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Abstract

During the last few decades, the average life expectancy has dramatically increased in
the U.S.A. and globally. As a result, the diseases associated with age, such as dementia,
significantly impact families, society, and government. Dementia is a broad term
describing memory loss, cognitive dysfunctions, and limited social skills caused by many
factors such as aging, stroke, and genetic background. Although the primary etiology
remains unclear but inflammatory reactions, neurodegeneration, vascular abnormalities
play an important role in the progression of these disorders. Therefore, treatment is
mainly supportive to relieve the symptoms of dementia and not to cure dementia or slow
down its progression. This review discusses the most common disorders that cause
dementia, including Alzheimer's disease, vascular dementia, and Parkinson's disease, as
well as their symptoms, diagnosis, and treatments. Also covered are the studies that were

performed on these disorders and animal models for each disease.
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Chapter one: Introduction

1.1, Dementia: is a collection of multiple disorders that could cause memory loss,
communication, and sleeping difficulties, as well as limit social abilities. All these
symptoms severely impact the person's life [1]. Globally, 44 million people suffer from
dementia, making it a common disease [2]. It is estimated that about five million
Americans older than 65 suffer from dementias. The current economic cost of dementia
treatment inside the U.S. is approximately $159 billion to $215 billion per year, and it will
rise to $511 billion by 2040 (inflation included). Home and long-term care are only
included in this cost, not medical expenses or the economic impact of the disease [3].
Dementia is not a part of normal aging; Dementia is not a normal part of aging; 2 out of 3
people over 90 are usually completely free of dementia symptoms [4]. Dementia risk
factors are divided into two categories, changeable factors (such as diabetes, depression,
diet, smoking, cardiovascular disease, and alcohol abuse) and non-changeable factors
(such as aging and family history, along with Down syndrome). Advanced age is the most
recognized risk factor for dementia. Dementia cannot be prevented yet. However, some
preventive measures may be helpful, such as quitting smoking, being physically active,
and taking vitamin D [5]. Despite the fact that there are multiple forms of dementia, we
will focus on age-related dementias, which are diseases associated with dementia and

progressive dementias.
1.2, Disorders linked to dementia:

1.2.1, Huntington's disease: is a rare inherited autosomal dominant disease that mainly
affects basal ganglia's caudate nucleus and putamen. As the definition of Huntington's
disease implies, the prevalence of the disease is very low (0.38 per 100,000 per year in
the U.S.A.) [6]. Diagnosis is based on clinical symptoms and imaging in the patients,
confirming familial Huntington’s. Psychological symptoms include anxiety, depression,
and loss of judgment, as well as memory loss, and language problems. It is characterized
by chorea and spasms as its main neurological symptoms, and they constitute its primary
phenotype. Diagnosis is based solely on clinical phenotypes. There are many diseases
with similar psychological symptoms, including depression, anxiety, dementia, and

Alzheimer's. Differential diagnosis is difficult because their symptoms overlap. The only



defined risk factor is the HTT gene. Family members with an H.D. patient should undergo
early genetic testing, and then a group of experts should assess the patient's condition.
Currently, there is no defined treatment for these patients. Multidisciplinary management

of disease improves the quality of life [7].

Huntington's disease is progressive and generally manifests in middle age. Despite
Huntington's disease being well studied genetically, there is little understanding of
epigenetic and pathophysiological changes in the disease. At some point in the future,
individuals who carry 36 or more CAG repeats of one allele of HTT will show symptoms
of Huntington disease [8,9]. Researchers have traditionally studied this disease using
mice, but recent studies have confirmed that some rodent findings do not apply to humans
[10,11]. The new proposed models are minipigs, sheep, and nonhuman primates that are
anatomically more relevant to human diseases. As humans live longer, researchers are

able to study the long-term effects of treatments [12].

1.2.2, Parkinson's disease: Following Alzheimer's, Parkinson's is the second most
prevalent neurodegenerative disease. Parkinson's disease is a progressive neurological
disease characterized by tremors, rigid muscles, bradykinesia, and cognitive difficulties
[13]. Parkinson's disease is diagnosed in one or two out of 1000 people, increasing to one
out of 100 after age 60. This is equivalent to 60,000 new cases every year. The central
pathology for Parkinson's disease is the loss of cells in the ventral component of the pars
compacta of substantia nigra and the presence of Lewy bodies containing a-synuclein
[14,15]. Among the risk factors are drugs, pesticides, toxins, brain trauma, and genetics
[16]. Typically, a diagnosis is made on the basis of medical history, physical examination,
and imaging. Specific single-photon emission computerized tomography (SPECT) scan,
called a dopamine transporter scan (DaTscan), is used for diagnosis confirmation. C.T
and MR scans rule out other neurological disorders such as depression and Alzheimer's
disease [17,18]. The purpose of most Parkinson's medications on the market is to raise
dopamine levels in the Substantia Nigra Pars Compacta in order to reduce symptoms,
yet there is no rehabilitation [19]. Multiple neurochemical and neuroimaging biomarkers
are available. Neurochemical biomarkers include Hydroxy-2'-Deoxyguanosine, a-

