation while ensuring its safety profile.
Taken together, the methodical preparation and rigorous safety evaluation of the VEMSA-PD nasal drops highlight their potential as a
promising therapeutic intervention in PD management. Further experimental investigation is warranted to explore their precise

neuroprotective mechanisms and potential clinical utility in treating Parkinson's disease.

Methodology and Experimental Design

The study incorporated two separate experimental designs, each utilizing six rats and targeted at exploring the impact of VEMSA-PD
Nasal Drops under different conditions.

Preparatory Phase: Evaluating Impact of VEMSA-PD on Normal Mice:

The first phase of the study involved dividing six mice into three groups, each subjected to different treatments for a duration of 21
days:

Group 1 - Normal Control: Mice in this group received drinking water in doses of 10ml/kg of body weight.

Group 2 - Low Dosage VEMSA-PD: Mice in this group were orally administered with VEMSA-PD Nasal Drops in a low dosage of
250mg/kg of body weight.
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Group 3 - High Dosage VEMSA-PD: Mice in this group received the VEMSA-PD Nasal Drops orally in a high dosage of 750mg/kg of
body weight.

Throughout the 21-day period, mice were monitored and their body weight was recorded at the beginning and end of the feeding
process. On the final day, blood was collected from the mice to analyze the levels of Reduced Glutathione (GSH). Following the feeding
process, the mice were subjected to necropsy and the weight of vital organs like the liver, kidney, and brain were recorded. These
organs were then subjected to histopathological analysis.

Experimental Phase: Evaluating Therapeutic Response in PD-Induced Chemical Mice Model

The second phase of the study involved an examination of the therapeutic response of VEMSA-PD Nasal Drops on a PD-induced
model. In this phase, six mice were divided into five groups:

Group 1 - Normal Control: Mice in this group were not subjected to any specific treatment.

Group 2 - MPTP-induced: Mice in this group were given 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) to induce Parkinson's
disease-like symptoms.

Group 3 - Standard Levodopa: This group received standard Levodopa treatment at a dosage of 7.5mg/kg of body weight orally.

Group 4 - Low Dosage VEMSA-PD with MPTP: These mice received MPTP along with two drops of VEMSA-PD Nasal Drops
(extracts), administered twice a day.

Group 5 - High Dosage VEMSA-PD with MPTP: Mice in this group were given MPTP and received three drops of VEMSA-PD Nasal
Drops (extracts) three times a day.

VEMSA-PD Nasal Drops were administered via the nasal route for 15 consecutive days until behavioral observation. Meanwhile,
MPTP (20 mg/kg, intraperitoneally) was administered twice daily, with a 4-hour interval, for five days until behavioral observation.
The activities of antioxidant enzymes in the brain striatum, including glutathione peroxidase, glutathione reductase, glutathione, and
malondialdehyde, were evaluated. Tissue samples from the brain of each group were collected and subjected to histopathological

evaluation.

Histological Examination of Brain Tissues
For histological analysis, brain tissues were initially fixed using 4% paraformaldehyde in phosphate-buffered saline (PBS) for a
duration of 24 hours. Post-fixation, tissues were then cryoprotected in 30% sucrose at 4°C until they descended. Following this, the
tissues were incorporated in OCT compound (Sakura Finetek) and sectioned at 20um on a cryostat. The subsequent tissue sections were
assembled onto gelatin-coated slides. To begin with the staining procedure, the slides were initially rinsed with PBS to expel the OCT
compound. The tissue slides were then prepared for staining with hematoxylin and eosin (H & E), which is a common staining
procedure used to examine the morphology and pathology of the tissue.

The stained tissue sections were then visualized under a microscope, and images were obtained for further analysis. The H & E
staining provided detailed information on the general structure and form of the brain tissue. This allowed for in-depth scrutiny of any
pathological changes in the brain tissue associated with Parkinson's disease. All steps were meticulously performed to maintain the

tissue's integrity and provide accurate histopathological findings.

