
Chapter 22
In-silico Targets in Neurodegenerative
Disorders

Aniko Nagy and Timea Polgar

22.1 Neurodegenerative Diseases

Amyotrophic lateral sclerosis (ALS), Cerebellar ataxia (CA), Parkinson’s disease
(PD), Alzheimer’s disease (AD), and Motor Neuron disease (MND) are known as
the most frequently occurring human neurodegenerative diseases. All of them are
related to aging, and they are progressive disorders affecting certain classes of
neurons found in the central nervous system (CNS). For example, PD is described
by loss of nigrostriatal dopaminergic neurons in the substantia nigra pars compacta
(SNc), which causes reduction in dopamine levels and cytoskeletal inclusion of
Lewy bodies (Pandey et al. 2018).

Of all neurodegenerative diseases, AD is the most common, which was first
identified as a primary cause of death for people suffering from mental illness
(Katzman 1976). There are several hypotheses about the underlying reasons that
can be classified into the following three categories (Herrup 2015): cellular, genetic,
and molecular imbalances (Thai et al. 2017).

Its etiology is mainly unknown. It has already been demonstrated that oxidative
stress can play a key role in the etiology of late onset neurodegenerative diseases
(Flynn and Melov 2013). Oxidative stress was found to be relevant in a range of
neurodegenerative diseases, and emerging evidence from in-vitro and in-vivo dis-
ease models demonstrates that oxidative stress can be important in general disease
pathogenesis (Pandey et al. 2018).
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Pharmacological treatment of neurodegenerative disorders has not been solved;
therefore, there is a need to investigate new drug candidates. Modification of
endogenous chemicals can offer new drug candidates with better potencies and/or
further functions that may be of therapeutic benefit. Computational sciences can
support the discovery of such candidates and can further improve the execution
speed, decrease cost and the usage of test animals (Wenzel and Klegeris 2018).
Computational biology offers a way for discovery of novel pharmacological targets
and can pinpoint the genetic background of such diseases. While computational
chemical approaches involve multiple methods that can support the discovery of
new chemical entities. These methods for example include cheminformatics (Pandey
et al. 2018), docking and molecular dynamics modeling (Thai et al. 2017).

Ziprasidone is an example of a recent drug candidate, which serves the basis of
currently applied therapies in many countries for the treatment of bipolar disorder or
psychosis. This dual-target antipsychotic treatment combines and optimizes the
following pharmacophores: dopamine and naphthylpiperazine, a serotonin receptor
ligand. Ziprasidone was shown to have less serious side effects compared to other
antipsychotics (Wenzel and Klegeris 2018).

In this chapter, we would like to discuss the possible targets of the two most
common neurological diseases, AD and PD. The known and the possible new targets
are shown and their therapeutic importance is also detailed. In addition, the methods
of their discovery is highlighted demonstrating the importance of the in-silico
discovery of new targets in neurological diseases.

22.2 Alzheimer’s Disease (AD)

AD is the most common type of dementia in the population over age 65 (Dias Viegas
et al. 2018). According to World Alzheimer’s Report, in 2015, more than 35 million
people suffered from AD, and it is predicted to grow exponentially in the future
(Sang et al. 2017).

AD is described by progressive loss in cognition, decrease in functional and
motor capacity, damage in behavioral, social autonomy and finally death (Dias
Viegas et al. 2018). AD is a result of a neurodegeneration, which is caused by
extracellular β-amyloid plaques, while intracellular neurofibrillary tangles cause
neurotoxicity and synaptic loss (Agatonovic-Kustrin et al. 2018).

Current clinical treatment is only palliative and restricted to five pharmaceuticals
approved by the US FDA. These are donepezil, galantamine, hupersine A and
rivastigmine, which are reversible or competitive acetylcholinesterase inhibitors
(AChEI), and memantine, which is a non-competitive N-methyl-D-aspartate
(NMDA) receptor antagonist (Agatonovic-Kustrin et al. 2018).

None of the approved drugs demonstrated adequate efficacy, tolerability in most
patients. Current therapy only provides symptomatic cures and temporarily delay
cognitive decline in about half of the patients, while having only a minor effect in
severe, advanced cases (Blennow et al. 2006). Furthermore, they have some adverse
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effects such as diarrhea, dizziness, nausea, vomiting, because of their poor bioavail-
ability, hepatotoxicity and non-selectivity (Agatonovic-Kustrin et al. 2018).

