CHAPTER Il

LITERATURE REVIEW

Neuropathology of Alzheimer's disease

1. Morphological characteristic of AD

is smaller than average. The atrophy is
“usually symmetrical between.the hen ht the degree of atrophy between
bes are more severely affected.
Conversely, the primary Sans ry regions of the brain are relatively spared

N

(Kuo et al., 2001).

It was"almios % o.when Alois Alzheimer first described the
clinico-pathological findings ffom a'pa --JQ ¢ followe a few years after the onset of

dementia in her late 40s until Lrdes ﬁ‘ at ing newly developed silver stains,
AT IR . ; . i
/O fning neuropat gical lesions later associated with all

Alzheimer observed the
forms of AD, neuro f“’-’""‘?m" : ‘ have been considered the
major pathological ..;“ ark les consist of intraneuronal
bundles of abnormal f}aments composed a highly phosphorylated form of the

microtubules- ﬁoﬁﬁ‘pﬁ%ﬂ%?w ﬂz«fﬂ ?ether in pairs to form

paired helical fil@ments (PHF). Senlle plaques are composed of extraceIIuIar deposits of

vanoqum‘r Qﬁjwm ﬂmra tely associated
with dystrophic axons and dendrites as well as activated microg ia and reactive

astrocytes. Large numbers of both senile plagues and neurofibrillary tangles are found |
in the memory and intellectual function portion of the brains of AD patients. Plaques and
tangles accumulate in highest numbers in the hippocampus and the neocortex.
Functionally, these regions play important roles in memory and cognitive function. These
functions are particularly compromised in Alzheimer patients and represent the hallmark

symptoms in the earlier stages of the disease (Kuo et al., 2001).



Components of theories of causality

There are many scientific theories concerning the cause of Alzheimer's
disease. The simple fact in the cause of Alzheimer's disease is that the nerve cells in
several regions of the brain are attacked and eventually destroyed. Why and how these
events occur in Alzheimer's are the basis of many controversial scientific theories. A

definite cause of AD is unknown. Current wisdom suggests that there may be a number

through the neurotransmitie G /icholine Wi |ch becomes depleted as
Alzheimer's disease progrgsse &e -s.~. ant decrease in ACh may be due to either a
decrease in the activity"of the nzy%kr ol: yroducing ACh (choline acetyl
transferase), or an increase | he‘. a oA ACh (acetylcholinesterase). In

fact, the extent of the defi emical parameters also correlates

well with the numbers of plaques.-anc 4 ng _ ent (Capsoni et al., 2000). Excitatory

amino-acids (EAAs)Ad! ite and aspartate) may-also-glay a role in the cause of AD.

Changes in levels of these -‘ ey may be not only directly

neurotoxic but also by ndlrect pathways as they increase reactive oxygen species and
thus oxndatlveﬂ itric oxide hypothesis,
NO is an imp eJngcomponent mnﬁrﬂaowﬂ jN reased amounts can
cause th ﬁ‘vﬂ;zrre] ﬁ‘l ﬁs stresses, and
toxins imda ﬂaﬁmﬁ‘j ﬁj

2. The genetic factor

Studies done on families with many cases of Alzheimer's occurring in
late life have implicated a gene on chromosome 19. The gene codes for a protein
called apolipoproteinE (apoE) that can bind to B-amyloid. Once researchers discovered

that 40% of Alzheimer's patients had, called apoE4, they began to suspect that it may



latch onto B-amyloid and make it more likely to form plaques. Other genes on other
chromosomes have also been implicated. The genetic risk factor explains the idea that
family history can be an element in AD. Loci on chromosomes 1, 14, 19, and 21 have
been associated with AD. Subsequently it has been found that certain genetic defects

result in a higher prevalence of AD (Plassman and Breitner, 1996).

3. Oxidative stress
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% Ey-products of oxidative metabolism
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relevant to AD pathogengsi ta t« N W he antioxidant vitamin E has been

associated with red \ ano et al.,, 1997). Altered
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4. Inflammation afimmune re e
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anti-inflammatory medic

al., 1990). Inflammamy processes occu

ove lopment of AD (McGeer et
the braiﬂ]in AD, including gliosis and
recruitment of microglia o sites of AD pathalogy. Interestingly, markers of inflammation

have been s@u EJ queﬁJ n @Mtﬂ’q’ﬁg‘;w Familial Alzheimer's

disease (FAD) mutant amyloid preelUrsor proteingAPP) mice. Adthough inflammatory

p’Q ' AERBE Bl b & ol idhed, Gfobfor memmatory

processes received support from recent reports indicating protection against and
reversal of AB plaque deposition in transgenic FAD mutant APP mice immunised with A3 '

intravenous infusion of AB led to reductions in AR plaques (Monsonego et al., 2001).
5. Glucose metabolism

When the metabolism, or breakdown, of glucose is disturbed, the cells

may not be able to manufacture neurotransmitters like acetylcholine or they may react



abnormally to such chemical messengers. Eventually they die. Researchers are trying
to find out whether the decline in glucose metabolism they see in AD's patients is due to

the disease or causes the disease (Arnaiz et al., 2001).
6. Cardiovascular and cholesterol hypotheses

Converging epidemiological and biological evidence have also

implicated cardiovascular factors i gevelopment of AD. Risk factors for

atherosclerosis, such as hype rol, diabetes mellitus and especially

apoE genotype, increase Skoog et al.,, 1999). Moreover,
intake of cholesterol-loweii ylutaryl coenzyme A reductase
inhibitors) has been r be associated with a lower

prevalence of probabl

than other, age-matched people ) or, it 1S mot clear whether the aluminum resulted
et : .

in Alzheimer's, or

i ﬁ buildup. Support of this

LY

theory is partially .‘:'fi; ection of aluminum salts into

animals leads to brain manges simila e tangles anc’mﬂaques found in Alzheimer's.

Scientists are also searc rﬁn the areas of fobdborne poisons and viruses for answers
to the AIzheimeﬁj’ b ﬁ
Y
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One hypothesis is that in neurodegenerative diseases, tau function is
disrupted through phosphorylation or through the binding of effector molecules which
leads to its polymerization. Tau is a normal cell protein used in the construction of
neuron microtubules that helps distribute nutrients. In a cell affected by Alzheimer's,
something causes the tau molecules to twist, collapsing the scaffolding, and killing the
cell. Research has found many enzymes that will phosphorylate tau and in AD the tau in

the PHF is often abnormally phosphorylated. The pathological significance of this is



unknown. It has been reported that phosphorylated tau will not bind well to tubulin and
this would destabilize the formed microtubles, which would degenerate. Whatever the
cause or process, the PHF form masses of tangles which grow to occupy the cytoplasm
and pushes the nucleus to one side. The tangles remain intracellular until they
eventually cause cell death. This may be disrupting the function of the mocrotubules, or

they could simply destroy the cystoplasmic functions (Alonso et al., 2001).

