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Abstract

Brain imaging is one of the main obstacles of modern disease 
diagnostics since it has to allow accurate and quantitative 
measurements on a living organ that is placed in adults (in 
neonatal humans’ skull penetration is somewhat easier) inside 
a bone cage. Inside is the brain, the main function controller 
of our body that has to be done in a non-invasive way on the 
living operation brain. Many spectroscopic methods are trying 
to overcome the difficult access to the brain: Photoacoustic 
microscopy,  Confocal microscopy, Two-photon microscopy, 
Optical coherence tomography, Scanning Laser Acoustic 
Microscopy, Acoustic microscopy, Ultrasonography,  positron 
tomography, fluorescence methods, photo caustic microscopy 
and multy (two) photon imaging spectroscopy. The situation 
is complex since the brain is wrapped in the blood brain barrier 
allowing only selected molecules to pass from the blood stream to 
and out of the brain. In this chapter, we will survey the current 
situation of brain diagnostics with the aid of the spectroscopic 
methods. Brain research is integrated in aging research as a major 
area of interest. Aging is in most cased coupled with the loss of 
brain function and dimensia. The neurodegenerative diseases, 
although identified by Dr. Alzheimer and his collaborators more 
than a century ago, continue to be the leading causes of mortality 
among the elderly. Brain research in trying to give hope to those 
people but unfortunately our understanding in this area is limited.

Figure 1: While the brain sleeps, it clears out harmful toxins, a process 
that may reduce the risk of Alzheimer’s, researchers say.

Old persons, even middle-age persons, often complain about 
difficulties in remembering names, faces, birthdays, meetings 
and other happenings in daily life. A common Old persons, even 
middle-age persons, often complain about difficulties worry 
is whether such events are signs of degenerative process as for 
example in dementia [1], or whether this forgetfulness is just an 
expression of normal aging is whether such events are signs of 
degenerative process as for example in dementia, or whether this 
forgetfulness is just an expression of normal aging. Alzheimer’s 
disease (AD) is a typical progressive neurodegenerative disorder 
resulting in dementia and eventual death. It is the leading cause 
of dementia and the number of cases is projected to rise in the 
next few decades. Pathological hallmarks of AD include the 
presence of hyper-phosphorylated TAU and amyloid protein 
deposition. Currently, these pathological biomarkers are detected 
either through cerebra-spinal fluid analysis, brain imaging or 
post-mortem. Though effective, these methods are not widely 
available due to issues such as the difficulty in acquiring samples, 
lack of infrastructure or excessive cost. The variety of factors and 
events involved in neurodegeneration renders the subject a major 
challenge. Neurodegenerative disorders include several different 
pathological conditions, which share similar critical metabolic 
processes, such as protein aggregation and oxidative stress [2], 
both of which are associated with the involvement of metal ions.

“The potential of odor identification testing and physical changes 
in and around the eye to detect cognitive impelnnent and 
Alzheimer’s disease at an early stage was bolstered by new evidence 
from four studies presented today at the Alzheimer’s Association 
International Conference (AAIC) 2018.
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Two studies evaluated changes Inodor Identification as an early 
predictor of cognitive decline, or of the transition to dementia, and 
compared it to two established biological markers for cognitive 
decline and dementia - brain amyloid PET Imaging and thickness 
of the brain’s cortex In areas important to memory [3].”

Given that the eye and the nose possesses clear optics (eye-vision, 
mainly the retinal ganglion cell (RGC) axons) and fantastic ability 
to identify molecular features (nose, smell), and shares many neural 
and vascular similarities to the brain, it offers a direct window to 
cerebral pathology, the branch of science dealing with the causes 
and effects of neurodegenerative diseases.

The brain is the only organ known to have its own security system, a 
network of blood vessels that allows the entry of essential nutrients 
while blocking other substances. Unfortunately, this barrier is so 
effective at protecting against the passage of foreign substances 
that it often prevents life-saving drugs from being able to repair 
the injured or diseased brain [5,6]. A partial list of more than 20 
amyloid-related diseases includes Alzheimer’s disease, Parkinson’s 
disease, Huntington’s disease, prion diseases, familial amyloidosis, 
type II diabetes, Creutzfeldt–Jakob disease, Lewy Body Dementia 
and more than 20 more uncurbable and therefore fatal diseases.  
New studies are guiding researchers toward a breakthrough in the 
cure of non-infectious neurodegenerative diseases are associated 
with the accumulation of fibrillar proteins. These diseases all 
exhibit features that are reminiscent of those of prionopathies, 
including phenotypic diversity and the propagation of pathology 
of Proteopathy. 

Proteopathies are the abnormal accumulation and toxicity of 
proteins in certain disease states [7]. Also, selective hyperproteolytic 
diseases have been referred to this category, e.g. critical illness 
myopathies or tumor cachexia [2]. The proteopathies comprise at 
least 30 diseases that affect a variety of organs and tissues, including 
Alzheimer’s disease (AD), Parkinson’s disease, type 2 diabetes, 
amyloidosis, and a wide range of other disorders [8,9]. 

In some proteopathies, abnormal assembly can be template on an 
exogenous protein, typically a misfolded form of the same protein. 
In this way, the disease state can be induced in a susceptible host 
by the introduction of diseased tissue extract from an afflicted 
donor. The best known form of such infectious (or transmissible) 
proteopathy is a prion disease, which can be transmitted by 
exposure of a host organism to purified prion protein in a disease-
causing conformation [10,11]. There is now evidence that other 
proteopathies are inducible by a similar mechanism, including AA 
amyloidosis, Apo lipoprotein AII amyloidosis, and Aβ amyloidosis 
[12,13] In all of these instances, an aberrant form of the protein 
itself appears to be the pathogenic agent.

Figure 2: Primary structure of Ab-(1–42).Hydrophobic membrane-
derived portion shown in bold.  Ile-Ale – lost amino acid residue for Ab-
(1–42) to Ab-(1–40). Hypothetical amino acids involved in the binding of 
metal ions.

One hundred years ago, Jacob Heinrich Lewy described 
intracellular eosinophilic inclusions in the brains of patients with 
paralysis agitans“, commonly known as Parkinson’s disease [14].

 Figure 3: A group of psychiatrists in the psychiatric clinic of the University 
of Munich: Alois Alzheimer and Solomon C. Fuller seated in front row; 
standing in back row, left to right: Baroncini, Baroncini, Von Norbert, 
Ranke, and unidentified.