Current medication cannot even stop the progression of the disease. AD was
already described by multiple physiological and biochemical malfunctions involving
simultaneously operating chemical mediators and numerous protein targets (Dias
Viegas et al. 2018). Some of the concerned factors are low levels of acetylcholine,
beta amyloid (Aβ) deposits, tau protein hyperphosphorylation and aggregation, oxi-
dative stress, neuroinflammation and dyshomeostasis of bio-metals (Jalili-Baleh et al.
2018).

Several therapeutic strategies have been under exploration to increase older
population functionally and life expectancy, like using acetylcholinesterase

Fig. 22.1 Amyloid plaque formation in Alzheimer’s disease signaling interactive pathway. (Illus-
tration reproduced courtesy of Cell Signaling Technology, Inc. (www.cellsignal.com))
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(AChE) and butyrylcholinesterase (BuChE) inhibitors to elevate cholinergic neuro-
transmission. Furthermore, prevention of Aβ deposition and oxidative damages in
the brain are also an important parameter to decrease the pathological complications
of AD (Fig. 22.1) (Jalili-Baleh et al. 2018).

Important to note that, many single-target candidates for neurodegenerative
diseases that are effective in animal models finally have not been effective in
human clinical trials (Zimmerman et al. 2007). The reasons for these failures can
be for example, that the drug is not binding to its in-vivo human target or it is not
reaching the human target in-vivo, which problems could be solved by modifying
the structure or delivery method of the candidates. Another, more complicated
problem can be, if the drug binding to a target does not lead to enough of an impact
to reduce the signs and symptoms of the disease (Wenzel and Klegeris 2018). To
develop new drugs, it can be important to use computational chemistry and
cheminformatics to look for quantitative structure-activity relationships to identify
molecules to inhibit the formation of Aβ (Nastase and Boyd 2012). Many in-silico
approaches have been broadly applied for ‘single-target’ anti-AD drug research
based on the conception of ‘therapeutic target’ including docking, molecular dynam-
ics, quantum mechanics, and other methods that could result in quantitative struc-
ture. Novel approaches could support the development of ‘multi-target’ anti-AD
drugs with integration of diverse sources of information, such as microarrays,
literature mining-data or protein– protein interactions (PPIs) (Sun et al. 2013). In
conclusion, computer-aided drug design has been one of the main tools used in drug
discovery projects used to lower the cost and process time.

22.2.1 Pharmacological Targets

22.2.1.1 Acetylcholinesterase (AchE)

Disturbance in the acetylcholine (ACh) releasing cholinergic neurotransmission was
shown to likely be coupled with the memory loss in the brain of AD patients. Several
types of learning and cortex plasticity are dependent on Ach production. The
cholinesterase enzymes lower the concentration of ACh through hydrolyzing
it. Cholinesterase blockers can bind to these enzymes leading to higher levels of
ACh in synapses (Kumar et al. 2016).

The relation between the malfunctions of neurotransmissions and AD severity
revealed a rationale for the application of AchE inhibitors, like donepezil,
rivastigmine and galantamine. Cholinesterase blockers can reversibly bind to cho-
linesterase enzyme, which is responsible for degradation of acetylcholine within the
synaptic cleft and increases cholinergic transmission between neurons. Randomized
controlled trials have showed significant proof of benefit of AchE inhibitors on
cognitive and functional function, although these benefits tend to have only insig-
nificant clinical effects (Epperly et al. 2017).
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AchE inhibitors recommended to be used in association with other drugs for the
most serious cases of the disease. This also demonstrates the importance of new multi-
target (polypharmacological), anti-Alzheimer’s drug candidates (Qian et al. 2018).
For instance, novel donepezil-derived N-acyl-aryl-hydrazone ligands with
multifunctional purposes can be promising novel drug candidates for therapy.
Donepezil’s AChE inhibitory activity as a reference drug for mild and moderate stages
of the disorder and previous research studies on N-acylhydrazone moiety further
support this idea. It can act as pharmacophore or auxophore subunit, with a broad
range of bioactivity profile, depending on other functionalities present in the molecular
structure. Pharmacological evaluation demonstrated that these derivative molecules
showed significant AChE inhibitory activity (Silva et al. 2016) and antioxidant
capacity with metal chelate ability (Turnaturi et al. 2016).

