International Journal of Science and Research (1JSR)
ISSN: 2319-7064
SJIF (2022): 7.942

Introduction into Neurodegenerative Diseases

Srimaan Sridharan

Abstract: This function of this article is to introduce the topic of neurodegenerative diseases to anyone interested into the field of
neuroscience. This was done by researching through various different conditions and explaining the classifications. Afterwards, they
were then explained based on the symptoms, onset, variants, and currently studied cause. Any treatment for these diseases was excluded
as the research is currently in progress and is beyond the scope of this article.
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1. Introduction

1.1 Importance

There are over 600 neurodegenerative disorders, with over
50 million Americans affected each year. Each disease is
differently identified and each one has their own causes and
symptoms. This review article aims at introducing the
subject of neuroscience to potential interested individuals by
providing the basic set of knowledge in a condensed form.
This is done by providing practical knowledge of the brain
through the use of disorders affecting the brain and their
subsequent regions. This article can be used to inform the
audience and prevent any misunderstanding as false
information is common in this age of information exchange.
This topic (neurodegenertaive diseases) has plagued
humanity since the early 1800s, and has not been fully cured.
This topic is seldom discussed in medical textbooks, but is
crucial in understanding the physical applications of the
brain, as well as the effects of losing certain regions of the
brain. This can help to better understand the brain and its
functioning.

Beginning with the basic terminology and the root
word ’neurodegenerative diseases’, ’neuro’ refers to the
central nervous system (more specifically the brain and
spinal cord) and the neurons within them, ’degenerative’
refers to the deterioration and breaking down of cells
(specifically neurons), and ’diseases” which commonly
refers to a disfunctioning of regions in the body of an animal
or any living being. Directly stated, it is a disease which
breaks down the neurons in the spinal cord and/or the brain.
In reality, there are many different classes of these diseases
each one having their own causes and symptoms. This will
be discussed later in the article, and will be divided based on
the disease.

There are four main diseases that will be discussed:
Alzheimer’s disease (AD), Parkinson’s disease (AD),
Amyotrophic Lateral Sclerosis (ALS), and Spinal Muscular
Atrophy (SMA). There are two reasons for choosing these
diseases. The first is based on their size and scope.
Alzheimer’s and Parkinson’s are the two largest diseases in
the world, meaning that they are the most common and most
studied. The second is the classification system present.
Both ALS and SMA fall under the same category of neurons,
known as Motor Neuron Disease. Similarly, Alzheimer’s
disease falls under Dementia. To represent these
classifications, ALS and SMA were chosen. While other

diseases such as Huntington’s disease and Vascular
dementia are present, their presence is understated and does
not fit the criteria of this article

1.2 Variations and Classifications

Neurodegenerative diseases are often classified as a larger
syndrome which is present. This is mainly because the
variants all share similar symptoms or they affect similar
regions of the brain. One example is motor neuron disease.
There are over 7 variants, and while every form of this
disease affects the motor neurons in the spinal cord, some
affect the upper motor neurons (inhibiting fine touch), while
others affect the lower motor neurons, suppressing gross
movements; some affect both the upper and lower motor
neurons. Along with this identification, there are also three
classifications: Autosomal dominant, Autosomal recessive,
and X - linked inheritance. These classifications refer to how
the disease is inherited. Autosomal dominant refers to the
location of the gene, being in one of the numbered (or non -
sex) chromosomes. The dominant trait refers to its higher
probability of causing the disease. Similarly, dominant
recessive refers to the gene being in one of the numbered
chromosomes, but does not mean that the individual will
have the disease. They are simply a carrier of the disease.
Lastly, there is X - linked inheritance, which refers to the X
chromosome in men, and how in X linked recessive
inheritance, only males are affected and females can become
carriers. In X linked dominant inheritance, both males and
females are affected however females are affected to a lesser
extent [3]. In summary, diseases fall under classifications
based on their symptoms and their affected regions. These
can then be further classified into categories based on factors
such as method of contraction or method of causation. Note,
that this is generalized for any disease, not for
neurodegenerative diseases alone.

