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ABSTRACT OF THE THESIS

Amyloidogenic peptides play an important role in neurodegeneration. Recently, there
are reports on the nuclear localization of amyloids and proposed to have implications
to DNA damage and neuronal apoptosis. The mechanism of amyloidogenic peptides
induced neuronal cell death is still not clear. Our main questions are, (i) mapping of
amyloidogenic peptides induced genotoxicity; (ii)) AP(1-42) induced genomic
instability in aged rabbits and (iii) to study anti-amyloidogenic properties of
indigenous plants. To achieve these objectives we have employed agarose gel, Tm,
EtBr binding, DNase I sensitivity assay, CD, MRI and TEM techniques. The results
are summarized as follows: (i) AP fragments (1-11, 1-28, 1-40 and 1-42) nick scDNA
and causes the open circular and linear forms. The Mg”" ion enhanced the nicking
activity of AP fragments (1-11, 1-28, 1-40 and 1-42). The modification of histidine of
AB(1-11) abolished the DNA nicking activity. The DNA instability by studying Tm
and EtBr binding revealed that DNA became unstable in presence of different
fragments of APB. (i) The aged (4 yr) New Zealand rabbits were intracisternally
injected with AB(1-42) and DNA analyzed from aged rabbits for stability showed that
DNA is damaged in FC and H; where as in M, DNA is in condensed state. The DNA
conformation study evidenced the presence of C, w and y- type DNA conformations
in FC, H and M of APB(1-42) injected (25 days) rabbit brain regions respectively. MRI
studies showed no significant changes in brain structures between control and AB(1-
42) injected aged rabbit brain regions. MRI scanning before and after 45 days of A3
injection found significant reduction in the thickness of hippocampus, temporal lope,
frontal lobe, and midbrain and an increase in lateral ventricle volume. Additionally,
the aqueous leaf extracts of C. crista and C .asiatica could not prevent the DNA
nicking activity of AB(1-42). The CG and VG induced modified conformations in
AB(1-11), AB(1-28) and AB(25-35). The aqueous extracts of C. crista and C. asiatica
showed anti-oxidant and anti-inflammatory activities. The C. crista showed anti-

amyloidogenic properties.




Synopsis

Title of the thesis: Mapping of amyloidogenic peptides induced genotoxicity in

relevance to neuronal cell death

Amyloidogenic peptides play an important role in neurodegeneration. These peptides
are derived from the amyloid precursor protein through secretase activity. The
neurotoxic effect of amyloidogenic peptides is manifested by alterations in metal
homeostasis, oxidative stress, protein-protein interaction, apoptosis etc. The
mechanism of amyloidogenic peptides induced neuronal cell death is still not clear.
Recently, there are reports on the nuclear localization of amyloids and proposed to
have implications related to DNA damage and neuronal apoptosis. The earlier studies
clearly showed nuclear localization of amyloids and its binding to P53 promoter
which may play a key role in novel pathogenesis related to apoptosis. Further, the
exposure of human pre-neural NT2 cells to amyloids provoked up-regulation of DNA
damage inducing gene GADDA45. The in vitro studies showed that AB(1-42) nicks
DNA and this observation provided new evidence on non-apoptotic mediated cell
death. But mechanism of DNA damage caused by amyloids is still not clearly known.
Our main questions are, (i) mapping of amyloidogenic peptides induced genotoxicity;
(i1)) AP(1-42) induced genomic instability in aged rabbits and (iii) to study anti-

amyloidogenic properties of indigenous plants.
Objectives:

1. To study mapping of amyloids induced genotoxicity.

2. In vivo studies using aged rabbits to understand the neuroprotective role
Indigenous plants in amyloids induced genotoxicity in relevance to brain
tomography and DNA damage.

3. To study anti-amyloidogenic properties of indigenous medicinal herb

The thesis is divided in to five chapters.




Chapter 1: General introduction

This chapter begins with general information on Alzheimer’s disease (AD) and its
clinical and biological complexity. The description of etiological factors including
genetics, environmental factors, and general lifestyles are discussed in detail. The
hallmark pathologies such as senile plaques and intracellular deposits of the
microtubule-associated tau protein as neurofibrillary tangles in AD have been
described. The pathways of APP processing such as amyloidogenic and non-
amyloidogenic pathways are described in detail. Brief account of enzymes involved in
APP processing such as a- - and y - secretase and their role in amyloid production is
highlighted. The neurotoxicity of A through different mechanisms such as disrupting
calcium homeostasis, inflammatory response, mitochondrial dysfunction, oxidative
stress and genotoxicity are described. The role of diet in AD is discussed in detail.
Also, the gene-diet interactions are highlighted. The protective dietary factors such as
unsaturated fatty acids, vitamins, antioxidants, and polyphenols are explained

elaborately. The introduction ends with future directions and objectives.

Chapter 2: To study mapping of amyloids induced genotoxicity.

AP 1is strongly implicated in AD. The genotoxicity of AP is not understood clearly.
The available literature suggests that AP mediates DNA damage indirectly by
oxidative mechanisms. But there are limited reports on the direct involvement of A3
in genotoxicity. The reports showed that A translocates to nuclear region and nicks
DNA and behave as endonucleases. But the mechanisms are not clear. In the present
study, we have provided data on AP fragments induced genotoxicity. To achieve this
objective, we used different length AP fragments (1-11, 1-28, 22-35, 25-35, 17-42, 1-
40, 1-42 and 1-43). AP induced DNA nicking is demonstrated using agarose gel
electrophoresis. The results showed that AP} fragments (1-11, 1-28, 1-40 and 1-42)
nick scDNA and causes the open circular and linear forms. AP fragments (22-35, 25-
35, 17-42 and 1-43) do not nick scDNA. In presence of Mg”", Ap fragments (1-11, 1-
28, 1-40 and 1-42) enhanced DNA nicking and while other AP fragments (22-35, 25-
35, 17-42 and 1-43) also showed DNA nicking activity. To further understand the
mechanisms, we hypothesized the involvement of histidine in DNA nicking is a

factor. AB(1-42) has three histidine at 11", 13™ and 14" positions. We selected AB(1-
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11) since it has only one histidine at 11" position. The histidine in AB(1-11) is
modified using diethyl pyrocarbonate method and assayed for its DNA nicking
ability. The results showed that histidine modified AB(1-11) did not nick DNA.
Additionally, histidine modified AP (1-11) retarded A-DNA, single stranded circular
and double stranded circular DNA mobility compared to unmodified AB(1-11). To
further understand the nicking behavior of amyloids, we have used nuclease inhibitor,
Aurin tricartboxylic acid (ATA). ATA inhibited only AB(1-42) induced DNA nicking.
We further characterized AP induced DNA instability by studying melting
temperature (Tm) and ethidium bromide (EtBr) binding. The results showed that
DNA became unstable in presence of different fragments of AB as evidenced by
changes in the Tm and EtBr. The conformation of different A fragments is studied
using Circular Dichroism and the results showed all the AP peptides are in random
coil conformation. The Protscale analysis revealed contribution of different amino

acids to secondary conformation of AB(1-43).