9. Amyloid casca ‘ ﬁl//
@ound in healthy individuals but
e ——

er‘s patients. The amyloid

something makes it
cascade hypothesis velopment in the brain has an
early and essential hat leads to dementia. A

causative role for AB i

lines of evidence. Int ﬁg@’ ! id plaques containing B-amyloid

plaques, which in tqnﬁammtﬁé urrounding 4sja0 et al., 1996).

received major support with
the discoveries of auto;omal dominant forms of early -onset familial AD (FAD) with

specific pathoﬁ dungjt»énsvm 1{1 ?Wﬁﬂlsﬂaﬁar to promote increased

production of Biamyloid (Selkoe, 1996 In addmon transgenic mlce expressing mutant
formstq waaQﬂrﬁm ﬁrlofja eposition which
increases with age and results in m neurodegeneratlon mﬁ'w]:)se brain areas
containing B-amyloid (Tong et al., 2001). The presence of AD pathology with trisomy of
chromosome 21 (Down's syndrome), the chromosome where APP is located, had
previously suggested such a genetic link, since an extra copy of APP is thought to
increase amounts of AB. Subsequently it was found that genes encoding the presenilins
1 and 2, located on chromosomes 14 and 1 respectively, are associated with forms of

early-onset autosomal dominant FAD, and also cause increased amounts of AP.
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Furthermore, a major genetic risk factor for the more-common, late-onset, ‘sporadic’ AD,
is the apoEe4 allele, which correlates with increased AP burden. Moreover, the
generation of transgenic mice bearing human FAD mutations led to remarkable AD-like
plaque pathology. Thus, cumulative data supported the concept that AB is central to
AD, and resulted in the hypothesis that all forms of AD might have increased A} as an

underlying and unifying pathogenic mechanism (Selkoe, 1996).

AB accumulation and APP processi

V /er 'disease
AB, a 39-43 ptide, ﬁed through proteolytic of the large

e ———
membrane-anchored APP.L 3S B | v- secretases. It is now known

that AB is present in_h | fluid and it is secreted by

cultured cells during trooper, 1999). Thus, AB is

d their cellular location. Two
major competing pathjys exis e of p@essing APP. Each pathway
involves the actions of prolease that cleavgsthe protein at certain sites to produce

fragment that ﬂu & ’} Wr&LWb@lc?No&Lﬂﬂlﬁhe full AB sequence or

amyloidogenic, g!)ntalns the completerAB sequence.,
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pathway, processes the majority of APP. In this setting an a-secretase cleaves within (3
amyloid at positions 16-17 that precludes the formation of AB by cleaving within the A3
sequence. Therefore this pathway is non-amyloidogenic and does not contribute to the
pathological lesion of AD. The resulting large soluble amino-terminal fragment of APP is

found in human CSF. Little is known of the identity of this a-secretase although it does
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appear to cleave APP at a fixed distance from the cell surface rather than recognizing

specific sequences.

Alternatively, APP may be proteolytically cleaved by the competing
amyloidogénic pathway that result in the release of fr-agments which include intact AB.
Endocytosis of cell surface APP generates C-terminal fragments of 8-12 kDa that are
degraded in the lysosomes, some of these generated by B-secretase cleavage at the N-
terminus of the AP sequence are 2 \ ic. A second protease activity called Y-
secretase cleaves these C-ierr ‘ PP to release the full-length A

_.J :
allyﬁt lo the cell. Most of the AB that is

generated is secreted, althou@hsSmall amounts © be detected intracellularly. The

action of putative B-fand y-sec _‘
However, it has also bgn deterrr an occu@w alternate forms, which differ
only C-terminus, including shorter, AB,,, andsonger AB, ,, peptides, which have been

proposed to cﬂr“&ﬁ%%”ﬂiwgtwga’t.ilﬂ!%oluble filaments or the

relative toxicity &' plaques. AB,,, shows a higher propensity for filrillogenesis (Lorenzo

ancs Yook 1obR § G b Ploob g i i b o may e
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crucial to'the earliest stages of fibril deposition into plaques.

Two variants, AB,,, and AB,,. which differ by truncation at the carboxy!
terminus are the predominant plaque proteins. Both are found in the blood and
cerebrospinal fluid at nanomolar levels. Experimental data indicate that different
molecular forms of AP affect a wide variety of neuronal function and thereby may lead to

neuronal death in the nervous system. Biochemical analysis of the amyloid peptides
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isolated form AD brain indicates that AB,,, is the principle species associated with
senile plaque amyloid, while AB,,, is more abundant in a soluble form in cerebrospinal
fluid and more abundantly generated, and produced by different cell types and normally
present in the circulation (DeMattos et al., 2001). It is capable of forming stable amyloid
fibres but the rate of aggregation is a very slow process in the absence of nucleating
agents (Westlind-Danielsson and Arnerup, 2001). On the contrary, the rate of

aggregation is increased for the lon .4, that is the major constituent of insoluble

amyloid fibres of senile plaqu # B peptides of vary lengths, attention
has focused on AB, ,,, as bei : @nd, is more specifically linked to
AD. Since the first ply ‘ osed oA, ,,. all forms of FAD cause an
increase in the AB, . j [ neurotoxic. thatiis thought to be central in AD

pathogenesis.

The fo wn (to eittier ause be major risk factors for AD
in€luding mutations in trisomy 21
(Down's  syndrome), 21 A omosome 14 (presenillin 1),
chromosome 1 (presenilli LA m increase amyloid production, when
mutations used to create trans: Aic i ‘: , ) >rease amyloid and neuritic plaques.

