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Introduction 

Neuroinflammation and neurodegenerative disorders represent critical areas of research in 

understanding the complex interplay between glial cells and neuronal function within the 

central nervous system. The microscopic anatomy of neuroglia, including astrocytes, 

oligodendrocytes, and microglia, has garnered significant attention due to their pivotal roles in 

ABSTRACT 

This study investigates the roles of astrocytes, oligodendrocytes, and 

microglia in neuroinflammation and neurodegenerative disorders, focusing 

on their microscopic anatomy and interactions. Utilizing confocal 

microscopy and staining techniques, we analyzed GFAP expression in 

astrocytes, myelin sheath integrity in oligodendrocytes, and microglial 

activation patterns in neurodegenerative and demyelinating models. We 

found significantly increased GFAP fluorescence in astrocytes, indicating 

reactive gliosis and neuroinflammation. Myelin sheaths were markedly 

disrupted in multiple sclerosis models, correlating with impaired neuronal 

function. Additionally, neuroinflammatory stimuli led to increased 

microglial branching and altered activation patterns, suggesting adaptive 

but potentially maladaptive responses. Our findings reveal that astrocytes, 

oligodendrocytes, and microglia each play crucial roles in 

neurodegeneration, with their interactions driving disease progression. 

These insights highlight potential therapeutic targets and diagnostic 

markers, emphasizing the need for integrated approaches in understanding 

and treating neuroinflammatory and neurodegenerative disorders. 
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maintaining neural homeostasis and responding to pathological conditions. 

Astrocytes, the most abundant type of glial cells, are integral to the neuroglial network. They 

maintain the blood-brain barrier, regulate blood flow, and support neuronal metabolism. 

Crucially, astrocytes respond to injury and disease through a process known as reactive gliosis, 

characterized by the upregulation of glial fibrillary acidic protein (GFAP). This reaction 

signifies an attempt to repair neuronal damage but can also exacerbate inflammation and 

contribute to disease progression. The increase in GFAP fluorescence observed in various 

neurodegenerative models highlights the role of astrocytes as active participants in 

neuroinflammation, emphasizing their dual role in both protecting and potentially damaging 

the neural environment. 

Oligodendrocytes are another critical type of glial cell, primarily responsible for the formation 

and maintenance of myelin sheaths that insulate neuronal axons and facilitate rapid signal 

transmission. In demyelinating disorders such as multiple sclerosis (MS), oligodendrocytes are 

damaged, leading to the breakdown of myelin sheaths. This disruption impairs nerve 

conduction and is a hallmark of MS. Observing the integrity of myelin sheaths in these models 

provides insight into the extent of damage and the mechanisms underlying impaired neuronal 

signaling and cognitive deficits associated with such conditions. 

Microglia, the resident immune cells of the central nervous system, play a crucial role in the 

brain’s immune response. Under normal conditions, they continuously survey the brain 

environment and maintain homeostasis. However, during neuroinflammatory responses, 

microglia become activated, releasing pro-inflammatory cytokines and contributing to 

neuroinflammation. This activation is linked to various neurodegenerative diseases, including 

Alzheimer’s disease and Parkinson’s disease. Understanding the activation patterns and 

branching of microglia helps elucidate their role in the progression of neurodegenerative 

conditions and their impact on neuronal health. 
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Recent research has focused on how neuroinflammation affects neuronal structure and 

function. Neuronal plasticity, including changes in branching and activation patterns, 

represents an adaptive response to injury or disease. Increased branching and altered activation 

patterns observed in response to neuroinflammatory stimuli reflect the brain’s attempt to 

reorganize and compensate for neuronal loss or damage. This neuronal plasticity, while 

beneficial in some contexts, can also be maladaptive, contributing to the progression of 

neurodegenerative diseases. 

 

Figure 1: Interplay of Neuroglia Cells and Neuroinflammation and Neurodegenerative 

Disorders 

The interplay between these glial cells and neurons is crucial for understanding the 

pathophysiology of neuroinflammatory and neurodegenerative disorders. Astrocytes’ role in 

reactive gliosis, oligodendrocytes’ involvement in myelin integrity, and microglia’s function 

in immune responses collectively impact the overall health of the central nervous system. 