Chapter 3: In vivo studies using aged rabbits to understand the neuroprotective
role Indigenous plants in amyloids induced genotoxicity in relevance to brain

tomography and DNA damage.

Chapter 3A-a: AB(1-42) induced genomic instability in aged rabbit brain

DNA instability has been implicated in the pathogenesis of neurodegenerative
disorders including Alzheimer’s disease, Amyotrophic lateral sclerosis, Down’s
syndrome, and Parkinson’s disease etc. The data on DNA damage indicates that the
damage is associated with disease as a pathological event. However, the role of DNA
damage as a major event in neurodegeneration is still not clear. Amyloid
accumulation in the form of senile plaques is well established in AD brain. Amyloid
is hypothesized to cause genotoxicity leading to neuronal cell death. There are studies
to show that amyloid induces genomic instability and also alteration in DNA topology
in vitro. Recent studies showed the nuclear localization of A and its DNA binding
ability. Most of these studies are related to in vitro models. But there are no in vivo
studies to understand the APB(1-42) induced genomic instability. Further, the role of
APB(1-42) in causing neurodegeneration through genomic instability is an unexplored

area. In this chapter, we aim to answer three specific questions, a) Does AP(1-42)
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injection in aged rabbits alter DNA stability? b) Does AP(1-42) alter the DNA
conformation? and ¢) Does AP(1-42) alter the structural changes in the aged rabbit
brain? These questions may likely to answer the possible role of AP in
neurodegeneration through genomic instability. The aged (4 yr) New Zealand rabbits
are intracisternally injected with APB(1-42) and are sacrificed after 25 days, when the
rabbits developed AD like behavior. Genomic DNA is isolated from frontal cortex
(FC), hippocampus (H) and midbrain (M) regions of AB(1-42) injected and control
rabbit brain. The DNA stability parameters are analyzed. And the results showed that
DNA is damaged in FC and H; where as in M, DNA is in condensed state. The DNA
conformation study evidenced the presence of C, w and y- type DNA conformations
in FC, H and M of AB(1-42) injected rabbit brain regions respectively. But in control
rabbit brain, DNA is in B- conformation in all the brain regions studied. Magnetic
resonance imaging (MRI) studies showed no significant changes in brain structures

between control and AB(1-42) injected aged rabbit brain regions.

Chapter 3A-b: Inhibition of AB (1-42) induced DNA damage by Indigenous

plant extracts

We further evaluated the protective role of curcumin and its derivatives against AB(1-
42) induced DNA nicking. The results showed that curcumin derivatives did not
protect AB(1-42) from DNA nicking. Additionally, the aqueous leaf extracts of C.
crista and C. asiatica is tested for its anti-DNA nicking activity of AB(1-42). Results
showed that both extracts could not prevent the DNA nicking activity of AP(1-42).
The effects of CG and VG on the conformation of AB(1-11), AP(1-28) and AB(25-
35) are studied. The results revealed that CG and VG induced modified conformations
in AB(1-11), AB(1-28) and AB(25-35).

Chapter 3B: AP (1-42) induced brain MRI changes in aged rabbits resembles
Alzheimer’s disease

Alzheimer’s disease (AD) is characterized by brain atrophy and the reduction in brain
volume. AP deposition in the form of senile plaques is positively correlated with brain
atrophy. There are no animal models to mimic the AD pathology. The present study is

undertaken to understand whether AP induced brain atrophy in aged rabbit brain
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resembles MRI changes in AD brain?. Ten aged (4 yrs) rabbits are injected with
100pg of AP(1-42) through intracisternal route and ten control aged rabbits are
injected with saline. Rabbits are subjected to 1.5T MRI scanning before and after 45
days of AP injection. The time course of 45 days is chosen as rabbits developed AD
like symptoms such as forward head tilting, hemiplegic gait, loss of appetite, isolation
behavior, splaying of extremities and paralysis. We found that there are significant
reduction in the thickness of hippocampus, temporal lope, frontal lobe, and midbrain
and an increase in lateral ventricle volume. All these significant changes indicate that

AP induced brain atrophy mimics AD brain atrophy.
Chapter 4: To study anti-amyloidogenic properties of indigenous medicinal herb

Chapter 4A: Anti-oxidant and anti-inflammatory properties of C. crista and C
.asiatica

The oxidative stress and inflammation have been implicated in neurodegenerative
disorders like Alzheimer’s disease. The generation of reactive oxygen species, which
is toxic, is a part of normal metabolism of biological system. The balance between
production of reactive oxygen species and anti-oxidants is essential in biological
system to prevent adverse effects of oxidative stress. There are number of plant
extracts which showed antioxidant activities. In this chapter, role of antioxidant and
anti-inflammatory activities of C. crista and C. asiatica is investigated. In this
chapter, antioxidant properties of aqueous leaf extract of C. crista and C. asiatica was
carried out using, DPPH assay, reducing potential assay and superoxide assay. The 5-
lipoxgenase is one of the key enzymes involved in inflammation process. This
enzyme provides a good in vitro model to screen molecules that have anti-
inflammatory ability. The anti-inflammatory activity of two extracts was
demonstrated using 5-lipoxygense assays as 5-lipoxygense involved in inflammation.
The results showed both the extracts dose dependently scavenged DPPH® and the IC
so of C. crista less than C. asiatica. Both the extracts showed more IC 5o compared to
standard ascorbic acid. The results of superoxide assay showed that C. asiatica and
C. crista dose dependently scavenged the superoxide anion radical. The IC 5, of C.
asiatica is lesser than C. crista. But both the extracts showed IC sy more than the

standard, ascorbic acid. The results of reducing potential assay indicates that C. crista
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has more reducing potential compared to C. asiatica. Both the extracts showed lesser
reducing potential compared to standard, ascorbic acid. The results of 5-lipoxygense
inhibition assay showed both the extracts dose dependently inhibited the enzyme and
C. crista effectively inhibited compared to C. asiatica. The relevance of these

observations is discussed.