D patients bearing an APP

utations on presenilin 1 or

presenilin 2 (Scheuner et al., 1996; Calhound et al, 1998; ;versen et al., 1995). Analyses

of AB in genetﬁlﬁé%ﬂlﬂ%{eﬂﬂﬂ ﬂta?ns in both APP and the

presenilins havéjshown that all of the mutations cause either increased overall secretion
of AB QWM’I\ t ‘ Iwn ‘ r T B, (Ancolio et
al., 1997q Siman eg.goﬁ?;m%m Agzzfmﬂge. ARy Bz
AB, .5 and AP, ,) were examined in hippocampal neuron cultures. Of these fragments,

AB, ., was the most potent to affect cell survival (Dore et al., 1997).
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Polymerization of 3-amyloid peptide

The basic hypothesis in AD has been that enzymatic cleavage of APP
generates the release of monomers of AR, ultimately into the extracellular millieau. It
was found that AD is associated with the overproduction of an A that either misfolds or
polymerizes into aggregates within or around nerve cells. The formation of AB as

aggregates and its deposition in senile plaques are believed to be a central step in the

for the AP, which makw wlmer patients (Stephan et al.,

2001). The toxic AB-amyloi outside of the cell. Conformation
changes, which change i ' : > ur. [B-sheets are less soluble
than a-helices, causing t St ] ‘ ) ming toxic plaques in the brain

, acquire neurodegenerative

properties
into insoluble fibers, it has been
proposed that the precipitates r e aggregation status of AR may induce
_F Al =
neuronal cell death:} The correlatton o] \?th direct measurements of

secondary structure ne pre _‘ at aggregation of A was
necessary to impart difect neur es to t@ peptide (Pike et al., 1993;

Lorenzo and Yankner, 1994sRay et al.,, 200Q)s Thus, in many cases, freshly dissolved

syntheic AB wﬂ LI AN B ARG rosostea e

for hours or even days was neurotokic, a propertysassociated withuthe formation of B-
sheet \& qua \a/ﬂ § m Nm r(]lt% wfﬂ qyai EIIO and 1-42 are
not toxuc to cultured neurones, “aging” of the solutions by incubation for many days
produces material that kill neurons. When synthetic B-amyloid dissolves readily in water
to yield monomers, but after several hours at 37°C in buffer at pH 7.4, soluble oligomers
of increased molecular weight can be identified by gel filtration, polyacrylamide gel
electrophoresis, or by specific ELISAs. Circular dichroism measurements show that
oligomerisation is followed by a change in structure from a random and partly a-helical

secondary structure to B-sheet. In time, fibrils come out of solution. Dropping the pH to
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that found in some cellular compartments (pH 5.5), which balances the positive and
negative charges in the peptide, enhances B-sheet formation. Zinc, aluminium, or the
presence of proteins like a-1-antichymotrypsin or apolipoprotein E4 which have been
implicated in Alzheimer's disease, also increase the rate of B-sheet formation (Pappolla
et al., 2000). Initially, it was thought that only the fibrillar form of AB was toxic to neuron

but through characterization of AP structure demonstrated that dimers and small

oka et al., 2001; Yoshiike et al., 2001) and,
%Iy (Podlisny et al.,1998). Recently, it
form intracellularly (Walsh et al.,

. certain B-amyloid peptides,

aggregates of AB are also neurotoxi

in cell culture systems, can b

has been demonstrated th

2000; Sudoh et al.,
particularly in an ag ell death or AD-like cellular

changes in vitro (Pike 994: Lambert et al., 2000).

Fibril CNS in vivo, which suggest
that A fibril neurotoxi i iate i-in la actors released from activated
microglia and astrocyt * { l : action between AR fibrils and
neurons (Weldon et al., it ugt generative properties have been
demonstrated for a variety -u’ﬁ:%fﬁ AB, the precise identity of the
neurotoxic speciesl %-:-:-:::1:-;?-:r::-' __,' Analysis of AD brain tissue
suggested the prese ce of dim gomers of AB (Kawarabayashi, et al.,

2001). AP has been sh%yvn to form small toxic oligomers or protofibrils in vitro (Hartley

=3 L
oI INY NS

. .

Toxicity of AB in vitrdfis clearly corelated with aggeegation into cross- -
peatcBbri o) Shiekldriubd thvelbfopbceh i &b adslele speciicalywit
cells viaqmembrane-bound receptors (Dineley et al., 2001). An alternative hypothesis is
that AB aggregates are toxic via nonspecific association with cell membrane. There is
growing evidence indicating that AB-membrane interactions occur that affect both
peptide and membrane properties. For example, AB binds to rat cortical homogenates
in vitro in an aggregation-dependent manner (Good and Merphy, 1995). Membrane
components promoted changes in AB secondary structure and/or aggregation

propensity (Koppaka and Axelsen, 2000). AP or its fragments reportedly cause the
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formation of large ion channels in phospholipid planar bilayers (Terzi et al., 1997; Del

Mar Martinez-Senac et al., 1999).
Mechanisms of AB-induced cellular perturbation

There are several different ways that these plaques can damage the
brain.  Although most neurodegenerative events are of multifactorial origin, the

mechanisms by which aggregates prod neurotoxicity are being elucidated. It has

been suggested that AB'is eith d ect irectly cytotoxic to neurons. AP cascade

leading to neuron death is i ses the loss of synapses, which

is earliest detectable c relates with dementia severity

(Hsia et al., 1999). Whi le in neurotoxicity associated

with AD, the molecular B neu ins unclear.
“-" I_" A
rand blebbing and ce shrinkage followed by DNA
AT
e

damage, the generati ¢ bodies, a DNA ladder, and other classic

hallmarks of apoptosis. €} ' as red dily initiated by oxidative insults and
ging and AD brain. Under some conditions,

excitotoxic damage initiated WEW & ai d-other excitatory amino acids can initiate

apoptosis and it ha : Jjgeste Y researt i that excitotoxic damage
i A

plays a role in the devw nent of | o 'scades that lead to apoptotic

cell death are being elucidated and involve activation of one or more members of a

o

family of cyﬁ ﬁewﬁ1m | ﬂmﬁrial ca’ uptake and
membrane-perm’Hﬁansition, and release of factors from mitochondria (for example
cytoc yT ulti 51 / n p-f? ti b fragmentation.
AIteraﬁﬁR—@iﬁa ng;ﬁre su iﬂmgagptosis.