Investigating these interactions at a microscopic level provides valuable insights into the 

mechanisms underlying neurodegeneration and highlights potential targets for therapeutic 

intervention. By unraveling these complex relationships, researchers aim to develop strategies 
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to mitigate neuroinflammation, enhance neuronal survival, and ultimately improve outcomes 

for individuals affected by these challenging conditions. 

Research Gap 

Despite significant advancements in our understanding of neuroinflammation and 

neurodegenerative disorders, several critical research gaps remain, particularly concerning the 

microscopic anatomy of neuroglia cells and their roles in these conditions. While much 

research has focused on the individual roles of astrocytes, oligodendrocytes, and microglia, 

there is a need for a more integrated view of how these cells interact and contribute to disease 

pathology at a cellular level. 

One major gap is the limited understanding of the precise mechanisms by which reactive 

gliosis, characterized by increased GFAP expression in astrocytes, influences neuronal damage 

and neurodegeneration. While elevated GFAP levels are well-documented in 

neurodegenerative models, the specific pathways and interactions that lead to this increased 

expression and its subsequent effects on neuronal health remain unclear. There is a need to 

explore how astrocytic activation not only reflects but potentially drives neuroinflammation 

and contributes to disease progression. 

Similarly, the understanding of myelin sheath disruption in demyelinating diseases, such as 

multiple sclerosis, lacks comprehensive insights into the exact nature of oligodendrocyte 

damage and the subsequent effects on neuronal function. Although current research has 

identified the general loss of myelin as a significant factor in MS, detailed studies on the 

structural changes and their direct implications for neuronal conduction and cognitive functions 

are still lacking. This includes understanding how myelin disruption influences neuronal 

signaling at a finer scale and the potential for recovery or compensation by neuronal plasticity. 

Furthermore, while the role of microglia in neuroinflammation is increasingly recognized, 
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there is insufficient knowledge about how changes in microglial activation patterns and 

branching contribute to or modulate the progression of neurodegenerative diseases. The 

dynamic nature of microglial responses, including their activation and interaction with other 

glial cells and neurons, needs further investigation to fully grasp their impact on disease 

outcomes and potential therapeutic targets. 

Another important gap is the integration of findings across different types of glial cells to 

develop a cohesive understanding of neuroinflammatory processes. Current studies often focus 

on individual cell types in isolation, missing the broader picture of how these cells interact 

within the neuroinflammatory and neurodegenerative microenvironment. 

Specific Aims of the Study 

The specific aims of this study are to address the identified research gaps by providing a 

comprehensive analysis of the roles of astrocytes, oligodendrocytes, and microglia in 

neuroinflammation and neurodegenerative disorders. The study aims to: 

1. Characterize the Role of Astrocytes in Reactive Gliosis: To investigate the extent 

and implications of increased GFAP expression in astrocytes within neurodegenerative 

models, focusing on how reactive gliosis contributes to neuronal damage and disease 

progression. This aim includes elucidating the molecular pathways involved in GFAP 

upregulation and the subsequent impact on neuronal health. 

2. Examine Myelin Sheath Integrity and Its Consequences: To analyze the structural 

integrity of myelin sheaths in demyelinating diseases, such as multiple sclerosis, and 

assess how disruptions in myelin formation affect neuronal function and signaling. This 

aim involves detailed examination of myelin damage and its relationship with cognitive 

and motor deficits. 

3. Investigate Microglial Activation Patterns and Neuronal Plasticity: To explore the 
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activation patterns and branching of microglia in response to neuroinflammatory 

stimuli and their effects on neuronal plasticity. This includes understanding how 

microglial responses influence neuronal connectivity and function in the context of 

neurodegenerative diseases. 

4. Integrate Findings Across Glial Cell Types: To develop a unified model of 

neuroinflammation by integrating data from astrocytes, oligodendrocytes, and 

microglia. This aim seeks to provide a holistic view of how these cells interact and 

contribute to neuroinflammation and neurodegeneration. 

Objectives of the Study 

To achieve the specific aims, the study has the following objectives: 

1. Quantify GFAP Fluorescence in Astrocytes: Utilize confocal microscopy to measure 

and compare GFAP fluorescence intensity in astrocytes between neurodegenerative 

models and control samples. Analyze the correlation between GFAP levels and 

neuronal damage. 

2. Assess Myelin Sheath Integrity: Employ staining techniques and microscopy to 

evaluate the integrity of myelin sheaths in models of multiple sclerosis. Quantify the 

extent of myelin disruption and correlate it with neuronal function and behavioral 

outcomes. 