Chapter 4B: Anti-amyloidogenic property of leaf aqueous extract of C. crista

AP can self assemble to form dimers, soluble oligomers, and protofibrils and diffuse
plaques through multistep—nucleated polymerization. The self-assembling evaluation
of AB in vitro will provide an opportunity to screen molecules for anti-amyloidogenic
property. The prevention of the formation of oligomers and the fibrils from soluble
monomers is of therapeutic significance for AD drug discovery. There are reports on
the plants crude extracts or pure compounds having anti-amyloidogenic properties,
but the mechanism of their therapeutic potential is still not clear. C. crista Linn (Syn
C. bonducella [L.] Roxb.) belong to family Fabaceae, found abundantly in tropical
and subtropical regions of Southeast Asia. The seed kernel of C crista contains
Cassane- and norcassane-type diterpenoids. The stem and roots also known to contain
new type of diterpenes. The seeds are traditionally used for anthelimintic,
antimalarial, antipyretic, anti-inflammatory effects, but there are no scientific
evidences recorded. In this chapter we aim to understand the effect of leaf aqueous
extract of C. crista in the prevention of AP(1-42) aggregation. We have used three
battery tests to understand the effect of C. crista in preventing the formation of, 1)
aggregates from monomers (ii) aggregates from oligomers and also (iii) dis-
integration of preformed fibrils of AP. Results showed that C. crista aqueous extract
could effectively found to inhibit the APB(1-42) aggregation both from monomer and
oligomers. Also, the extract is able to dis-integrate the preformed fibrils. The anti-
amyloidogenic property of C. crista may be attributed to the polyphenols present in
the aqueous extract. We proposed a possible the mechanism of inhibition of amyloid

fibril formation by water-soluble phenolic compounds.
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Chapter 4C: Studies to understand the effect of C. asiatica on AP(1-42)

aggregation in vitro

C. asiatica has been traditionally used in Asia to cure various ailments. The present
study focused in evaluating C. asiatica or its anti- AP aggregation properties. The
dried leaves of Indian penny wort (botanical name: C. asiatica) is mixed with milk
and consume as memory improving and this is practiced traditionally in selected
regions in India. There are studies on diverse effects of C. asiatica such as
acetlylcholinesterase inhibition, antioxidant, neuroprotection, and amyloid load
reduction. However, there are no studies to understand whether C. asiatica prevents
AP aggregation. In the current study, we have used AB(1-42), which is the most
amyloidogenic peptide, for the formation of oligomers, protofibrils and fibrils. And
also, we planned to map whether C. asiatica inhibits AP aggregation. We used
aqueous extract of C. asiatica as it is traditionally used by local population in Western
Ghats as brain tonic. The present chapter is focused on, i) whether the C. asiatica leaf
aqueous extract prevent the formation of oligomers and aggregates from monomer?
(Phase I: AP(1-42) + extract co —incubation), ii) Whether the C. asiatica aqueous
extract prevent the formation of fibrils from oligomers (Phase II- extract added after
oligomers formation) and iii) whether the aqueous extract dis-aggregates pre-formed
fibrils (Phase III - aqueous extract added to matured fibrils and incubated for 8 days).
The aggregation kinetics was studied using thioflavin-T assay and Transmission
Electron Microscopy (TEM). Our results showed that C. asiatica aqueous extract
could not significantly inhibit the AP aggregation either from monomer and oligomers

and also not be able to dis-integrate the preformed fibrils.

Chapter 5:
Thesis ends with final summary and conclusion of the investigation.
The thesis has following significant findings
1. The role of risk factors in the onset of neurodegeneration in AD is discussed.

The role of diet AD is elaborated (Chapter 1).
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2. The present investigation is focused on AP fragments induced genotoxicity. To
achieve this objective, we used different length AP fragments (1-11, 1-28, 22-35, 25-
35, 17-42, 1-40, 1-42 and 1-43) and the results showed that A} fragments (1-11, 1-28,
1-40 and 1-42) nick scDNA and causes the open circular and linear forms. AP
fragments (22-35, 25-35, 17-42 and 1-43) do not nick scDNA. In presence of Mg,
AP fragments (1-11, 1-28, 1-40 and 1-42) enhanced DNA nicking and while other A}
fragments (22-35, 25-35, 17-42 and 1-43) also showed DNA nicking activity. The
histidine in AB(1-11) is modified using diethyl pyrocarbonate method and assayed for
its DNA nicking ability and the results showed that histidine modified AB(1-11) did
not nick DNA. ATA inhibited only AB(1-42) induced DNA nicking. We further
characterized AP induced DNA instability by studying melting temperature (Tm) and
ethidium bromide (EtBr) binding. The results showed that DNA became unstable in
presence of different fragments of AP as evidenced by changes in the Tm and EtBr

(Chapter 2).

3. DNA stability and conformation are important in the life cycle of an organism. The
DNA instability is postulated to be one of the risk factors for neuronal death in
neurodegenerative disorders. Among all other risk factors, amyloid is one of the most
important risk factor for neurodegeneration. AB(1-42) is implicated in Alzheimer’s
disease (AD). In the present aged (4 yr) New Zealand rabbits are intracisternally
injected with AB(1-42) and are sacrificed after 25 days, when the rabbits developed
AD like behavior. Genomic DNA is isolated from frontal cortex (FC), hippocampus
(H) and midbrain (M) regions of AP(1-42) injected and control rabbit brain and
analyzed. And the results showed that DNA is damaged in FC and H; where as in M,
DNA is in condensed state. The DNA conformation study evidenced the presence of
C, m and y- type DNA in conformations in FC, H and M of A injected rabbit brain
regions respectively. But in control rabbit brain, DNA is in B- conformation in all the
brain regions studied. Magnetic resonance imaging (MRI) studies showed no
significant changes in brain structure between control and AB(1-42) injected aged
rabbit brain regions (Chapter 3A-a). The curcumin and its derivatives and C. crista
and C. asiatica did not protect AB(1-42) induced DNA damage. The effects of CG
andVG on the conformation of AB(1-11), AB(1-28) and AB(25-35) revealed that CG
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and VG induced modified conformations in AB(1-11), AB(1-28) and AB(25-35)
(Chapter 3A-b).

4.The aged (4 yr) New Zealand rabbits are intracisternally injected with AB(1-42).
After 45 days of injection aged rabbit brains are subjected to MRI. The results showed
that there are significant reductions in the thickness of hippocampus, temporal lope,
frontal lobe, and midbrain and increased lateral ventricle volume. All these significant
changes indicate that AP induces brain atrophy mimics AD brain atrophy (Chapter
3B).