Human Subject Preparation and Study Design

Under this subheading, the details of the study design involving human participants are described. The study involved a cohort of 162
PD patients who were diagnosed according to the UK Brain Bank criteria. Participants were between the ages of 45 and 70 and were not
on any other treatment regimen for PD during the study duration. Patients were randomly assigned into three equal groups:
VEMSA-PD Nasal Drops Treated Group (n=54): This group received VEMSA-PD nasal drops, two drops thrice a day for a period of 6
months.

Non-Treated Control Group (n=54): This group did not receive any form of treatment and served as a control group. The patients were
closely monitored during the study.

Placebo Group (n=54): Patients in this group were given placebo nasal drops, administered in the same way as the treated group.

Blood samples were collected from all patients at three different time points: before the start of treatment (Pre-treatment), at the end of
4 months (Treatment - 4 Months), and at the end of 6 months (post-treatment). The uric acid levels in the blood samples were measured

using an enzymatic colorimetric method, which was the outcome measure for this study.
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The data were analyzed using two-way ANOVA for repeated measures, followed by Tukey's multiple comparisons test. The
significance level was set at p<0.05. The statistical analysis was performed using GraphPad Prism software. This study was approved
by the Institutional Ethics Committee and was conducted. Informed lawful consent (PDL-88-89) was procured from all participants.
Applicable approval was received from the ethical committee of the PD Labs (Neelanjana Ayurveda Specialty clinic), Department of
Medicine, Bangalore, India (approval No. PDL/PAR-88-RI-89). The datasets used and/or analyzed during the current study are

available from the corresponding author upon a reasonable request.

Statistics

During our study, we utilized non-parametric one-way analysis of variance (ANOVA), a statistical method that's effective for handling
biological data without the need for normal distribution or equal variances assumptions. This technique enabled us to compare the
effectiveness of VEMSA-PD nasal drops across multiple treatment groups and the control group, providing clear insights into the
formulation's potential in mitigating PD symptoms in MPTP-treated mice. It's important to note that while this method helps identify
patterns and trends, the interpretation and application of these results to biological or clinical significance necessitate further
investigations and a deeper understanding of the underlying biological mechanisms. Therefore, despite the strong statistical evidence,
we underscore the need for continued research to validate the neuroprotective effects of VEMSA-PD nasal drops and to uncover the

precise molecular mechanisms that support these effects.

3. RESULTS

Analysis of Biochemical Parameters

The biochemical markers of interest in this study included Glutathione (GSH), Glutathione Reductase (GR), Glutathione Peroxidase
(GPx), Superoxide Dismutase (SOD), Catalase, and Malondialdehyde (MDA). These markers play crucial roles in our body's
antioxidant defenses and oxidative stress status (Younus, 2018). GSH is a potent antioxidant found in most cells, protecting them
against free radicals and peroxides. GR and GPx are enzymes that, together with GSH, constitute the glutathione-ascorbate cycle, a
system that eliminates damaging peroxides (Kurutas, 2016).

SOD and Catalase are additional critical antioxidant enzymes. SOD facilitates the conversion of superoxide radicals into either
ordinary molecular oxygen or hydrogen peroxide, which is then broken down by catalase into water and oxygen, thus protecting the
cells from the harmful effects of these radicals (Mukhopadhyay et al., 2009). MDA, on the other hand, is a marker of oxidative stress
and is produced as a result of lipid peroxidation. Increased levels of MDA signify enhanced oxidative stress and damage to cell

membranes.

Glutathione (GSH) Levels

The Normal Control group exhibited a mean GSH level of 2.55 + 0.13 nmoL/mg of protein. The GSH level was significantly reduced to
1.33 + 0.06 nmoL/mg of protein in the MPTP group, indicating the induction of oxidative stress. Levodopa treatment moderately
increased the GSH level to 1.91 + 0.10 nmoL/mg of protein. The VEMSA-PD treatment showed a substantial increase in GSH levels,
reaching 2.06 + 0.05 nmoL/mg of protein in the low-dosage group (2 drops/2 times) and an even higher level of 2.63 + 0.143 nmoL/mg of
protein in the high-dosage group (2 drops/3 times) (Table 2).

