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Objective: Parkinson’s disease (PD) is the second most prevalent neurodegenerative disorder after Alzheimer’s disease. The precise
etiology and pathogenesis of PD remain unclear. Human wild-type a-synuclein has been implicated in PD pathogenesis. The objective
of this study is to examine the role of a-synuclein in PD by establishing a rat model of substantia nigra degeneration and Motor
behavioral changes through the induced overexpression of human o-synuclein.

Methods: Rats were randomly assigned to either the Negative control group or the adeno-associated virus serotype 9 (AAV9)
treatment group. Animals in the AAV9 group received 2.5 pL of AAV9 expressing human wild-type a-synuclein, while those in the
Negative control group received an equal volume of AAV9 expressing green fluorescent protein via stereotactic unilateral injection
into the substantia nigra pars compacta. Behavioral assessments were conducted at 1-, 3-, and 8-weeks following virus administration.
Tyrosine hydroxylase and human a-synuclein expression in the substantia nigra pars compacta were analyzed. Additionally, dopamine,
dihydroxyphenylacetic acid, and homovanillic acid levels in the striatum were quantified.

Results: After 3 weeks of virus induction, neurodegeneration of the right substantia nigra was observed, with a reduction in the
number of tyrosine hydroxylase-immunopositive neurons in the AAV9 group. By 8 weeks, substantia nigra neurodegeneration had
further progressed, and animals in the AAV9 group exhibited apomorphine-induced asymmetrical rotation and altered forelimb use.
Conclusion: Overexpression of human wild-type a-synuclein led to substantia nigra degeneration and Motor behavioral changes in
rats, providing a viable model for exploring the pathogenesis of Parkinson’s disease. Limitations include the 8-week observation
window and the absence of neuroinflammation markers.
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Introduction

Parkinson’s disease (PD) is a prevalent progressive neurodegenerative disorder primarily affecting middle-aged and older
adults. The development of robust animal models is essential for advancing basic research in this field." Currently,
commonly used animal models of PD are categorized into two major groups: neurotoxin-induced models and genetic
models.> > Neurotoxin-induced models include the 6-hydroxydopamine (6-OHDA) model, the 1-methyl-4-phenyl-
1,2,3,6-tetrahydropyridine model, and the rotenone model. Genetic models encompass gene knockout and transgenic
models.® Each of these models presents distinct advantages and limitations, yet none fully recapitulate the pathological
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characteristics and clinical manifestations of PD. Therefore, further research is warranted to develop a more representa-
tive and reliable animal model of PD.

While neurotoxin-based models (eg, 6-OHDA, MPTP, rotenone) reliably induce dopaminergic cell loss, they do not
reproduce the a-synucleinopathy characteristic of human PD. Conversely, transgenic models often lack robust motor
phenotypes or progressive neurodegeneration. These shortcomings underscore the need for a model that integrates o-
synuclein pathology with behavioral and neurochemical progression.

Over the past few years, the key role of a-synuclein (a-Syn) in the pathogenesis of PD has been determined by a few
studies. Mutations and gene duplication events involving a-synuclein have been identified as causative factors in familial
forms of PD.” Additionally, single nucleotide polymorphisms (SNPs) within the a-synuclein gene have been recognized
as genetic risk factors for PD, as they contribute to increased a-synuclein expression.® These findings indicate that
elevated expression of wild-type a-synuclein may contribute to PD pathogenesis. Furthermore, in vitro studies have
demonstrated that overexpression of human wild-type a-synuclein induces cellular toxicity and promotes abnormal
aggregation of a-synuclein, resembling Lewy body pathology.’

Since the initial application of recombinant adeno-associated virus serotype 2 as a vector in genetic engineering,
additional serotypes of adeno-associated virus (AAV) have been identified and isolated.'® From these studies, it has been
discovered that intravascular administration of adeno-associated virus serotype 9 (AAV9) in mice enables the virus to
traverse the blood-brain barrier and transduce both bone marrow and brain tissue.'" Furthermore, topical administration
of AAV9 has been reported to be a safer and more effective approach with reduced adverse effects.'* Neurotoxin models
induce acute dopaminergic neuron death but lack Lewy body-like inclusions, whereas transgenic models often exhibit
slow or incomplete degeneration and limited motor dysfunction. In contrast, AAV9-mediated a-synuclein overexpression
induces progressive, region-specific degeneration with a-syn-positive inclusions, more closely mimicking human PD
pathology.