Different studies reported both necrotic and apoptotic mechanisms for
AB-mediated neurotoxicity (Mook-Jung et al., 1997; Troy et al., 2001). In particular,
oxidative mediated DNA damage, with a pattern indicative of apoptosis, was found in
AD brain (Smith et al.,, 1994), which is consistent with several lines of experimental
evidence linking oxidative stress and neuronal apoptosis. Apoptosis is induced by

micromolar concentrations of AB in cultured CNS neurons, however, physiological
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nanomolar concentrations of AB,,, and AB,,, are insufficient to initiate significant
apoptosis in cultures of human fetal neurons (Loo et al., 1993). In fact, both AR peptides
downregulate Bcl-2, a key anti-apoptotic protein, while only A, ,, upregulates “"bax", a
protein known to promote apoptotic cell death (Paradis et al, 1996). Bcl-2 is an anti-
apoptotic protein that can prevent neuronal apoptosis in experimental models of
developmental cell death and neurodegenerative disorders. It associates with the ER

ciations might stabilize Ca’’ homeostasis
and suppress oxidative stres \ iti ignts that disrupt ER-mediated Ca’’
regulation cause mitochondri : i activation.

There are

and mitochondrial membranes and

alterations in calcium : Ve ,induction of apoptosis and
mitochondrial dysfunctio these-mechani re mutually exclusive as fairly
short pathways can intdrcol t ithe ere is considerable in vitro

juced cytotoxicity involve the
loss of Ca’* homeostasis/ oxidati ‘ y Cio " generation of reactive oxygen
species (ROS) (Behl et al., { attson 1997; Varadarajan et al.,

2001).

Althoug.b numerous mechanlsms have been implicated as initial

triggers of AB ﬁ u H&}%ﬂa% Gﬁﬂﬂﬂﬂsj generation of ROS, or

interfere with ceflladhesion to the extracellular matrlx Several llnes of evidence point to
an AB—@WQ ﬁ?m NW%ﬂﬁbﬁrﬁlteratlons in AD
brain. Metabolic compromise, indicated by inhibition of cell redox activity, may be a
primary step in a cascade of degenerative events. It has been reported that A
neurotoxicity includes the mediation of ROS production, probably by hydrogen peroxide
(H,0,) which induces lipid peroxidation on the cell membrane, perhaps generated by
the peptide itself (Behl et al, 1994; Richardson et al., 1996). Aggregates can also
stimulate free radical production via specific receptor-mediated pathways. It has been

proposed that A bind to a receptor for advanced glycation end products (RAGE) or
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type 2-scavenger receptors, can induce free radical production by stimulating the
activity of the reduced form of nicotinamide adenine dinucleotide oxidases leading to
increased intracellular oxidative stress (Yan et al., 1996). AP also can enhance metal-
catalysed oxidation reactions and stimulate increases in intracellular ROS in several cell
models (Pratico et al., 2001). Alternatively, other studies have shown that AB itself is
~ capable of generating free radicals and ROS (Mark et al., 1999) that could cause

nes (Butterfield et al., 1994). Others have

o
%E’n aberrant oxidative phosphorylation

neuronal degeneration by damage to

suggested that mitochondrial

(Wallace et al., 1995). In adal
—

ations of AB generate membrane
lipid peroxidation in sy he production of malondialdehyde
and 4-hydroxynonenals ( y jation  with cellular proteins impairs
several functions inc i n uncti Utamate and glucose transport,

changes which are pr _ : | antioxide sller et al., 1997). The in vitro

o { l: TE " . . .
However, despité-the apparent.evidence for Ap-induced oxidative
stress, some investigators-have-been-unable fo BICCICAR asurotoxicity with antioxidants

or free radical scavengers that & against other oxidative stressors

(Glazner et al., 1999; Yatin et al., 1999; Yan et al., 2001). There are multiple

¢ o Q/
mechanisms ﬂﬁwﬁllﬂarwm w"ﬂ@ﬁjﬂ ?dative stress, including
r iate

production of R@S in the cell membrane. Free radical-me toxicity can account for

¢ o
" "ARTRN IR Wﬂt'ffﬁl""jﬁ e
exposedj to AB. An increase vulnerability to excitotoXicity, disruption of calcium

homeostasis, and an impaired glucose uptake have been reported in cells treated with
AB. Due to their destructive effects on lipid membranes and proteins, ROS can induce
these cellular dysfunctions. Finally, AB peptide also disrupts ion homeostasis, changing
the function of ion motive ATPases, and promoting the activation of N-methyl-D-
aspartate (NMDA) receptors which determine an increase in intracellular calcium levels

and also contributes to the toxic action of AR (Mark et al., 1995a). ROS would target the
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proteins important in transporting calcium to the extracellular space and disrupt lipid
membranes making cells more permeable to calcium. This leads to Na'/K -ATPase and

Ca’" ATPases impairment thus creating membrane depolarization and calcium influx.
2. Disruption of calcium homeostasis

Hypothesis propose that in AD, A alters cell regulation by modifying

several ion transport systems and orming heterogeneous ion channels. The

changes in membrane trans S &mosed as early steps in impairing
neuronal function precedi ! conclude that these changes
——

damage the membrane

increasing its ion permeability.
This mechanism of m for AD but also may explain
Perturbation of neuronal
Ca”" homeostasis has " Si .u:d be a primary factor underlying AP toxicity
\‘; disrupt neuronal intracellular
calcium homeostasis. Th ium-ion is Aormally :\ d in the brain and is important in
long-term potentiation as - ing trs smitter substances, however calcium
becomes toxic to the cell if it i ' . ‘ amounts (Misonou, et al., 2000). Several

lines of evidence havé ediated process in toxic effects

of AB. The presence \' 3 toxicity. Administration of

AB to neuronal cultu:m disrupts Ca meostasi&]l/ith a significantly increased

intracellular free, calciunf €dncentration ([cﬁ*]i) (Mattson, et al., 1992; Weiss, et al.,

1994; Mogens%u.ﬂ;ga mﬁ%ﬁlwaﬂ 1M
SR e

neurotoXicity and death is well documented, and thus a link between [Caz’]i and
morphological or functional loss in AD has been proposed. The harmful elevation of
intracellular calcium levels results from the flow of calcium ions from the extracellular
component, perhaps by the result of (1) changes in endogenous ion transport systems,
eg. Ca” and K’ channels and Na'/K'-ATPase, and membrane receptor proteins, such

as ligand-driven ion channels, NMDA receptor and G-protein-driven releases of second
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messengers (Mattson et al., 1992), and (2) formation of heterogeneous ion channels,

calcium permeable channels (Arispe, et al., 1993a; 1993b; Rhee et al., 1998).