With these activities of basic chemicals, donepezil-derived N-acyl-aryl-
hydrazone could have an effect through cholinergic signaling, excitotoxic mecha-
nisms and the amyloid cascade, microglial cells and neuroinflammation, which play
as key targets in the polypharmacology-derived concept of multi-target directed
pharmaceuticals for AD (Dias Viegas et al. 2018).

22.2.2 Butyrylcholinesterase (BuChE)

The brain contains two known cholinesterases, acetylcholinesterase (AChE) and
butyrylcholinesterase (BuChE). BuChE can be found at high concentrations in the
plasma. Until today, its physiological role has not been understood yet. It can have a
facilitating role in influencing synaptic transmission and act as a support for AChE.
Normally, BuChE can hydrolyze ACh in case of total AChE inhibition. Moreover,
high levels of BuChE in plasma also leads to protection for AChE by becoming a
scavenger of cholinergic toxins (Agatonovic-Kustrin et al. 2018). Therefore, the
inhibition of BuChE might be a successful therapeutic method for AD as well
(Jalili-Baleh et al. 2018).

22.2.3 N-Methyl-D-Aspartate Receptor (NMDAR)

The NMDAR is an ionotropic glutamate receptor mediating glutamatergic transmis-
sion and affecting many functions in the central nervous system, such as plasticity,
neurodevelopment, learning, synaptic and memory formation. Their over-activation
leads to pathological excitotoxicity that can be associated with several neurodegen-
erative diseases, including AD. Memantine, the only noncompetitive NMDAR
antagonist drug, inhibits the NMDAR ion channel (Deora et al. 2017).
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22.2.4 β-Amyloid Precursor Protein Cleaving Enzyme
1 (BACE-1)

Aβ accumulation leads to extracellular and intracellular formation of plaques and
neurofibrillary tangles in the brain, and causes neuronal death (Haghighijoo et al. 2017).

Amyloid beta peptides are produced by proteolytic cleavage of APP (amyloid
precursor protein) by BACE-1 enzyme as a first step, then by γ-secretases as a
second step (Thai et al. 2017). Therefore, BACE1 blockers that reduce the produc-
tion of all forms of Aβ can serve as potential drug candidates for AD therapy
(Haghighijoo et al. 2017).

Haghighijoo and coworkers designed new 3-methylquinazolin-4(3H)-one
hydrazones as potential nonpeptide BACE1 blockers, like
2-(2-(2,3-dichlorobenzylidene) hydrazinyl)-3-methylquinazolin-4(3H)-one, which
had an acceptable blood brain barrier (BBB) crossing, Caco-2 permeability and
logS value, in contrast with peptidic compounds with low blood brain barrier (BBB)
crossing, poor oral bioavailability and susceptibility to P-glycoprotein (Pgp) trans-
port (Haghighijoo et al. 2017).

22.2.5 Peroxisome Proliferator-Activated Receptor γ
(PPARγ)

The peroxisome proliferator-activated receptor γ (PPARγ) is a ligand-inducible
transcription factor that regulates genes involved in inflammation control. For
instance, it blocks proinflammatory gene expression in microglia by suppressing
the action of NF-κB. Moreover, PPARγ regulates genes with role in lipid and
carbohydrate metabolism, which is important, because number of studies show
that higher cellular cholesterol levels trigger high amyloid beta production. There-
fore, PPARγ agonists have been advanced as a novel disease altering approach to
AD treatment (Thai et al. 2017; Combarros et al. 2011).