Enormous progress has been made during the past decades in 
analyzing the content and formation of Lewy bodies and their 
relation to neurodegenerative diseases.

Mutitudes of researchers have been engaged in the last hundred 
years since the identification of the phenomenon. However, 
only little has been achieved in the diagnosis of the early stages 
of the diseases. Here we try to survey the chemistry aspect of the 
diagnostic efforts. 

The health authorities in the USA gathered some information on 
the effort in the chemistry of neurodegenerative diseases. A sample 
could be found on the Internet [15].

In the long period since the identification of many neurological 
diseases in Alzheimer’s laboratory in Muenich, many directions 
of research have been pursued. It is important to note that there 
is no single test that can diagnose Alzheimer’s. At one time, an 
Alzheimer’s diagnosis was only able to be confirmed after a person 
had died and doctors were able to perform an autopsy on the brain. 
Today, a physician can diagnose Alzheimer’s disease only with 90% 
accuracy while the person is still living. A medical evaluation will 
often include: Patient History, Physical Exam & Lab Tests, and 
Neuropsychological Testing.
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The list of possible ways for the Lab testing is long” for example the 
following approache can be followed:

a) Biological Diagnosis: This is based on tests done on animal.

b) Clinical Diagnosis: This is based on signs and symptoms of a 
disease.

c) Cytohistologic Diagnosis: To detect both benign and malignant 
by study of exfoliated cells.

d) Cytologic Diagnosis: By studying the functions of living cells.

e) Differential Diagnosis: By comparing clinical findings in two 
diseases.

f) Direct Diagnosis: By exclusion process.

g) Nivean diagnosis: By localization of extent level of a lesion (e.g. 
tumor).

h) Pathologic Diagnosis: By observing structural lesions present.

i) Physical Diagnosis: By inspection, palpation, percussion and 
auscultation.

j) Provocative Diagnosis: By induction of a condition into a 
diseased body.

k) Serum Diagnosis: By analysis of serum.

In each of the in the concise list above and in additional ways 

chemicals and instruments are applied. In this composition, we 
will mention some of them.

Essentials of an AB Diagnostic Workup [19]

• General diagnostic principles

• Medical and family history

• Mental status testing

• Physical and neurological exam

• Laboratory tests

General diagnostic principles

Widely used guidelines for diagnosis of dementia emphasize 
decline that:

a) Occurred from a higher level of function 

b) Is severe enough to interfere with usual activities and daily life 

c) Affects more than one of the following four core cognitive 
domains: 

1. Recent memory - ability to learn and recall new information 

2. Language - either comprehension or expression 

3. Visuospatial ability - comprehension and effective manipulation 
of nonverbal, graphic or geographic information 

        Figure 4:  Amyloid Beta Hypothesis [16] Oxidative stress Hypothesis [17], Glutathione [18]
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4. Executive function - ability to plan, perform abstract reasoning, 
solve problems, focus despite distractions and shift focus when 
appropriate

Evaluating a Patient for Dementia Involves Four Key Elements

1. A thorough medical and family history 

2. Mental status testing 

3. A physical and neurological exam 

4. Appropriate laboratory tests

2. Medical and Family History

Obtain a complete medical and family history, including psychiatric 
history and history of cognitive and behavioral changes. Ideally, a 
family member or other close informant should also provide input. 
Although many individuals with early-stage dementia retain some 
awareness of their difficulties, insight tends to diminish as the 
disease progresses.

• Ask the patient and informant:

o “Do you feel as if you’re having any trouble with your memory or 
with getting confused or becoming lost?”

o “When do you think the problem started?”

o “Has it gotten worse since you first noticed it?”

o “Is it getting worse quickly or slowly?”

Recent memory and instrumental activities of daily living (those 
requiring extensive interaction with the environment) are 
extremely sensitive to cognitive change. Ask your patient and 
informant about increased difficulty with:

o Recalling recent events, conversations, appointments or family 
occasions

o Repeating stories, questions or anecdotes

o Using the telephone or other devices previously used comfortably 
(video recorder, computer, household appliances)

o Playing a game of skill, functioning in employment or volunteer 
situations

o Following the thread of a conversation or the plot of a book or 
movie

o Making unsound judgments (buying inappropriate items, 
committing excessive funds to telemarketers, engaging in unwise 
financial transactions)

o Traveling via accustomed mode of transportation (driving, public 
transit)

o Shopping for food or clothing

o Planning and preparing meals

o Keeping or maintaining the house

o Paying bills, balancing the checkbook

o Managing medications:

A medication history is vital. Ask the patient to bring in a drug list 
or containers of all current drugs. Review and be alert to drugs that 
can impair cognition, including some analgesics, psychotropics 
and sedative-hypnotics. 

Anticholinergic are also an issue because they target one of the 
chief neurotransmission systems affected by Alzheimer’s. Antihis-

Figure 5: Schematic illustration of the Abamyloid cascade from APP cleavage by secretases to generate 
Abmonomers, to plaque formation, via oligomers, protofibrils, and fibrils. Causative factors for neuronal 
injury are indicated in italic letters under the Ab pathway. Anti-amyloid agents are also shown in solid white 
letters above the therapeutic targets in the Ab pathway [1].
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tamines, including over-the-counter allergy and cold preparations 
and sleeping aids, are among the most widely used anticholiner-
gic. A list of anticholinergic medications is posted by the Geriatrics 
Department at Virginia Commonwealth University: http://www.
virginiageriatrics.org/consult/medications/medsList.html 

Inquire about drinking habits. Excessive use of alcohol can impair 
memory and judgment, and long-term abuse can lead to Wernicke-
Korsakoff syndrome.

Laboratory Tests

The American Academy of Neurology recommends specific 
laboratory assessments for the evaluation of dementia.

View the Laboratory Evaluation of Dementia (1 page)

Current neuroimaging techniques reveal both form and function. 
They reveal the brain’s anatomy, including the integrity of brain 
structures and their interconnections. They elucidate its chemistry, 
physiology and electrical and metabolic activity. The newest tools 
show how different regions of the brain connect and communicate. 
They can even show with split-second timing the sequence ofevents 
during a specific process, such as reading or remembering.