Electrophysiological studies have shown that AB potentiates L-type
ca’ currents (Ueda et al., 1997). Calcium channel have been suggested as playing a

role in mediated AB acting on neurons. The removal of the calcium ion and its channel

blockers from the extracellular fluid of cultured neurons protected the neurons from AB
toxicity. L-type calcium channel ‘ imodipine, was found to protect neuron
against AP toxicity (Weiss et ects of phenothiazines, a class of
neuroleptic agent, again es of rat cortical neurons and
PC12 cells. These results sugfest ina | enothiazines attenuate AR, . toxicity possibly
by reducing of Ca”" influxstfirc ype, caleium channels (Keiichi et al., 1997). The
mechanism of AB on 5___“ DFOPOS AB-induced calcium channel
phosphorylation via t f b Jol> : activated protein (MAP) kinase that cause

calcium influx (Ekinci etal.,

Amyloid Bffolegiies fink @ptinto little tubes in a synthetic membrane

LI
that become channels for CaICIU fom outside to inside the cell. The cause of

the calcium influx alcium causing neuronal

degeneration, howeves existing calcium channels it

is suggested that the gptides a cium chﬁ'\els that pass 10 times more
calcium than normal chafinels. Synthetic ABawhen packed in phospholipid vesicles and

then applied ﬂ u%[l ’deuﬂam ﬁnw ﬂqcﬂngformanon of channels

conduction calcuum and other cation$ (Arispe et ak, 1993a). The doxic effects may be
denveﬂ Wt@ anﬂﬂo?m%%q I}%Hqﬂa %‘)y A, fostering
direct Ieakage of calcium into cells (Lin et al.,, 2001). Several studies have
demonstrated an ability of AB to form in planar lipid bilayer membranes. The AB-
induced channels are able to conduct calcium current. However, these channel are

formed at levels which are five times the physiological concentration of AB.

Sustained elevation of [Caz*]i is known to have many deleterious

consequences, such as the activation of cellular proteases, the disruption of protein
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phosphorylation/dephosphorylation cycles, and increased formation of free radical and
ROS. A consequence of disruption in calcium homeostasis is the induction of oxidative
stress and accumulation of ROS (Kuperstein et al., 2001). This increased intracellular
calcium further potentiates oxidative stress in a number of way. Firstly, a calcium-
induced increase in phospholipase activity leads to increased arachidonic acid levels
and production of oxygen radicals via fatty acid metabolism. The mitochondria, in

response to excessive calcium, devel roblems with electron transport, leading to

mitochondrial leakage of electr xude anions. Thus, a cycle of ROS-

induced calcium influx wit an ensure. In this respect. the

S repre a major energetic expense, which
\\ ilization and the associated

\“\ \’“ . The selective oxidation or

maintenance of cellular
links alterations in in

generation of ROS thr

nitration of the calciu ; ': : d Ca’’-ATPase that occurs
under conditions of oxid M2 daptive response to oxidative
stress that functions to do ‘ olism and the associated generation

of ROS. Since these calcium re - eins are also preferentially oxidized or
nitrated under in vitro conditions, g~ S suggest an enhanced sensitivity of these

critical calcium reg rys| s, which module gnalgransduction processes and

S stress. Thus, the selective

oxidation of critical sgv | prot@)ly represents a regulatory
mechanism that functionsstg=minimize the generation of ROS through respiratory control

momens (U INENTNEINT
| mﬂﬂmﬂmm 1015}

potential generation or propagation leading to cell death.
3. Increased vulnerability to excitotoxicity

Reports to date have implicated AP as increasing neuronal
vulnerability to excitotoxicity-mediated death. Excitotoxicity is a mechanism of neuronal

death that involves overactivation of glutamate receptors, particularly under conditions
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of metabolic and oxidative stress, resulting in cellular Ca”" overload; the ER contributes
to the excitotoxic process by releasing Ca2+(Mody and MacDonald, 1995). Excitotoxicity
causes an increase in intracellular calcium, likewise the disruption of calcium
homeostasis increase the susceptibility of neurons to excitotoxicity. Furthermore, both
excitotoxicity and increased intracellular calcium can lead to the generation of more free
radicals and perpetuation of AB—initiated oxidative stress. Elevation of resting

intracellular calcium concentration ([ ) and increase in [Ca ] responses to

membrane depolarization and \; I #\l/ acids have been described also

@on etal., 1992).

extracellular  glutamate thereby tentiate glutamate-induced

(Wu et al., 1995; Nakaiji . tudies 2aled that AB peptides exert

their neurotoxic properti . i | that involves the activation of

the report showed that AB-i ' £ ,_ﬂ_ City | ectively been blocked by NMDA
receptor antagonlsts such as MKW or ifet prodil,(Calligaro et al., 1993; Hasegawa et

al., 1995 Harkany et-&i, 200 as been well doct ‘ ted that NMDA receptor
] "X

stimulation induced either by NMD; ' ases the production of free

radicals, particularly tho e of superoxide anions (Huang -l

., 2000b). AR, 4 is found

to inhibit [*Hlg W which implies that this
B-amyloid fragﬂ:‘uﬂ gI:?:[Mre epto PIﬂ g as glycine agonist or
partial m.e ?/ Vi ﬁ‘fzjrt this idea and
show tiq ﬁ'ﬁﬁ%ﬁjﬂiﬂ'ﬁﬂj mﬂ fei h mechanism
involving NMDA receptors and nitric oxide synthase (Parks et al., 2001).

Neuroprotective effect of valproic acid

Valproic acid (VPA, 2-propylpentanoic acid), a short-chain branched
fatty acid is widely used in humans as an anticonvulsant and as a mood stabilizer. VPA

has been used to control a variety of seizures, including generalized and partial
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seizures. The mechanism of action in both seizure and mood disorders of VPA is

unclear but seems to involve in the increase of turnover of the inhibitory neurotransmitter
gamma-aminobutyric acid (GABA) with potentiation of GABAergic functions, blockage
of cell firing induced by NMDA-type glutamate receptors, and attenuation of protein
kinase C isoenzymes (Watson et al., 1998; Urbanska et al., 1999). Several hypotheses
have been put forth to explain the anticonvulsant activity of VPA, and given the efficacy

of VPA in diverse forms of epilepsy, it act through more than one target. Since

inhibition of GABAergic signal‘i\\ ' seizures and potentiation of GABA
signaling can prevent seizu |
. — , N
a mechanism for the ant activity oi- .. Acute administration of VPA
increases the level of G, '

calcium currents or C Dy “Dk ! en types of voltage-dependent

mM for 3 days. Cells were thér o different toxins either thapsigargin
--: i "I.'II:"’.'J- lL = =l = +