22.2.6 The Liver X Receptor (LXR)

LXR is in close relation with PPARs, thus it can be considered as a target for AD
treatment. It has two isoforms LXRα and LXRβ. According to a study with AD
mouse model, treatment with LXRα agonist T090131 can lower Aβ formation
(Koldamova et al. 2005), however, T090131 was shown to enhance plasma and
liver triglycerides, underlining that this compound is not a good drug candidate.
These results confirm the importance of LXR agonists, and highlight the role of drug
discovery to find a good drug candidate without side effects (Mandrekar-Colucci and
Landreth 2011).
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22.2.7 Cathepsin B (CatB)

CatB can be a potential therapeutic target to decrease neuroinflammation that adds to the
progression of neurodegenerative disorders. In patients with AD, CatB activity is
increased in the central nervous system and blood serum, while its activity decreases
in monocytes, lymphocytes compared to normal, same age people. Blocking CatB
bioactivity can possibly slow down the progression of AD (Wenzel and Klegeris 2018).

22.2.8 Monoacylglycerol Lipases (MAGLs)

MAGLs being part of the endocannabinoid system, modulating pain, cognition and
several immune functions (Wenzel and Klegeris 2018). MAGL belongs to the lipid-
metabolizing enzymes in the serine hydrolase superfamily. Inhibition of MAGL was
shown to downregulate proinflammatory cytokines and prostaglandins. Moreover, it
can increase glial cell-derived neurotrophic factor and transforming growth factor,
that promote the survival of neurons and glial cells (Fernández-Suárez et al. 2014).
Another important factor, inhibition of MAGL does not lead to gastric hemorrhages,
in contrast to anti-inflammatory therapies that modify prostaglandin synthesis.
However, blocking MAGL can raise microglial activation marker ionized calcium
binding adaptor molecule 1 (Fernández-Suárez et al. 2014). Accordingly, blocking
MAGL could serve as an important strategy for designing drugs to hinder the
progression of AD (Wenzel and Klegeris 2018).

22.2.9 Dual Specificity Phosphatase 2 (DUSP 2)

DUSP 2 enzyme inactivates via dephosphorylation of the phospho-amino acid
residues on mitogen-activated protein kinases (MAPKs). These kinases play an
important role in mitogenic signal transduction, stress responses, cell survival,
apoptosis. That is why, application of DUSP 2 inhibitors in drug design could be a
successful way for modulating the inflammatory cascades of neurodegenerative
disorders (Wenzel and Klegeris 2018).

22.2.10 Multi-target Therapeutic Methods
to Neurodegeneration

Animal models of neurodegenerative disorders can show effective single-target
drugs, however most of them have not been effective in human clinical studies of
AD. The reasons behind these failures involve (a) the drug does not bind to the
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in-vivo human target; (b) does not reach the human target in-vivo, (c) the drug-target
interaction is compensated, (d) the drug administered to patients at an late stage of
the disease, and (e) variability in the endpoints can mask the beneficial effect of the
drug (Wenzel and Klegeris 2018).

Ligands (MTDLs) affecting multiple targets with more than two complementary
bioactivities in a single drug molecule can show relevant advantages for the treat-
ment of complex diseases like AD (Jalili-Baleh et al. 2018). This single-molecule
approach can decrease side effects and drug interactions of MTDLs compared to
combinations of single-target drug (Wenzel and Klegeris 2018).

AP2469 is one of the well-known coumarin-based MTDL with AChE and beta-
secretase blocking activities, and having anti-Aβ aggregating, antioxidant, and
neuroprotective characteristics. Therefore, coumarin-based MTDLs can be success-
ful drug candidates for AD (Tarozzi et al. 2014).

MTDLs act by creating a combinatory effect on multiple proteins in the biological
network simultaneously, which may lower the therapeutic dose, and improving
therapeutic efficacy, preventing drug resistance, and reducing side effects (Kalash
et al. 2017).

22.3 Importance of Novel in-silico Ligands

Over the past few years, several small molecules or bioproducts have been under
development as a therapy for Alzheimer’s disease, such as small molecule drugs and
antibodies. There are some successful natural product based approaches, such as the
Ginkgo biloba extract EGb761 and Salvia officinalis extracts have been shown to
have anti-oxidative, anti-apoptosis, neuroprotective and neuromodulatory effects.
Ginkgo biloba could improve attention and memory performance in patients as
observed during a phase III clinical study (Sun et al. 2013).

Huperzia serrata was also studied in clinical trials focusing on the component
named Huperzine A (a blood-brain barrier permeable alkaloid) The study showed
significant improvements (Sun et al. 2013).