Neuroinflammation is increasingly recognized as a driver of a-synucleinopathies. Misfolded a-synuclein activates
microglia and astrocytes, triggering the release of IL-1B, TNF-a and other cytokines that accelerate neuronal injury and
pathological spread. This bidirectional “protein-aggregate <> neuroinflammation” loop is therefore a critical translational
target that the present model does not yet evaluate.

Recent advancements have demonstrated that a PD model based on the overexpression of the human a-synuclein gene
in the rat substantia nigra using recombinant AAV represents a promising and innovative approach.'® Kirik et al first
demonstrated that AAV2-mediated overexpression of human a-synuclein in rat SNpc led to dopaminergic neuron loss
and inclusion formation, but without overt motor deficits. Subsequent studies using AAV5 and AAV9 improved
transduction efficiency and behavioral outcomes, showing progressive motor impairment and o-syn aggregation.”
Given these findings, AAV9 was selected as the vector in this study to establish a rat model of PD through the targeted
delivery of the human wild-type a-synuclein gene into the brain parenchyma.

Compared to earlier serotypes, AAV9 exhibits higher transduction efficiency, enhanced blood—brain barrier penetra-
tion, and reduced immunogenicity, making it ideal for sustained, neuron-specific expression of human wild-type a-
synuclein in the rat brain. In this study, AAV9 was used as the viral vector. Stereotactic microinjection was used to
administer the virus into the right substantia nigra pars compacta of rats, facilitating the overexpression of human wild-
type a-synuclein and the subsequent development of a hemilateral PD model. This study aimed to evaluate whether
AAV9-mediated overexpression of human wild-type a-synuclein in rat substantia nigra could recapitulate the key
neuropathological and behavioral features of Parkinson’s disease.

Materials and Methods

Animals

All procedures involving animals were conducted in strict accordance with ethical and welfare guidelines for laboratory
animals. Approval for this study was obtained from the Experimental Animal Ethics Review Committee of Hainan
Medical College.
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A total of 72 healthy male Sprague-Dawley (SD) rats, weighing between 200 and 250 g, were provided by the
Laboratory Animal Center of Hainan Medical College. The animals were housed in a controlled environment maintained
at 22 £+ 2°C, with a 12-hour light/dark cycle. A nutrient-dense diet and water were supplied ad libitum.

The rats were randomly assigned to either the Negative control (NC) group or the AAV9 treatment group. Animals in
the AAV9 group received 2.5 pL of -CMV>hSNCA-WPRE vector (4.45x10'> GC/mL) encoding human wild-type a-
synuclein, whereas those in the NC group were administered an equivalent volume of AAV9 expressing green fluorescent
protein. At each time-point (1, 3 and 8 weeks), n = 12 rats per group were allocated: 6 for histopathology/immunostain-
ing and 6 for HPLC neurochemistry (Figure 1).

For the stereotactic injection, recombinant AAV particles were delivered into the rat brain using a Stoelting (USA)
stereotactic instrument. Anesthesia was induced via intraperitoneal administration of 3.5% chloral hydrate (350 mg/kg).
Each rat was then secured in the stereotactic frame with the tooth bar positioned 2.4 mm lower than the ear bars. Based
on the stereotaxic atlas by Paxinos and Watson (The Rat Brain in Stereotaxic Coordinates), two injection sites in the right
substantia nigra pars compacta were selected. The coordinates were as follows:

First injection site: 4.8 mm posterior to the bregma, 2.1 mm lateral to the sagittal suture (right side), and 7.9 mm
ventral to the dura mater.

Second injection site: 5.5 mm posterior to the bregma, 1.5 mm lateral to the sagittal suture (right side), and 7.8 mm
ventral to the dura mater.