Glutathione Reductase (GR) and Glutathione Peroxidase (GPx) Activities

The MPTP group exhibited reduced levels of both GR (144.5 + 2.39 mU/mg of protein) and GPx (3.11 + 0.05 mU/mg of protein)
compared to the Normal Control group (GR: 204.23 + 3.60 mU/mg of protein, GPx: 4.45 + 0.16 mU/mg of protein). Levodopa treatment
resulted in a slight increase in the GR (149.83 + 1.58 mU/mg of protein) and GPx (3.67 + 0.04 mU/mg of protein) activities. The VEMSA-
PD treated groups demonstrated a significant restoration in both GR and GPx activities. In particular, the high-dosage VEMSA-PD
group showed remarkable improvements with GR reaching 248 + 3.307 mU/mg of protein and GPx reaching 5.63 + 0.161 mU/mg of
protein (Table 2).
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Table 2 Evaluation of Antioxidant Enzymes and Oxidative Stress Markers in Different Experimental Groups

GSH GR (mU/mg | GPx Catalase MDA
SOD (U/mg
Sl.no | Groups (nmoL/mgof | of (mU/mgof . (U/mg of (nmoL/mgof
. . . ofProtein) , .
Protein) Protein) Protein) Protein) Protein)
1 Normal Control 2.55+0.13 204.23+ 3.60 4.45+0.16 21.46+0.49 11.91+0.30 4.40+0.15
MPTP 1.33+0.06 144.5+2.39 3.11+0.05 12.08+0.05 4.68+0.09 8.11+0.05
3 MPTP+Std Levodopa: | g1 10 | 149834158 | 3.67+0.04 14.99+ 008 | 5.50+0.06 7.30+ 0.17%*
7.5 mg/kg (P.O)
MPTP + VEMSA-PD 2
4 i . MS 2.06+ 0.05** 179.5+2.28 4.21+0.07 ** 17.11+0.12 8.06+ 0.09** 4.77+0.07**
drops /2 times
5 MPTP + YEMSA-PD 2 2.63+0.143* 248*+ 3.307 5.63+0.161 26.18 *+0.290 | 12.1+0.127* 4.45+ 0.169*
drops /3 times

Table 2 illustrates the quantification of key oxidative stress and antioxidant parameters, including Reduced Glutathione (GSH),
Glutathione Reductase (GR), Glutathione Peroxidase (GPx), Superoxide Dismutase (SOD), Catalase, and Malondialdehyde (MDA)
across different experimental groups. The units of measure are given in nanomoles per milligram of protein (nmoL/mg of Protein) for
GSH and MDA, and milliunits or units per milligram of protein (mU/mg of Protein or U/mg of Protein) for GR, GPx, SOD, and
Catalase. Group 1 represents the Normal Control, Group 2 signifies the 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP)-induced
model, Group 3 encompasses animals treated with standard Levodopa (7.5mg/kg, administered perorally - P.O.) after MPTP induction,
while Group 4 and Group 5 include animals treated with low (2 drops twice a day) and high (2 drops thrice a day) dosages of VEMSA-
PD Nasal Drops (Vedica Herbals' extract formulations for Parkinson's Disease) following MPTP induction, respectively. The values

displayed are means + standard deviation. Statistical significance from the MPTP group is denoted by asterisks: **p<0.01, *p<0.05.

Superoxide Dismutase (SOD) and Catalase Activities

The MPTP group exhibited lower levels of SOD (12.08 + 0.05 U/mg of protein) and catalase (4.68 + 0.09 U/mg of protein) compared to
the Normal Control group (SOD: 21.46 + 0.49 U/mg of protein, Catalase: 11.91 + 0.30 U/mg of protein). Levodopa moderately increased
the activities of both SOD (14.99 + 0.08 U/mg of protein) and catalase (5.50 + 0.06 U/mg of protein). Remarkably, VEMSA-PD treatment
demonstrated a substantial increase in SOD and catalase activities. Especially, the high-dosage VEMSA-PD group showed SOD
reaching 26.18 + 0.290 U/mg of protein and catalase reaching 12.1 + 0.127 U/mg of protein (Table 2).