The Amyloid Hypothesis

The Amyloid Hypothesis of Alzheimer’s disease: Progress and 
Problems on the Road to Therapeutics [20]. The amyloids are 

Figure 6
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fragment from the digestion of the Peptide APP (amyloid precursor 
protein) by the two aspartyl proteases (β- and γ -secretases). 
Failing in folding the cutting enzymes fail in their usual tasks and 
as a result Amyloid are formed. This is the abnormal way. Usually 
ubiquitous compounds are formed.

Neurodegeneration in diseases such as Alzheimer’s, Parkinson’s, 
Huntington’s, and the spin cerebellar ataxias arises from injury 
caused by small, diffusible oligomeric assemblies of the respective 
misfolded proteins. According to this hypothesis, large polymeric 
aggregates (such as the amyloid plaques in AD and Lewy bodies in 
Parkinson’s disease,) represent inactive reservoirs of species that are 
in equilibrium with the smaller, putatively neurotoxic assemblies. 
A huge effort in the area is based on the Amyloid theory (the 
aggregation of α-synuclein, is the protein whose misfolding and 
deposition is associated with Parkinson’s disease).

MRI analysis enables the analysts to evaluate changes within the 
brai, for example in schizophrenia analysis [21], this may also 
apply to other brain dysfunction like neuropathy. High-resolution 
MR imaging of peripheral nerves is becoming more common 
and practical with the increasing availability of 3T (3Tesla) [22] 
magnets. The increased image clarity revealed by 3T is particularly 
beneficial for pathological conditions involving the brain, spine, 
and musculoskeletal system. There are multiple reports of MR 
imaging of peripheral nerves in compression and entrapment 
neuropathies. However, there is a relative paucity of literature 
on MRN (Mind Research Network) [23] appearance of diffuse 
peripheral nerve lesions [24]. Most previous studies of relapse have 
focused on clinical behavioral and demographic measures, along 
with demographic, health history and family history of drug use, 
among other sources of data [25].

In the clinic, today, most of the diagnostics is made based on mental, 
behavioral and cognitive criteria. The quantitative instrumental 
approach as seen in the table is holding a miniature weight in the 
diagnostic procedure. This is not very instrumental in the initial 
stages and piles hurdles in the way to discover novel drugs for the 
mental impairments. Animal models play a significant role in all 
areas of biomedical research [26].

The neurological dysfunction is happening in the brain, inside the 
skin, skull and meninges. Instrumental Neuroimaging is a major 
approach into the living brain and visualize the situation in real 
time. 

This controlling center of our life is in the brain. This is the only 
organ known to have its own security system, a network of blood 
vessels that allows the entry of essential nutrients while blocking 
other substances. Unfortunately, this barrier is so effective at 
protecting against the passage of foreign substances that it often 
prevents life-saving drugs from being able to repair the injured or 

diseased brain [27].  Protection of the brain, as the central control 
organ on the complex multi-functional process of keeping the 
organism alive, control of sub-systems, thinking, memory is only 
a part of the complex mission that were given by the creator, is 
protected from the outside world by an impregnable skull made 
of bone materials a multilayer soft tissue barrier that permits only 
a few sorts of material to reach the inner parts and enable the 
providing of energy and nutrients for the cells, new neurons, to 
function. This is a nonstop operation if the organism is alive.

The function of the meninges is to cover and protect the brain 
itself.  It encloses and protects the vessels that supply the brain 
and contains Cerebrospinal fluid (CSF) between the pia mater 
(is the delicate innermost layer of the meninges, the membranes 
surrounding the brain and spinal cord) and arachnoid maters (is 
one of the three meninges, the protective membranes that cover 
the brain and spinal cord.).  Immediately deep to the periosteum 
is the periosteal and meningeal which create the dura mater.  The 
dura mater (is a thick membrane that is the outermost of the three 
layers of the meninges that surround the brain and spinal cord.), 
is found all around the brain and its 2 layers separate and create 
spaces called dural sinuses.  The meningeal separates from the 
periosteal and goes down into the longitudinal fissure.  The space 
that is firmed is a sinus.

Since the Blood-Brain barrier does allow only selective transport 
into the brain, it becomes extremely difficult to enter and inspect 
the action of the sick tissue. But, Althous sometimes very aggressive 
intervention is needed, like Convection Enhanced Delivery [28], to 
introduce agents into the brain.

Using Aβ as biomarkers [29] to explore inside the brain

In this review, we will refer to the electromagnetic radiation 
based analyses, MRI (radio frequency). Fluorescence based and 
compounds chemistry based methods. Imaging is the making 
visible of things hidden, absent, or not directly perceptible to the 
senses, or even abstract ideas. The modern technologies of brain 
imaging not only bring the otherwise hidden organ into view, 
but they make visible the chemical, metabolic, and physiological 
processes that differ so widely across its complex structure. 
Most importantly, this is possible at repeated intervals during 
life. Schizophrenia, with its onset in adolescence, nonlocalizing 
deficits largely in higher mental functions, and a nonlethal and 
fluctuating course, has provided an illness puzzle not easily solved 
with the traditional tools of blood and urine chemistry and post-
mortem anatomy. Imaging can provide regional neuroanatomical 
measurement and regional functional assessment as subtyping 
variables in the quest for homogeneous groups of patients with 
similar pathophysiology. And with positron emission tomography, 
pathophysiology can be explored within the brain.
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Scanning the brain: A group of related modern technologies 
has made it possible to study the brain’s regional changes in 
metabolism, blood flow, electrical activity, and neurochemistry.  
Positron emission tomography (PET [30], mainly based on the 
radio-isotopes 18F31 and 11C, produces computer enabled slices of 
the in focus region of the brain. The modern technologies shed 
light on the brain’s form and function,

Positron emission tomography (PET) scans, which use radioactive 
tags to show which brain areas become active when someone 
performs a task. PET scans are also coming into use to aid diagnosis 
of Alzheimer’s disease by identifying amyloid plaques in the 
brains of living people.  Initially, neuroimaging technologies were 
met with great enthusiasm by some researchers, and with strong 
skepticism by other agree that while the tools have limitations, they 
also have great promise. While neuroimaging shouldn’t replace 
older methods such as behavioral studies, most experts agree that 
it is a powerful tool in the scientist’s toolkit.

Some Radioactive Diagnostic Agents

Uncharged thioflavin-T derivatives [34] applied for their 
fluorescence, bind to amyloid-beta protein with high affinity and 
readily enter the brain. This method was widely applied until the 
researchers synthesized and checked its 11C - positron emitting 
successor PITT B.