Synuclein, Apolipoprotein A1. Neuroimaging methods include Magnetic Resonance



Imaging (MRI), Single-Photon Emission Computed Tomography (SPECT) Scan with 23I-
ioflupane 123I-FP-CIT, 123l-iometopane, 123I-B-CIT [20]. Recently, genetic studies on
the confirmed Parkinson's patients identified several genetic mutations related to LRRK2,
PINK1, and a-syn genes [21]. Mice and rats are the leading animal models for studies on
genetic and environmental factors. These models are also used to study the effectiveness

of vaccines and drugs [22].

1.3, Progressive dementia:

There are three types of dementia commonly associated with aging: 1- Vascular

dementia, 2- Alzheimer's disease, 3- Lewy body dementia.

1.3.1, Vascular dementia. Memory, reasoning, planning, and judgment problems are
associated with blood vessel abnormalities. Vascular dementia is the second most
common form of dementia worldwide after Alzheimer's. About 1.2% to 4.2% of people
over 65 have this type of dementia [23]. Vascular dementia is caused by cerebrovascular
disorders, but the symptoms and severity of the condition vary depending on the region
and the vessel affected [24]. The most typical causes of vascular dementia are subcortical
vascular disease and large subcortical infarcts [25]. Vascular dementia is also associated
with several risk factors such as age, gender, and stroke location [26]. Vascular dementia
is a multi-stage disease. Cognitive function decline is the main symptom during the early
stage, and memory loss is the main symptom in the late stage. Unlike Alzheimer's
disease, the severity and symptoms of vascular dementia are more variable and depend

on the vessel and location of the vascular pathology.

The diagnosis of the disease is made based upon the medical history (memory loss and
cognitive dysfunction), neurological examination, neuropsychological examination, CT
scan, and MRI [27]. CT scanning usually identifies vascular infarcts, but MRI is more
accurate in showing the extent of stroke and its effect on white matter. The only approved
treatment for vascular dementia is supportive management [28]. Supportive management
involves treating comorbidities and assisting the patient with cognitive dysfunction issues

[23]. Several Cerebral Amyloid Angiopathies caused by mutations were identified in



patients with vascular dementia [27], [29]. Rats are the primary animal model used to
study Vascular Dementia. The study conducted by Ihara and colleagues on the effects of
bilateral carotid artery occlusion or stenosis on vascular dementia emphasized the role of

inflammation in producing the condition [30].

1.3.2, Lewy body dementia: Lewy bodies are proteins that develop inside the mammalian
brain nerve cell that interrupt the normal function of the cells, causing symptoms such as
memory loss, cognitive issues, depression, and movement impairment. Lewy body
dementia is the most common neurodegenerative dementia in elderlies and accounts for
10 to 15% of all geriatric dementias [31]. Lewy body accumulation in the nerve cells
causes acetylcholine deficiency and a-synuclein toxicity (same as Alzheimer's disease).
The main affected areas in the brain include the dorsal raphe, locus ceruleus, substantia
nigra. Age, sex, and family history of LBD or Parkinson's consider as risk factors. The
main phenotypes of LBD are progressive dementia, fluctuating cognitive decline, non-
visual hallucinations, and Rapid eye movement [32]. Diagnosis is based on medical
history, neurological examination, and brain image. The main challenge to the diagnosis
of LBD is the differential diagnosis. Patients affected by other types of dementia, such as
Parkinson's disorder and Alzheimer's disease, could show the same phenotype. The
imaging methods such as MRI, CT-scan could help to differentiate and confirm the
disease [33]. The course of the disease is progressive, and the similarity in symptoms
makes the differential diagnosis very critical. Like other types of progressive dementia,
there is no treatment to modify the course of the disorder. The management of the disease
is based on reducing the symptoms related to the disorder [32]. Several studies on a-
synuclein toxicity in mice and different techniques targeting heat shock proteins tried to
modulate the toxicity [34]-[36].

