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Abstract

Alzheimer’s disease (AD) is a progressive neurodegenerative disease. Plaques and tangles are
described as the characteristics features of AD, which are neurotoxic entities, deposited in the
diseased patients. There are very few drugs|available for the treatment of AD. Those available
options are primarily the approaches to overcome cholinergic hypofunction, through the inhibition
of acetylcholinesterase enzyme. Other disgase modifying candidates are strongly needed to
overcome the progressive dementia in AD. These new drugs will serve as a great hope for the AD

patients and families of the AD patients.
Introduction

Alzheimer’s disease
Alzheimer’s disease (AD) is the most common cause of
dementia which was explained by a German psychiatrist
Dr. Alois Alzheimer (1864-1915) for the first time in 1906.
This disease is known by the name of Dr. Alzheimer as
“Alzheimer’s disease” and this name was given by
Kraeplin (Blennow et al., 2006). Dr. Alzheimer came
across a patient during his experience and later he
described his first case, representing as a true picture of
AD with plaques and fibrils bundled as neurofibrillary
tangles (Selkoe, 2001, Blennow et al, 2006,
Avramopoulos, 2009). These plaques and tangles are
neurotoxic in nature (Ahmed et al., 2011). Today it has
been understood that the AD is a chronic progressive
neurodegenerative disease and it is the most common form
of dementia, accounting for 50-60 % of all cases (Blennow
et al., 2006). There is a profound cholinergic hypofucntion
in AD, which results in decline in the cognitive functions
(Ahmed and Gilani, 2009, Ahmed et al., 2010). Clinical
symptoms in AD can be sub-divided into three groups such
as; (i) cognitive dysfunction (memory loss, language
difficulties and intellectual function), (ii) psychiatric
symptoms which include agitation, depression, delusion,
hallucination, insomnia and wandering (Burns et al., 1990,
Lahiri. et al., 2002, Burns and Iliffe, 2009) and collectively
these are grouped as non-cognitive symptoms and (iii)
group of symptoms represented by the AD patients, such as
difficulties in performing activities of daily life, including
shopping, eating, dressing and driving (Lahiri. et al., 2002,
Burns and Iliffe, 2009). AD progresses from memory loss
to the substantial dementia and death within eight years of
the age (Avramopoulos, 2009).

Epidemiology and Risk Factors

Prevalence

AD has been established to be one of the most common
forms of dementia. It is estimated that half of the people
over the age of 85 are affected with AD (Suh and Checler,

(Vagnucci and Li, 2003). The prevalence of the dementia
below 60-64 years of the aged population is 1 %, but
increases exponentially with increasing age and at the age
of 85 years and older, prevalence is found to be 25-33 %
in western countries (Ferri et al., 2005, Blennow et al.,
2006). AD represents as the sixth leading cause of deaths
and these figures are rising. In 2001, 24 million people
were reported suffering from dementia and this figure is
going to be doubled every 20 years, with expected number
of around 81 million cases in 2040 (Ferri et al., 2005).
Representing data from the developing countries is sparse
but estimates show that 60 % of the AD patients are
expected to live developing countries (Blennow et al.,
2006). There is limited data available regarding the
prevalence of AD in Pakistan because of the limited
reports from Pakistani population, but the figures from
China (neighbour country) indicate high prevalence like
western countries (Zhang et al., 2005). According to a
recent estimate, over 5.3 million people in USA alone have
AD, with 5.1 million people over the age of 65 years and
0.2 million below 65 years of age. In terms of its economic
impact, estimated direct and indirect cost of AD is USD
148 billion annually.

Risk factors
Aging represents as the most established risk factor
(Lahiri. et al., 2002, Ferri et al., 2005). Epidemiological
studies have also established association of several risk
factors with AD. Low educational and occupational level,
low mental ability during early life and reduced activity in
late life to be associated with AD (Mayeux, 2003,
Mortimer et al., 2003). Several studies have shown as head
injury to be one of the risk factor in AD (Kalaria, 2001,
Marx, 2001, Labhiri. et al., 2002, Jellinger, 2004). There has
also been evidence for the role of cardiovascular health in
AD (Mayeux, 2003).