Using Pittsburgh Compound B for In Vivo PET Imaging of 
Fibrillar Amyloid-Beta [35] is the contemporary practice for 
β-amyloids (Aβ) detection in the brain-spinal fluids. Both Aβ 
immunohistochemistry and PIB fluorescence in tissue sections 
revealed severe cerebral amyloid angiopathy (CAA). Biochemical 
analyses of soluble and insoluble Aβ concentrations in this PiB-PET, 
(The positron emission tomography (PET) radiotracer Pittsburgh 

Compound-B (PiB) binds with high affinity to β-pleated sheet 
aggregates of the amyloid-β peptide in vitro), positive case showed 
a preponderance of Aβ40 over Aβ42, supporting that vascular 
amyloid was the dominant form of Aβ pathology.

Images of radio isotope density - brain metabolism or receptor 
concentration can be quantitated [36]. Studies in brain diseases 
have indicated relative metabolic under activity of the frontal lobes 
of brain sick people, for instance. Decreased activity in the basal 
ganglia, which can be reversed with neuroleptic treatment, is also 
seen in PET analysis.  PET studies are in the initial stages; standard 
methodology for isotope selection, task during tracer uptake, and 
quantitative analysis is still developing. 

Thioflavins have been used in Alzheimer diagnostics to visualize 
Amyloid beta plaques. 

Defects in proteolytic digestion are the causes of major diseases such 
as parasitic infections, arthritis, Alzheimer’s disease, inflammation, 
osteoporosis, arteriosclerosis, and cancer.

The digestion of the beta amyloid precursor protein is believed to 
either produce un-harming fragments or harming fragments: There 
is a developing consensus for cerebrospinal fluid amyloid-β (Aβ) as 
a core biomarker for the mild cognitive impairment stage of AD. Aβ 
is directly involved in the pathogenesis of AD or tightly correlated 
with other primary pathogenic factors. It is produced from amyloid 
precursor protein (APP) by proteolytic processing that depends on 
the β-site APP-cleaving enzyme 1 and the γ-secretase complex, and 
is degraded by a broad range of proteases. This review summarizes 
targeted proteomic studies of Aβ in biological fluids and identifies 
clinically useful markers of disrupted Aβ homeostasis in AD.

Alternative splitting b synuclein enzymes, digestion of beta amyloid 
precursor protein [37]. Is it a secondary effect or byproduct that 

Figure 7: The brain is protected from injury by the skull, meninges, cerebrospinal fluid and the 
blood-brain barrier.
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arises from but does not causally influence a process, in particular?

Such defects are considered to the postulated initiation of the 
cascade leading to metabolic abnormities In Alzheimer’s Disease to 
confirm characteristics of metabolic abnormalities in Alzheimer’s 
disease; regional metabolic activity was summarized in tenns of 
quantitative cerebral glucose metabolic rate.

Oxidative Stress Hypothesis -Neuropathic Diseases [38]

To defend against free radicals, living organisms have learned over 
time to generate antioxidants and repair enzymes to remove and/or 
repair molecules that are oxidized. A few enzymatic antioxidants 
are synthesized by cells. These include Cu/Zn- and MN-superoxide 
dismutase [39] (SOD) methionine sulfoxide reductase. Other 

Figure 8

11C-TAB’ 11C AIB ref.[a,b]

Synthesis of PITT compound B(11C), Amyloid Imaging Agents [33].
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none-enzymatic antioxidants and metal chelators. Researchers 
pointed out [40] that there is a crucial role of metal ions in 
neurodegeneration, it many become the basis for a promising 
therapeutic strategy, a chelation therapy could be a valuable 
therapeutic approach, since metals [41] are a pharmacological 
target for the rationale design of new therapeutic agents directed 
towards the treatment of neurodegeneration.

Metal Ions

Metal ion chelators have been suggested as potential therapies for 
diseases involving metal ion imbalance.  Neurodegeneration is 
an excellent target for exploiting the metal chelator approach to 
therapeutics. In contrast to the direct chelation approach in metal 
ion overload disorders, in neurodegeneration the goal seems to be 
a better and subtle modulation of metal ion homeostasis, aimed at 
restoring ionic balance. Thus, moderate chelators able to coordinate 
deleterious metals without disturbing metal homeostasis are 
needed. To date, several chelating agents have been investigated 
for their potential to treat neurodegeneration, and a series of 
8-hydroxyquinoline analogues showed the greatest potential for 
the treatment of neurodegenerative diseases.

A series of 8-hydroxyquinoline analogues (VK-28, HLA-20 and 
MA-30) have shown the greatest potential for the treatment of 
several neurodegenerative diseases and one of these compounds, 
clioquinol (PBT1), reached the pilot phase II clinical trial, which 
suggests that clioquinol improves cognition and lowers plasma 
levels of Ab42 in some patients.

The regional distributions of iron [42], copper, zinc, magnesium, 
and calcium in Parkinson a brains were compared with those of 
matched controls. In mild Parkinson’s disease (PD), there were 
no significant differences in the content of total iron between the 
two groups, whereas there was a significant increase in total iron 
and iron in substantia nigra of severely affected patients. Although 
marked regional distributions of iron, magnesium, and calcium 
were present, there were no changes in magnesium, calcium, and 
copper in various brain areas of PD [43]. 

Oxidative Stress - Glutathione as Marker

Alzheimer’s disease (AD) is the most generic form of 
neurodegenerative disorder with dementia. In its sporadic form, 
AD results from the combination of genetic factors with different 
epigenetic events. Among them, oxidative metabolic reactions 
and their by-products have been consistently implicated in AD 
pathogenesis and represent the biological basis for the ‘oxidative 
stress hypotheses of AD. Numerous studies demonstrate that 
different biomarkers of oxidative-stress mediated events are 
elevated in the AD brain.

Brain Glutathione Levels – A Novel Alzheimer’s disease [44].