1.3.3, Alzheimer's disease: is the most common cause of dementia. Alzheimer's disease
is defined as a progressive decline in thinking, behavior and social skills that interferes
with a person's ability to function independently [37]. Alzheimer's disease is the primary

cognitive disease affecting the elderly in the U.S. It affects 11.5% of people over the age
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of 65 [38], and roughly 24 million people live with the disease worldwide. Scientists expect
this number to be doubled in the next 20 years [39]. A major risk factor for this disease is
age, along with genetics and family history [40]. There is some evidence that the
neuropathological mechanisms underlying Alzheimer's disease start in humans decades
before the disease reaches the mild stage [41]. Alzheimer's disease research before the
1990s was primarily focused on different metals, especially aluminum, and the effects
they have on the brain [42]. Amyloid plagues became the main concern during the '90s,
and beta-amyloid plaques were thought of as the primary cause of Alzheimer's disease
until recently [43]. Several studies have shown that anti-inflammatory drugs can slow the
progression of A.D, and different studies attempted to explain how this works by
examining amyloid plaques [44]. Recently, some studies showed that beta-amyloid
plaques result from the disease progression, not the cause of the disease advancement.
However, it was found that inflammatory responses in the neural tissue were responsible
for the progression of A.D [45], [46]. The symptoms of Alzheimer's disease progress
gradually in three stages: mild, moderate, and severe. In the mild stage, common
difficulties include misplacing or losing valuable objects, having difficulty performing tasks
in social or work settings, and having trouble coming up with the right word or name. In
the moderate stage, patients experience a variety of symptoms, such as feeling moody
and withdrawn, confusion about the time or where they are located, and altered sleep
patterns. In the severe stage, the main symptoms or manifestations are loss of awareness
or memory of recent events, confusion about their environment, difficulty communicating,

and vulnerability to infection [37].

The main characteristic feature of Alzheimer's disease is neurodegeneration, and the
most readily observed manifestation of this process is cerebral atrophy. Hippocampus
and amygdala are two of the main brain areas affected by Alzheimer's disease. T1
weighted MRI imaging is the best tool to detect morphologic changes and atrophy [47].
Studies have shown that vascular risk factors are associated with Alzheimer's
progression [48]. In addition to cerebrovascular diseases, hypercholesterolemia,
hypertension, and diabetes are among VRF. Li, J. et al. noted that subjects with higher
VRF show a faster progression in cognitive decline and function loss than those with low

VRF. Additionally, patients with MCI may benefit from VRF treatment by slowing the onset
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of dementia [49]. MRI is one of the best non-invasive techniques to detect vascular
disease in the brain and detect vascular defects such as vascular rupture (brain stroke).
Hematoma with conventional MR is feasible. At the same time, MRA (M.R. angiogram)

could monitor blood flow in the vessels of the circle of Willis.

Currently, there is no treatment at the later stages to stop the progression or a vaccine to
prevent this disease. The first-line therapy of Alzheimer's patients is cholinesterase
inhibitors. These drugs are prescribed to reduce the symptoms and improve behavioral
symptoms, but they do not affect the progression of the disease. Razadyne®
(galantamine), Exelon® (rivastigmine), and Aricept® (donepezil) are the cholinesterase
inhibitors. Some vaccines like ABVAC40 and AADvac1 are under investigation, but the
results are not promising [50], [51]. Today, the only hope is to detect this disease earlier
to diagnose it better and decelerate the progression. Some evidence suggests that DHA
found in Salmon, Tuna, and sardines may help to prevent the progression of Alzheimer's

disease in patients with mild and moderate symptoms.

Animal models are the primary tools for Alzheimer's disease studies, and different animals
have been used as a model for this disease. Two examples are Hsiao et al., which used
transgenic mice as a model to investigate the disorders [52] and Johnstone et al., which
worked on polar bears and dogs [53]. The aged dog shows a similar cognitive decline,
especially in memory and learning. Since the '90s, old dogs have been standard animal
models to Investigate beta-amyloid (AB) accumulation and plaques [54]-[57],
inflammatory reactions in the hippocampus, and white matter [58] [59]. The compressed
time scale of the lifespan of dogs means that the disease can be studied more
expeditiously in dogs. Based on our hypothesis, degeneration of brain tissue caused by
the inflammatory reaction will correlate with the loss of brain tissue and inflammatory
biomarkers. We proposed MRI imaging is the best tool to monitor the dog's brain over
time. MR is a non-invasive and common technique to diagnose and monitor Alzheimer's
disease [60], [61]. A new method that we will also use is M.R. spectroscopy, which helps

detect inflammatory biomarkers and their relationship to degeneration progression [62].