Genetics of Alzheimer’s disease
Like the classical case represented by the Alois Alzheimer,

2002), affecting about 10 % population of the world
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the onset of this devastating disorder is relatively not in
very old age population, mean age is below 65 years of the
age (given the name of pre-senile dementia). This lead
scientists to distinguish this from senile dementia and soon
led to the discovery of genes involved in familial
autosomal dominant AD (FAD). First mutation to be
identified was in amyloid precursor protein (APP) located
on chromosome 21 (Goate et al.,, 1991). Moreover
additional mutation were found in presenilin 1 (PSENI
located on chromosome 14) and presenilin 2 (PSEN2
located on chromosome 1) which account for most of the
cases of familial AD (Levy-Lahad et al., 1995a, Levy-
Lahad et al., 1995b, Sherrington et al., 1995). Especially
when it comes to the late onset of the disease the genetics
are much more complicated (Avramopoulos, 2009) and
APOE (located on chromosome 19) was found to be
associated with AD (Corder et al., 1993, Poirier et al.
1993), where, it poses as a risk factor in late AD
(Strittmatter et al., 1993, Burns and Iliffe, 2009). APOE
has three isoforms and APOE e4 is responsible for
modifying the onset of AD (Poirier et al., 1993) with
increasing risk several times in APOE €4 allele
homozygotes (Farrer et al., 1997). Each allele copy
lowering the age by almost 10 years (Corder et al., 1993
and accounts for most of the sporadic cases (Raber et al.
2004). Until now several mutations have been identified
and show association, whose details could be found at

“www.alzgene.org”.

Pathogenesis of Alzheimer's disease

AD is characterized by the deposition of the amyloid
plaques (also known as senile plaques which are composed
of the amyloid peptides (AP)) located extracellularly and
neurofibrillary  tangles (intracellular). Neurofibrillary
tangles are composed of hyperphoshorylated tau proteins
(Selkoe, 2001, Palmer, 2002) that has detrimental effect on
synapses and neurons, resulting in the degenerative
changes, by the activation of inflammatory pathways
oxidative stress and mitochondrial dysfunction (Kroemer et
al., 2007). Amyloid plaques originate from amyloid
precursor protein (APP) which is type I transmembrane
glycoprotein (Suh and Checler, 2002), processed by
various proteases generating AP fragment. APP is
processed either through amyloidogenic or non-
amyloidogenic pathway.

Under the normal conditions when AP peptide ig
produced, it is cleared by the process of degradation
through various peptidases, such as, insulin degrading
enzyme, neprilysin, and by endothelin converting enzyme
(Carson and Turner, 2002). The famous amyloid cascade
hypothesis explains that in AD, balance between the
production and effective clearance is lost with dominating
production, thus resulting in the deposition of AP peptide
and leading to the development of the dementia (Hardy and
Selkoe, 2002).

On the other hand tangles in the brain are composed of
hyperphosphorylated tau protein (Grundke-Igbal et al.
1986). Tau is a key protein that binds microtubules through
its microtubules binding domain and provides the basis of
microtubules functional assembly into the elongated
structure in the axons. In the normal state tau ig

phosphorylated (by GSK-38, CDKS5) an
dephosphorylated (by PP-1 and PP-2A) and there is
balance between these two processes (Igbal et al., 2005)
But in AD this balance is towards the
hyperphosphorylation of the tau proteins, thus
microtubules subunits loose assembly and fall apart
disrupting axonal structure as well as the normal transport
this event results in severely compromised synaptic
function (Igbal et al., 2005).

In addition to these pathologies there is an initial
selected loss of the cholinergic neurons in basal forebrain
whose axons project into cortex and hippocampus (Fisher
2000). As a result of this loss, there is decrease in
intellectual function specially defect in memory
Cholinergic hypothesis provided the basis for the
development of therapy in AD which provides
symptomatic treatment.