5. Amyloid beta (AB) is the major etiological factor implicated in Alzheimer’s disease
(AD). AB(1-42) self assembles forming oligomers and fibrils via multiple aggregation
process. The studies aimed to decrease AP levels or prevention of AP aggregation
which are the major targets for therapeutic intervention. Natural products as
alternatives for AD drug discovery are a current trend. The present study focused on
anti-oxidant, anti-inflammatory and anti-amyloidogenic activities of aqueous extracts

of C. crista and C. asiatica.

6. The aqueous extracts of C. crista and C. asiatica insighted the dose dependent

antioxidant and anti-inflammatory activities (chapter 4A).

7.We focused to understand effect of C. crista leaf aqueous extract amyloid
aggregation. The results showed that C. crista aqueous extract not only found to
inhibit the AB(1-42) aggregation both from monomer and oligomers but also able to

dis-aggregate the preformed fibrils (Chapter 4 B).

8. Further, our present study focused on, 1) whether the C. asiatica leaf aqueous
extract prevents the amyloid aggregation. The aggregation kinetics is studied using
thioflavin-T assay and Transmission Electron Microscopy. The results showed that C.
asiatica aqueous extract could not able to inhibit the AP aggregation both from
monomer and oligomers and also could not able to dis-integrate the preformed fibrils

(Chapter 4C).
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The present investigation provides novel evidence on the role of AP in causing the
genomic instability in vitro and in vivo. AP also induced significant changes in brain
atrophy after 45 days of intracisternal injection of AB(1-42) resembling AD brain
atrophy. The aqueous extracts of C. crista potentially inhibited the formation of
amyloid fibrils from monomers and oligomers but also dis-integrated the pre-formed
fibrils while aqueous extracts of C. asiatica did not do either. The potential role of AP

in neuronal dysfunction has been evidenced.
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Chapter 1

General Introduction



Chapter 1 General Introduction
1.1. Introduction

Alzheimer’s disease (AD) is the most common form of dementia and affects one
in four individuals over the age of 85. AD has multiple etiological factors including
genetics, environmental factors, and general lifestyles [Kalaria et al., 2008], and its
hallmark pathology includes extracellular amyloid B protein (AB) deposition in the
form of senile plaques and intracellular deposits of the microtubule-associated protein
tau as neurofibrillary tangles in the AD brain [Lee, 2001]. The diagnosis of this
disease is based on the characteristic idiopathic psychometric deficits upon clinical
evaluation and further confirmed by post-mortem due to the presence of the
characteristic lesions described above [Selkoe, 2001]. AP is produced by sequential
proteolytic processing of a larger AB protein precursor (APPP) by p-secretase to
generate a large secreted fragment sAPP3 and a 99 aa cellular fragment — CTF[3 — that
includes AP, the transmembrane domain and the intracellular domain of ABPP

[Wilquet and Strooper, 2004].

Recently, there has been increasing support for a role of diets in AD [Gasior et al.,
2006; Lau et al., 2007; Dosunmu et al., 2007]. A number of dietary factors such as
saturated fatty acids [Hooijmans and Kilian, 2008], higher calorie intake [Luchsinger
et al., 2002], and excessive alcohol [Panza et al., 2008] have been reported to increase
the risk of dementia and AD. In contrast, antioxidants, fish, methionine-rich proteins,
and vitamins were identified as protective against the disease [Kalmijn et al., 1997].
Thus the global variation in diet may be linked to differential prevalence of AD
[Grant, 1998]. Several cross-sectional studies suggest a relationship between
particular nutrients and the presence of cognitive changes [Gasior et al., 2006; Lau et
al., 2007; Dosunmu et al., 2007]. However, these need to be confirmed at an

experimental level [Launer et al., 2004].

Interestingly, the same dietary pattern of risk and protection has been long accepted
for metabolic syndrome and cardiovascular risk. In agreement Diabetes and
hyperinsulinaemia are considered as important risk factors for AD [Strachan, 2003].

Among the other risk factors, depressive illness, traumatic head injury [Mayeux et al.,

33



1995], cardiovascular disease [Abellan et al., 2009; Luchsinger and Mayeux, 2004 ],
smoking [ Ott et al., 1998; Merchant et al., 1999], and stroke [ Honing et al., 2003;
Vermeer et al., 2003] are significant issues that may be related to the same risk
factors. Further, the €4 allele variant of apolipoprotein E (ApoE) has been associated
with increased risk in sporadic and familial AD [Mayeux et al., 1993]. As a carrier of

cholesterol, ApoE-&€4 is also a risk factor in cardiovascular disease.

Oxidative stress has been suggested to play a major role in the pathology of AD
[Aksenov et al., 2001; Markesberry, 2003; Markesberry and Carney 1999; Sayre et
al., 2001], and evidence for its mediation includes: 1) generation of free radicals
through metal ions; 2) enhanced lipid peroxidation; 3) increased DNA and protein
damage; and 4) increased tau protein phosphorylation [Sayre et al., 2001]. The human
body has a defense mechanism to cope with oxidative stress, or prevent the onset of
oxidative stress, through endogenous antioxidants derived from enzymatic or non-
enzymatic sources [Buterfield et al., 2002], namely superoxide dismutase, glutathione
reductase, and catalase. The nonenzymatic sources of endogenous antioxidants
include glutathione, uric acid, a-lipoic acids, acetyl L-carnitine, melatonin, and
dehydroepiandrosterone. Endogenous antioxidants also include the products of
reactions catalyzed by enzymes that are up regulated in response to oxidative stress
(e.g., bilurubin) [Buterfield et al., 2002]. Dietary antioxidants and metal chelators
were found to be associated with a reduced AD risk further reinforcing the importance
of dietary stress on the body’s homeostasis pathways and nutritional guidelines for

AD prevention.

Several studies demonstrate that diet has a definite long-term effect on general health
[Vermeer et al., 2003; Leibson et al., 1997]. Although several cross-sectional studies
have indicated that diet plays a role in AD, the long time taken for the pathogenesis of
AD makes it nearly impossible to experimentally demonstrate the specific effects of
diets in AD. In this review, we attempt to define the action of presumably protective
and harmful dietary habits on pathways identified as relevant to AD pathogenesis. A
common theme that has emerged from the analysis is that aging and AD are
associated with excesses in saturated lipids, homocysteine, oxidative stress and other
toxic pathways that appear to result from reduced efficiency of clearance pathways in
general. Thus, a general rule of AD is that moderation is key to disease prevention.
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However, literature also suggests that several specific additions to the diet so help in
AD prevention.