Malondialdehyde (MDA) Levels

The MPTP group exhibited a significantly higher MDA level (8.11 + 0.05 nmoL/mg of protein) than the Normal Control group (4.40 *
0.15 nmoL/mg of protein), suggesting increased lipid peroxidation. Levodopa treatment only slightly decreased the MDA level to 7.30 +
0.17 nmoL/mg of protein. Both VEMSA-PD treatment groups showed a marked reduction in MDA levels, with the high-dosage
VEMSA-PD group exhibiting an MDA level of 4.45 + 0.169 nmoL/mg of protein, comparable to the Normal Control group (Table 2).
Overall, these results suggest that VEMSA-PD Nasal Drops effectively enhance antioxidant enzyme activities and reduce oxidative

stress in the MPTP-induced PD model, providing further evidence for its potential neuroprotective effects.

Histopathological Examination of MPTP-Induced Changes and Therapeutic Effects of VEMSA-PD Nasal Drops

In our study, we conducted detailed histopathological assessments to investigate the neuroprotective effects of VEMSA-PD nasal drops
against MPTP-induced Parkinson's disease in mice. The histopathological evaluations focused on the hippocampal region of the brain,
as this area is often significantly affected in Parkinson's disease. In the control group, normal morphology was observed in the
hippocampus (refer to Figures Al and A2), providing a baseline reference for subsequent comparisons. In contrast, the group induced
with MPTP (G2) demonstrated severe morphological changes, including 4+ fatty vacuolation and moderate 3+ neuronal hyperplasia.
These changes were accompanied by notable levels of apoptosis and gliosis (Figures Bl and B2), providing clear evidence of MPTP-

induced neuronal damage.
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Figure 1 Neuroprotective Effects of VEMSA-PD Nasal drops on the Histopathological Profile of Mice Brain in MPTP-Induced Parkinson’s Disease. The figure comprises eight
micrographs (Fig-A1l to Fig-D2), illustrating the histopathological changes in the hippocampus region of mice brains across different experimental conditions. Fig-A1l & Fig-
A2: Represent the hippocampus region of a normal control mouse brain, revealing no abnormalities in the cellular morphology. Images were captured at 100x (Fig-A1l) and
400x (Fig-A2) magnification. Fig-B1 & Fig-B2: Demonstrate severe and moderate histopathological alterations respectively in MPTP-induced mouse brains. The hippocampus
region exhibits fatty vacuolation (severity grade: 4+) at 100x magnification (Fig-B1) and neuronal hyperplasia with apoptosis and gliosis (severity grade: 3+) at 400x
magnification (Fig-B2). Fig-C1 & Fig-C2: Display the hippocampus region of mice brains treated with standard Levodopa (7.5mg/kg of body weight - PO), showing recovery
to normal morphology. These images were captured at 100x (Fig-C1) and 400x (Fig-C2) magnification. Fig-D1 & Fig-D2: Represent the hippocampus region of mice brains
treated with high dosage (2 drops three times) of MPTP + VEMSA-PD. The histological evaluation shows normal morphology, indicative of no abnormal detection (NAD+), as
observed at 100x (Fig-D1) and 400x (Fig-D2) magnification. Collectively, these micrographs underscore the neuroprotective potential of VEMSA-PD nasal drops, as evidenced
by the restoration of normal hippocampal morphology in MPTP-induced mice following treatment.

Intriguingly, treatment results varied significantly. For the group treated with Levodopa, a standard Parkinson's disease
medication, near-normal hippocampal morphology was restored (Figures C1 and C2). This indicates the successful alleviation of
MPTP-induced neuronal damage, which is consistent with the well-documented efficacy of Levodopa in Parkinson's disease treatment.
Of particular note, however, was the group treated with high-dose VEMSA-PD nasal drops (2 drops administered 3 times daily). Here,
the histological architecture of the brain showed remarkable improvement, nearly returning to the normal morphology seen in the
control group (Figures D1 and D2). These findings underscore the potential of VEMSA-PD nasal drops as a therapeutic intervention
against MPTP-induced Parkinson's disease, warranting further investigation.