Most neurodegenerative diseases are named based on the
regions of the body that they affect and the person that
discovered the disease. Two examples include Alzheimer’s
and Spinal muscular atrophy. Their symptoms and effects
will be discussed later on in the article, but as a quick
example, Alzheimer’s disease was founded by Dr. Alois
Alzheimer in the early 1900s and Spinal Muscular Atrophy
effects the motor neurons in the spinal cord. Other diseases
can have multiple names. A prime example of this is
Parkinson’s disease, which was discovered around 1820 by a
scientist named James Parkinson. Along with the
name ’Parkinson’s Disease’, the disease is also identified as
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primary parkinsonism. The term parkinsonism refers to
symptoms that are present in Parkinson’s disease which will
be discussed later into the article.

Along with classifications and naming, there are variants
and stages of diseases, such is the case with
neurodegenerative diseases. One primary example is Spinal
muscular atrophy, which has 4 stages: Type I, Type I, Type
I11, and Type IV. Type Il includes Type Illa SMA and Type
Illb SMA. These stages are given based on age of
contraction and diagnosis. Typically, the earlier the age, the
earlier the stage (for someone in their teens, they may be
diagnosed with Stage Il SMA). Along with various stages,
there is also early and late onset symptoms. This is general
classifications for diseases without specificity. Early onset
occurs before a certain age, and late onset occurs after a
certain age. In the case of Alzheimer’s disease, early onset is
considered as 65 years and younger, whereas late onset is 65
years and above. The symptoms are mostly the same (in the
case of Alzheimer’s disease)

1.3 Terminology

Before beginning the article, some basic terminology is
required in the world of neuroscience. The first concept is
differential diagnosis. While a diagnosis is present to
interpret potential diseases, a differential diagnosis is
executed to specifically determine the disease with an exact
set of tests to determine it. While the test conducted might
be the same for some diseases, such as running an MRI scan,
the differences in the result will lead to a diagnosis which is
accurate to the present set of symptoms. One term that is
present throughout diseases is atrophy. This term means that
the cells in a region of the body can degenerate, and in a
sense whither away. Another term is mutation. This refers to
the genetic change in a cell caused by external factors such
as radiation exposure, or internal causes such as errors in the
replication of DNA. Certain diseases are caused by the
mutation of proteins, which will be discussed later on.

2. Section 1: Alzheimer’s Disease

Alzheimer’s Disease is the most common neurodegenerative
disease, and is also the most common form of Dementia.
Roughly 60 - 80 percent of all dementia cases are
Alzheimer’s. Dementia is a set of symptoms which involves
the loss of intellectual abilities: thinking, memory, language,
and problem - solving capabilities [12]. Dementia patients
also experience behavioral changes. This disease can
develop into physical disabilities, such as inability to move
(which means greater external assistance), paralysis, and
eventually death. These are the basic symptoms of dementia.
Within this categorization there are many diseases, such as
Alzheimer’s Dementia, Vascular Dementia, Frontotemporal
Dementia, and Lewy Body Dementia which all share similar
symptoms, but have varying causes. Then there are diseases
which begin with separate symptoms from dementia, but in
later stages result in similar cognitive and physical
disabilities. These include Huntington’s Disease, Creutzfeldt
- Jakob disease, and Parkinson’s Disease. The main cause of
symptoms is the continuous loss in cortical neurons,
particularly in the pyramidal cells, which are variant of
neurons which is found in the cerebral cortex, hippocampus,

and amygdala. It originates in the medial temporal lobe
(specifically, the entorhinal cortex and hippocampus).

The main differences between the variations of Dementia
disease’s are the regions of the brain that are affected as well
as the different causes for each one. For example, Vascular
dementia can be caused by strokes carrying blood to the
brain, whereas Frontotemporal dementia can be caused by
the deposition of protein in the frontotemporal region
(frontal and temporal lobe). This can be seen across most
dementia disease’s. For Alzheimer’s Disease, the main
causes are the deposition of B - amyloid plaque,
neurofibrillary tangles caused by hyperphosphorylated tau,
oxidative stress, inflammation, lipid deregulation, and
genetic factors.