1.2. Role of ABin AD
1.2.1. AP secretion pathways

APBhypothesis is strongly proposed as a risk and pathological mechanism for
neurodegenation in AD. Many drugs are targeted to reduce amyloid load in AD. But
there is no unified hypothesis for AD neurodegeneration. Amyloid hypothesis is still
under debate. AP peptides are produced by proteolysis of BAPP by secretases in
neuronal cells. BAPP is trans-membrane protein which translocates to cell membrane
from cytoplasm after translation. The processing of BAPP follows two pathways
mediated by three secretary enzymes. One pathway is referred to as amyloidogenic,
mediated by [3-secretase and y-secretase resulting in the excess production of AB40
AB42. AP is produced by sequential proteolytic processing of a larger AP protein
precursor (ABPP). The B-secretase cleave at N-terminal ABwhile y -secretase cleave at
c-terminal of AP.The cleavage of APP secretases results variants of AP namely
AB(40)/AB(1-42). The activities of these two secretases on APP to generate a large
secreted fragment sAPPJ and a 99 aa cellular fragment — CTF[3 — that includes AP,
the transmembrane domain and the intracellular domain of ABPP. The other pathway
is non-amyloidogenic, mediated by a-secretase and y -secretase. The cleavage site of
a-secretase in APP is within AP and cleavage within AP results in prevention from
forming full length AP. The N-terminal fragment generated by cleavage by a - or
Bsecretase is called as secreted APP (sAPP)a or APP (sAPP)[B respectively. The
carboxy-terminal fragments (CTF) generated by o- and [ secretase are CTF83 and
CTF99, respectively. The y-Secretase cleavage of CTF83 and CTF99 generates p3
and AP, respectively and also forms amino-terminal APP intracellular domain (AICD)
[Venugopal et al., 2008]. The sAPPawill be produced when a- secretase act on APP.
The function of sAPPais not clearly understood so far. But in vitro studies suggest
that it protects the neurons against oxygen-glucose deprivation and excitotoxicity and

promotes neurite outgrowth, synaptogenesis and cell adhesion [Mattson et al., 1993;

Furukawa et al., 1996, Mattson, 1997; Gakhar-Koppole et al., 2008]. But still no clear
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biologic role has been established for the P3 fragment that is generated by a- and y-
secretase cleavage of APP. The sAPPis the cleavage of APP by [-secretase. The
biological functions of sAPPfis poorly understood. But recent report suggests that
sAPP is involved in development of central and peripheral neurons [Nikolaev et al.,
2009]. The APPp also reported to suppress the neuronal stem cell differentiation
[Kwak et al., 2006]. The carboxy-terminal fragments CTF83 and CTF99 are
generated as result of cleavage by a-and Psecretase respectively. But these c-
terminal fragments have no biologically relevant functions [ Kwak et al.,2006]. The
o-secretase activity is associated with one or more enzymes that belongs to
metalloproteinase domain proteins (ADAM) [Asai et al., 2003; Tanabe et al., 2006].
Among this group, ADAM 9, 10, 17 and 19 are known to posses o-secretase activity.
Currently, it is not clear on the involvement of ADAM in AD. But in mouse model,
over expression of ADAMIO is associated with reduction in AP production,
deposition and in turn lessening cognitive deficits [Postina et al., 2004]. It is
hypothesized that ADAM10 may be a candidate for a-secretase in AD pathology. It
may be also possible that more than one ADAM may be involved in generating
sAPPaAPP is one among many substrates for ADAM family proteins. The other
substrates include N-cadherin [Kohutek et al., 2009], EGFR ligands, TGF-a, notch
and ephrin (Edwards et al., 2008; Le Gall et al., 2009). These molecules are known
to enhance o-secretase. EGCG is one of the molecules, which is known to enhance
activity of a-secretase and to increase frequency of non-amyloidogenic pathway
[Levites et al.,2001]. The Bsecretase activity is mediated by beta site APP cleaving
enzyme 1(BACE1) which is major [ secretase in the brain [Vassar et al., 1999]. A
related enzyme BACE2 is mostly expressed in glial cells and also known to cleave
APP. BACE2 expression levels are low in brain [Laird et al., 2005]. The genetic
ablation of BACEI1 is known to prevent the amyloid pathology in mouse model
expressing Swedish mutation of APP (APP670/671) with mutated PS1. There are
increased levels of expression of BACE1 in AD patients (Holsinger et al., 2002; Yang
et al., 2003). The other substrates of BACE]1 apart from APP are APP —like proteins 1
and 2 (APLP1land 2) voltage gated sodium channel B2-submit, low density lipoprotein

related protein, neuregulin 1, P-selectin glyco-protein ligand-1, and sialyltransferase
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ST6Gal I [Hunt and Turner 2009]. Recently reports showed that cathepsins have [3
secretase activity [Schechter and Ziv 2008; Bohme et al., 2008; Klein et al., 2009].
Additionally, cathepsin- B known to degrade AP[Muller-Steiner et al., 2006]. But
these results are not conclusive and needs further investigation. BACEl is an
aspartyly protease that embedded in membrane which is essential in releasing the
ABfrom APP. The generation of AP results in the over accumulation of AP in the
form of oligomers, protofibrils and fibrils which is the hallmark pathology of the AD
[Cizas et al., 2010)]. But detailed understanding of function and regulation of BACE1
is essential before inhibiting its activity. The BACE1 knockout mice have shown
myelination difficulties and the over-expression of BACEl results in
neurodegeneration. Venugopal et al. [2008] suggested that thorough understanding of
the evolution of the BACE]1 substrates is necessary in directing the drugs that inhibit
the BACE1 which have implications to AD. The y- secretase known to cleave APP in
its intra-membrane region at y- cleavage site to generate AB(40)/ (1-42) or p3 and
AICD59/57, a second cleavage at the e- cleavage site results in AICDS50. y- secretase
is a complex protein of four proteins PS1 or PS2, Nct, Aph-1 and Pen2 [Wolfe, 2008].
PS1 and PS2 have the actual protease activity. PS1 is dominant presenilin in the brain.
The formation of active complex of y- secretase is as follows: First Nct and Aph-1
form complex, then PS binds to this complex. Finally Pen2 will complete the complex
and may facilitate the auto cleavage of PS [Li et al., 2009]. The substrates for y-
secretase other than APP include, Notch, N-cadherin, p75NTR and neuregulin
binding partner ErbB4 [Beel and Sanders, 2008; Wakabayashi and de Strooper,
2008]. Interestingly, y- secretase has been implicated in activating non-neuronal cells
such as astrocytes and microglia during brain injury [Nadler et al., 2008]. This study
shows the involvement of y- secretase in repair mechanisms in brain. These findings
will shed light on the novel role of y- secretase. Further studies are necessary to
validate these findings. Thus there are complex mechanisms involved in the neuronal

cell death in AD as indicated below
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Fig 1.1: Complexities of different pathways of neuronal dysfunction and neuronal
loss in Dementia and Alzheimer’s disease: The beta-amyloid will be released from
APP by the secretases activity leading accumulation of beta-amyloid into plaques.
These plaques causes : (i) elevated the reactive oxygen species leading to oxidative
damage and neuronal loss; (ii) neurite injury and phosphorylation of tau which
causes neuronal dysfunction and (iii) activation of microglia and inflammation
leading to neuronal loss. These pathways lead to dementia and Alzheimer’s disease
[Coutesy of National Institue on Aging website]