Following a midline scalp incision, a small drill was used to create an opening in the skull at the predetermined
coordinates. A microsyringe was carefully inserted to the designated depth, and 2.5 pL of viral particles were injected at
a rate of 0.5 pL/min. The needle was left in place for 5 minutes before being slowly withdrawn. The incision was then

sutured.

Construction of AAV with Overexpression of Human SNCA Gene

HEK?293T cells (CRL-11268) were purchased from ATCC (Manassas, VA, USA). HEK293T cells were cultured in cell
culture flasks, and the experimental plasmid AAV-CMV>hSNCA-WPRE and the control plasmid AAV-CMV>EGFP-
WPRE (purchased from Cyagen Biosciences, China) were co-transfected with the helper plasmids pHelperVector and
pRCVector (AAV9) into HEK293T cells using Lipofectamine 2000 transfection reagent. Six hours after transfection, the
medium was replaced with fresh complete medium. At 72 hours post-transfection, the supernatant was collected, and the
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Figure | (A) Recombinant AAV vector carrying the human wild-type a-synuclein (0-Syn) gene; (B) Recombinant AAV vector carrying a fluorescent reporter gene.
Abbreviations: CMV, cytomegalovirus promoter; WPRE, woodchuck hepatitis post-transcriptional regulatory element; EGFP, enhanced green fluorescent protein.

Neuropsychiatric Disease and Treatment 2025:21 hetps: 2185



Pan et al

remaining cells were subjected to repeated freeze-thaw cycles to release intracellular viral particles. The supernatant
generated after freeze-thawing was collected by centrifugation and combined with the previously collected supernatant to
generate the viral stock. Subsequently, the viral stock was purified using iodixanol density gradient centrifugation. Viral
titers were quantified by qPCR and adjusted to 4.45 x 10'> GC/mL for both AAV9-CMV>hSNCA-WPRE and AAV9-
CMV>EGFP-WPRE. Expression was confirmed by immunofluorescence at 3 days post-injection, with stable o-syn
expression observed thereafter.

Behavioral Analysis in Rats
Voluntary Running Wheel Test
The rats in both the AAV and NC groups underwent behavioral testing using a running wheel. The running wheel had
a diameter of 330 mm, a width of 80 mm, a wheel stem diameter of 6 mm, and a rod spacing of 20 mm. Signals
generated during the running wheel activity were recorded and stored using magnet data acquisition software.
Additionally, the running behavior of the rats was recorded using a video camera, and the captured footage was used
for offline analysis of running wheel performance.

Prior to the behavioral assessment, the rats were acclimated to the running wheel for five days to ensure stabilization
of their running behavior. Following this acclimation period, the rats were subjected to a 30-minute running wheel test.
The primary parameters evaluated included the number of runs and the average peak velocity across multiple runs.

Asymmetry Testing for Forelimbs

The rats in each group were placed individually in a transparent plastic cylindrical chamber measuring 20 ¢m in diameter
and 30 cm in height. Their behavior was recorded on video for a duration of 10 minutes under low-light conditions. Upon
completion of the test, the recorded footage was analyzed by an evaluator blinded to the experimental groups.

The asymmetry index was calculated as described by Schallert et al'* and Shi et al.'”> All behavioral analyses and
neuronal counts were conducted by investigators blinded to group allocation. Behavioral assessment was conducted using
the asymmetry index, which was calculated as follows: = (The number of times the same side touches the inner wall +
half of the number of times the inner wall is contacted on both sides)/(the number of times the same side touches the
inner wall + the number of times the opposite side touches the inner wall + the number of times the inner wall is
contacted on both sides).

Apomorphine Induced Rotation Experiment

The rats in each group received a subcutaneous injection of apomorphine (0.25 mg/kg; Sigma, USA) and were
subsequently placed in a circular test container. Observations of rotational behavior commenced 10 minutes post-
injection. The number of contralateral rotations was recorded over a 30-minute period.