2.1 Differential diagnosis and symptoms

Differential diagnosis is important when diagnosing
Alzheimer’s from other dementia related diseases as they all
contain very similar symptoms. Most tests rely on scans and
are effective in outputting a diagnosis. One diagnosis can be
made from the level of Total tau (T - tau), Phosphorylated
tau (P - tau), and amyloid g in the cerebrospinal fluid [17].
This liquid is present in the brain’s surrounding regions and
surrounds the spinal cord (and can thus be used for
measuring chemical and protein values). Other scans include
a PET scan of the # - amyloid deposition [22], neuroimaging
techniques such as fMRI scans and computer tomographic
scans [4]. Note that multiple scans and reading are taken
before concluding the diagnosis. Even before the diagnosis
is confirmed, assumptions can be made based on the
symptoms that are already present. These symptoms include
the loss of intellectual abilities, memory and learning
deficits (loss of memory in later onset), and decline in
cognitive functions.

2.2 Causes

As mentioned in the previous section, we discussed the
definition of Alzheimer’s, the variations in the different
forms of Dementia, and their similarities and differences.
Now, the main focus is the specific causes of Alzheimer’s
and it’s meaning. The first main cause is the deposition of S
- amyloid plaque (Ap). This is a small piece of the larger
unit called the amyloid precursor protein (APP). Although
the purpose of this protein is largely unknown, the
functioning is understood. It is produced within the brain
cells in the neocortex, and is released through the fatty
substance within the cell. It is then split into multiple smaller
parts, where £ - amyloid protein is produced. in relation to
Ap, it is relatively ’stickier’ than the other units from the
APP proteins. In the initial stages, the AgS units create small
clusters called oligomers. Multiple chains of clusters are
formed are called fibrils, and multiple fibrils form g - sheets.
The final stage includes the plaques which is made from
multiple g - sheets, which then blocks the incoming arteries
causing inflammation in the surrounding area, eventually
leading to cell death [14].

The next cause is defined as the neurofibrillary tangles
caused by hyper - phosphorylated tau. Neurofibrillary
tangles (NFT’s) are caused by increased deposition of hyper
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- phosphorylated tau in the neurons [15]. The purpose of tau
proteins is to maintain the integrity of microtubules.
Microtubules are approximately 25 nanometers in diameter,
have functions ranging from transport to structural support,
and are made from the protein tubulin (which is made from
smaller block called o - tubulin and g - tubulin). The
presence of hyper - phosphorylated tau destabilizes the
microtubules, causing defects in transportation and leading
to neuronal cell death [19].

One major cause of the NFT’s is oxidative stress. This
variant of stress is caused by the imbalance between
production and accumulation of oxygen reactive series
(ROS; used to describe many reactive molecules and free
radicals originating from oxygen molecules) [18]. This
oxidative damage leads to the alteration of membrane
properties such as fluidity, ion transport, enzyme activities,
protein cross - linking, and eventually cell death [23].
Although the main effect of oxidative stress has been linked
to influence on hyper - phosphorlateted tau proteins, the
underlying mechanics are largely unknown.

2.3 Classifications and Stages

Although the typical stages of a degenerative disorder is
present in Alzheimer’s (early and late onset), there are two
classification that must be discussed regarding symptoms.
The first is Dementia without prominent motor sign.
Alzheimer’s falls under this category as the early onset
symptoms are based on the decline in cognitive functions
rather than physical ones. The second classification is
dementia with prominent motor signs [9]. This includes
frontotemporal dementia.

3. Section 2: Parkinson’s Disease

Parkinson’s disease is the second most common
neurodegenerative disease, after Alzheimer’s. This disease is
characterized with the term ’Parkinsonism’, which refers to
the symptoms of resting tremors, instability, rigidity issues,
and bradykinesia. Bradykinesia is an impairment of
voluntary muscle control along with slow movements,
decreased reaction time, and freezing. This develops into the
inability to take care of oneself, as many task are repetitive,
and the ability to perform tasks decrease over time. The set
of symptoms (parkinsonism and bradykinesia) are present in
Parkinson’s, however, these symptoms can also be used to
describe other diseases (hence the name parkinsonism). It
has also been stated that a patient of Parkinson’s can also
deal with symptoms similar to Alzheimer’s, and can even
experience both Alzheimer’s and Parkinson’s and the same
time [8]