Effectiveness of VEMSA-PD Nasal Drops in Modulating Uric Acid Levels: A Time-Series Analysis on PD patients

The data consists of age information for three different patient groups: VEMSA-PD Treated, Non-Treated, and Placebo Treated. Each
group contains data for 54 patients. For the VEMSA-PD Treated group, the average age is approximately 60.69 years with a standard
deviation of 7.34 years. The youngest patient in this group is 29 years old, while the oldest is 78. The median age, or the age at which
half the patients are younger and half are older, is 61 years. The non-treated group has an average age of 58.56 years with a standard
deviation of 4.54 years. The age range in this group is narrower than in the VEMSA-PD Treated group, with the youngest patient being
51 years old and the oldest being 71. The median age in this group is 58.5 years. In the Placebo Treated group, the average age is nearly
59.96 years with a standard deviation of 6.15 years. The youngest patient is 49 years old and the oldest is 76. The median age in this
group is 59.5 years.

The age distributions for all three groups appear to be approximately normal, although the VEMSA-PD Treated group shows a
slightly wider age range than the other groups (Figure 2). A two-way ANOVA was conducted to understand the differential effects of
VEMSA-PD Nasal Drops, non-treatment, and placebo on uric acid levels over time. The interaction between the treatment modalities
and time was significant [F (4, 477) = 24.08, p < .0001], contributing to approximately 11.59% of the total variance in uric acid levels. The
main effect of treatment was also significant [F (2, 477) = 112.6, p < .0001], accounting for 27.10% of the total variation. Likewise, the
main effect of time emerged as significant [F (2, 477) = 16.13, p <.0001], explaining around 3.884% of the total variation.

Multiple Comparison Analysis: Pre-Treatment, Treatment at 4 Months and Post-Treatment
Group Differences
A post-hoc Tukey's multiple comparisons test was applied to identify pairwise differences between the treatment groups at different

time points.

Pre-Treatment
At the outset, no significant differences were observed in baseline uric acid levels between the VEMSA-PD Nasal Drops group, the non-
treated group, and the Placebo group (all p >.05), indicating an equitable starting point for all groups (Figure 2).

Treatment at 4 Months

After 4 months of treatment, the VEMSA-PD Nasal Drops group showed a significant decrease in uric acid levels as compared to both
the Non-Treated group (Mean difference = -2.632, p <.0001) and the Placebo group (Mean difference = -1.832, p <.0001). Interestingly, a
significant difference emerged between the Non-Treated and the Placebo groups as well (Mean difference = 0.7998, p = .0404). This
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suggests that there might be a possible placebo effect influencing uric acid levels, albeit the change is notably less pronounced than the

change induced by the VEMSA-PD Nasal Drops (Figure 3).
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Figure 2 Age Distribution Across Different Treatment Groups. The histograms above show the age distribution for three patient groups: Non-Treated (top, green), Placebo
treated (middle, red), and VEMSA-PD treated (bottom, blue). Each group appears to follow an approximately normal distribution. The y-axis represents the frequency of
patients in each age bin, while the x-axis represents age. The mean age is around 60 for all groups, with the VEMSA-PD treated group exhibiting a slightly broader age range.
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Figure 3 Impact of VEMSA-PD Nasal Drops, Non-Treatment, and Placebo on Uric Acid Levels Across Time. Illustrates the uric acid levels (in mg/dl) trajectories for the three
groups (VEMSA-PD Nasal Drops, Non-Treated, and Placebo) at three time points (Pre-Treatment, 4-Months Treatment, and 6-Months Post-Treatment). The y-axis represents

uric acid levels, while the x-axis signifies the time points. Error bars indicate the standard error of the mean.