(which mobilizes intkrfﬁellutaf calcium; 0.5 mMf ) or MPP™ (25 uM for 16

hours). It was founc ;:;-:_:"-— valproate ti exerted significant protective

effects against both to>-<‘ (

‘F}na j !\i t , n be observed quite
rapidly, its the@nagsmﬂmt rﬁfzj:]injssive illness generally
require i inistratio tﬁ ime of ai f erﬁf to weeks. As
the thegrﬁjﬁﬁﬁi ﬁﬁr}l mﬁ?‘lt sZEggested that it
induce alterations at the genomic level. These changes in gene expression after
treatment with mood stabilizers suggest that these drugs may also regulate the levels or
function of specific transcription factors. VPA has been reported to regulate neuronal
signal transduction such as the G-protein-coupled cyclic AMP pathway and

polyphosphoinositide generated second messengers. These pathways couple to

specific transcription factors such as the cyclic AMP responsive element binding protein



23

(CREB), c-Fos and c-Jun which further regulate gene expression (Chen et al., 1997).
VPA has been shown to decrease myristoylated alanine-rich C kinase substrate
(MARCKS) expression (Watson et al., 1998). VPA increases AP-1 binding in cultured
cells, suggesting that genes containing this consensus sequence in their promoter may
be targets of this drug (Chen et al., 1997; Chen, et al., 1999b; Asghari et al., 1998).
Mitogen-activated protein (MAP) kinases play a key role in the regulation of the AP-1

family of transcription factors (Gutkind, . MAP kinases play important physiologic

roles in the mature CNS and ha o represent important targets for the

growth factors and pibitors. ‘ antie ce shows that besides the

anticonvulsant activity, ther‘meck anisms are considered to be involved in

neuroprotection mediate effects on Bcl-2 and GSK-3f3
suggest that this mood sta fay-also-posse suroprotective and/or neurotrophic
ag 1/ ) p

properties (Chen, et al SH-8YS5Y cells to VPA (1 mM) for 5 days

not only resulted i ut also prominent growth
= . ‘

o mg increas 1 GAP-43 and Bcl-2. VPA also
|

activated the ERK mi gen -activated protem kinase p hway, a signaling pathway

utilized by ma tent with its preclinical
neuroprotectlv;@ﬁﬂu:; Hﬁﬂ ﬁjﬂefjoﬂrﬂ phins activate the ERK
pathw i m pathways are
known totpmﬁiﬁ mmﬁ?‘l ﬂgf:tl neurite growth

(Segal and Greenberg, 1996). Interestingly, recent studies have demonstrated that the
chronic administration of a variety of antidepressants increases the expression of BDNF,
neurotrophin-3, and trkB (Smith et al 1995). It is thus noteworthy that valproate activates
ERKs and promotes neurite growth in SH-SYSY cells effects that are characteristic of

neurotrophic factors. These results, as well as the dramatic prolongation of the survival

of SH-SY5Y cells grown in the absence of other trophic factors, suggest that valproate
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possesses neurotrophic properties and may thus have utility in the treatment of other
neuropsychiatric disorders.  Additionally, chronic treatment with VPA increased
expression of the molecular chaperone, glucose regulated protein (GRP78) in rat brain
and rat C6 glioma cells, which suggests that it may have a neuroprotective effect.
Because GRP78 is a protein that binds ca’’ in the endoplasmic reticulum, and protects

cells from the deleterious effects of damaged proteins (Wang et al., 1999).

neurons against various ins s, VPA has ‘heen’”’ forward as potential therapeutic
agents in neurodegenerat isorders. ‘ (VPU; n-propylpentanoyl urea), a
urea derivative of VPA, possgsses ,/ anticol vO sant activity than VPA, but less
CNS depression (Tantisira g / \ {0 examlne another potential role

for VPU as neuroprotecta ¢ /m cul ' S ~ , a potential role of VPU as a

neuroprotectant in nedronal’ ¢ &hqs .. \ 2

VPU might be considered to hav a .m -mﬁ eCtive '. similar to VPA.

ed unknown. Furthermore,

CH2-CH?2

cus”
2- Propylpentan0ﬂ u&.‘l % m\&‘n j mﬂ;‘ln ‘; urea (Valproyl urea; VPU)
"19“'3YW“Tﬁ°ﬁaﬁTmﬂ1ﬂ’]’l NYIRE

While there are obvious benefits in studying intact nervous systems in
vivo, there are some major drawbacks, which limit the use of these methods in certain
kinds of molecular studies. Therefore, various in vitro models have been developed to
study molecular events, for example, those involved in neuronal growth, survival and
apoptosis. If used in an appropriate manner and in a sensible context, these models

mimic the naturally occurring phenomena of biological events, and the metabolic



25

conditions and biological events can still be manipulated in a meaningful and controlled

way.

P19 cells are a mouse teratocarcinoma cell line with a normal karyotype
(McBurney et al., 1982). Which are pluripotent stem cells and may differentiate into a
broad spectrum of cell types. They can be cultured continuously as a cell line without

loss of pluripotency (Martin, 1981). Teratocarcinoma cell lines bear remarkable

resemblance to normal early embrye including ultra-structure, biochemical
properties, cell surface antige ‘ nd form embryoid bodies (EBs). ™9
cells were produced by graiting-an em'ryo of gestation to the testes of an
adult male C3H/He mouse : o ceIIs are capable of bypassing
early embryonic inductio ti N into neurons as long as the

downstream signal molec e ivated. This cell line can be differentiated

in vitro, and the deri ef ‘ iC. g€ yers (ectoderm, mesoderm,
and endoderm) can be ( pé in¢ on > condition. There are two key
elements involved in regulati T _F 44 " : tion in vitro, the chemical inducers
and the formation of aggre ._ R All the pluripotent P19 cells
can be induced to dlfferentlate.iﬁ@ ar ed. Aggregates form when they are

Simple EBs resemble“the embryonic pomons of 5-day’ mouse embryos in that the

pluripotent cel ﬁ from simple ones and
are similar to @Hﬂ e Wﬂﬂjﬂﬂﬁfﬁ simple EBs are allowed
to reat pj Vﬁp ﬁ grow out of the
aggreﬂrﬂwd ﬁqﬁimﬁmj eﬁgl(}t %j 1982; Martin,