1.2.2. ABload in AD

The accumulation of AP in the form of senile plaques is found to correlate with
neuronal loss and brain atrophy and ventricular expansion [Hardy and Higgins, 1992;
Silbert et al., 2003]. The brain atrophy is correlated with cognitive decline in AD. The
studies with AD patients showed a positive correlation between amyloid load and
brain atrophy [Archer et al., 2006; Silbert et al., 2003]. The significant contribution
towards in Vvivo quantification of amyloid came through the development of
Benzathiol derivative, N-methyl [11C] 2-(4’-methyl aminophenyl)-6-hydroxy-

benzothiazole (PIB), which specifically bind to amyloid and can be seen in Positron
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Emission Tomography (PET) scan [Klunk et al., 2001; Mathis et al., 2002; Wang et
al., 2002]. The animal studies confirm that PIB crosses blood brain barrier [ Bacskai et
al., 2003]. The specificity of PIB is that it only binds to aggregated forms of AB[land
not to monomeric forms of AP [Klunk et al., 2003]. The results of two-year follow up
study of amyloid deposition in AD patients suggest that amyloid load is high and
stable throughout. But there is a decline in regional cerebral metabolic rate for glucose
and cognitive function [Engler et al., 2006]. This indicates that amyloid deposition in
AD patients is a dynamic process and reaches equilibrium very early in the course of
AD. These kinds of study will be useful in evaluating drugs for AD. There should be
some correlation between amyloid load in brain and in CSF. The decrease in the
levels of AB(1-42) in CSF is reported in AD [Hampel et al., 2004; Riemenschneider
et al., 2002]. The decrease in levels of AB(1-42) in very early phase of AD makes it a
good biomarker for early detection of AD. The mechanisms by which AB[llevels
decrease is not clear. However it is hypothesized that AP are sequestered in brain
leading to reduced A levels in CSF [Weller, 2001]. The above hypothesis is
supported by increase in senile plaques which is in correlation with reduced AP levels
in CSF [Strozyk et al., 2003]. Unfortunately, lower A levels in CSF is found in other
neurodegenerative disorders such as Creutzfeldt-Jakob disease, amyotrophic lateral
sclerosis and multiple sclerosis [Blenow and Hampel, 2003]. This study revealed that
AP levels in CSF is not specific to discriminate between AD and other
neurodegenerative disorders. The possible explanation is provided by Sottibundu et
al. [2008], where it is shown that soluble AP could able to reduce y-secretase activity
which leads to lesser production of AP. The qualitative measurement of A may not
be sufficient to discriminate patients having AD or not. So, measurement of amyloid
load is necessary. Grimer et al. [2009] reported an inverse linear correlation between
PIB uptake and CFS AP level in AD patients. Additionally, Grimer et al. [2009]
reported that PIB uptake and CSF levels of AB found to correlate strongly in white
and grey matter atrophy. This indicates that CSF levels can be considered as
peripheral biomarker of amyloid pathology. There are reports linking the amyloid
load and APOE in AD. The APOE is a genetic risk factor for sporadic AD [Farrer et
al., 1997]. But the mechanism by which APOE is involved in AD is not clear.

However, APOE is reported to have effect on APP metabolism via cholesterol
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mediation, increase in amyloid aggregation and the neurotoxicity and decrease in the
amyloid clearance [Koudinov et al., 1998; Holtzman, 2001; Yang et al., 1999]. The
transgenic murine brain showed correlation between the increased expressions of
APOE to amyloid load where as human APOE expression showed inverse correlation
to amyloid load [Bales et al., 1997; Holtzman et al., 1999]. Lambert et al. [2005]
reported that increased expression levels of APOE mRNA increased the amyloid load
in AD patients. This is attributed to the polymorphism of APOE promoter.
Interestingly, risk of APOE to AD decreases after age of 65 to 70 years [Farrer et al.,
1997; Champagne et al., 2003]. Recently, Casellia et al. [2010] has reported that non-
demented APOE carriers above 60 years have higher amyloid load in than non-
carriers of APOE. However, no difference is observed regarding the NFT pathology
between APOE carriers and non- carriers. The reduction of amyloid load is known to
improve the cognition and memory at least in transgenic mice AD models. There are
approaches to reduce the amyloid load that includes, reduction of amyloid production,
preventing the amyloid aggregation and enhancing the amyloid clearance. These
approaches have been discussed in the other sections. The unconventional approaches
to reduce the amyloid load have been reported. The unconventional methods include
life style and diet. The physical exercise is known to have positive effects on human
body and is well-established fact. Interestingly, TgCRNDS8 mice subjected to exercise
for five months reduced the amyloid load in frontal cortex and also in hippocampus
[Adlard et al., 2005]. The reduction in the amyloid also correlated to enhanced
learning of TgCRNDS8 mice. This data indicates that life styles have a strong influence
on the onset of AD like pathology. The amyloid plaques near neurons are presented

below.