Staining of Substantia Nigra TH and Human a-Syn Immunofluorescence Double Label
At 1-, 3-, and 8-weeks post-virus injection, three rats from each group were randomly selected for brain tissue analysis.
Following perfusion, the brains were fixed in 4% paraformaldehyde for six hours, after which paraffin sections were
prepared. Tissue sections were cut at a thickness of 5 pm, followed by deparaffinization, antigen retrieval, and serum
blocking. n = 6 per group per time point were used for all histological and biochemical endpoints.

Immunofluorescence staining was conducted by incubating the sections with a mouse anti- Tyrosine hydroxylase
monoclonal antibody (1:100 dilution; Thermo Fisher Scientific, USA), followed by incubation with a rabbit anti-human
a-synuclein (a-SYN) monoclonal antibody (1:100 dilution; Thermo Fisher Scientific, USA) and the corresponding
fluorescent secondary antibody. Nuclei were counterstained using DAPI (Beyotime Biotechnology, China).

Immunohistochemical Staining and Neuronal Counting of TH in the Substantia Nigra
Tissue sections were prepared at a thickness of 5 um. TH immunohistochemical staining was conducted following the
protocol provided in the immunohistochemistry detection kit (Zhong Shan-Golden Bridge Biological, China). The mouse
anti-TH primary antibody was diluted at a ratio of 1:100.
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For each rat, three coronal sections were obtained at —4.8 mm, —5.2 mm, and —5.6 mm when compared to the bregma.
TH-immunopositive cells in the substantia nigra pars compacta (SNc) were quantified bilaterally using a microscope
(Olympus Corporation, Japan). The neuronal survival rate in the SNc was calculated as the percentage of TH-
immunopositive cells on the lesioned side relative to the intact side.

Detect the Content of Dopamine, Dihydroxyphenylacetic Acid (DOPAC) and

Homovanillic Acid (HVA) in the Striatum

To assess the dopamine, DOPAC, and HVA levels in the striatum following 1, 3, and 8 weeks of intervention, high-
performance liquid chromatography (HPLC) was used. Three rats from each group (AAV and NC) were randomly
selected at each time point. Brain tissues were extracted on ice and rapidly processed for analysis. The concentrations of
dopamine, DOPAC, and HVA in the striatum were quantified by HPLC. HPLC was performed at weeks 1, 3 and 8 to
capture early neurochemical changes preceding overt motor deficits. n = 6 per group per time point were used for all
histological and biochemical endpoints.

Statistical Analysis

Statistical analysis was performed using SPSS 23 statistical software. Data were presented as mean =+ standard deviation
(SD). The spontaneous running wheel behavior test data, as well as the dopamine, DOPAC, and HVA concentrations in
the striatum, were analyzed using multivariate two-way analysis of variance (ANOVA). The asymmetry index and
neuronal survival rate were evaluated using univariate two-way ANOVA. The number of rotations was analyzed using
the Kruskal-Wallis test. A p-value of < 0.05 was considered to indicate statistical significance.

Results

Behavioral Test results

Voluntary Wheel Running Test

To assess behavioral changes following viral injection, a voluntary wheel running test was conducted. As depicted in
Figure 2, during the first week post-injection, both the NC and AAV groups exhibited similar numbers of runs and
average peak velocity, with no statistically significant differences between the groups.
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Figure 2 Voluntary running wheel test results at |-, 3-, and 8-weeks post-virus injection. (A) Number of runs; (B) Average peak velocity. (C) Forelimb asymmetry test
results at |-, 3-, and 8-weeks post-virus injection. (D) Number of contralateral rotations in the AAV group at |-, 3-, and 8-weeks post-virus injection, recorded over
30 minutes. *p < 0.05.

Abbreviations: NC, Negative control group; AAYV, adeno-associated virus serotype 9 group.
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At three weeks post-injection, a partial reduction in the number of runs and average peak velocity was observed in the
AAV group; however, the difference remained statistically non-significant compared with the NC group. By eight weeks
post-injection, a significant decline in both the number of runs and the average peak velocity was observed in the AAV
group, with the difference reaching statistical significance compared with the NC group.