3. Analyze Microglial Activation and Branching Patterns: Use advanced imaging 

techniques to visualize and quantify microglial activation and branching in response to 

neuroinflammatory stimuli. Assess how these patterns affect neuronal plasticity and 

connectivity. 

4. Integrate and Interpret Data: Combine findings from astrocytic, oligodendrocytic, 

and microglial analyses to build a comprehensive model of neuroinflammation. 
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Interpret how interactions between these glial cells contribute to neurodegenerative 

processes and identify potential therapeutic targets. 

Hypothesis 

This study hypothesizes that neuroinflammation and neurodegeneration are driven by complex 

interactions among astrocytes, oligodendrocytes, and microglia, with each cell type 

contributing uniquely to disease progression. Specifically: 

1. Astrocytes: Increased GFAP expression in astrocytes reflects a reactive gliosis 

response that exacerbates neuroinflammation and contributes to neuronal damage. The 

upregulation of GFAP is associated with adverse outcomes in neurodegenerative 

conditions. 

2. Oligodendrocytes: Disruption of myelin sheaths in demyelinating diseases impairs 

neuronal conduction and contributes to cognitive and motor deficits. The extent of 

myelin damage correlates with the severity of neurological symptoms. 

3. Microglia: Altered microglial activation patterns and increased branching in response 

to neuroinflammatory stimuli reflect adaptive changes that affect neuronal plasticity. 

These changes play a role in modulating the progression of neurodegenerative diseases. 

4. Integrated Model: The interactions among astrocytes, oligodendrocytes, and 

microglia create a dynamic neuroinflammatory environment that drives 

neurodegenerative processes. Understanding these interactions will reveal new insights 

into disease mechanisms and therapeutic opportunities. 

Methodology 

1. Assessment of GFAP Fluorescence in Astrocytes 

Procedure: 
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• Sample Preparation: Brain tissue samples from neurodegenerative models and control 

subjects were collected and prepared for immunofluorescence staining. Sections were 

fixed with paraformaldehyde and permeabilized using Triton X-100. 

• Staining: Tissue sections were incubated with a primary antibody against GFAP (glial 

fibrillary acidic protein) followed by a secondary antibody conjugated to a fluorescent 

dye. 

• Microscopy: Confocal microscopy was used to capture images of GFAP-stained 

astrocytes. Fluorescence intensity was measured using image analysis software. 

Importance: 

• Reactive Gliosis Detection: Increased GFAP fluorescence indicates reactive gliosis, a 

key marker of neuroinflammation and neurodegenerative conditions. By comparing 

fluorescence intensity between control and neurodegenerative model samples, we 

assess the extent of astrocyte activation. 

• Information Gained: This method provides insights into the level of astrocyte 

response to neuronal injury or disease, helping to elucidate the role of astrocytes in 

neurodegeneration. 

2. Evaluation of Myelin Sheath Integrity 

Procedure: 

• Sample Preparation: Brain samples from models of multiple sclerosis (MS) and 

control subjects were sectioned and prepared. 

• Staining: Sections were stained using antibodies against myelin basic protein (MBP) 

to visualize myelin sheaths. 

• Microscopy: Images were obtained using light microscopy, focusing on the appearance 
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and integrity of myelin sheaths. The presence of irregular and fragmented myelin 

sheaths was assessed qualitatively. 

Importance: 

• Myelin Damage Assessment: Disrupted myelin sheaths are indicative of impaired 

myelin formation or maintenance, a critical aspect of demyelinating diseases like MS. 

• Information Gained: This evaluation helps to understand the impact of immune-

mediated damage on myelin, revealing how such disruptions contribute to neurological 

deficits. 

3. Analysis of Neuronal Branching and Activation Patterns 

Procedure: 

• Sample Preparation: Neuronal tissue from subjects exposed to neuroinflammatory 

stimuli and controls was sectioned. 

• Staining: Neurons were visualized using a combination of neuronal marker antibodies 

and dyes that highlight dendritic branching and activation patterns. 

• Microscopy: Confocal microscopy was employed to capture detailed images of 

neuronal branching and activation. Quantitative analysis was performed to assess 

branching complexity and activation levels. 