The cause of these symptoms can be seen as the loss of
neurons in the substantia nigra and the deposition of
Ubiquitin proteins in the cytoplasm neurons [16]. The
process of ubiquination is when a ubiquitin protein attaches
to another protein which is then covalently linked to lysine
residue. Once the process is over, the ubiquitin protein is
attached to normal protein, which is tagged for the
eradication of the protein due to its abnormalities. These
include incorrect protein folding, presence of a toxic protein,
and/or unusable protein. It has also been proposed that

regions in the brain stem such as the vagus dorsal motor
nucleus, locus coeruleus, and raphe nuclei degenerate far
quicker than the substantia nigra. Both the locus coeruleus
and the raphe nuclei are involved in homeostatic processes
and the locus coeruleus deals with physiological responses
to panic and stress along with synthesizing norepinephrine.
The loss in production of norepinephrine can explain
symptoms such as instability, inactivity, and fatigue [1].

3.1 Differential Diagnosis and Symptoms

Differential diagnosis of Parkinson’s is relatively simple.
The first diagnosis is the simple presence check of
Parkinsonism features (though this is not able to differentiate
the disease). The second method is noting if the motor and
other symptoms must be present before the cognitive decline
seen in other major neurocognitive diseases [8]. As
previously mentioned, the symptoms include rested tremors,
Bradykinesia, rigidity issues, and instability. Note, that all of
these symptoms fall under the category called parkinsonism.

3.2 Causes and Classifications

There are approximately five causes for Parkinson’s:
mutation of the gene encoding for o - synuclein protein, loss
of dopamine producing neurons (neurons in the substantia
nigra), oxidative stress, necrosis, and inflammation. Firstly,
o. - synuclein is a protein that is encoded by the SNCA gene.
This protein regulates synaptic vesicle trafficking and
subsequent neurotransmitter release due to the mutation of
this protein, neurotransmitters such as dopamine and
norepinephrine are either released in decreased amounts or is
not released. This leads to decreased functionality, as seen
with the lack of norepinephrine causing instability. Next, the
loss of dopamine producing neurons is caused by the
degradation of neurons in the substantia nigra as that region
is one of the dopamine pathways, dedicated for synthesizing
dopamine. Oxidative stress and inflammation have been
discussed in other sections. Lastly, necrosis is a form of cell
injury which results in the premature death of cells by
autolysis, which is the self - destruction of cells due to their
own enzymes. This could be a potential explanation for the
degradation of neurons in the substantia nigra and the brain
stem.

Parkinson’s disease has also been classified as an a -
Synucleinopathy disease [13]. This simply refers to its
genetic mutation to the a - synuclein protein. There are also
2 stages to this; early and late onset, which is below and
above fifty years of age respectively.

4. Section 3: Motor Neuron Disease:

Amyotrophic Lateral Sclerosis

This disease is the most common form of motor neuron
disease, but is generally considered rare affecting two in
every one hundred people worldwide. This muscle weakness
is caused by motor neurons degenerating and peripheral
nerves becoming severed, causing the neuromuscular
junction to destabilize. Amyotrophic lateral sclerosis in
specific is a combination of upper motor and lower motor
neuron dysfunction [10], along with corticospinal tract
damage. This is visible through the presence of brisk
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reflexes (an above average response during deep tendon
reflex, resulting in faster responses than normal) and
extensor plantar responses (the stroking of the sole results in
the extension of the big toe and the extension of other toes
[21]). Effects of ALS can be seen through the
disproportionate muscle weakness, impeded speech caused
by jaw jerk, tongue wasting (which is hypoglossal nerve
disorder), along with the aforementioned reflexes and
response. Other characteristics such as intellect and
emotions are unaffected [5].

4.1 Differential diagnosis

There are two main ways of identifying ALS; the first
consists of measuring asymmetrical weakness. This refers to
greater strength in one side of the body rather than the other.
The second is referred to as *wasting in the limbs’, which is
representative of corticospinal spinal tract damage [20]. It is
a combination of these two diagnoses by which ALS is
detected.

4.2 Symptoms and Causes

There are 4 main symptoms: muscle weakness, breathing
difficulty, loss of motor functions, and paralysis, which can
eventually lead to death. The causes of these include toxic
neuropathy and other immune mediated disease. ’Toxic
neuropathy’ refers to the ingestion of drugs and other
harmful chemicals, causing damage to multiple nerves and
their respective nerve endings. In rare cases, a patients with
HIV can also have ALS at much later stages of HIV. This is
known as HIV - associated motor neuron disease, which is a
rare manifestation of ALS.