Nordihydroguaiaretic acid from Larrea tridentates was shown to block cholines-
terase similarly to the marketed drugs and even has further antiaggregation effect on
Aβ. Flavonols and flavones, myricetin and quercetin demonstrated very good
BACE1 inhibitory effect (Kumar et al. 2016).

Sarsasapogenin, from the rhizomes of Anemarrhena asphodeloides Bunge, and its
derivatives was shown to have neuroprotective activities. Its piperazine derivatives
were active against cell injury induced by hydrogen peroxide, lipopolysaccharide
and beta amyloid (Yang et al. 2018).

Actinomycetales are considered as prolific producers of a wide variety of bioac-
tive secondary metabolites, such as antibiotics (Mohammadipanah et al. 2012),
enzyme inhibitors (Imada 2005), anti-angiogenic and proangiogenic agents
(Azarakhsh et al. 2017).
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Research for natural anti-AChE metabolites from marine sources, found
Actinobacteria, Streptomyces sp. UTMC 1334. Its extract and its high percentage
of pyrrole derivatives revealed both anti-acetylcholinesterase and anti-oxidant activ-
ities, that might be potentially useful as an adjuvant candidate in the treatment of
cognitive disorders (Almasi et al. 2018).

Apelin is a neuropeptide from bovine stomach extracts. It is an endogenous
ligand of the APJ receptor (Tatemoto et al. 1998). The apelin/APJ system has various
important functions, such as cardiac contractility, blood pressure regulation, glucose
metabolism, immunity, water homeostasis, cell proliferation, angiogenesis,
neuroprotection (Wu et al. 2017). A study showed that serum levels of apelin-13
decreased in patients with AD. Apelin can lower the production of Aβ by reducing
the amount of APP and blocking the activity of β-secretase, and by raising the levels
of ABCA1 and increasing the activity of Neprilysin, can lead to degradation of Aβ
and lower its accumulation. Apelin may be able to decrease phosphorylation and
accumulation of tau protein (Masoumi et al. 2018).

To explore more effective drugs for the treatment of AD, various molecules
against known and novel targets of AD could be designed using computational
approaches. Dual or multiple inhibitors that block two or more targets of AD can also
be studied. Currently there is no treatment to prevent or cure AD but several
approved drugs treat several of the symptoms and improve quality of life. Targeting
the direct cause of neuronal degeneration could offer a rational strategy and poten-
tially further novel prospects for the treatment of AD (Kumar et al. 2016).

22.4 Parkinson’s Disease (PD)

PD was first described by James Parkinson, in 1817, as a neurological disturbance
showing symptoms like resting tremor and a distinctive form of the progressive
motor disorder, designated as shaking palsy or paralysis agitans (Parkinson 2002).
Today, it is considered the most common neurodegenerative disorder after
Alzheimer’s Disease (AD). PD is generally defined as a progressive, irreversible,
chronic neurological disorder characterized by increasingly disabling motor symp-
toms. These are associated to impaired coordinated movements involving
bradykinesia, resting tremor, cogwheel rigidity, postural instability, and gait disor-
ders (Dauer and Przedborski 2003). The majority of PD patients suffer from motor
disabilities and numerous non-motor symptoms as well that finally lead to decreased
the quality of life (Poewe 2008).

Mechanisms, neuropathology, pathophysiology features involve neuronal loss in
specific areas of the substantia nigra and widespread intracellular α-synuclein protein
accumulation. These two main pathologies are specific for a definitive diagnosis of
idiopathic type PD. In the early-stage disorder, loss of dopaminergic neurons is
limited to the ventrolateral substantia nigra with relative sparing of dopaminergic
neurons in other areas. The dramatic loss of these dopaminergic neurons even in the
early phase reveals that the degeneration here begins before the onset of motor
symptoms.
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The other characteristic neuropathology is the abnormal occurence of α-synuclein
(Lewy bodies) in the cytoplasm. In patients suffering from AD, there is a different
pattern of α-synuclein pathology, that is characteristic for limbic brain regions.
Despite heritable forms of PD only occur 5–10% in all patients, they provided
important clues to the mechanisms. Some of the PD associated gene-coded proteins
are related to a set of signaling pathways that may trigger such a neuropathology that
resembles sporadic type PD. Moreover, large genome-wide association studies
(GWAS) showed that some of these genes are also affected in sporadic
PD. Among the examples are: α-synuclein proteostasis, oxidative stress, calcium
homeostasis, mitochondrial function, axonal transport, neuroinflammation. Interest-
ing enough that several lines of evidence showed mitochondrial dysfunction as a key
element in the pathogenesis of PD. A new theory is one of a vicious cycle in which
α-synuclein aggregation and mitochondrial dysfunction facilitate each other, which
could provide an explanation why these cellular modifications occur together in
degenerating neurons in PD (Poewe et al. 2017).

