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Abstract:

Amyotrophic Lateral Sclerosis (ALS) is a progressive neurodegenerative disease, which is characterized by the
destruction of upper and lower motor neurons, which causes muscle weakness, paralysis, and respiratory
dysfunction. Although the research has improved, the problem of effective disease-modifying treatment is still
low because the pathogenesis of ALS is multifactorial. The current animal-based research will attempt to
investigate the changing paradigm of ALS through a combination of pathophysiological and therapeutic analysis
using known transgenic models. The attention of the research is given to the main cellular and molecular
processes, including neuroinflammation, oxidative stress, and mitochondrial dysfunction, excitotoxicity, and
protein aggregation. To describe the further development of the disease, the extensive biochemical, molecular,
histopathological, and behavioral analyses will be performed. The paper also assesses the neuroprotective value
of emerging pharmacological and gene-based interventions and the detection of possible disease progression and
therapeutic response biomarkers. The research will likely contribute to the improved knowledge of the ALS
processes and the creation of effective translational treatment plans.
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1. INTRODUCTION

Amyotrophic Lateral Sclerosis (ALS) is a fast-progressing neurodegenerative disorder which
is notable through neuronal degeneration in the brain and spinal cord causing muscle atrophy,
paralysis and ultimately respiratory failure. Although neuroscience has made progress, the
precise pathophysiology of ALS has not been fully elucidated, and currently existing
therapeutic options can only have a low clinical value'. There is rising evidence that oxidative
stress, neuroinflammation, mitochondrial dysfunction, excitotoxicity, and abnormal protein
aggregation are indispensable roles in the development of the disease. These experimental
models, which are mainly animal experiments especially transgenic rodents, have become
irreplaceable in the understanding of these mechanisms and also testing of new
pharmacologically and gene-based treatment approaches to improve the evolution of the
disease and close the translational gaps in ALS research.
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Figure 1: Spatial organization of nucleoporins in the nuclear pore complex

1.1.Background Information
Amyotrophic Lateral Sclerosis (ALS) is a progressive and terminal neurodegenerative disease,
which is caused by selective degeneration of upper and lower motor neurons that result in the
loss of muscle strength, paralysis, and respiratory failure’. The disease is multifactorial and
complex, and it is associated with oxidative stress, dysfunction of mitochondria, excitotoxicity,
neuroinflammation, impaired axonal transport and abnormal protein aggregation. Most cases
are sporadic, but a subset of them has been associated with genetic mutations including SOD1,
TDP-43, and C9orf72, which has helped to gain valuable knowledge in the pathology of the
disease. Transgenic animal models, especially mutant SOD1 mice have proven useful to recap
major clinical and pathological features of ALS and will continue to be critical in understanding

disease pathophysiology, as well as in testing emerging therapeutic interventions’.
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Figure 2: Amyotrophic lateral sclerosis (ALS)

1.2.Statement of the Problem
The nature of ALS as an uncharacterized and poorly understood pathogen with intense and
rapid course makes it a prominent scientific and clinical problem that has few treatment
options®. In as far as many molecular pathways have been implicated; the interactions between
oxidative stress, neuroinflammation, mitochondrial impairment and protein aggregation are not
fully outlined. Moreover, most therapeutic agents that have shown promise in experimental
animal studies do not replicate a similar effect in a human clinical trial and a critical a gap in
translation remains evident’. Thus, there is an urgent necessity of detailed animal research,
which combines mechanistic studies with therapeutic testing and validation of biomarkers in
order to generate a stronger predictive performance of preclinical studies and expedite the

creation of effective interventions®.

1.3.Research Objectives

e To examine the major molecular and cellular processes of degeneration of motor
neurons in Amyotrophic Lateral Sclerosis (ALS) with transgenic animal models.

e To compare the neuroprotective potential of novel pharmacological and gene-based
medications.

e To identify and validate biomarkers that are allied with disease development and
therapeutic reaction.

e To determine the translational significance of preclinical results to enhance future
treatment approaches in treating ALS.