Metal Ions, pH, and Cholesterol Regulate the Interactions of 
Alzheimer’s Disease Amyloid-β (Aβ) Peptide with Membrane 
Lipid. The interaction of Aβ peptides with the lipid matrix of 
neuronal cell membranes plays a key role in the pathogenesis of 
Alzheimer’s disease. By using EPR and CD spectroscopy, it was 
found that in the presence of Cu2+ or Zn2+, pH, cholesterol, and 
the length of the peptide chain influenced the interaction of these 
peptides with lipid bilayers. In the presence of Zn2+, Aβ40 and 
Aβ42 both inserted into the bilayer over the pH range 5.5–7.5, as 
did Aβ42 in the presence of Cu2+. In a comprehensive research 
work [36], scientists noticed that significantly lower glutathione 
content was present in pooled samples of putamen, globus pallidus, 
substantia nigra, nucleus basalis of Meynert, amygdaloid nucleus, 
and frontal cortex of PD brains with severe damage to substantia 
nigra, whereas no significant changes were observed in clinic 
pathologically mild forms of PD. The quantitative imaging of 
glutathione in hippocampal neurons and glia in culture using mono- 
or chloro-bimane [46] refers to the Kosower and collaborators 
work. There is Oxidative Damage Is the Earliest Event in Alzheimer 
Disease [47]. Glutathione S-transferase, commonly abbreviated 
GST, refers to a group of enzymes which employ glutathione 
in many reactions that contribute to the transformation of 
numerous compounds such as therapeutic drugs, carcinogens and 
products involved in oxidative stress.  Glutathione is an essential 
metabolic molecule that is produced in the liver of humans and 
animals.  GST (Glutathione S-transferase) family of detoxification 
enzymes contains many microsomal, cytosolic and mitochondrial 
m-proteins which form significant parts of the enzyme body. They 
are present in prokaryotes and eukaryotes where they play the 
role of catalyzing different reactions and at the same time accept 
xenobiotic and endogenous substrates. Every member of the 
eukaryotic species has multiple GST isoenzymes that are bound by 
cytosolic and membranes. Each of them portrays unique catalytic 
and noncatalytic binding characteristics.

Decreased glutathione transferase activity in brain and ventricular 
fluid in Alzheimer’s disease [48]. Thiols in general, which are 
components of many proteins and simple molecules, such as 
glutathione (GSH) and cysteine (Cys), play an important role 
in the cellular antioxidant defense system.1 GSH is the most 
abundant intracellular nonprotein thiol (1-10 mM).2 It has a 
pivotal role in maintaining the reducing environment in cells and 
acts as the redox regulator because thiols exist in redox equilibrium 
between sulfhydryl and disulfide forms.3-5 Intracellular thiol levels 
change dramatically in the response to oxidative stress.1 Thus, the 
quantitative detection of intracellular thiols is of great importance 
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for investigating cell functions. Blood-Brain Barrier-Penetrating 
6-Halogenopurines Suitable as pro-probes for Positron Emission 
Tomography are Substrates for Human Glutathione Transferases 
[49]. Scientist developed a spectrophotometric assay for the 
glutathione conjugation and determined specific activities with a 
range of human GSTs as well as some rat GSTs for comparison. 
The ubiquitous GST P1-1 showed the highest activities with the 
6-halogenopurines, which bodes well for the application of pro-
probes for human investigations.

Since bromo- (or chloro-) bimanes were shown to have a very 
useful and sensitive application in reacting with thiols to produce 
fluorescent labeling [50], attempts were made to stain brain tissues. 
Glands and galea with the direct use of the halobimanes [51]. The 
enzymes of the Glutathione S-Transferases   family may become 
instrumental in choosing glutathione Transferases level as a 
biomarker for Alzheimer’s disease [32].

Slicing brain in the laboratory serves research abundantly. 
However dealing with living brains is the way to go. In respect to 
the biogenesis of brain compounds, Nedergaard and coworkers 
found out in mice that while seeping, the waste is excreted from 
the brain via the spinal fluids and then transported in the blood 
system to the regular way the living organism gets rid of such 

wastes [53,54]. Scientist observe the decrease of free SH groups 
inproteins extracted from the hippocampus [55] of AD patients 
provides additional evidence for increased oxidative damage of 
proteins in a vulnerable region of the AD brain [56].

Staining Amyloid-Beta

In contrast, Use of Thioflavin derivative resolve individual Aβ 
plaques and cerebrovascular amyloid in living microscopy. Future 
studies will include imaging amyloid load in transgenic mice using 
newly developed high-resolution micro PET [57], a technology 
that will provide a direct transition to PET imaging studies in 
human subjects [58].

A typical commercial reagent for amyloid staining is 
“Amylo-Glo” [59,60,61,62]:

Compound [53]: “Amylo-glo”; specification: Styrylbenzene deriva-
tive; Appearance: Yellow solution; Molecular Weight: 392; Filter 
system for visualizing: UV Ethibium Bromide: EtBr, 2,7-Diami-
no-10-ethyl-6-phenylphenanthridinium bromide; Appearance: 
light red-orange solution; Molecular Weight: 394.32. 392; Filter 
system for visualizing: UV Purity: Thin layer chromatography us-
ing alumina plates and a solvent system of ethanol and water (3:1) 
revealed the presence of two fluorescent isomers. No amount of 

Figure 9
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starting material was detected. Biol. activity: Excitation Peak for 
Amylo-Glo: 334 Emission Peak: 533 nm - unbound, 438 nm when 
bound to amyloid.

Today, two agents (see below) that might be useful as probes to 
detect their biomarkers of neurodegenerative diseases were 
prepared by two groups. Recently, such small molecules that could 
be supplied to the brain via the blood streams (abdominal or tail 
injection) have been reported by an Israeli and a Korean groups 
and introduced to the inner brain by crossing the blood brain 
barrier (BBB) [63,64].

It is still a great challenge to use biomarker, β-amyloids or 
Glutathione or other that is produced in the brain, probably in the 
hippocampus gland in the early events of the neurodegenerative 
disease

Recently one may find many advertisements of blood tests for 
Alzheimer early diagnostics. The area is very active in this respect. 
Since there is no cure for Alzheimer’s disease, but medications, 
sensory therapy and more that can help its symptoms. And to 
get the full benefit of the treatments, early diagnosis is important. 
Learn more about Alzheimer’s diagnosis and treatments. The 
Rowan University [66] announced that Blood test for Alzheimer’s 
shows 100% percent accuracy in early trials. 

Scientist is looking for frontiers were new biomarkers foe the 
neurodegenerative diseases exist. Smell [67] and vision [68] are 
connecting directly through nerves into the brain. Whereas the 
odors consist mainly on gases that are mixes with characteristic 
molecular structures, vision may rely on the constitution of the 
retina, the eye’s detector of electromagnetic waves.