22.4.1 Pharmacological Targets

22.4.1.1 Dopaminergic Pharmacological Targets

Losing dopaminergic neurons in the substantia nigra pars compacta causes striatal
dopamine depletion, which is the underlying mechanism in the cardinal motor
symptoms. The systemic administration of the dopamine precursor amino acid, the
LDOPA showed a breakthrough in the therapy a 50 years ago. Since then, other
relevant advances in the understanding of the molecular pharmacology have dem-
onstrated further targets for presynaptic or postsynaptic dopaminergic therapies
(PD Med Collaborative Group et al. 2014).

22.4.1.2 Catechol-O-Methyltransferase Targets

Current LDOPA preparations include blockers of aromatic amino acid decarboxyl-
ase enzyme (AADC) like carbidopa or benserazide. These prevent peripheral metab-
olism of dopamine and support better bioavailability. The peripheral metabolism of
LDOPA is done via a secondary metabolic pathway involving ortho-methylation of
l-DOPA through catechol-O-methyltransferase (COMT) activity. Therefore, inhibi-
tion of COMT can improve bioavailability and the half-life of l-DOPA. Increasing
the half life of l-DOPA doses by the application of COMT inhibitors became a first-
line therapy in many patients (Ferreira et al. 2016).
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22.4.1.3 Monoamine Oxidase Type B (MAOB) Inhibitors

Oxidation by MAOB in glial cells is an important mechanism for clearance of
synoptically excreted dopamine, in addition to presynaptic reuptake by the dopa-
mine transporter. Blocking MAOB raises synaptic dopamine levels, leads to symp-
tomatic efficacy. Recent studies established the antiparkinsonian efficacy of
monotherapy using selegiline and another novel MAOB inhibitor rasagiline, which
was shown to be effective in combination with l-DOPA in patients with motor
fluctuations. While selegiline, rasagiline are irreversible blockers, there is a novel
and promising reversible inhibitor, safinamide, on the market (Schapira 2011).

22.4.1.4 Dopamine Agonists

The dopamine activity on striatal medium spiny neurons is regulated by two classes of
dopamine receptors. Dopaminomimetics have direct activity to dopamine receptors
(dopamine receptor agonist) targeting the D2 receptor family. These were applied as
PD treatment first in the 1970s with bromocriptine and have since become an
important treatment method for motor symptoms. First drugs belonging to this class
were ergoline derivatives, that also activate 5-hydroxytryptamine (5-HT) receptors,
such as 5-HT2B subtype. Later, these became linked to pleuropulmonary and cardiac
valvular fibrosis, raising important safety concerns (Connolly and Lang 2014).

22.4.1.5 Non-dopaminergic Pharmacological Targets

Despite the relevant effect of dopaminergic therapy on PD, there is still a clear need
for further therapies targeting other pharmacological routes. The symptom that need
to be addressed by such therapies include the complications of l-DOPA treatment,
such as motor fluctuations and l-DOPA-induced dyskinesia, l-DOPA-resistant
(‘non-dopaminergic’) motor features like treatment-resistant tremor, postural insta-
bility, falls, swallowing, speech disturbances. Today, the only effective therapy for l-
DOPA-induced dyskinesia is amantadine, an N-methyl-d-aspartate receptor antago-
nist (Kalia et al. 2013).