Asymmetry Test for Forelimbs

To evaluate behavioral changes in rats following viral injection, an asymmetry test for forelimb use was conducted. As
depicted in Figure 2C, at one-week post-injection, the asymmetry indices for the NC and AAV groups were 0.49 and
0.51, respectively, with no statistically significant difference between the groups (F = 0.644, p = 0.426).

At three weeks post-injection, the asymmetry indices for the NC and AAV groups were 0.51 and 0.56, respectively,
and the difference remained statistically non-significant (F = 3.602, p = 0.063).

By eight weeks post-injection, the asymmetry indices for the NC and AAV groups were 0.50 and 0.76, respectively,
with a statistically significant difference between the groups (F = 111.826, p < 0.001). The asymmetry index in the AAV
group exceeded 0.5, indicating a preferential use of the limb on the injected side. These data indicate early motor
asymmetry in the AAV group.

Apomorphine-Induced Rotation Experiment

At 8 weeks post-virus injection, rats in the experimental group exhibited continuous contralateral rotation following
apomorphine (APO) administration, characterized by rapid rotation with the unaffected hind limb serving as the pivot,
while the head and tail remained aligned and the body curved into a circular posture. The number of rotations within
30 minutes at 1-, 3-, and 8-weeks post-injection was 7.9+4.5, 18.5+13.6, and 188.1£50.5, respectively (Figure 2D).
Statistical analysis revealed significant differences across these time points (H=21.123, P<0.001). Specifically, the
number of rotations at 8 weeks was significantly higher than at 1 and 3 weeks (P<0.001; P=0.005), while no significant
difference was observed between 1 and 3 weeks (P=0.559). Apomorphine failed to induce rotational behavior in the
control group rats. At 8 weeks, a significant reduction in both the number of runs and peak velocity was observed in the
AAV group (n? = 0.52, 95% CI: 0.31-0.71).

Immunofluorescence Double-Labeled Staining

To assess the expression of TH immunopositive neurons and human o-synuclein in rats, immunofluorescence double-
label staining was conducted. As depicted in Figure 3, at one-week post-virus injection, no detectable expression of
human wild-type a-synuclein was observed in the substantia nigra on the injected side in the AAV group. No significant
difference in striatal dopamine levels was observed at week 1. Similarly, no green fluorescent protein (GFP) expression
was detected in the substantia nigra of the NC group. In both groups, abundant TH-immunopositive neurons were present
in the substantia nigra on the injected side.

At three weeks post-injection, human wild-type o-synuclein expression became evident in the substantia nigra of the
AAV group, while GFP expression was observed in the substantia nigra of the NC group. Compared to the NC group, the
density of TH-immunopositive neurons in the substantia nigra of the AAV group appeared slightly reduced.

By eight weeks post-injection, a marked reduction in TH-immunopositive neurons was observed in the substantia
nigra of the AAV group. The 8-week decrease in TH-positive neurons showed a large effect size (n?> = 0.68, 95% CI:
0.55-0.78). Additionally, multiple a-synuclein-positive inclusions were detected (Figure 3, yellow arrows). In contrast,
the substantia nigra tissue on the injected side of the NC group revealed no significant changes in expression.

Immunohistochemical Staining and Neuronal Counting
To evaluate the expression of TH-immunopositive neurons in the substantia nigra, immunohistochemistry and neuronal
counts were conducted. As depicted in Figure 4, at one-week post-virus injection, a large number of TH-immunopositive
neurons were present in the substantia nigra on both sides in both the NC and AAV groups.

At three- and eight-weeks post-injection, a significant reduction in the survival rate of TH-immunopositive neurons
was observed in the AAV group compared to the NC group (F = 98.455, p < 0.001; Figure 4). Neuronal count analysis
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Figure 3 Expression of TH-immunopositive neurons and a-synuclein in the substantia nigra of rats at |-, 3-, and 8-weeks post-virus injection. Yellow arrows indicate o-
synuclein-positive inclusion bodies. Magnification: 400x.