Mechanism of cell death in Alzheimer’
disease
Different mechanisms of neuronal cell death have bee
manifested in AD. AP is a protein fragment which i
cleaved product of the APP. AP is neurotoxic whic
deposits in the brain of AD patients. AP depositio
activates  different signaling pathways which ar
responsible for cell death. Various mechanisms ar
proposed, which account for the Af} induced toxicity. It ha;
been reported that AP induces toxicity by the enhancemen
of Ca*™* channels (Mattson et al., 1992), which results i
the rise in intracellular Ca™ through voltage dependen
Ca™ channels (Davidson et al., 1994, Weiss et al., 1994)
Ca™ has various functions in cell signaling when i
physiological concentration. Rise in intracellular Ca”
beyond certain limits can be lethal for cells, leading t
cytotoxicity. In addition to Ca™ influx, AP fragment
elevate glutamate release (Harkany et al, 2000)
Electrophysiological studies in cortical pyramidal neuron
indicate that AP induces excitatory post synaptic potentia
and train of action potentials by increasing excitability o
glutamatergic projections (Gu et al., 2003), end result o
this is again rise in intracellular cations specially Ca*™*
Intracellular rise in Ca** burden directs cells for apoptosis.
Beta amyloid fragments in the primary hippocampa
neurons have shown to induce apoptosis through th
mitochondrial pathways (Nilsen et al., 2006), thu
translocating Bax to mitochondria resulting in release o
the cytochrome C and activating apoptotic pathway.

Currently available treatment options

Drachman and Leavitt reported in 1974 that muscarini
antagonists, such as scopolamine produces cognitio
impairment similar to memory deficit observed in elderl
people (Drachman and Leavitt, 1974). This provided a bas
that cholinergic system has important physiological role i
the cognitive functions. Subsequent reports have show
reduction in cholineacetyltransferase activity in cerebra
cortex and nucleus basalis of Meynert of patients affecte
by AD (Liberini et al., 1996). It is now quite evident tha
degeneration of the basal forebrain neurons as well as los
of cholinergic projections to various cortical areas i
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responsible for deficits in neuropsychology (Liberini et al.,
1996).

There are two ways to enhance cholinergic functions;
one is to inhibit the enzyme acetylcholinesterase (AChE) ,
responsible for the breakdown of endogenous acetylcholine
(ACh) while the other approach is to directly stimulate
muscarinic receptors (using muscarinic agonists).

Acetylcholinesterase inhibitors. ACh is an important
physiological neurotransmitter, which is  quickly
hydrolyzed by endogenous enzyme, AChE. The inhibition
of the enzyme results in more ACh available to interact
with postsynaptic muscarinic receptors. Currently available
medicines for AD therapy are AChE inhibitors (Lopez et
al., 2002). AChE inhibitor drugs approved by FDA in USA
for the symptomatic treatment of AD are are rivastigmine,
galantamine and donepezil (Lahiri. et al., 2002, Blennow et
al., 2006), which show multiple side-effects limiting their
usefulness in AD. Considering the mechanism of AChE
inhibition, these drugs provide effective symptomatic
treatment for variable period of time (Courtney et al., 2004,
Bullock and Dengiz, 2005, Bullock et al., 2005), but do not
change the course of AD (Blennow et al., 2006).

Muscarinic agonists. Selective loss of cholinergic neurons
in central nervous system served as a target for the
development of medicines which can enhance cholinergic
transmission for the AD therapy. Selective muscarinic
receptor (M;) agonist is the suitable candidate (Fisher,
2000). M, receptors can be targeted because this is the
major subtype of muscarinic receptors found in
hippocampus and cortex (Friedman, 2004); this strategy|
can reduce side-effects associated with the stimulation of]
other muscarinic receptors. The activation of the
muscarinic receptors modifies the APP processing and
inhibits AP production (Gu et al., 2003). Currently, there is
limited availability of M, agonists which have limitation
either due to narrow selectivity resulting in side effects,
poor bioavailability or penetration into blood brain barrier,
thus requiring larger doses (Fisher, 2000).

Memantine. Memantine is another drug which is non-
competitive NMDA receptor antagonist that has protective
effect from increased glutamate levels mediated
excitotoxicity, without interfering with physiological
activation of NMDA receptors (Wilcock, 2003). Clinical
trial suggest modest efficacy of memantine in moderate to
severe AD patients (Wilcock, 2003).