The breakthrough for DBS as a therapy for PD arrived in 1993 when novel
concepts of the basal ganglia circuitry led to the identification of the subthalamic
nucleus as a new target for DBS. DBS is based on the observation that high-
frequency (100–200 Hz) electrical stimulation of specific brain targets can mimic
the effect of a region without the need for damaging brain tissue, and it involves the
implantation of an electrode in brain tissue (Chandra et al. 2018).
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22.5 Nano-particle Mediated Inhibition of Parkinson’s
Disease Using Computational Biology Approach

Research for the development of such approaches that can accelerate intracerebral
dopamine concentrations and/or stimulates central dopamine receptors was carried
out by the application of nanoparticles (NPs). It was shown to be a revolutionary
treatment because of their site directed target delivery and ability to penetrate
through the blood-brain barrier (BBB). For example, NPs surface linked with
peptidomimetic antibodies was demonstrated as a molecular Trojan horse that can
transport bulky molecules such as drugs and genes across the BBB. Moreover,
biocompatible gold nanoparticles (AuNPs) were also shown to induce a strong
α-synuclein aggregation. Other NPs, like graphene and superparamagnetic iron-
oxide nanoparticles (SPIONs) demonstrated that they can block the Aβ fibrillation
process (Seppi et al. 2011).

Phosphodiesterases (PDEs), found in several regions of the human brain, repre-
sent a class of enzymes that selectively cleave cyclic adenosine monophosphate
(cAMP) and/or cyclic guanosine monophosphate (cGMP). They are well-known as
therapeutic applications for erectile dysfunction and pulmonary hypertension (PDE5
inhibitors) and severe Chronic Obstructive Pulmonary Disease (PDE4 inhibitors),
there are other different isoforms of PDEs, which are captivating the interest of
scientists looking for new targets for neurodegenerative diseases. Blocking PDE4,
PDE7 and PDE10 seems to be involved in protecting dopaminergic neurons. A study
focused on a class of derivatives like berberine (isolated from Berberis sp.), and
other plants because in traditional Chinese medicine berberine and its analogues
have long been reported to have several bioactive and therapeutic roles. These are for
example, anticancer, endocrine, cardiovascular, anti-inflammatory and immuno-
modulatory activities. The activity of berberine on animal models is, while berberine
was shown to block PDE activity, a study on its potential effect on other targets that
can be included in the anti-PD activity was proven. A combined in-silico evaluation
study revealed that berberine and its synthetic derivatives can play a role in the onset
and the progression of the neurodegeneration (Zanforlin et al. 2017).

22.6 Importance of in-silico Target Discovery

Until today, four signaling pathways were shown to be implicated in familial
parkinsonism. These are synaptic neurotransmission, endosomal trafficking, lyso-
somal autophagy, mitochondrial metabolism. Although these processes can be
separate, they employ very similar signalling pathways, therefore they may be
temporally and functionally related. For instance, synaptic dysfunction, resulting
from or leading to alpha-synucleinopathy, can do harm on balancing exo- and
endocytosis, neurotransmission or early endosomal receptor recycling. These
changes will influence the flux through the endosomal pathway and ultimately
lead to autophagy and lysosomal fusion with multivesicular bodies (Gao et al. 2013).
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As a conclusion, further genomic, genetic investigations should be done in the
future. Knowledge of the pathogenic signaling pathways underlying the etiology and
ontology of PD is needed for therapeutic development. The understanding of the
normal physiology of certain neuronal populations, signaling pathways and the role
of individual proteins, is essential. Understanding parkinsonism and genetic insights
can be unbiased and unequivocal but those insights should be carefully considered.
Genetic association studies do not provide clear picture and further work is required
to fully understand the specific contribution of GWAS, let alone to translate the
information from such studies into novel therapeutic methods for idiopathic
PD. When interpreting linkage and exome studies, the phenotypes and families
have to be also considered. Several neuroscience studies on PD was done using
model systems with toxin administration, and these may not accurately reflect
the human condition. Why the substantia nigra pars compacta is selectively lost in
PD stays still questionable, but through human genetics we now have relevant
molecular targets and research tools to study this. With such advances, therapeutic
prospects for disease modification (neuroprotection) should be treated with true
optimism (Lin and Farrer 2014).