2. METHODOLOGY

Amyotrophic Lateral Sclerosis (ALS) is a progressive neurodegenerative disease that is
characterized by the loss of upper and lower motor neurons causing progressive muscle
weakness, paralysis and respiratory failure. Although molecular neuroscience has made
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progress, the exact mechanisms of ALS development are not fully comprehended, and
currently existing therapies have only slight effects on survival. This animal research was
aimed at exploring primary molecular and cellular processes that are related to ALS
pathogenesis and to determine therapeutic effectiveness of new pharmacological/gene-based
treatments using well-established transgenic models.

2.1. Description of Research Design

Randomized controlled longitudinal experimental study on animals was used. The research
was carried out in two stages: (1) examination of pathophysiology of the disease and (2)
assessment of therapeutic intervention. Wild-type controls were compared with transgenic
ALS mice in order to determine motor dysfunction, molecular changes, and neuropathological
changes. The research design enabled the time tracking of the disease onset, disease
progression, and response of treatment under controlled laboratory conditions.

2.2. Sample Details

The study had a total of 48 mice (6-8 weeks old). SOD1-G93A ALS transgenic mice and
age/sex controls of wild-type were used as samples. The animals were chosen randomly into
four groups (n=12 each group):

e Group I: Wild-type control

e Group II: ALS transgenic untreated.

e Group III: ALS + usual care (e.g., riluzole)

e Group IV: ALS + experimental therapeutic intervention.

Animals were maintained and kept in optimal conditions in the laboratory (12 light/dark cycle,
regulated temperature, normal pellet feed and water ad libitum). The Institutional Animal
Ethics Committee (IAEC) approved all the procedures and performed them under the CPCSEA
guidelines.

2.3. Instruments and Materials Used

e Behavioral assessment tools: Rotarod equipment (motor control), grip strength meter
(muscle strength), open field equipment (locomotor activity).

e Biochemical assays: Inflammatory cytokine (TNF- a, IL- 6), oxidative stress (MDA,
SOD, catalase) and mitochondrial enzyme activity (ELISA) assays.

e Molecular analysis: RT-PCR to examine gene expression; Western blotting of protein
markers e.g. SOD1, TDP-43, and GFAP.

e Histopathology: Motor neuron count and protein aggregation of spinal cord sections,
light microscopy, and immunohistochemistry.

e Therapeutic materials: Routine pharmacological (riluzole) and some experimental
pharmacological or gene-based intervention.

2.4. Procedure and Data Collection Methods
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After a week of acclimatization, the initial motor performance was taken. The clinical scoring
and behavioral tests were used as the standardized measures of monitoring the disease
progression in transgenic mice on a weekly basis. The therapeutic agents were delivered to the
patient through the right route (oral or intraperitoneal) at a predetermined dose and schedule.
The motor coordination and strength were measured by administering behavioral assessments
at the end of the week. The animals were also euthanized humanely at specific disease stages
or endpoints and brain and spinal cord tissues were harvested. Biochemical tests, gene
expression and histopathology of the tissue samples were conducted. All the assays were
replicated thrice to guarantee consistency and the samples were kept at -80°C before analysis.

2.5. Data Analysis Techniques

Data analysis was done by using SPSS (version 27) and GraphPad Prism. Mean + standard
error (SEM) was used to express results. Group comparisons were done by one-way ANOVA
then post-hoc test which is Tukey test. Longitudinal behavioral assessments were done using
repeated measures ANOVA. To compare groups in lifespan, Kaplan-Meier survival curves
were developed. The Pearson correlation analysis was used to establish the relationships
between the parameters of motor functions and molecular biomarkers. The statistical
significance was identified as p < 0.05.