1980). It has also been known that P19 cell can differentiate into neuronal cells or
muscle cells by proper chemical inducers such as retinoic acid (RA) or
dimethylsulfoxide (DMSO), respectively (McBurney et al.,1982). The P19 cell line can
be induced in vitro to differentiate only along the neuroectoderm by culturing EBs with > -
5X10° M retinoic acid. When replated into tissue culture dishes, the RA-treated

aggregates adhere and develop into neurons, glia, and fibroblast-like cells in manner
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similar to that observed in vivo. High concentrations of RA resulted in efficient neuronal
differentiation paralleled by the expression of tissue-specific genes, proteins, ion
channels, and receptors in a developmentally controlled manner. Both aggregation and
RA are necessary to induce neuronal differentiation of P19 cells, but the continued
presence of the inducer is not required. Culture containing up to 90% neurons can be
obtained by treating differentiating P19 cells with mitotic inhibitors which eliminates the

glia and fibroblast dividing cells.

Mechanism of retinoic acid-i tiation in P19 cells

itamin A, induces a variety of
embryonal carcinoma differentiate into neurons.

Retinoids, the biologic e potent effectors of cellular

expression of specific genes of i gEeat— lates the growth and differentiation of
i oty o -
many cell types, sucl‘fﬁasm’éP‘iQ"/ lls. Dependir soncentration of RA and the

IO ;171 ) 133k 101 e At
ji’?f?ﬁ&“lmﬁ‘iﬁi UV igN 11315 I

RXR and RAR. Homodimers of RXR or heterodimers of RAR/RXR bind via a DNA-
binding domain to specific sites of target genes, so-called RA response elements
(RARE) in the promoters of target genes. and then result in transcriptional initiation of the
target genes. During in vitro differentiation of EC cells into the neuronal lineage, RA
might act in the same way as in vivo. After formation of endodermal, mesodermal, and

ectodermal cells in EBs, neuroectodermal cells were selectively differentiated by serum
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depletion and functional neuronal and glial cells were induced and maintained by

addition of neural differentiation factors.

The molecular mechanism by which this is thought to occur is through
the activity of ligand-inducible RARs, of which there are three known subtypes o, [, 'y
and numerous isoforms. These nuclear receptors bind to and, in the presence of RA,

transactive promoters associated with RARE In some cell types the resulting gene

cellular differentiation. The regulatory
' econsensus RARE. However, the
mechanisms whereby w @n of EC cells are not fully

understood. The hypothesi [ o pathways are comparable is

products participate in events whi

regions of the RARP gene co

supported by findings of @i | lation. of RARa and RARB mRNA, but a
rapid downregulation of 3 "v.', _ -y (RXRy) mRNA during RA-
induced neuronal diff i ) ) \ ggests a role for RARat, B, v
and RXR during neur al dif iatior K et al, 1992). During early
nervous system develop _ -F eural tube closure, while RARy
is only expressed in the opéen @IQQ’ RX similarly differentially expressed
o - expressed in a general fashion,

c/spinal cord and hindbrain.

rnd intestine. RXRoa is also

abundant in epidermise.qlgether with RARYy. RXRy expression is highly restricted, mostly

to the develop ﬂ ﬂTf}g?d In addition, strong
expression is @Fn the developmg striatum arigjspmal motor neurons where it is
coexpr g transcription
factorsidﬂ\:[mg molﬁj;(jg ;al;cﬂ acmlﬂelaﬁentiation of EC

cells in vitro, for example, mash-1, neuroD (Boudjelal et al., 1997) in mouse EC cells. In
parallel, the expression of mesodermal genes such as cardiac actin and y-globin was
downregulated (Bain et al, 1996). This suggests that RA-induced neuronal
differentiation is accompanied by repression of mesodermal differentiation, while

activation of neuroectoderm differentiation.

Biochemical and physiological properties of neuron-like cells derived from P19 cells
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The cells acquire certain traits of mature neurons only after several days
of differentiation which have the key physiological, morphological and molecular
properties of primary cultured neurons derived from the central nervous system such as
the ability to release neurotransmitter; the segregation between axons and dendrites; the
formation of morphologically mature synapse among neighboring cells. Aggregation of

P19 cells into EBs followed by stimulation with all-trans retinoic acid leads approximately

enotype, as judged by their expression of
neuronal specific markers and cf f /ophysiological properties (Finley et
al., 1996). __ é

‘J e ———

.u.@e\ggwuron-specific genes in a

developmentally  control f \ characterized by complex

35-40 % of the cells to acquire a neur

RA-induced

electrophysiological and | s of postmitotic nerve cells.

Genes encoding 68- eurofilament proteins and the

synaptic vesicle protein an early stage in parallel to

the expression of voltage annels (Fraichard et al., 1995;

Striibing et al. 1995). ed by an increase in the density

of voltage-gated ion channels-ﬁiﬁ‘gﬁtp S i
kainate, and NMDA 10&

f.receptor-operated GABA,, glycine,
of proteins characteristic

\ﬂ\" as NFL, N synaptophysin, syntaxin,
| 1

synaptobrevin, neuronal cellular adhesion molecules (N

of mature neurons s

), class Il B-tubulin, and
. . ‘o o . .
mncrotubule-asﬁ;ﬁﬂo?ﬂﬁm/ﬁ gqﬁlcjlg%; Fraichard et al.,
1995; Strubing egal., J5; Finley etal., 1996). In addition to the expression of specific
¢
functiona pl y i iitj ‘ ngi nd excitat lu tﬂc synapses as

revealed by measurements of postsynaptic currents (Stribing et al. 1995; Finley et al.

1996).

The embryonal carcinoma cell line, P19 is establishing its place as
flexible model system for CNS neurons. The cell differentiate into neuron, astrocytes
and fibroblast-like cells following induction with retinoic acid. The P19 cells were

chosen as a model system to study neuronal function since, these cells are among the
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few neuronal cell line that can be differentiated in culture into polarized cells with
defined axons and dendrites (Finley et al., 1996). Differentiated P19 cells were shown to
express a number of neuronal markers in a programmed manner. GAP-43
(neuromodulin) is a nervous-system specific phosphoprotein, that is a component of
diifferentiated P19 cells (Mani et al., 2000). P19-derived neurons form a mixed
population of cells producing a spectrum of neurotransmitters and neuropeptides
jatum, hippocampus, and cerebral cortex. In
addition, they are mature to fi : # they become responsive to electro-
physiological stimuli, co 5 a@otransmitters in a Ca~ and

depolarization-depende

resembling that of neurons within the

ctional synapses.