TAU Induced Diseases – High Molecular Weight Proteins

Amyloid senile plaques and tau neurofibrillary tangles are 
neuropathological hallmarks of Alzheimer’s disease, Parkinson’s 
disease [66], that accumulate in the cortical regions of the brain 

in persons with mild cognitive impairment who are at risk for 
Alzheimer’s disease.

Noninvasive methods to detect these abnormal proteins are 
potentially useful in developing surrogate markers for drug 
discovery and diagnostics.

Tau protein is a highly soluble microtubule-associated protein 
(MAP). In humans, these proteins are found mostly in neurons 
compared to non-neuronal cells. One of tau’s main functions is 
to modulate the stability of axonal microtubules. Other nervous 
system MAPs may perform similar functions, as suggested by 
tau knockout mice that did not show abnormalities in brain 
development - possibly because of compensation in tau deficiency 
by other MAPs [10]. Tau is not present in dendrites and is 
active primarily in the distal portions of axons where it provides 
microtubule stabilization but also flexibility as needed. This 
contrasts with MAP6 (STOP) proteins in the proximal portions of 
axons, which, in essence, lock down the microtubules and MAP2 
that stabilizes microtubules in dendrites.

It has been shown that PET of Brain Amyloid and Tau in Mild 
Cognitive Impairment

(FDDNP [70] -PET scanning) can differentiate persons with 
mild cognitive impairment from those with Alzheimer’s disease 
and those with no cognitive impairment. 18F-PET based on the 
application of 2-(1-{6-[(2-[fluorine-18] fluoroethyl)(methyl)
amino]-2-naphthyl}-ethylidene) malononitrile (FDDNP) is the 
first positron emission tomography (PET) molecular imaging 
probe to visualize Alzheimer’s disease (AD) pathology in living 
humans. This technique is potentially useful as a noninvasive 
method to determine regional cerebral patterns of amyloid plaques 
and tau neurofibrillary tangles.

PET of Brain Amyloid and Tau in Mild Cognitive Impairment are 
indicative [71].

Figure 10: Styrylbenzene derivative and Ethidium Bromide
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Figure 11

     

Figure 11: The green branches of an astrocyte, one of several kinds of glial cells, surrounded by blue nuclei of other cells (credit: karin pierre, institut 
de physiologie, unil, lausanne. Via wikimedia commons)[ 65]

Are TAU-based Therapies for Alzheimer’s disease: Wave of the 
Future? [72],  

Focus Points 

• Protein tau is necessary for normal synaptic and neuronal 
function. 

• Tau dysfunction has been implicated in the pathogenesis of 
Alzheimer’s disease. 

• Tau-based therapies are currently being investigated for treatment 
of Alzheimer’s disease. • Combining tau-based therapies with 
amyloid-based therapies may be needed for effective treatment 
of Alzheimer’s disease. APOE (genetics, Apo lipoprotein E) 
predicts Aβ but not Tau Alzheimer’s Pathology in Cognitively 
Normal Aging [73].

Usually, parallel PET analysis is made with 11C and 18F positron 
sources, 11C-PIB and 18F-FDlutemetamol were examined [74]. 
18F-flutemetamol uptake can readily be quantified using reference 
region uptake ratios after 80 min and provides good discrimination 
between AD patients and healthy controls. These phases 1 results 
justify further pursuit of 18F-flutemetamol as a biomarker for AD-
related amyloidosis with wider availability for clinical and research 
purposes than it’s ‘‘parent molecule,’’ 11C-PiB.

The frequency of individuals with elevated mean cortical binding 
potential (MCBP) for PIB rose in an age-dependent manner from 
0% at ages 45-49 years to 30.3% at 80-88 years. Reduced levels of 
CSF Aβ42 appear to begin earlier (18.2% of those age 45-49 years) 
and increase with age in higher frequencies (50% at age 80-88 years) 
than elevations of MCBP. There is a gene dose effect for the APOE4 
genotype, with greater MCBP increases and greater reductions in 

Figure 12: Chemicals structures of agents applied in PET analyses
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CSF Aβ42 with increased numbers of APOE4 alleles. Individuals 
with an APOE2 have no increase in MCBP with age and have 
higher CSF Aβ42 levels than individuals without an APOE2 allele. 
There is no APOE4 or APOE2 effect on CSF tau or ptau181.

Mild cognitive impairment is a transitional stage between normal 
aging and Alzheimer’s disease. A recent study suggests that the 
prevalence of mild cognitive impairment, characterized by a 
cognitive decline without impairment of the ability to carry out 
activities of daily living, is 19% among persons younger than 75 
years of age and 29% among those 85 years of age or older. PET 
of Brain Amyloid and Tau in Mild Cognitive Impairment was 
recommended.
Exploring Senses (Nose and Eye) As Markers for 
Neuropathy (Disease or Dysfunction of One or More 
Peripheral Nerves, Typically Causing Numbness or 
Weakness.)

The Nose Knows – But Not Conclusive

In the race to find such a test, two separate teams of Columbia 
University researchers presented work based on the 40-item 
University of Pennsylvania Smell Identification Test, or (UPSIT). 
Seonjoo Lee. Lee gave all the participants brain scans and UPSIT 
tests and then followed them over four years. During that time, 
49 people developed Alzheimer’s disease, while nearly one in five 
of the participants showed signs of weakening mental function. 
Participants whose scans showed a thinning in the brain area 
that plays a role in memory -- the first brain region affected by 
Alzheimer’s -- were more likely to develop Alzheimer’s.

In a second unrelated Columbia study, examined smell scores 
in combination with brain scans and cerebrospinal fluid for 84 
participants with the beginning signs of weakening memory 
and 26 healthy participants. At six months, 67% of participants 
showed memory decline. “Odor identification testing may prove 
to be a useful tool in helping physicians counsel patients who are 
concerned about their risk of memory loss.”

This idea has been around for a long time, with “innumerable” 
studies showing how odor identification may modestly predict the 
progression from either normal or mild cognitive impairment to a 
worse level of function, said Dr. David Knopman, a neurologist at 
the Mayo Clinic.

“The problem is that the accuracy of odor identification is just not 
good enough to be a standalone test, Olfactory disorders” are not 
specific to Alzheimer’s disease. For example, patients with Lewy 
body dementia also score low on UPSIT, and so a “smell test” 
would not be able to distinguish between the two types of patients.