3. RESULTS

In this study, the evolution of motor impairment, molecular changes and the therapeutic
outcome were assessed in transgenic SOD1-G93 A mice in comparison with wild-type controls
to examine the pathophysiological and therapeutic dynamics of Amyotrophic Lateral Sclerosis
(ALS). The severity of the disease and the effectiveness of the treatment were determined using
the analysis of behavioral performance, biochemical markers, molecular expression,
histopathological findings, and survival outcomes.

3.1. Behavioral Assessment Scores

Motor performance measured on the basis of Rotarod and grip strength tests depicted definite
differences of the four groups. In untreated mice of ALS, progression of functional decline
was observed, but in control conditions, it was observed that treated groups exhibited
retarded deterioration.

Table 1: Motor Performance Scores

Group N | Rotarod (sec) | Grip Strength (g)
Wild-type Control 12 | 180 120

ALS Untreated 12 |75 65

ALS + Riluzole 12 | 110 85
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Figure 3.: Graphical Representation of Motor Performance Scores

The values of rotarod latency and grip strength were also significantly lower in untreated
ALS mice than they were in the control group (p < 0.05). There was a moderate effect of
treatment using Riluzole in performance and the experimental treatment revealed a better
preservation of motor coordination and muscle strength. These results show progressive
motor dysfunction in ALS and delivery of therapeutic value to treated populations.

3.2. Biochemical Marker Levels

The quantification of oxidative stress and inflammatory biomarkers was done in spinal cord

tissue homogenates. There were also significant group differences, which were related to the

severity of the disease.

Table 2: Oxidative Stress and Inflammatory Markers

Biomarker Wild- ALS ALS + ALS +
type Untreated Riluzole Experimental
MDA 2.5 6.8 4.9 34
(nmol/mg)
SOD (U/mg) 12.0 6.5 8.9 10.8
TNF-a 25 70 52 35
(pg/mL)
IL-6 (pg/mL) | 18 60 40 28
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ALS mice without any treatment had a high level of MDA, TNF- o and IL-6 and low activity
of SOD, which demonstrated an increased oxidative stress and neuroinflammation. All of these
pathological changes were considerably reduced by means of therapeutic intervention (p <
0.05), and experimental therapy showed better antioxidant and anti-inflammatory properties
than riluzole.
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Figure 4: Graphical Representation of Oxidative Stress and Inflammatory Biomarkers in
Spinal Cord Tissue of ALS Mice

The graph indicates that untreated ALS mice possess considerably high oxidative stress and
inflammatory cytokines, such as MDA, TNF-a, and IL-6 and that antioxidant enzymes activity (SOD)
is considerably reduced. Riluzole treatment had a moderate effect on these parameters, and the
experimental treatment had a higher reduction in oxidative and inflammatory burden. These results
suggest that treatment with therapeutic intervention is effective in suppressing neuroinflammation and
oxidative damage, which implies that the therapeutic intervention may have a neuroprotective effect in
delaying the development of the ALS disease.

3.3. Molecular and Histopathological Findings

The analysis of protein expression showed that untreated ALS mice have an increased
aggregation caused by SOD1 mutation, augmented TDP-43 accumulation, and augmented
GFAP expression.

Table 3: Relative Protein Expression (Fold Change vs Control)

Marker Wild- ALS ALS + ALS +

type Untreated Riluzole Experimental
Mutant 1.0 3.5 2.6 1.8
SOD1
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TDP-43

1.0 4.0

2.9 2.0

GFAP

1.0 3.8

2.7 1.9

There was a dramatic increase in pathogenic proteins in untreated ALS mice (p < 0.001). The
aberrant protein expression and astrocytic activation were significantly decreased in the

experimental therapy in comparison with untreated and riluzole-treated groups.

It was demonstrated through histopathology that untreated ALS mice had significant motor
neurons and gliosis, with treated groups showing normal morphology of neurons and less
inflammatory infiltration.

3.4. Survival Analysis

Kaplan-Meier survival analysis showed that there were serious differences in lifespan in

groups.