40



Normal Alzheimer’'s

. '-'r 1
Meurofibrillary g
langles

& Amyloid
i plagues

Fig 1.2: Neurons showing intracellular neurofibrillary tangles and extra cellular

amyloid plaques (Courtesy from www. Healthyfellow.com/188/ alzheimers-disease).
1.2.3. AP induced neurotoxicity

The toxicity of AP depends on form of AP ie whether oligomer or fibril form. The
recent understanding on amyloid hypothesis suggests that oligomeric form of AP is
more toxic than fibrils. The neurotoxic effects of Af can be divided into three
sections, A effects on 1) Free radical accumulation, ii) Altered calcium homeostasis
and iii) inflammatory response. i) Free radical accumulation: The AP generates free
radical by the mechanism, which is not clear. The possible mechanism is that it A}
gets inserted into neuronal and glial membrane bilayer and generates oxygen
dependent free radicals. The free radicals once generated attack lipid and proteins,
causes lipid peroxidation and protein oxidation respectively [Varadarajan et al.,
2000]. AP is known to induce production of H,O; in cultured hippocampal neurons
[Mattson et al., 2000] and in neuroblastoma cultures [Behl et al., 1994]. The oxidative
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modifications of proteins in AD include advanced glycation end products (AGEs) and
AGEs are known to increase DNA oxidation and membrane lipid peroxidation
[Halverson et al., 1990]). ii) Altered Calcium homeostasis: There are many reports
which claim that the AP disrupt cellular ion homeostasis. AP toxicity is mediated via
altering the calcium influx by forming pore formation and also potentiation of calcium
channels [Mattson et al., 1992; Vitek et al., 1994; Weiss et al., 1994]. The neurons
exposed to AP showed sensitive to excitatory aminoacids and membrane
depolarization [Mattson et al., 1992; Weiss et al., 1994; Mattson, 1994]. Calcium is
an important messenger in brain and it also involved in neuronal development,
synaptic transmission, neuronal plasticity and regulation of many metabolic pathways.
There are reports on the association of senile plaques and neurofibrillary tangles with
altered cellular calcium homeostasis both in cell culture models and in AD patients
[Mattson and Chan, 2001]. iii) Inflammatory Response: The activated microglial cells
and reactive astrocytes are found to be associated with neuritic plaques. These
represent the inflammatory response mediators in AD [Chong et al., 2001]. Immune
activation and inflammatory markers are significantly elevated in AD brains
compared to age matched controls [Dumery et al., 2001]. It is reported that microglia
from human AD brain exposed to AP found to secrete inflammatory mediators such
as cytokines, complements and chemokines [Lue et al., 2001]. In vitro studies suggest
that AB induce inflammatory response in AD [Lue et al., 2001]. The literature on
genotoxicity of amyloids is scant. The available reports on genotoxicity of amyloids
suggest that amyloids translocate to nuclear region [Gouras et al., 2000; Grant et al.,
2000]. Hegde et al. [2004] has reported the presence of AP in nuclear region of AD
brain sample and interaction with DNA has resulted in change in DNA conformation
(Hegde et al., 2004). Anitha et al. [2002] also reported that DNA from hippocampus
of AD patient in Z-DNA conformation. Buckig et al., [2002] has reported presence of
aggregated AP(1-42) in the neucleus of CHO cells. The role of Amyloids in nucleus
was not known. So, in vitro studies suggests that AB(1-42) cause DNA damage by
nicking [Suram et al., 2007]. In vitro studies suggest that low concentrations of A
cause neuronal apoptosis with DNA condensation [Zeng et al., 2004; Blanc et al.,
1997]. Yu et al. [2007] reported that AB(40) time dependently condensed the DNA in

vitro and suggests that it is one of the mechanism of AB(40) induced genotoxicity. A
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surface plasmon resonance study showed that all the soluble forms aggregates of
AB(1-42) bind linear double stranded calf thymus DNA [Barrantes et al., 2007]. The
role of AB(1-42)-DNA interaction is less understood. The general mechanisms of
toxicity suggested include: oxidative stress [da Silva et al., 2005], production of toxic
species [Ribe et al., 2005; da Silva et al., 2005] and apoptosis induction [Ohyagi et
al., 2005]. The intra-cellular AB(1-42) binds and activates p53 promoter, which
results in neuronal cell death [Ohyagi et al., 2005]. The above information on nuclear
localization of APand its binding to DNA property and alteration of DNA
conformation will gives an alternate pathways to AD neurodegeneration. The

following MRI images shows the brain atrophy.
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Fig 1.3: MRI images of normal and AD brain showing thickness and volume
differences: The AD brain shows increased atrophy and increased lateral ventricle
volume compared to control (Coutesy of Federation of American Socities For
Experimental Biology).

1.2.4.AP as drug target

The currently available FDA for AD approved drug includes tacrine, donepezil,

rivastigmine and galantamine and their use is restricted to USA. These drugs are
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acetyl-cholinesterase inhibitors, which act indirectly on AD pathology. AP has been
the main target of drug discovery in AD. There is a three lines of targeting the Af; 1)
reducing its production by altering or inhibiting the APP processing pathways
[already covered in previous section], (ii) Abolishing or inhibiting aggregation and
(ii1) enhancing the clearance of AP which is previously accumulated. These strategies
are presently employed to slow the progression of AD. The molecules that interact
with AP and reduce its aggregation and accumulation there by preventing amyloid
induced synaptic dysfunction and neurotoxicity is of therapeutic significance [Rafii
and Aisen, 2009]. Tramiprosate is the first ant-amyloidogenic drug that reached
pivotal clinical trails [Gervais, 2004]. It is a glycosaminoglycan mimetic that binds
AP monomers, not only prevents the formation of aggregates but also and enhance the
clearance of preformed AP aggregates there by prevents neurotoxicity [Gervais,
2004]. In phase II, Tramiprosate decreased AP(1-42) levels in CSF of AD patients
[Aisen et al., 2006]. Phase II trials for Tramiprosate is conduced in North America by
including 1052 patients with mild to moderate AD. These patients are randomly given
placebo or 150 mg or 100mg of Tramiprosate twice in a day. Even though the patients
well tolerated for the drug, but it fails to demonstrate beneficial effects such as
improvement in cognitive function. The reasons for the failure of the study are
attributed to unexplained variance. So, further trails are not planned based on this
mechanism. Scyllo-inositol is another anti-amyloid aggregation drug that has shown
promising results in clinical trials [McLaurin et al., 2000]. Another important lines of
targeting AB(1-42) is immunotherapy. The antibodies that bind amyloid in blood and
draw them form the brain through blood brain barrier by receptor mediation. The
animal studies have shown that heparin and gelsolin are thought to trap AP[land
reduce APaccumulation in the brain [DeMattos et al., 2002]. In phase II trail of first
generation amyloid vaccine AN-1792 (Elan/ Wyeth), active immunization is done
using an aggregated APas immunogen. The results showed that AD patients
developed positive immune response and continued over one year. Additionally, those
AD also showed improvement in psychological tests [Gilman et al., 2005]. But the
study is discontinued because 6% of the AD patients developed aseptic
meningoencephalitis. The second-generation vaccine ACC-001 (Elan/Wyeth), having