Abbreviations: NC, Negative control group; AAV, adeno-associated virus serotype 9 group; TH, TH-immunopositive; GFP, green fluorescent protein; DAPI, 4’,6-diamidino-
2-phenylindole. Scale bars = 100 pum.

revealed that, at three and eight weeks post-injection, the number of TH-immunopositive neurons in the SNc on the
lesioned side of the AAV group decreased by 24.7% and 78.2%, respectively, compared to the NC group.

Dopamine, DOPAC, and HVA Content

To assess the dopamine, DOPAC, and HVA concentrations in the striatum following 1, 3, and 8 weeks of virus injection,
HPLC was conducted. As depicted in Figure 5, at one-week post-injection, no significant changes were observed in the
dopamine, DOPAC, and HVA levels in the bilateral striatum of rats in either the AAV or NC groups.

However, at two- and three-weeks post-injection, the levels of dopamine, DOPAC, and HVA in the right striatum of
rats in the AAV group were significantly reduced compared to the NC group. Additionally, in the AAV group, the
concentrations of dopamine, DOPAC, and HVA in the right striatum were significantly lower than those in the left
hemisphere, indicating asymmetric neurochemical changes.

Discussion

In this study, stereotactic microinjection technology was used to deliver a recombinant AAV9 vector overexpressing
human wild-type a-synuclein into the SNc on one side of the rat brain, thereby establishing a hemilateral PD model based
on o-synuclein overexpression.
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Figure 4 Immunohistochemical staining and neuronal quantification of TH-immunopositive neurons in the substantia nigra at |-, 3-, and 8-weeks post-virus injection. (A)
Immunohistochemical staining; (B) Neuronal count; (C) Correlation between neuronal survival rate and asymmetry index in the AAV group at 8 weeks post-injection; (D)
Correlation between neuronal survival rate and number of runs in the AAV group; (E) Correlation between neuronal survival rate and average peak velocity in the AAV
group. *, ** denote p < 0.05 and p < 0.0l vs NC group, respectively; Magnification: 400x.

Abbreviations: NC, Negative control group; AAYV, adeno-associated virus serotype 9 group.

Parkinson’s disease is a progressive neurodegenerative disorder and one of the leading causes of neurological
disability. It is clinically characterized by tremor and bradykinesia, though the precise etiology remains undetermined.
Increasing evidence indicates that a-synuclein plays a key role in the pathogenesis of PD.'®!”

a-Synuclein is a 140-amino acid protein primarily localized in the presynaptic terminals of neurons. It has been
functionally implicated in SNARE complex formation, thereby regulating vesicle trafficking and neurotransmitter
release. Additionally, a-synuclein is the primary component of Lewy bodies, a hallmark pathological feature of PD.
Mutations and gene duplication events affecting a-synuclein have been identified as causative factors in familial PD.'®
The neurotoxic effects of excess a-synuclein are multifaceted and involve nuclear dysfunction, mitochondrial impair-
ment, lysosomal dysfunction, disruption of calcium ion homeostasis, and synaptic abnormalities.'®** Furthermore, SNPs
within the a-synuclein gene have been identified as genetic risk factors for PD, with certain SNPs contributing to
increased o-synuclein expression.”'

In this study, recombinant AAV9 encoding human wild-type a-synuclein was injected into the substantia nigra pars
compacta on one side of the rat brain. The results demonstrated that dopaminergic neurons in the injected substantia nigra
exhibited high levels of human wild-type a-synuclein expression. By eight weeks post-injection, a significant reduction
in dopaminergic neurons was observed in the substantia nigra of the injected hemisphere, accompanied by the presence
of multiple o-synuclein-positive inclusions. These findings are consistent with those reported by Kirik et al.*
Collectively, the results indicate that overexpression of wild-type a-synuclein contributes to neurodegeneration, support-
ing its role in the pathogenesis of Parkinson’s disease, as depicted in Figure 6. Although a CMV promoter was used, the
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Abbreviations: NC, Negative control group; AAYV, adeno-associated virus serotype 9 group.

observed restriction of a-syn expression to TH-positive neurons is likely due to preferential transduction of dopaminergic
cells by AAV9 and post-transcriptional regulation within these neurons. Compared with classic 6-OHDA, MPTP, or
transgenic models, the AAV9-a-syn model reproduces a-synucleinopathy, progressive dopaminergic loss, and behavioral
deficits, while avoiding acute toxicity or developmental compensation seen in germline transgenics.