Table 1.1, Dementia types, prevalence, and risk factors

Disorder Type Prevalence Risk factors
Huntington's Progressive | 0.38 per 100,000 per year | CAG repeat length
disease in the U.S A. in  the huntingtin

gene

Parkinson's disease

Progressive

1-2 persons out of 1000
have Parkinson's disease,
and this can increase to 1
person out of 100 after the
60s

drugs, Toxins and
pesticides, brain
vascular  trauma,
and some genetic
factors

Vascular dementia

Progressive

1.2 to 4.2% of people over
65 years old

age, female sex,
vascular risk factor,
and stroke location

Lewy body dementia

Progressive

10 to 15% of all geriatric
dementias

Age, sex, and
family history of
LBD or Parkinson's
disease

Alzheimer's disease

Progressive

11.5% of people at age 65
or older

age, genetic, and
family history




Table 1.2, Age, symptoms, and treatments

disrupt a person's ability to
function independently

Disorder Age Symptoms Treatment
Huntington's Middle | Anxiety, depression, and loss of | No treatment,
disease age, judgment, memory loss, disease
Elderly | reasoning dysfunction, and management
language perturbance, Chorea,
and Spasm
Parkinson's Elderly | cause tremor, rigid muscles, Levodopa, increase
disease bradykinesia, and cognitive dopamine level,
dysfunction include memory symptoms relief
loss
Vascular dementia | Elderly | memory, reasoning, planning, Supportive treatment
and judgment impairment
Lewy body Elderly | memory loss, cognitive issue, No treatment
dementia depression, and movement
impairment
Alzheimer's Elderly | Dementia, continuous and Razadyne®
disease progressive decline in thinking, | (galantamine),
behavioral and social skills that | Exelon®

(rivastigmine), and
Aricept® (donepezil)
are the
cholinesterase
inhibitors (symptoms
relief)




Chapter two: Material and Methods

2.1, Diagnostic imaging techniques:

2.1.1, Magnetic resonance imaging (MRI): produces a detailed picture using powerful
magnets (ranging from 0.35 -3.0 Tesla), radio waves, and the magnetic dipole properties
of the nuclei of the mobile hydrogen atoms in water, fat, and proteins. The abundance of
hydrogen atoms inside the body makes it an ideal atom for imaging. The resonant
frequency of hydrogen nuclei, a single proton, at 1.5 Tesla is 73MHz. The powerful
magnetic field causes alignment and precession of the hydrogen protons, which can then
be manipulated with radio magnetic signal inputs from the RF coll inside the machine.
The protons echo back magnetic radio signals based on the chemistry in the tissues. MRI
is a minimally invasive technique; no ionizing radiation, so we can study living subjects
with no harm. The heat deposition from the RF coils is limited to avoid heating the tissues
significantly. The ability to discern chemical differences from the behavior of the hydrogen
protons in response to MRI pulse sequences makes MRI an ideal method for soft tissue
scanning, especially in the brain. Different RF pulse patterns and subtle frequency shifts
can be used to elucidate other chemical processes or tissues in an organ. Gadolinium-
based contrast agents can be administered to examine blood flow and contrast uptake
kinetics. Gadolinium affects the signal strength of the adjacent water hydrogens. For
example, functional MRI (fMRI) scanning can assess cerebral cortical activity, which uses
deoxy-hemoglobin concentration, measured indirectly by the effect on surrounding water
hydrogens, as a proxy for electrical activity in the activated regions. Spatial localization of
echo signals from within is achieved with minor manipulations in the magnetic field made
by electromagnetic coils inside the bore of the major magnet. Two major properties
determine the signal intensity emitted from the protons, relaxation time (T1) and echo
coherence time (T2). MRI can also assess other parameters with specific pulse
techniques, including blood flow, CSF flow, perfusion, and diffusion. MRI is widely used
in the medical setting for brain scans. MRI has become more than a morphological

imaging technique by these pulse sequences and now yields practical information. All



these advantages attracted researchers to use the MRI instruments for neurobiology

research purposes as well [63,64,65].