It is known that the olfactory (smell) dysfunction is involved 
in various neurological diseases, such as Parkinson’s disease, 

Alzheimer’s disease, multiple sclerosis, Huntington’s disease and 
motor neuron disease. The ability to identify and discriminate the 
odors, as well as the odor threshold, can be altered in these disorders. 
These changes often occur as early manifestation of the pathology 
and they are not always diagnosed on time. New instrumental 
approaches, such as psychophysical testing, olfactory event-related 
potentials (OERPs) and functional magnetic resonance imaging 
(fMRI) measurements, supported by olfactometer for the stimuli 
delivery, and their combination in evaluation of olfactory function 
will be discussed. In particular, OERPs and fMRI might to be good 
candidates to become useful additional tools in clinical protocols 
for early diagnosis of neurological diseases [76].

Connections of Central Olfactory System

Functional magnetic resonance imaging (fMRI) is a useful tool 
for techniques, including the insula and the anterior cingulated 
the study of functional neuroanatomical of the human olfactory 
system.  Several fMRI studies using different delivery systems to 
administer the odors to the subjects, provided the insights into the 
brain structures involved in olfactory process. In accordance with 
the expectations from anatomical data, neuroimaging studies on 
olfaction reported activation in OFC, piriform cortex, amygdala, 
and entorhinal or para hippocampal gyrus. Other areas have also 
been consistently found to be activated in response to olfactory 
stimulation with neuro-imaging techniques, including the insula 
and the anterior cingulated gyrus [77]. 

At the Technion – Israel Institute of Technology, Nano Technology 
scientists developed and tested the NA-NOSE [78] technology for 
detecting the volatile biomarkers of diseases. The nanotechnology-
based breath test was successfully applied in numerous research 
phase studies for a wide variety of diseases, including Alzheimer’s 
disease. In many diseases, the NA-NOSE has shown an ability 
to distinguish between “healthy” and “disease” states as well as 
between the different stages of the disease, mainly between the 
early stages and the advanced stages of the disease. Biomarker 
based breath testing using the NA-NOSE technology holds future 
potential as a cost-effective, fast and reliable diagnostic test for early 
disease and infection detection as well as ongoing monitoring of 
disease progression. The NA-NOSE technology would be suitable 
for use outside of specialist settings and could significantly reduce 
budgetary burdens at many regional and national healthcare 
organizations.  Specifics of licensed technology:  

a. Novel, cross-sensitive nanowire-based sensors integrated in 
the ‘NA-NOSE’ device trained to detect target disease related 
mixtures of specific biomarkers;

b. Novel algorithms to reduce the dimensionality of the ‘NA-NOSE’ 
information to safely distinguish between healthy and unhealthy 
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individuals, as well as between different sub-types of disease (e.g. 
different biomarkers of conditions per licensing agreement);

c. ‘NA-NOSE’ prototype devices, to be tested in clinical studies/
environments for diagnosis and research;

d. A method for identification of new biomarkers that are related to 
different stages of target conditions.

The Neuropathy characteristic compounds are yet unknown, 
However, when isolated, characterized and verified, the ultra-
sensitive Na-Nose will monitor the development of the dysfunction 
from initial stages. The urgent need for such objective method is 
pursued by many seekers, by the scientists that are busy developing 
novel drug for the treatment and cure of the neurodegenerative 
illnesses.

The Optic Nerve and Its Visual Link into the Brain [79]

Shakespeare is credited for having said ‘the eyes are the windows 
to the soul.’ But the eyes are the windows to a whole lot else, too. 
It turns out our aging eyes tell many tales: from visible cataracts to 
cardiovascular disease and diabetes, our eyes can reveal a lot. New 
information shows that we may even be able to detect Alzheimer’s 
through the eye.

The optic nerve, a cable–like grouping of nerve fibers, connects 
and transmits visual information from the eye to the brain. The 
optic nerve is mainly composed of retinal about 125 million 
photoreceptor cells (known as rods and cones) via two intermediate 
neuron types, bipolar and amacrine cells. In the brain, the optic 
nerve transmits vision signals to the lateral geniculate nucleus 
(LGN), where visual information is relayed to the visual cortex of 
the brain that converts the image impulses into objects that we see.

Vision is a vast area of research related to the identification and 
application on biomarkers for Neurotropic diseases. This might 
become a door for following progress of the dysfunction of the 
brain in real time. In the center of this approach are the eye and 
the retina, the retina [80] is known as an extension of the CNS; it 
consists of retinal ganglion cells, the axons of which form the optic 
nerve, whose fibers are, in effect, CNS axons.

The Main Advantages of Retina Research in Pursuit of 
Biomarkers

a) As an extension of the CNS, the retina displays similarities to 
the brain and spinal cord in terms of anatomy, functionality, 
response to insult, and immunology 

b) Several major neurodegenerative disorders have manifestations 
in the retina, suggesting that the eye is a ‘window’ into the brain 

c) Neurodegenerative processes that have been characterized in 
CNS disorders are also detected in some classic ocular pathology. 

d) The accessibility and organization of the retina makes it a 
convenient research tool with which to study processes in the 
CNS 

e) Advances in ocular imaging techniques support the potential 
of these approaches as effective aids in noninvasive diagnosis of 
CNS disorders 

f) Future research should be aimed at testing whether therapies 
that are beneficial in brain disorders could also alleviate diseases 
of the eye, and vice versa

The Optic Nerve

Composed of 1.2 million nerve fibers; approximately 1.5 mm in 
diameter, enlarges to 3.5 mm posterior to lamina cribrosa due 
to myelin sheath; located 3–4 mm from fovea; causes absolute 
scotoma (blind spot) 15° temporal to fixation and slightly below 
horizontal meridian; approximately 45-50 mm in length (1 mm 
intraocular, 25 mm intraorbital, 9 mm intracanalicular, 10–15 
mm intracranial) (Figure 4-2); acquires myelin posterior to lamina 
cribosa

Surrounded by 3 layers of meninges: dura mater (outer layer; 
merges with sclera), arachnoid layer, pia mater (inner layer, fused 
to surface of nerve); space between arachnoid and pia contains 
cerebrospinal fluid (CSF)

ON runs through annulus of Zinn (ring of tendinous origins of the 
rectus muscles) and enters the optic canal

Optic canal: 9 mm long and 5–7 mm wide; thinnest medially, 
adjacent to ethmoid and sphenoid sinuses; dura of ON fuses with 
periosteum of canal.