Post-Treatment-6 Months

At the 6-months post-treatment mark, the VEMSA-PD Nasal Drops continued to manifest a substantial reduction in uric acid levels
when compared to both the non-treated group (Mean difference = -4.611, p <.0001) and the Placebo group (Mean difference = -4.362, p <
.0001). No significant difference was observed between the Non-Treated and Placebo groups (p = .7291) at this stage, which further
affirms the therapeutic efficacy of VEMSA-PD Nasal Drops over time (Figure 3).

4. DISCUSSION

The present study aimed to investigate the neuroprotective effects of VEMSA-PD nasal drops, a novel formulation incorporating a
mixture of herbal extracts and micro-emulsions enriched with bio-active compounds, such as Levodopa (6%) and Rutin (2%), which are
known to have a beneficial impact on the central nervous system (CNS) and Parkinson's disease (PD). A salient feature of these nasal
drops is their ability to circumvent the blood-brain barrier (BBB) and first-pass metabolism, enabling direct entry of bioactive molecules
into the brain. This unique mechanism of action prevents extensive metabolism in the liver and intestines and potentially suppresses
disease gene expressions, thereby avoiding oxidative damage and enhancing dopamine expression in the brain (Wang et al., 2018).
Given the multifaceted etiology of PD, incorporating both environmental and genetic factors, the use of MPTP-treated mice with
known genetic mutations associated with PD becomes pivotal to gain insights into the disease's progression and etiology.

This line of thought finds support in prior research that has illuminated the neuroprotective effects of nicotinamide in an MPTP-
induced PD mice model, highlighting its potential to guard dopaminergic neurons against MPTP-induced oxidative stress,
neuroinflammation, motor dysfunction, and neurodegeneration (Rehman et al., 2022). Our study focuses on catalpol, an active
compound extracted from Rehmannia glutinosa, which has a myriad of pharmacological activities including antiapoptotic, anti-
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inflammatory, antioxidant, and neuroprotective effects. The ability of catalpol to cross the BBB establishes it as a potential shield against
neurodegenerative diseases. It is noteworthy that catalpol has been found to downregulate tumor necrosis factor-a (TNF-at) expression
in primary microglia cell cultures and protect astrocytes from oxidative damage, underlining its significance in neuroprotection (Yang
et al., 2020).

During the course of our study, we observed increased levels of inflammatory cytokines TNF-a and IL-1(3 in MPTP-treated mice.
This aligns with previously documented evidence (Chang et al., 2019). However, the administration of catalpol significantly
counteracted these effects by boosting the antioxidant defense system, reducing proinflammatory cytokine levels, and modulating
NLRP3 inflammasome components. Moreover, the extract of Sophora tomentosa L demonstrated its potential to replenish the levels of
glutathione and antioxidant enzymes diminished due to MPTP administration, therefore mitigating oxidative damage (Chang et al.,
2019). In another critical discovery, the administration of embelin, alone or in combination with Levodopa, was found to restore the
damage in brain and liver tissues in rotenone-induced PD mice, while also reducing peripheral oxidative stress, thyroid hormone
fluctuations, and brain alpha-synuclein expression (Sherer et al., 2003).

The VEMSA-PD 2 drops showcased significant efficacy in decreasing the elevated levels of malondialdehyde (MDA) and restoring
the levels of glutathione (GSH) and antioxidant enzymes to near normal levels, indicating their potential use in PD management.
Histopathological evaluation of the mice brain post-MPTP treatment revealed moderate to severe changes in the hippocampus region,
including oxidative damage, gliosis, apoptosis, neuronal hyperplasia, and fatty vacuolar changes (Osier et al., 2015). Yet, mice treated
with high doses of VEMSA-PD nasal drops exhibited a considerable reduction in these adverse effects, implying restoration of the
brain's histological architecture to near-normal morphology. The cumulative evidence from our study solidifies the understanding that
VEMSA-PD nasal drops have a potential role in shielding against a-synuclein-induced oxidative stress, neuroinflammation, and motor
dysfunctions. The successful use of VEMSA-PD nasal drops against MPTP induced neurotoxicity supports the promising potential of
this formulation in combatting neurodegenerative disorders like PD.