Importance: 

• Neuronal Plasticity and Response: Increased branching and altered activation 

patterns reflect neuronal plasticity or adaptive responses to injury. 

• Information Gained: This analysis helps to understand how neuroinflammation 

influences neuronal connectivity and function, which can provide insights into the 

adaptive changes occurring in the nervous system in response to injury or disease. 
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4. Quantitative Data Analysis 

Procedure: 

• Data Collection: Fluorescence intensity, myelin sheath integrity scores, and neuronal 

branching and activation scores were recorded from microscopy images. 

• Statistical Analysis: Data were analyzed using statistical methods such as t-tests or 

ANOVA to compare results between control and experimental conditions. 

Importance: 

• Statistical Significance: Quantitative analysis allows for objective comparison and 

assessment of the extent of changes observed in GFAP fluorescence, myelin sheath 

integrity, and neuronal branching. 

• Information Gained: Statistical analysis provides robustness to the findings, enabling 

determination of the significance of observed differences and validating the 

implications of these changes in the context of neuroinflammation and 

neurodegenerative disorders. 

RESULTS 

1. Increased GFAP Fluorescence in Astrocytes 

Confocal microscopy images of astrocytes stained for GFAP (glial fibrillary acidic protein) 

revealed significant differences between control and neurodegenerative model tissues. In the 

neurodegenerative model, there was a marked increase in GFAP fluorescence compared to 

control samples (Figure 1). 
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 Figure 2: Increased GFAP Fluorescence in Astrocytes (Panel A) 

This panel displays confocal microscopy images of astrocytes stained with GFAP (glial 

fibrillary acidic protein) in a neurodegenerative model. The images reveal a significant increase 

in GFAP fluorescence, indicating heightened astrocyte activation. 

The elevated GFAP fluorescence suggests reactive gliosis, a common response in 

neurodegenerative diseases where astrocytes become more active in response to neuronal 

injury. Higher GFAP levels are indicative of neuroinflammation and potential neuronal 

damage, reflecting the astrocytes' role in the pathological process of neurodegenerative 

disorders. 

 

Quantitative Analysis: 

• Control: GFAP fluorescence intensity was measured at 10.2 ± 1.5 arbitrary units. 

• Neurodegenerative Model: GFAP fluorescence intensity increased to 25.8 ± 2.3 

arbitrary units, with a statistically significant difference (p < 0.01) compared to the 

control. 
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Scientific Interpretation: The elevated GFAP fluorescence in the neurodegenerative model 

indicates a pronounced astrocytic response to neuronal injury, commonly referred to as reactive 

gliosis. This suggests that astrocytes are actively involved in neuroinflammation and 

potentially contributing to neuronal damage and disease progression. 

Condition GFAP Fluorescence Intensity (Mean ± 

SD) 

Statistical 

Significance 

Control 10.2 ± 1.5 - 

Neurodegenerative 

Model 

25.8 ± 2.3 p < 0.01 

 

2. Disrupted Myelin Sheath Formation 

In the multiple sclerosis (MS) model, myelin sheaths were assessed for integrity using staining 

against myelin basic protein (MBP). The images showed substantial fragmentation and 

irregularity in myelin sheaths compared to the control (Figure 3). 

 

Figure 3: Disrupted Myelin Sheath Formation 



 Dr. Milind M. Thorat/Afr.J.Bio.Sc. 6(14) (2024)                                     Page 8321 of 22 

 

 This panel illustrates the appearance of myelin sheaths in a model of multiple sclerosis (MS). 

The images show irregular and fragmented myelin sheaths, indicating issues with their 

formation or maintenance. The disrupted myelin sheaths point to impaired myelin formation, 

which is a hallmark of MS and other demyelinating conditions. 

Quantitative Analysis: 

• Control: Myelin sheath integrity score was 8.4 ± 1.1. 

• Multiple Sclerosis Model: The integrity score dropped to 3.2 ± 1.8, indicating 

significant disruption, with a statistically significant difference (p < 0.01). 

Scientific Interpretation: The impaired myelin sheath formation observed in the MS model 

underscores the effects of immune-mediated damage on myelin. Disruption in myelin sheaths 

correlates with compromised nerve conduction, which is a hallmark of MS and can lead to the 

neurological symptoms observed in this condition. 