Table 4: Mean Survival Duration

Group Mean Survival (Days)
Wild-type Control >180

ALS Untreated 120

ALS + Riluzole 135

ALS + Experimental Therapy | 155

The untreated ALS mice showed a considerably low survival rate in comparison to controls (p
< 0.05). Riluzole has had a small but significant effect in prolonging life, whereas the
experimental treatment had a more significant effect on the increase in duration of survival.
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Figure 5: Kaplan—Meier Survival Curve Showing Lifespan Differences Among Groups

Survival analysis shows that there is a significant decrease in the life span of untreated ALS
mice. There was moderate increase in life expectancy with the treatment of Riluzole and the
experimental treatment increased life span considerably. These findings indicate that the
experimental intervention could potentially modify the disease as well and allow it to be used
in the treatment of ALS.

3.5. Statistical Analysis

Behavioral, biochemical, and molecular parameters showed statistically significant differences
in the groups that were analyzed by one-way ANOVA (p < 0.001). Significant pair-wise
differences in untreated ALS and treated mice were confirmed by post-hoc Tukey tests.
ANOVA of repeated measures showed significant time X treatment interaction in motor
performance measurements. The survival curves were based on KaplanMeier statistics which
demonstrated that the experimental therapy group had much better survival rates than untreated
ALS mice (p <0.05).

3.6. Correlation Analysis

The analysis through Pearson correlation showed that molecular biomarkers have significant
relationships with motor function scores.

Table 5: Pearson Correlation between Biomarkers and Rotarod Performance

Biomarker r-value | Sig. (2-tailed)

MDA -0.72 0.001
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TNF-a -0.69 0.002

TDP-43 -0.75 0.001

SOD Activity | +0.66 | 0.003

There were significant negative associations between the oxidative stress/inflammatory
markers and motor performance, but positive associations between the antioxidant enzyme
activity and the motor performance. These results indicate that a higher level of pathological
burden is directly related to functional motor deterioration, which implies the applicability of
these biomarkers in tracking ALS progression and treatment response.

4. DISCUSSION

The study examined molecular processes, treatment effects and biomarker capabilities of
animal transgenic models of Amyotrophic Lateral Sclerosis (ALS)’. Through comparison of
wild-type controls, untreated ALS mice, and treatment groups, it was found that there were
significant differences in motor performance, oxidative stress parameters, inflammatory
markers, protein aggregation, and survival outcome. The results trigger significant findings in
the multifactorial pathophysiology of ALS and emphasize the therapeutic potential of specific
interventions in the change of disease progression.

4.1. Interpretation of Results
This study has certain important findings:

e Behavioral Outcomes: In untreated ALS mice, motor coordination and muscle
strength deteriorated progressively which validated the typical course of neuromuscular
degeneration®. There was delayed functional deterioration in treated groups and this
shows therapeutic benefit.

e Oxidative Stress and Neuroinflammation: High MDA level and enhanced
concentration of TNF-a and IL-6 and low antioxidant enzyme activity (SOD) were
found in untreated ALS mice. Such results confirm the key place of oxidative stress and
inflammation in motor neuron degeneration.

e Protein Aggregation and Molecular Changes: An augmentation of the mutant SOD1
expression, the accumulation of TDP-43 and high-level of GFAP suggest a high degree
of protein misfolding and the activation of astrocytes’. These pathological markers were
greatly decreased by therapy intervention, which indicated that proteostasis and
neuroinflammatory mechanisms were altered.

e Survival Analysis: The untreated ALS mice had a much shorter lifespan and
experimental therapy increased the life time compared to the standard treatment, a
feature that suggests that the experimental therapy has a disease-modifying effect.
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e Correlation Analysis: The correlations between molecular biomarkers and motor
performance are strong, which proves the hypothesis that the higher the pathological
burden, the fewer the functions, and confirms the use of these biomarkers in the disease
progression and response to treatment!.