However, despite these encouraging findings, the complexity of PD pathogenesis mandates a cautious approach. While MPTP-
induced models are excellent tools for understanding PD, they do not fully recapitulate the intricacies of the human disease (Mustapha
and Mat-Taib, 2021). Thus, results obtained from such models need to be interpreted carefully. As we progress, future studies should
emphasize elucidating the precise mechanisms underlying the neuroprotective effects of VEMSA-PD nasal drops, which will offer
valuable insights into the drug's action and potentially solidify its therapeutic value further. Parkinson's Disease (PD) is a multifaceted
neurodegenerative disorder that poses significant challenges to the healthcare community due to its complex etiology and progressive
nature (Zhao et al., 2022).

This study aimed to explore a novel therapeutic intervention for PD with the administration of VEMSA-PD nasal drops, primarily
focusing on their potential to modulate oxidative stress, inflammation, and uric acid levels - significant factors in PD pathology. The
research exhibited that VEMSA-PD nasal drops effectively restored antioxidant enzyme activities, reduced lipid peroxidation, and
reversed histopathological changes in the hippocampus region in an MPTP-induced mouse model of PD. Furthermore, our human
studies on PD patients highlighted the pivotal role of uric acid as a potential biomarker for PD. The investigation revealed that the
administration of VEMSA-PD nasal drops significantly reduced elevated uric acid levels in PD patients, emphasizing the broader
potential of this treatment strategy.

These findings suggest that the nasal drops exert neuroprotective effects by counteracting oxidative damage and inflammation, and
by regulating uric acid levels - three critical pathogenic processes in PD. The safety profile of the VEMSA-PD nasal drops, established
through LD50 studies, further highlights its potential as a therapeutic intervention for PD. However, it is crucial to underline that
further research is necessary. Future studies should aim to elucidate the precise mechanisms through which VEMSA-PD nasal drops
confer neuroprotection and modulate uric acid levels, and to validate these findings in more diverse PD models and eventually in

clinical trials.

5. CONCLUSIONS

In conclusion, this study provides compelling initial evidence of the therapeutic potential of VEMSA-PD nasal drops in PD treatment.

By mitigating oxidative stress, reducing inflammation, regulating uric acid levels, and promoting neuronal survival, this novel
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formulation could pioneer advancements in PD treatment strategies. This investigation adds a new dimension to the ongoing search for

effective and safe therapeutic interventions for this debilitating neurodegenerative disorder.

Limitations of the Study

While the study presents valuable insights into the potential therapeutic effects of VEMSA-PD nasal drops in an MPTP-induced mouse
model of Parkinson's Disease and uric acid modulation in human PD patients, it harbors several limitations that warrant consideration.

Model Limitation: The study utilized a single animal model (MPTP-induced PD in mice). While this model is frequently adopted for PD
research, it may not wholly encompass the intricacies and heterogeneity of the disease as seen in humans. As such, the findings may
not entirely translate to human patients due to variances in genetics, metabolism, and environmental influences.

Sample Size: The human PD patients' study involved a relatively modest sample size, and it would be prudent to note that a larger
sample size could yield more robust and statistically reliable data.

Mechanism of Action: The study highlighted the positive effects of VEMSA-PD nasal drops on oxidative stress markers,
histopathological changes in mice's brains, and uric acid levels in human PD patients, all suggesting potent neuroprotective properties.
Nevertheless, the precise mechanism of action by which the nasal drops confer these neuroprotective effects and modulate uric acid
levels remains partially unexplored.

Lack of Long-term Data: The human PD patient study was conducted over a span of six months, and while it provided crucial
information on uric acid modulation, it is unclear whether these effects would sustain in the long run and if the nasal drops would
remain safe and effective over extended periods.

Clinical Trials: While the research offers critical preclinical and preliminary human study data, the safety and efficacy of VEMSA-PD
nasal drops in a comprehensive human clinical trial setting remains to be ascertained, which would be a vital progression in this
research.

Despite these limitations, the study significantly contributes to the existing body of knowledge on potential interventions for

Parkinson's Disease and sets the stage for further in-depth research.
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