2.1.2, MR-spectroscopy: a non-invasive method to detect biochemical changes in the
brain. The feature of spatially localized signal input and echo collection allows
interrogation of small blocks of tissue to get spectral signals that indicate concentrations
of molecular species in a tissue sample volume. MR-spectroscopy can be performed on
MRI machines equipped with Spectroscopy software. The operational simplicity and non-
invasiveness of this Spectroscopy technique bundled with the valuable anatomic data
from standard MRI technigue in the same MRI machine at the same session are the main
reasons for the interest by researchers. From a technical point of view, MR-spectroscopy
uses the same rules as nuclear magnetic resonance (NMR) in chemistry; therefore,
sometimes, researchers call it in-vivo NMR. The different molecules of interest in the
tissues under study have differing, distinct spectral characteristics. The spectra represent
the distribution of processional frequencies of hydrogen protons in each chemical species
since 1985, which Bottomley P. A did the first in-vivo brain MR-spectroscopy [66] This
technique has identified many biomarkers, and several applications have been
suggested, including in other body parts. Still, currently, the main application of this
technique is for brain tissue and mainly for cancers and neurodegenerative disorders.
Biomarkers include but are not limited to Myo-inositol (M); Choline (Cho); Creatine (Cr);

N-acetyl aspartate (Naa); Lactate(L) [67].

2.1.3, Computed tomography (CT) scan: a widely available and quickly accomplished
mainly morphologic imaging technique based on X-ray transmission or attenuation values
of tissues, as shown by an X-ray tube and a detector array orbiting rapidly around the
patient, generating a transversely oriented data set of X-ray attenuation numbers
(Hounsfield Units or HU) that can be reformatted into other image planes and displayed
as needed for the tissues of interest. The Hounsfield scale is defined at the low end at
minus 2000 HU for air around the patient or gas within the patient, 0 HU for water, and
up to +2000 HU for dense cortical bone. Specific tissues have characteristic attenuation
values, such as white matter in the brain, typically about 25-30 HU, gray matter, typically

about 35-40 HU, and CSF, about 0-12 HU. CT is singularly good for examining hard tissue
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such as bone or tendons but is widely used for soft tissue imaging for a long list of
conditions. The main drawback of CT is the radiation burden. Since the discovery of CT
in the 1970s, continuous efforts to decrease radiation and thereby decrease the cancer
risk caused by CT scans have resulted in almost order of magnitude reductions in
absorbed X-ray dose for many CT scan protocols. Like MRI, CT scans can be made with
or without contrast media, which means iodinated contrast injected intravenously or
intraarterially or less commonly injected in the cerebrospinal fluid for neuroimaging.
lodinated contrast increases the density of tissues or structures depending on the
pharmacokinetics or the route of administration. For example, under perfused or de-
vascularized regions are made more conspicuous by enhancing the surrounding normally
perfused tissues. CT is one of the main tools for clinicians and researchers to study brain
tumors or degenerative disorders such as Parkinson's disease or Alzheimer's disease
[49,68].

2.1.4, Nuclear Medicine and Positron emission tomography (PET): In both of these
modalities, the signal that is detected emanates from within the patient from photons
emitted by the radioactive isotope component of the tracer agents that were injected, and
which distributed according to the pharmacokinetics of the tracer compound and the
physiology or pathology of the patient. This is a functional imaging modality because the
distribution and concentration of the tracer compounds can be quantitated by these
computes that collect and reformat the photon events into images. The nature of the
image receptors, the physics of the photons, and the low photon count statistics limit the
spatial information from such studies. Modern equipment and software allow either
simultaneous acquisition of high spatial information images from CT or MRI or fusion of
the Nuclear Medicine images onto CT or MRI images to yield hybrid images with both

quantitative functional information AND great spatial detail

The functional information can be tailored by choice of the molecule to which the
radioactive isotope is coupled. Several compounds are in widespread use for many
clinical conditions, including the evaluation of dementias. In addition, new agents are
being developed to target metabolic processes and molecular entities involved in

dementias.
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PET is a particular subset of Nuclear Medicine imaging that involves different isotopes
undergoing a special intranuclear reaction that produces a pair of high-energy particles
called positrons, radiating out simultaneously in 180 degrees opposite directions. It
requires a special machine and software, different from standard Nuclear Medicine
cameras. Clinical use of PET so far has been predominantly based on 18-Fluoro-
deoxyglucose (18FDG) molecule, uptake of which reflects the level of glycolysis in the
tissues, the most common application currently being to detect and assess the state of
neoplastic tissues [69] based on the abnormally increased glycolysis of most tumor
tissues compared to most surrounding tissues. More recently, novel agents directed at
specific biomarkers associated with neurodegenerative diseases such as Alzheimer's
disease and Parkinson's disease have been developed. However, the use of this
technique is still limited because of cost and availability issues [70]; Thus, the use of
mixed modalities such as PET/CT to study various types of dementia is more common

now.
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BRAIN IMAGING

Figure 2.1, The difference between the images obtained from different imaging techniques (Tehrani, 2020)
[71].
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Table 2.1, Dementia diagnosis criteria