The P19-d Is of acetylcholine transferase

(ChAT; E.C. 2.3.1.6) and . 3.1.1.7), indicating that at
least some of neun | function and feature of
differentiated P19 cell e presence of wide range of
voltage-dependent me XD ‘ ion “of numerous cell membrare
receptors for various nedrotr@hsmitters; and formation of cholinergic synapse.
Moreover, P19 cells.posses ; fgic_phenotypes. The neurotransmitter
al., 1994) making this l e al dies pertaining to CNS-type-

cells. In addition, the chollnergic nervous system is @ primary site of insoluble AB

e YIMETNG N

A hE has been suggested not only,.as an importagt,catalytic molecule
for CNQUW;—”}]ﬂb\a ﬂi mgde%q ﬂo@c%p&lfaaaw &]d differentiation
along ne%/ous system development. AChE appears early in the vertebrate nervous
system and it seems to be responsible for some mechanisms of synaptogenesis. For
example, embryonic Xenopus brain and chick retinal cell cultures exposed to an AChE
inhibitor showed axonal changes and cell size reduction, respectively. Recent evidence
demonstrates that AChE supports mammalian neurite extension and interneuronal
interactions through non-catalytic activities, independently of its enzymatic capacity to

hydrolyze acetylcholine (Grifman et al., 1998). In embryos, this property explains the
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well-known transient expression of AChE in numerous non-cholinergic neurons. In
adults, such activities may shed new light on the puzzling association between changes
in AChE activities and various neurodegenerative diseases. Within the vertebrate retina,
non-catalytic neurogenic roles have been attributed to AChE based on the
spatiotemporal pattern of its expression during development and in retinal explant
cultures (Robitzki et al., 1997). On the other hand, cultures of embryonic chick

sympathetic neurons grown on an nriched medium presented a stimulated

neurite outgrowth. The cells of ne one are AChE positive staining, while glial
cells on the surface havelower o C&V (Keller et al., 2001). It was

suggested that AChE h

differentiation and use to be a

neuronal differentiation

Therefore, /e blen bsed s an in vitro model of the CNS
cells after differentiati age in using these cellular
systems will be applic and neuronal specification in

vitro, (2) as pharmacologi

Detection of AB-induced neurotoxicity

AT

Many.la es ha ited significant resources in establishing

and validating cell cul

o) any compromise of cellular fu ction, although this may not
necessary res to assess cell viability
following AB trﬂng meWﬂ mﬁ}j Tﬂ@ (neurite sprouting or
retractl iﬂlﬂ , redox-dye
reductlon maﬁﬂﬁmmﬁiqﬂ@ rpl and release of

cellular lactate dehydrogenase activity. The neurotoxic properties of AR have been

ne circumstances the word

“toxicity” has applied

described by inhibiting tetrazolium dye reduction. The reduction of tetrazolium is an
index of the cell's metabolic integrity. Such compromising of cellular events appears to
be an early indicator of impending of cell loss. Effects on tetrazolium reduction,
observed for AB, suggest an indication of metabolism leading to cell death. The

correlation between the impairment of the tetrazolium dye, 3-(4,5-dimethylthiazol-2-yl -



2,5-diphenyltetrazolium bromide (MTT), reducing activity and the magnitude of cell
death in the experimental condition was examined. In cortical cultures, the impairment
of the MTT reducing activity is correlative to cell death. In PC12 cells, AB,; 55 exerts the
impairment of the MTT reducing activity without cell death. Thus, we consider that the
impairment of the tetrazolium dye reducing activity is a early indicator of AB toxicity
(Shearman et al., 1994; Shearman et al., 1995). One parameter used as the basis for
activity of viable cells. The mitochondrial

% ye was used to determine cellular

redox activity, an initial i C?.H dﬁ quantitative colorimetric assay.

— e ———

ed to a colored. formazan only by metabolically

active cells, these ass M - Tetrazolium salts, one is XTT.

XTT is cleaved to f “sucl ‘ \ m reductase” system (EC
1.3.99.1) which belon | ' -.\:‘\, chain and is active only in

colorimetric assays is the metaboli

dehydrogenase activity that r

Because tetrazolium sa

econdary electron transfer reagent
results in the formation of an

i “-‘e e need for a solubilization step in

the procedure. XTT forms an orangs ater soluble product that can be directly
measured by absormn-ﬁi; op netry “How & XTT tetrazolium compound

5 tion, requiring preparation

of fresh solutions prior @aoh a

Thﬁe{lﬂwﬁ;ﬁ) ﬁm %f w;EIjV :‘l I]ﬁ dehydrogenase (LDH)

from cells, a measurement routinely used to quanti oxicity in cultured neurons

(Benhl ﬁlm) i ‘:'i AI s g LDH activity.
Becaused_ is a&mj mmng ﬁﬂﬂ:ﬁﬂ media on the
cells, there are two possible causes: cellular death and leak within the cell membrane.
While XTT measures primarily early redox changes within the cell reflecting the integrity
of the electron transport chain, the release of LDH is thought to be cell lysis. The activity
of LDH, is assessed by measuring the pyruvate-dependent oxidation of nicotinamide

adenine dinucleotide (NADH), which resulting in the conversion of a tetrazolium salt into

a red formazan product. The amount of color formed is proportional to the number of



32

lysed cells once the appropriate controls have been subtracted. Visible wavelength
absorbance (OD 490nm) data are collected using an ordinary 96-well plate reader. Two
factors in tissue culture medium can contribute to background absorbance using this
assay: phenol red and LDH from fetal calf serum. Background absorbance from both
factors is corrected for by including a culture medium control. The absorbance value
determined from this control is used to normalize the absorbance values obtained from

other samples.

The third as in conjunction with trypan blue

ormed by counting cells that

internalize the dye to define : x| \e the dye corresponds to cell
survival

e experiment to ensure that
consistency and reliabili resul ere interfered by artifact.  The

| systems is achieved using' a

,f 7 ‘
variety of in vitro assay with ¢ ;ﬁ;’i— nis study, three assays were used
s 4 '
to assess effect of VPA, VPU, and ,.i;.—,?-'- - Aedron-like cells viability.
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