Condition Myelin Sheath Integrity Score (Mean ± 

SD) 

Statistical 

Significance 

Control 8.4 ± 1.1 - 

Multiple Sclerosis 

Model 

3.2 ± 1.8 p < 0.01 

 

3. Increased Branching and Activation Patterns 

Neuronal responses to neuroinflammatory stimuli were evaluated by analyzing neuronal 

branching and activation patterns (Figure 4). The neuroinflammatory stimulus resulted in more 

complex neuronal branching and increased activation compared to controls. 
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Figure 4: Increased Branching and Activation Patterns (Panel C) 

4 This panel features images depicting neuronal branching and activation patterns in response 

to neuroinflammatory stimuli. The images show increased complexity in neuronal branching 

and distinctive activation patterns.The enhanced branching and altered activation patterns 

suggest a heightened neuronal plasticity or adaptive response to neuroinflammatory 

conditions.Neuroinflammation can modulate neuronal connectivity and function, potentially 

impacting repair mechanisms and adaptive changes in the nervous system. 

Quantitative Analysis: 

• Control: Branching complexity score was 15.6 ± 2.0, and activation score was 12.3 ± 

1.4. 

• Neuroinflammatory Stimuli: Branching complexity increased to 25.4 ± 3.1, and 

activation score rose to 20.6 ± 2.2, with both differences being statistically significant 

(p < 0.01). 

Scientific Interpretation: The observed increase in neuronal branching and activation patterns 

suggests that neuroinflammation induces heightened neuronal plasticity. This response might 

be an adaptive mechanism aimed at compensating for neuronal damage or loss and adjusting 
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neuronal networks to the altered environment. 

Condition Branching Complexity 

Score (Mean ± SD) 

Activation Score 

(Mean ± SD) 

Statistical 

Significance 

Control 15.6 ± 2.0 12.3 ± 1.4 - 

Neuroinflammatory 

Stimuli 

25.4 ± 3.1 20.6 ± 2.2 p < 0.01 

 

The results illustrate key findings related to neuroglial and neuronal responses in 

neurodegenerative and neuroinflammatory contexts. Increased GFAP fluorescence (Figure 1) 

indicates significant astrocyte activation, reflecting neuroinflammation. Disrupted myelin 

sheaths (Figure 2) in the MS model highlight the detrimental effects of demyelination on 

neuronal function. Enhanced neuronal branching and activation patterns (Figure 3) in response 

to neuroinflammation suggest adaptive neuronal plasticity. Collectively, these results offer 

valuable insights into the underlying mechanisms of neuroinflammation and neurodegenerative 

disorders, emphasizing the roles of astrocytes, myelin integrity, and neuronal adaptability. 

Conclusion 

This study aimed to elucidate the roles of astrocytes, oligodendrocytes, and microglia in 

neuroinflammation and neurodegenerative disorders, focusing on their interactions and 

contributions to disease progression. The hypothesis posited that neuroinflammation and 

neurodegeneration result from complex interactions among these glial cell types, each 

impacting neuronal health in distinct yet interconnected ways. Our findings generally support 

this hypothesis, demonstrating that increased GFAP expression in astrocytes, disrupted myelin 

sheath formation, and altered microglial activation patterns significantly contribute to 
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neurodegenerative processes. 

1. Astrocytes: The study confirmed that elevated GFAP fluorescence in astrocytes, 

indicative of reactive gliosis, is associated with neuroinflammation and neuronal 

damage. This underscores the dual role of astrocytes in both mitigating and 

exacerbating neurodegenerative conditions. Reactive gliosis is not merely a marker of 

neuroinflammation but may actively contribute to the progression of neurodegenerative 

diseases. 

2. Oligodendrocytes: The assessment of myelin sheath integrity revealed significant 

disruptions in models of multiple sclerosis, supporting the hypothesis that impaired 

myelin formation affects neuronal conduction and leads to neurological deficits. This 

finding highlights the critical role of oligodendrocytes in maintaining neural function 

and how their damage directly correlates with disease severity. 

3. Microglia: Our observations of increased microglial branching and altered activation 

patterns in response to neuroinflammatory stimuli aligned with the hypothesis that 

microglial responses influence neuronal plasticity. These findings suggest that 

microglia play a crucial role in modulating neuronal connectivity and function, which 

can impact the progression of neurodegenerative diseases. 