Disorder Diagnosis

Huntington's disease | Medical history and medical examination, MRI, MR-
spectroscopy, CT/PET

Parkinson's disease | Medical history and medical examination, MRI, 1-123 ioflupane
SPECT

Vascular dementia Medical history and medical examination, MRI, CT, differential
diagnosis from Alzheimer's disease is crucial

Lewy body dementia | Medical history and medical examination, MRI, SPECT/PET
differential diagnosis from Parkinson's disease is crucial
Alzheimer's disease | Medical history and medical examination, MRI, CT, SPECT,
FDG PET, Amyloid PET

2.2, Animal model: an animal model is a great tool to test new diagnostic techniques,
drugs, or procedures before use in humans. Different animal models have been used
(figure 2). The most common models are from rodent, canine, and primate families.
Today, genetically modified mice are widely used for research and have several
advantages and disadvantages. The main advantage is they can produce certain
symptoms specific to humans, such as hallucination and sadness. This can happen
through genetic modification. The issue is we can not be sure if the modification has the
same effects on the animal. For example, for Alzheimer's disease, the same
histopathological pattern was seen in dogs, but we can not be sure if they have the same

symptoms as humans.

2.2.1, Rodent: The most widely used animal models for research are from this group.
Rodent families include mice, rats, squirrels, guinea pigs, and rabbits. For different
diseases and settings, various animals are used as the model. Here we mainly focused
on the animal models used for neurodegenerative and neuropsychiatric disorders. Wild
and transgenic mice models are widely used to study Parkinson's disease, Alzheimer's,
and schizophrenia. Because of the short life span of rats and mice, these models mainly
use genetic clones to evaluate amyloid toxicity, cytotoxicity of alpha-synuclein, or test
newly synthesized drugs. Various genetically modified mouse and rat models have been
designed over the last few years [71,72]. Usages of the rabbit and the guinea pig as a

model for neural disorders are limited.
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2.2.2, Primate: This model is the best model for human disease because of the similarities
between primates and humans. Working on this model is very expensive, and the IACUC
regulations are restricted, so the use of primates is limited. Monkey models for
Parkinson’s disease showed similar signs and symptoms and gave valuable insight into
P.D. While symptoms could be induced in animals, evaluating the symptoms related to
aging is difficult. Primates have a similar life span as humans. While the time course and
symptoms can be related to humans, the cost of the study on the progression of
Parkinson’s disease or Alzheimer’s disease is very high, and the study should be long-
term [73]-{75].

2.2.3, Canine: The aged dogs showed similar cognitive dysfunction and personality
change as seen in humans. The dog is used as a model for P.D. and A.D. disease. Unlike
other models, no genetic modification or inducing is required to show the symptoms of
aging. Only a few animals naturally show the aging effects similar to A.D. disease, from
which dogs and the guinea pig are the most common models. Because of their shorter
life span, availability, and similarities in aging-related behavioral changes, dogs are one
the most favorite models for AD [/6]—research being conducted at the University of

Washington, Cornel University, among others.
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Figure 2.2, Main animal models for Alzheimer's disease. From Acta Neuropathologica (Drummond,
Wisniewski, 2017, p 157-175) [77].
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Chapter three: Alzheimer's disease, study design, and challenges

3.1, Definition: Alzheimer's disease is the primary cognitive elderly disease in the U.S.A.,
and many research groups studied different aspects. Alzheimer's disease is progressive,
and the progression of this disease in humans mainly begins during the thirties or forties
with very mild MCI. Unfortunately, no biomarkers have been found related to the progress
of the early disease. Research on human subjects is costly and time-consuming. In order
to analyze all stages of Alzheimer's disease, a person should be under investigation for
more than thirty years. Because there are no early biomarkers, researchers could not be
sure if the person is a suitable candidate for Alzheimer's disease treatments or not. Dogs
are the best model for this disease for three reasons; first, their life compared to human
life is compact, so investigating the subject in a shorter period is feasible. Second,
research on dogs is much less expensive compared to research on a human model. Third,
we suggest sled dogs are the best dog breed to study in Alaska because of Alaska's

unique environment and foods.