4.2. Comparison with Existing Studies

The results of the presented study are associated with other studies that highlight oxidative
stress, mitochondrial dysfunction, and neuroinflammation as the key pathogenesis factors in
ALS. Previous experimental researches on SODI transgenic mice have equally shown
progressive motor deficit, increased inflammatory cytokines, and protein aggregation
abnormality. We observe that therapeutic intervention lowers TDP-43 accumulation and
enhances antioxidant conditions, which is in line with the recent preclinical studies aimed at
lowering several pathogenic pathways at the same time!!. Moreover, our results are consistent
with previous research indicating that riluzole offers a small survival benefit, and the current
research indicates that novel therapies have stronger neuroprotective properties. The current
findings support the emerging idea that multi-target treatment methods can be more effective
than single-mechanism ones.

4.3. Implications of Findings

This study demonstrates the significance of focusing on interrelated pathogenic mechanisms,
such as oxidative stress, inflammation, and protein aggregation in the treatment of ALS. The
high effectiveness of the experimental intervention implies that treatments that deal with
multiple mechanisms can be used to hold back the disease progression better than the existing
standard treatments'?. Also, the connection between molecular biomarkers and functional
outcomes is close, which makes it possible to develop biomarker panels to diagnose diseases
at the earliest stage, monitor the condition, and assess the treatment. These results aid the
formation of the translational gap between human animal models and the possible clinical use.

4.4. Limitations of the Study
Although the research is rich in information, it has a number of restrictions:

e The sample size was statistically powered and it was restricted to a particular transgenic
mouse model that might not necessarily represent the heterogeneity of human ALS.

e The lifespan of the animal model restricted the period of long term safety of the
intervention through the duration of study'>.

e It has not been thoroughly examined, with other mechanisms that might be involved
(RNA dysregulation or axonal transport abnormalities) not fully researched.

e To achieve translational applicability in human clinical settings, there is a need to
validate more ALS models and ultimately in clinical trials.

4.5. Suggestions for Future Research
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The future research is expected to:

e Carry out longitudinal and multi-model studies to prove findings on other genetic
models and sporadic forms of ALS.

e Test combination therapies which address oxidative stress, inflammation and protein
aggregation at the same time'*.

e Identify other biomarkers, such as electrophysiological and imaging-based biomarkers,
in order to enhance translations.

e Compare time and safety and pharmacokinetics of new therapies.

e Bring forward preclinical results to well-formulated clinical trials in order to determine
the therapeutic efficacy in human ALS groups'”.

5. CONCLUSION

This study examined the molecular pathogenesis, therapeutic efficacy and biomarker prospects
of transgenic animal models of Amyotrophic Lateral Sclerosis (ALS). The Untreated ALS mice
exhibited progressive motor degeneration that was accompanied by oxidative stress,
neuroinflammation, protein aggregates, and motor neuron degeneration. The therapeutic
intervention proved to be an effective neuroprotectant with a translational applicability due to
its significant positive effect on motor functioning, pathological indicators, and survival.

5.1. Summary of Key Findings

e [t was found that untreated ALS mice had significant motor impairments and treatment
boosted functional performance.

e The levels of oxidative stress and markers of inflammation were low before the
treatment intervention and high after the treatment.

e Protein aggregation and degeneration of the motor neurons were diminished in the
treated populations.

e Experimental therapy increased the survival significantly.

e Correlation Strong association between molecular biomarkers and disease severity and
response to treatment.

5.2. Significance of the Study

The results highlight the significance of the multimodal approach to ALS pathological
pathways. The research advocates the promise of integrated treatment programmes and
validated biomarkers in advancement of translational success and future clinical outcome in
practice.

5.3. Recommendations

e Promote multi-target therapy in the study of ALS.
e Longitudinal studies should be conducted in order to achieve improved translational
accuracy.
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Combine molecules and functional biomarkers in preclinical and clinical trials.
Promising treatment therapies: Develop and advance to clinical trials.
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