22.7 Conclusion

One of the most common neurodegenerative disease is Alzheimer’s, which is charac-
terized by progressive loss in cognition, decrease in motor and functional capacity,
impairment in behavioral and social autonomy and death (Dias Viegas et al. 2018).
Current clinical treatment of AD is only palliative and restricted to five prescription
pharmaceutical drugs approved by the US FDA, which are not demonstrated good
efficacy and tolerability over a wide range of patients (Blennow et al. 2006). There-
fore, there is a need to investigate new drug candidates. Some of the FDA approved
drugs are listed in Table 22.1. There are more potential pharmacological targets, which
are studied in different projects using computational science, like acetylcholinesterase,
butyrylcholinesterase, N-methyl-D-aspartate receptor, β-amyloid precursor protein
cleaving enzyme 1, peroxisome proliferator-activated receptor γ, liver X receptor,
cathepsin B monoacylglycerol lipases and Dual Specificity Phosphatase 2. Animal
models of neurodegenerative diseases can show effective single-target drugs, but most
of them have not been effective in human clinical trials of AD. Therefore, researchers
need to focus on multitarget-directed ligands with two or more complementary
biological activities in a single drug molecule to display significant advantages against
complex diseases like AD (Kalash et al. 2017).

Parkinson’s disease is the second recurrent neurodegenerative disorder after
AD. It is progressive, irreversible and characterized by increasingly disabling
motor symptoms. As it’s pharmacological treatment has not been solved; therefore,
there is a need to investigate and discover new drug candidates and targets, next to
the known ones (dopaminergic pharmacological targets, catechol-O-
methyltransferase, monoamine oxidase type B inhibitors, dopamine agonists and
non-dopaminergic pharmacological targets).
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To develop new drugs, it is necessary to use computational chemistry and
cheminformatics to search for quantitative structure-activity relationships to identify,
for example, inhibitors of key enzymes (Nastase and Boyd 2012). New approaches
could facilitate the development of ‘multi-target’ anti-AD drugs with integration of
various sources of information, such as microarrays, literature mining-data, protein–
protein interactions (Sun et al. 2013).

In conclusion, computer-aided drug design has been one of the major tools
applied in drug discovery programs used to reduce the cost and process time.

Table 22.1 FDA approved drugs in Alzheimer’s and Parkinson’s disease (Alzheimer’s association
2017; Houghton et al. 2018)

Target Ligand Pharmacological effect Side effects

Cholinesterase
inhibitors

Tacrine,
Donepezil,
Rivastigmine,
Galantamine

Mild to moderate AD Vomiting, nausea, loss
of appetite, frequent
bowel movements

N-methyl-D-
aspartate
antagonists

Memantine Moderate to severe AD Headache, confusion,
constipation, dizziness

Levodopa Carbidopa Mono-, combination ther-
apy: stiffness, slowness,
tremor (PD)

Low blood pressure,
confusion, nausea,
dyskinesia

Dopamine
agonists

Ropinirole,
Pramipexole,
Rotigotine,
Apomorphine

Mono-, combination ther-
apy: stiffness, slowness,
tremor (PD)

Low blood pressure, leg
swelling, nausea, dis-
coloration, sleep attacks,
confusion, compulsive
behaviors

MAO-B
inhibitors

Selegiline,
Rasagiline, Zydis
selegiline HCL
Oral disintegrating

Mono-, combination ther-
apy: stiffness, slowness,
tremor (PD)

Nausea, dry mouth,
light-headedness, con-
stipation; worse
dyskinesia;

COMT-
inhibitors

Entacapone,
Tolcapone

Levodopa-combination
therapy: motor fluctuations

Diarrhea, colored urine,
enhancing adverse
effects of levodopa:
dyskinesia and
confusion

Anticholinergics Trihexyphenidyl,
Benztropine

Mono-, or combination
therapy: tremor (young
patients with PD); not
suggested for elderly
patients

Confusion, memory
issues, dry mouth, hal-
lucinations, blurry
vision, urinary retention

Other
Antiparkinson
Medications

Amantadine Monotherapy: tremor,
slowness, stiffness; Levo-
dopa combination therapy
for induced motor fluctua-
tions; helpful for reducing
dyskinesia (PD)

Nausea, leg discolor-
ation, confusion, mild
anti-cholinergic effects
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