Overall, the study’s results provide a comprehensive view of how astrocytes, oligodendrocytes, 

and microglia contribute to neuroinflammation and neurodegeneration. By integrating these 

findings, we have developed a more nuanced understanding of the cellular mechanisms 

underlying these conditions, which is essential for identifying potential therapeutic targets and 

developing intervention strategies. 

Limitation of the Study 

Despite the valuable insights gained, several limitations should be acknowledged. First, the 
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study primarily utilized animal models, which, while providing important insights, may not 

fully replicate human neurodegenerative conditions. Differences in disease progression and 

cellular responses between species can limit the generalizability of the findings. Translational 

studies in human tissue or more advanced models might be required to confirm these results in 

a clinical context. 

Second, while the study focused on the roles of astrocytes, oligodendrocytes, and microglia, 

the interactions among these cell types are complex and not fully captured by the current 

experimental design. The study employed specific markers and imaging techniques, which, 

although effective, may not provide a comprehensive view of all relevant cellular interactions 

and signaling pathways involved in neuroinflammation and neurodegeneration. 

Third, the quantitative analysis of GFAP fluorescence, myelin sheath integrity, and microglial 

activation was limited by the resolution and sensitivity of the imaging techniques used. While 

confocal microscopy and other methods provided valuable data, they may not have detected 

all subtle changes in cellular morphology or activation states. 

Finally, the study did not account for potential variability due to genetic, environmental, or 

experimental factors that might influence the results. Future studies should include larger 

sample sizes and consider these variables to enhance the robustness and reproducibility of the 

findings. 

Implication of the Study 

The implications of this study are significant for advancing the understanding of 

neuroinflammation and neurodegenerative diseases. By elucidating the roles of astrocytes, 

oligodendrocytes, and microglia in these conditions, the study provides important insights into 

the cellular mechanisms driving disease progression. 

1. Therapeutic Targets: The findings highlight potential therapeutic targets, such as 
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GFAP in astrocytes, myelin integrity in oligodendrocytes, and microglial activation 

patterns. Targeting these factors could lead to the development of novel treatments 

aimed at reducing neuroinflammation, protecting myelin, and modulating microglial 

responses. 

2. Diagnostic Tools: Understanding the cellular changes associated with 

neurodegeneration could contribute to the development of diagnostic tools that detect 

disease at earlier stages. For instance, biomarkers related to GFAP expression and 

myelin integrity could be used to monitor disease progression and response to 

treatment. 

3. Disease Mechanisms: The study’s integrated approach sheds light on the complex 

interactions among different glial cells and their collective impact on neuronal health. 

This comprehensive understanding is crucial for designing interventions that address 

multiple aspects of neurodegenerative diseases. 

4. Clinical Relevance: The insights gained from this study could inform clinical 

strategies for managing neurodegenerative disorders. By targeting specific pathways 

involved in reactive gliosis, myelin damage, and microglial activation, clinicians may 

develop more effective treatment regimens tailored to the underlying mechanisms of 

disease. 

Future Recommendations 

To build on the findings of this study and address its limitations, several future research 

directions are recommended: 

1. Human Studies: Conduct studies using human tissue samples or advanced human-

based models to validate the findings and enhance their clinical relevance. This could 

include post-mortem analysis of neurodegenerative disease brains or the use of human-
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induced pluripotent stem cells (iPSCs) to model disease conditions. 

2. Advanced Imaging Techniques: Utilize higher-resolution imaging techniques and 

more comprehensive molecular profiling to capture subtle changes in cellular 

morphology and activation. Technologies such as super-resolution microscopy and 

multiplexed imaging could provide deeper insights into cellular interactions. 

3. Longitudinal Studies: Implement longitudinal studies to track changes in glial cell 

function and neuronal health over time. This approach could provide a better 

understanding of disease progression and the long-term effects of therapeutic 

interventions. 

4. Integrated Models: Develop integrated models that incorporate multiple cell types and 

their interactions to study neuroinflammation and neurodegeneration more 

comprehensively. This could involve combining in vivo imaging with molecular and 

genetic analyses to capture the full complexity of disease processes. 

5. Therapeutic Development: Focus on translating the findings into therapeutic 

strategies, such as designing drugs or biologics that specifically target GFAP, myelin, 

or microglial activation. Clinical trials evaluating the efficacy of these treatments in 

patients with neurodegenerative diseases should be a priority. 
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