The animal model established in this study exhibited significant motor impairment, as assessed through commonly
used motor behavior tests. The voluntary running wheel task is a widely used method for evaluating motor function, and
various experimental animals, including rodents, demonstrate a strong preference for this activity.”® Voluntary running
behavior is considered a spontancous locomotor activity that is highly adaptable and influenced by multiple intrinsic and
extrinsic factors. Prior studies demonstrated impaired voluntary running behavior in rats with 6-OHDA-induced hemi-
parkinsonism, further supporting the validity of this method in evaluating PD models.”* These findings indicate that
spontaneous running behavior assessments could be used as a screening tool for anti-PD therapeutics and other
interventions.

In this study, two key parameters were used in the voluntary wheel running test: the number of runs and the average
peak velocity. The number of runs and the peak velocity of each running bout serve as indicators of motor capacity and
limb function in rats. The results demonstrated a significant reduction in both parameters in the AAV group, indicating
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Figure 6 Schematic representation of a hemilateral PD rat model, induced by the intrastriatal injection of human wild-type a-synuclein.
Abbreviation: AAV9, adeno-associated virus serotype 9.

motor deficits. A decrease in running frequency indicates a decline in overall locomotor activity, reflecting motor
impairment in the PD model rats.

Additionally, correlation analysis was conducted between neuronal survival rate and asymmetry index, number of
laps, and average peak velocity. As depicted in Figure 4, a significant correlation was observed between neuronal survival
rate and asymmetry index, as well as between neuronal survival rate and number of laps. However, no significant
correlation was found between neuronal survival rate and average peak velocity.

Furthermore, neuronal quantification revealed that at eight weeks post-virus injection, the number of TH-
immunopositive neurons in the injured SNc of the AAV group had decreased by 78.2%, a finding corroborated by
immunohistochemistry and immunofluorescence analyses. Additionally, a significant reduction in the dopamine,
DOPAC, and HVA content in the right striatum of AAV group rats provided indirect confirmation of neuronal damage
in the PD model.

Limitations include the 8-week follow-up, which may not capture the full chronicity of human PD, lack of Braak
staging or cortical spread was not evaluated and the absence of microglial (Iba-1) or astrocytic (GFAP) markers.
Compared with pre-formed fibril (PFF) or A53T transgenic models, the AAV9-wt-a-syn approach yields more rapid
transduction but lacks the temporal fidelity of germline models. Future work will incorporate longitudinal PET neuroin-
flammation imaging and late-stage behavioral assessments.

Conclusion

In conclusion, the findings of this study demonstrate that rats injected with wild-type a-synuclein exhibit a significant
reduction in substantia nigra neurons and develop motor impairments characteristic of PD. The progression of neuro-
pathological changes occurs gradually over time, with the presence of a-synuclein-positive inclusions and dystrophic
neurites, closely resembling the pathological features observed in idiopathic PD. While this model recapitulates key
motor and neuropathological features, its short follow-up and lack of neuroinflammation data should be considered when
interpreting therapeutic outcomes.

These results indicate that this AAV9-a-syn model recapitulates key features of PD—including progressive nigros-
triatal degeneration, a-syn aggregation, and motor deficits—while acknowledging limitations such as lack of cortical
pathology. It is well-suited for evaluating disease-modifying therapies, including a-syn aggregation inhibitors, anti-
inflammatory agents, and neuroprotective strategies.

Abbreviations

AAV9, adeno-associated virus 9; PD, Parkinson’s disease; NC, Negative control; 6-OHDA, 6-Hydroxydopamine; MPTP,
1-methyl-4-phenyl-1,2,3,6-te-trahydropyridine; SD, Sprague Dawley; DAPIL, 4’,6-diamidino-2-phenylindole; TH,
Tyrosine hydroxylase; SNc, compact part of substantia nigra; HPLC, high-performance liquid chromatography.
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