Potential treatment options highlighted
through epidemiology studies

As the knowledge about disease progresses, different
pharmacological treatment options are coming into
consideration. Several epidemiological studies have shown
protective effects of the different drugs; some of them are
summarized here.

Anti-inflammatory drugs: AD is also considered as a
chronic inflammatory disease (Ahmed and Gilani, 2011).
There are several studies supporting the use of anti-

inflammatory drugs, with some beneficial effects in AD.
Retrospective studies, that compared the frequency of
nonsteroidal anti-inflammatory drugs (NSAIDs) use and
AD progression, suggested slowing down the onset of AD
(Li et al., 1992, Breitner et al., 1994). Ibuprofen, a well
known NSAID, exerts beneficial effects by reducing AP
amyloid deposition and senile plaque formation (Lim et al.,
2000). In addition, studies on animals provide
consolidation of this concept, that NSAIDs may protect
against AD by suppressing inflammatory process (Netland
et al., 1998, Lim et al., 2000).

Antioxidants: It has been widely supported in the
literature that AP fragments produce oxidative radicals
(Behl et al., 1994, Butterfield et al., 1994), which play an
important role in AD pathogenesis. Therefore, therapeutic
interventions to reduce oxidative damage induced injury,
may retard and slow down the onset of disease. In-vivo
studies as well as cell culture system have shown that AB-
induced neurotoxicity is attenuated with vitamin E (Behl et
al., 1992, Yamada et al., 1999, Huang et al., 2000).
Antioxidant, such as Vitamin E intake can reduce the risk
of AD (Sano et al., 1997, Engelhart et al., 2002, Morris et
al., 2002).

Calcium channel blockers. Ca™ channel blockers (CCB)
produce their beneficial effects by inhibiting pathological
rise in intracellular Ca*™*, which is the result of different
events taking place in AD. In-vitro, AP has been shown to
form Ca** channels in membranes (Lin et al., 1999), thus,
resulting in potentiation of toxicity (Rovira et al., 2002).
Nimodipine, a CCB showed attenuation of Ap-induced
toxicity in cell culture (Weiss et al., 1994). In a recent
report, CCBs have been shown to have beneficial effects in
AD (Vagnucci and Li, 2003). Elderly patients who were
treated with CCBs, showed decline in dementia (Forette et
al., 1998).

Cholesterol lowering drugs. A few studies have shown to
reduce the incidence of disease with usage of cholesterol
lowering drugs, such as, statins (Jick et al., 2000, Wolozin
et al., 2000), however; evidence becomes weak where
some reports either do not show protective effect (Rea et
al., 2005, Zandi et al., 2005) or marginal effect (Sparks et
al., 2005) with cholesterol lowering drugs.

Future drug targets in Alzheimer’'s disease
with disease modifying potential

The precise cause of the AD is not clear yet. There are
series of questions which are still to be answered, such as;
plaques come first or the initial selective cholinergic
hypofunction; targeting disease by inhibiting plaques and
tangles formation or to inhibit the secretase enzyme, or to
clear AP using vaccines as pharmacological tool.

There are a limited number of medicines available for
the treatment of AD, main drugs are AChE inhibitors, and
there is a wide room available for newer drugs. AChE
inhibitors partly overcome memory deficit in disease
providing symptomatic treatment, but do not delay the time|
course of the disease. Hence, there is a need to combat this
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disease by discovering candidates with disease modifying
potential. Moreover, targeting through multiple pathways,
which are activated as a result of cascades that are
responsible to damage neurons need to be targeted. Drugs
targeting o, B and y secretase (enzymes responsible for the
processing of APP) activity are being widely explored as
target in AD with different degrees of success (Luo et al.,
2001, Petit et al., 2001, Chang et al., 2004, Etcheberrigaray
et al., 2004, Siemers et al., 2005). In addition, an approach
to develop A vaccine is also being investigated (Schenk et
al., 1999, Bard et al., 2000). There is also some developing
interest to have drugs chelating metal ions, which induce
AP aggregations and show toxic effects (Cherny et al.,
2001, Ritchie et al., 2003)
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