4.3 Classifications

Motor neuron disease can be classified into 3 categories:
mixed upper and lower motor neuron syndrome (this include
ALS), pure upper motor neuron syndrome, and pure lower
motor neuron syndrome. Any damage to upper motor
neurons results in inability to operate at finer levels of touch
and interaction, whereas damage to lower motor neurons
leads to inability to operate gross movements such as
walking. Mixed upper and lower motor neuron damage
results in decreased ability to operate at finer and grosser
movement, however this is disproportionate.

5. Section 4: Motor Neuron Disease: Spinal
Muscular Atrophy

Spinal muscular atrophy (SMA) is an autosomal, recessive
neurodegenerative disease, which affects the spinal cord,
causing symmetrical proximal muscle weakness. This is
brought about through the degeneration of the a motor
neurons in the ventral horn of the spinal cord. The a motor
neurons are somatic neurons that innervate the skeletal
muscle. This degeneration is caused by the deletion or
alteration of the survival motor neuron 1 gene (abbreviated
to SMN;,) [11].

5.1 Differential Diagnosis and Symptoms

There are 3 main methods to differentially diagnosing SMA.
The first is by taking a reading and checking the presence of
congenital myopathy [7]. This is a reading of a rare muscle
disease after birth (congenital), which could hint at the
presence of SMA. The next includes metabolic myopathies,
similar to congenital myopathies, where a disease affects the
rate of metabolism. These patients lack enzymes
contributing to production of energy in the body, preventing
muscle contraction. Next is the presence of non -
neuromuscular conditions, referring to other conditions that
lie outside the neuromuscular junction. This includes
scoliosis (curvature of the spine) as one of the symptoms of
SMA.

The symptoms include muscle weakness, muscle atrophy,
lack of deep tendon reflexes (opposite to brisk reflex), and
rapid impulsive muscle reflexes (trembling). In this context,
atrophy is the degradation of muscular tissue and cells due to
the decreased usage in said muscles.

5.2 Causes and Classifications

The main cause is the modification of the gene SMN; in
chromosome 5. It is largely unknown what the function of
the SMN gene is, however, it has been identified that the
SMN gene consists of the SMN; and SMN, parts. IN patients
with SMA, there is a distinct absence of the SMN; gene.
Normally, 70 - 75 (percent) of the SMA protein is made of
SMN; gene, where the other 25 (percent) is made from SMN.,.
Whereas, in SMA patients, there is no SMN; gene found.
However, if there is an increased presence of the SMN,; gene,
then the effects are slightly mitigated (but not completely).

There are 4 classifications for SMA: Type I, Type Il, Type
111, and Type IV. Type Il includes Type Illa SMA and Type
I1lb SMA [2]. The only difference is mainly the age of the
patient. For Type I, over 60 percent of patients with SMA
have this stage, which occurs at birth up til and infants first 6
months. Type Il appears between a patients age of 6 to 18
months old. Patients are capable of sitting without any
support but may have difficulty walking. Type Il occurs
after 18 months of age, and the patients can walk
independently with some difficulties. However, after a few
years, they lose the ability to walk entirely. Lastly, Type IV
occurs in early adulthood (after the age of 21 vyears).
Symptoms include weakened legs, tremors, and mild
breathing problems. The life expectancy remains the same
[6]. There is also a Type 0, where the patient is less than a
month old.

6. Conclusion

Although these diseases are dangerous in their own merit,
there are many potential solutions, ranging from medication
to specific therapies for rehabilitation. Note that treatment
and solutions to these diseases have not been discussed for
two main reasons. The first being that this review article is
not intended to be used as any guide for treatment, rather for
educational purposes and for understanding the mechanics
of these diseases in greater detail. The second is that the
mechanics of treatments and medications are out of the
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scope of this article in terms of difficulty as their interactions
with the body and the nervous system are intricate and
complicated. The main purpose of this article, as previously
stated, is to introduce the subject of neuroscience to potential
interested individuals, along with providing the basic set of
knowledge on a vast topic in a condensed form.
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