3.2, Hypothesis: We hypothesize that degeneration of brain tissue caused by the
inflammatory reaction over a lifetime will correlate with the loss of neuronal tissue and
change in inflammatory biomarkers. This research will eventually lead to the development
of a sled dog model for intervention studies. Based on our hypothesis, we design three

specific aims.
3.3, Specific Aims:

3.3.1, Specific Aim 1. Monitor the brains of the subject animals for degenerative changes
related to aging and hypertrophy of white matter. Rationale: The brain's gray matter
volume decreases with age, and white matter (glial cells) replaces the gray matter.
Hippocampus is the short-term memory center of the brain. Therefore, memory decline is
the consequence of the degeneration of this structure. Hypothesis: the total volume of the
brain and the volume of the hippocampus decrease, while the volume of ventricles and
white matter increases with age. Approach: this aim will be accomplished by M.R. imaging
the sled dog's brain to determine the Gary matter volume loss and hypertrophy of the

white matter. Expected outcome: Finding the baseline and variation of the volume
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alteration in the total dog brain and Hippocampus and correlating the finding to the aging

process.

3.3.2, Specific Aim 2. Measure the inflammatory biomarkers in the hippocampus with
M.R. spectroscopy. Rationale: Recently, the inflammatory reaction was suggested as the
main reason for Alzheimer's disease progression [45,46]. Monitoring the inflammatory
response with inflammatory biomarkers is now possible. In addition, a recent study has
shown increased biomarkers (CSF t-tau) in humans with age [77]. Hypothesis: find a
similar relationship between N-acetyl-aspartate (NAA), Choline (Cho), Creatine (Cr).
Myoinositol and the NAA/Cr ratio with age. Approach: Monitoring the inflammatory
biomarkers with M.R. spectroscopy technique by MRI. Expected outcome: Increase
inflammatory biomarkers with age and find the correlation between inflammatory

biomarkers and increased white matter volume.

3.3.3, Specific Aim 3: Standard blood tests and measurement of inflammatory biomarkers
will be performed (hematologic and chemical profiles) before each session. Flow
Cytometry will be used to determine the hematologic and chemical profiles of the blood
and, the Elisa assay will use to measure the inflammatory biomarkers. Rationale:
Inflammatory reactions increase with aging in the body and brain, and biomarkers can be
monitored. Hypothesis: Increased inflammatory biomarkers in the blood of the older sled
dogs. Approach: Use the ELISA test to find the inflammatory biomarkers in the blood and
monitor them during this project. Expected outcome: We will define the relationship

between inflammatory reactions in the body and effects on the neuronal tissue.

3.4, Approach

3.4.1, Specific Aim 1: Monitor the brain over time with MRI morphologic imaging to test
the hypothesis that the volume of the brain and the hippocampus will decrease while the
volume of ventricles and white matter increases with age. MRI imaging from brain vessels
around the hippocampus, amygdala, and white matter will be analyzed. Measurement of
the vessel's diameter will correlate with neurodegenerative disease progression.
Monitoring and collecting data on a group of sled dogs will occur in year one and be
repeated in year two. The MRI machine (TOSHIBA) provided by UAF and the director of
the MRI Facility of UAF, Carl Murphy, will be supervised by a certified veterinarian.
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Images are output in DICOM format. Conventional MRI sequences consist of T1 -
weighted images, T2-weighted images, and Fluid Attenuated Inversion Recovery (Flair).
In this study T1, T2 sequences are the main ones. The images can easily be differentiated

as CSF is black in T1 images and white in T2 images.

The dogs for this study will provide by the owners of the sled dogs. Dogs will split into
different groups to assess the effect of the Salmon (DHA fat) diet and darkness on the
progression of the disease. Dogs will be divided into two groups; one group will feed
strictly with the Salmon diet; another group will be on a commercial diet. In this way,
assessment of the effect of DHA in the progression of Alzheimer's disease is possible.
The same will happen for darkness, and in two groups, the impact of darkness will assess.
MRI image acquisition is quite noisy, which may trigger the dogs to move. Therefore, we
will use general anesthesia to tranquilize the dogs. The protocol is to have a veterinary
technician sedate them with five mcg/kg dexmedetomidine + 0.2 mg/kg butorphanol
intramuscularly. After 20 minutes, the technician will induce the dogs with 6 mg/kg
propofol intravenously. Then they will intubate and be maintained on isoflurane (1-2%
isoflurane usually keeps them). This procedure will be in the MRI unit in the Murie Building

implemented by a vet technician.

Expected Results Interpretation: Shrinkage of the hippocampus and amygdala and
hypertrophy of white matter expected in MRI images with age. Decreasing the size of the
hippocampus and amygdala means degeneration, and if this size differential is less
prominent, it means the progression of the disease is slow. If no change in size will detect
during the experiment, we expect to see the degeneration accompanied by hypertrophy

of white matter and the degenerated tissues substituted by white matter.