Moreover, the optic nerve is also a very important vivo model for 
studying central nervous protection and regeneration. At the cell 
biology level, the RGC axons are covered with myelin produced 
by oligodendrocytes (rather than Schwann cells of the peripheral 
nervous system) after exiting the eye on their way to the LGN and 
thus part of the central nervous system. Scientists have recently 
acquired more and more evidence that certain types of damage to 
the optic nerve may be reversible in the future. Therefore, the optic 
nerve provides a potential window to explore more complicated 
neuronal degenerative diseases, such as Alzheimer’s disease and 
Huntington disease.

Alzheimer’s disease diagnosis by detecting exogenous fluorescent 
signal of ligand bound to beta amyloid in the lens of human eye: an 
exploratory study. This study is based on the 

clinical exploratory human trial involving 10 participants using a 
combination of a fluorescent ligand and a laser scanning device, 
ongo ptix’s SAPPHIRE II System [81], as an aid in the diagnosis
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Exclusion Criteria

a) History of learning or developmental disability 

b) History of serious active cardiac condition or significant 
small vessel disease (e.g.,confluent white matter alterations on 
structural MRI or computed tomography scan) 

c) History of other neurologic condition (e.g. large vessel stroke, 
seizures, Parkinsonism) 

d) History of cataract surgery in the test eye 

e) History of physical injury to the test eye 

f) Retinal detachment 

g) Any lens opacity that prevents the operator from visualizing the 
lens sufficiently to perform the procedure 

h) Pregnancy 

i) Nursing women

j) Systemic illness that may pose an unacceptable risk to the subject 
in the judgment of the investigator

Figure 13

Figure 14
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A single dose consisted of a1/200 ribbon (approximately0.05cc) of 
Compound #11Ointment (0.5%)

Figure 15: Chemical structure of Compound #11.Top Emission spectrum 
(585 nm) of Compound #11 (excitation 470 nm).

Concentration) optically administered to the inside of the lower 
eyelid with a syringe applicator. Each dose of Ointment was applied 
to the study eye of the participant by a trained technician, oph-
thalmologist, or nurse at the study site. A recent study performed 
on post-mortem lens samples from AD patients located cortical 
opacities like the supra nuclear cataracts [83] described before. 

Over the past decade, the understanding of the AD process has 
grown significantly. AD is confirmed at autopsy by plaques and 
tangles formed in the brain [84a-d]. Plaque is made up of Aβ 1-40 
and 1-42. Increases in Aβ levels begin at the earliest stages of the 
disease process, years before symptoms arise. Studies have shown 
that amyloid is building up in the brain up to 30 years before clinical 
signs of dementia appear. When an individual starts to show signs 
of cognitive impairment, it is called mild cognitive impairment 
(MCI). MCI, sometimes only temporary, can occur because of a 
number of causes, including depression and anxiety.

Goldstein et al. made the discovery that Aβ aggregates in the lens of 
the eye, and at a late stage in the disease, exhibits itself in the form of 
a supranuclear cataract. In age-matched controls, which included 
patients with Parkinson’s disease, front temporal dementia, and 
other neurodegenerative diseases, the Aβ pathology was not found.

Cataracts are related to Ab genetically. Eye test may be early 
indicator of Alzheimer’s, say

scientists after linking brain disease to cataracts [85]. Alzheimer’s 
disease (AD) and age-related cataract, disorders characterized 

by protein aggregation causing late-onset disease, both involve 
oxidative stress [86]. People look for Aβ in cataract on the lances 
of the eyes with the enhancement of contrast with some agents. 
There is optimism in this direction but not so fast. Do not hold 
your breath, there is hope.

Sound-Echo Technology

Among the novel ideas for living brain imaging we count the 
Photoacoustic tomography (PAT). As a hybrid technique, PAT is 
based on the acoustic detection of sounds waves that are a result of 
a laser beam created heat that brings in motion of the brain tissue 
when cooling down t5o normal temperature. The layers of tissues 
present in a few millimeters of brain just beneath the skull bones, 
the metegs and the BBB were imaged by this imaging modality [87], 
PAT generates high-resolution images in both the optical ballistic 
and diffusive regimes. Over the past decade, the photoacoustic 
technique has been evolving rapidly, leading to a variety of exciting 
discoveries and applications [88].

(PAT) Three-dimensional laser-induced photoacoustic tomography 
[89], is developed to image animal brain structures noninvasively 
with the skin and skull intact. This imaging modality combines the 
advantages of optical contrast and ultrasonic resolution.

Photoacoustic tomography, a technique for imaging optical 
properties in biological tissues noninvasively, combines the 
merits of both light and ultrasound. Photo acoustic imaging (opt 
acoustic imaging) is a biomedical imaging modality based on the 
photoacoustic effect. In photoacoustic imaging, non-ionizing laser 
pulses are delivered into biological tissues (when radio frequency 
pulses are used, the technology is referred to as thermo acoustic 
imaging). Some of the delivered energy will be absorbed and 
converted into heat, leading to transient thermoplastic expansion 
and thus wideband (i.e. MHz) ultrasonic emission. The generated 
ultrasonic waves are detected by ultrasonic transducers and then 
analyzed to produce images. It is known that optical absorption 
is closely associated with physiological properties. As a result, 
the magnitude of the ultrasonic emission (i.e. photoacoustic 
signal), which is proportional to the local energy deposition, 
reveals physiologically specific optical absorption contrast. 2D or 
3D images of the targeted areas can then be formed [90]. In the 
drawing is a schematic illustration showing the basic principles of 
photoacoustic imaging using contrast agents [91].

Photoacoustic Imaging in Biology and Medicine [92]

Photoacoustic Imaging (PAI) is becoming a major tool for 
preclinical studies owing to its unique property of combining 
optical and ultrasound imaging. Its potential for in-vitro and 
in-vivo imaging has been demonstrated both in tomographic 
setups and in photoacoustic microscopy. The research network 
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Photoacoustic Imaging in Biology and Medicine represents an 
interdisciplinary consortium of experts in photoacoustic imaging 
in Austria. It combines all research areas currently considered to 
play a significant role in photoacoustic imaging, namely biology, 
mathematics, medicine, and physics. The main goal is to steer 
the technique towards practical applicability and routine for 
biomedical applications.
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