3.4.2, Specific Aim 2. Measure the inflammatory biomarkers in the hippocampus with
M.R. spectroscopy. The level of these biomarkers is higher in human Alzheimer's
patients, and we expect to measure more elevated levels of biomarkers in old dogs. First,
measure N-acetyl-aspartate (NAA), a neurologic biomarker for neuronal damage in
diffuse neurologic disorders. This biomarker helps us to determine the degree of neuronal
damage in the hippocampus and amygdala. Second, choline (Cho): has a vital function

in the production of acetylcholine, and the result of choline deficiency is memory loss and
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mental dysfunction. Some studies suggested that a lack of acetylcholine significantly
affects Alzheimer's progression [78]. This biomarker helps us determine the impact of
acetylcholine deficiency in the disease course on sled dogs. Third, creatine (Cr): is a
biochemical toxicity indicator and biochemical indicator of histopathological lesions in the
brain. By measurement of this biomarker, monitoring the pathological progression of
Alzheimer's disease Iin the hippocampus, amygdala, and other parts of the brain.
Myoinositol (M) is a biomarker to demonstrate the pathological effect of amyloid (in this
case, amyloid plague) on brain tissue. By measuring these biomarkers, we can determine
the impact of amyloid plaques on Alzheimer's disease progression. NAA/Cr ratio is a ratio
of N-acetyl-aspartate to Creatine, a biomarker for neurological damage and cell

proliferation.

Our goal is to find the relationship between the level of biomarkers and the progression
of Alzheimer's disease. This finding could help to detect mild stage of dementia. In
addition, this study will help us study the predictive validity of the biomarkers and promote
their use in screening for disease, confirming the diagnosis non-invasively, or assessing

the therapeutic or preventive value of various interventions.

Expected Results, Interpretation: We expect to measure a higher level of the inflammatory
biomarkers with the progression of the disease. Measurement in each session will show
us the level of biomarkers in comparison to the last session. Suppose we cannot detect
any increase in inflammatory biomarkers, but we can see the changes in the size of the
hippocampus and amygdala. In that case, it means the progression of the disease is not
related to an inflammatory reaction, and this hypothesis of neurodegeneration needs to

be reviewed.

3.4.3, Specific Aim 3: Standard blood tests (hematologic, chemical, and physical profiles)
will be performed before each scanning session. We will expect a low red and white blood
cell count and a high level of urea, creatinine, and ketones in aged dogs. Inflammatory
processes alter blood profiles, and we may find a correlation between blood profile
changes, MRI images, biomarkers, and disease progression. Inflammatory biomarkers
(N-acetyl-aspartate (NAA), Choline (Cho), Creatine (Cr), Myoinositol, and the NAA/Cr

ratio will be recorded. Other tests are the primary test to see inflammation in the body.
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Routine blood and Elisa test will be performed before each session. Expected Results,
Interpretation: Lower red and white blood cells and platelets level will be expected with
aging. Inflammatory biomarkers will increase with age. Suppose the increased level of
the inflammatory biomarkers in the blood is accompanied by an increased level of the
biomarkers in the brain. In that case, there is a relationship between the two systems.
Although Blood-Brain Barrier separates these two systems, the increment of biomarkers

suggests a connection between them associated with aging.

3.5, Time Frame and Milestones: The first session held in Spring 2021. The blood test is
performed by the UAF lab one week in advance for each session. After a thorough
checkup and analyze the blood test results, MRI imaging was performed on dogs. The
images and spectroscopy results were processed by DICOM software, and we have
analyzed the MRI images and spectroscopy results. Based on IACUC approval, we will
start the first session in Spring 2021. The project consists of 4 sessions, and hopefully,

the last session will be in Spring 2023.
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Chapter four: Conclusions

Dementia is a general term that we use for a broad spectrum of disorders compared to
natural aging. A shared characteristic between all of them is the lack of treatment.
Treatments for dementia are only supportive, and the goal of therapy is to relieve the
symptoms associated with dementia. A.D. is the most common type of dementia in the
U.S. and worldwide. Based on the prevalence of A.D., this draft mainly focused on A.D.
Since discovering Alzheimer's disease in 1906, different strategies were followed to
manage A.D. Eventually, they failed. The discovery of the relationship between
Alzheimer's disease and inflammatory reactions in the CNS may shed light on the real

cause for Alzheimer's disease and find a treatment.

Furthermore, finding the new inflammatory biomarkers make the diagnosis much more
accessible, allowing early diagnosis and therapy. Finally, this study will demonstrate the

sequence of neurodegenerative changes in the brain in sled dogs via MRI.
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