acceptable safety profile is used. This immunogen is a short A sequence which is
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likely to prevent induction of toxic cellular immune response. Phase II trial is ongoing
and results are awaited. The passive immunization known to offers more efficacy and
safety compared to active immunization. Because, passive immunization incorporates
monoclonal anti- AP antibodies intravenously. One such monoclonal antibody,
ineuzumab (Elan/ Wyeth) has undergone phase II trails and the results are
encouraging and phase I1I trails are just launched.Af} is known to cause inflammation
and neuronal cell death via binding to receptors for advanced glycated end products
(RAGE) (Chen et al., 2007). Experimental results showed that blocking AB- RAGE
binding by RAGE—-antagonist, PF-04494700 found to decrease amyloid accumulation
and neurotoxicity [Chen et al., 2007]. So, RAGE-antagonist, PF-04494700 is
presently undergoing phase II clinical trails to determine its potential for AD therapy.
The decreasing the A} production by inhibiting y- secretase: among the approaches to
reduce AP levels in brain reducing its production is major approach. Y- secretase
cleaves APP at one end of AP sequence and its activity is indispensable for AP
generation in brain. So, inhibiting y- secretase will reduce AP generation.
Terenflurbil is inhibitor of y- secretase activity and it is a enanatiomer of flurbiprofen
[an non steroidal anti-inflammatory drug]. Terenflurbil is well tolerated in phase II
clinical trials involving mild to moderate AD. But they did not show beneficial effect
on cognitive function [Wilcock et al., 2008]. Other y- secretase inhibitor that is under
phase II study is semagacestat ( LY450139). This has shown inhibition of y-secretase
activity, which resulted in significant reduction in amyloid production in blood and
CSF [Fleisher et al., 2008]. But inhibtion y- secretase activity also inhibit notch
cleavage which is a cause of concern [Wolfe, 2008]. The two major pathological
features in AD include senile plaques and neurofibrillary tangles. The therapeutics for
AD should include targeting both amyloid and tau protein which is constituents of
senile plaques and neurofibrillary tangles respectively. Methyline blue (Rember) is
known to interfere with tau aggregation is investiaged for its efficacy [Wischik et al.,
1996]. The results of Phase II trail of methyline blue showed its benefits in the subset
of participants [Gura, 2008]. Phase III trails are underway to know its benefits,

efficacy and safety of methyline blue.
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NORMAL ALZHEIMER'S

Fig 1.4: PET scan images of normal and Alzheimer’s disease: In case of AD brain
reduced glucose metabolism shown as reduction red colored areas compared to
control (Images are courtesy of Alzheimer’s disease Education and Referral Centre,
National Institute on Aging).
1.3. Oxidative stress and AD
1.3.1. Mitochondria and oxidative stress

Oxidative stress is the result of imbalance between antioxidants and free radicals in
AD [Markesbery, 1997]. Oxidative stress is one of the earliest events in AD [Smith et
al., 2000]. Oxidative stress associated with mitochondria is further triggered by
neurodegenerative process, metabolic demand and age. Further ageing is the risk
factor for neurodegeneration and AD. The products of oxidative damage are known to
be associated with A deposits and NFT. Mitochondria are known as a powerhouse
of a cell as it generates energy. Mitochondria are an important source of oxidative
stress as it generates free radicals. Free radicals are formed due to incomplete
reduction of oxygen during the respiration process in mitochondria. Approximately
1% of molecular oxygen, which is entering respiratory chain, is incompletely reduced

leading to the formation of superoxide [Boveris and Chance 1973].The mitochondria
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contribute reactive oxygen species in the form of O*, and H,O,. The evidences
suggest that mitochondrial dysfunction in AD is attributed to abnormalities in
mitochondrial genome [Corral-Debrinski et al., 1992; Davis et al., 1997] or
deficiencies in key mitochondrial enzymes [Sorbi et al., 1983; Sheu et al., 1985; Blass
et al.,, 1990; Parker et al., 1990]. The conversion of toxic O, is mediated by
mitochondrial superoxide dismutase-1. This enzyme is found to be defective in AD.
The reduced function of mitochondria in AD is attributed to accumulation of APP in
mitochondria [Ananthatheerthavarad et al., 2003; Devi et al., 2006; Keil et al., 2004;
Park et al., 2006]. Additionally, APP695 accumulation in human cortical neuronal
cell line was linked with reduced membrane potential decreased ATP generation and
reduced cytochrome c activity [Ananthatheerthavarad et al., 2003]. Also, amyloid is
found in mitochondria of human AD brain [Lustbader et al., 2004; Devi et al., 2006]
and in AD transgenic mice [Caspersen et al., 2005; Manczak et al., 2006; Crouch et
al., 2005]. There is a direct link between AP and mitochondrial dysfunction. AP
interacts with A binding alcohol dehydrogenase (ABAD) of AD patients and in
transgenic mice and inhibits its activity [Lustbader et al., 2004]. X-ray
crystallographic studies showed that AP compete with nicotinamide adenine
dinucleotide for active site in ABAD which further leads to oxidative stress
[Lustbader et al., 2004]. Both in vitro and in vivo studies revealed that AP in the
mitochondria is associated with increased levels of hydrogen peroxide, decreased
cytochrome c activity and higher levels of carbonylated proteins [Manczak et al.,
2006]. The ABAD has significant physiological role in mitochondria and mutational
inactivation results in lethal phenotype in Drosophila [Torroja et al., 1998]. ABAD is
up-regulated in affected neurons in AD and co-expression of APP with mutant
amyloid APP exacerbates A} induced cellular oxidant stress and cell death [Yan et
al., 1997; Yan et al., 1999].These data suggests that there is a interaction between A3
and ABAD which resulted in mitochondrial dysfunction. The transgenic mice over-
expressing ABAD in presence of high AP concentration results in elevated neuronal
oxidative stress and impaired memory (Lustbader et al., 2004). Free radicals
generated by as result of mitochondrial dyfunction attack macromolecules such as
proteins, DNA, RNA and lipids [Aksenov et al., 2001; Ding et al., 2006, Markesbery
etal., 2005; Wang et al., 2006]. Additionally, AB accumulation in mitochondria leads
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to decreased activities of complex III and complex IV and it is associated with
reduced oxygen consumption [Caspersen et al., 2005]. Inhibiting the complex IV and
ol ]-ketoglutarate dehydrogenase results in increased reactive oxygen species
production [Lin and Beal, 2006]. Oxidative stress in Down’s syndrome (DS) and
AD: Downs syndrome is neurogenetic disorder characterized by abnormalities in
children leading mental retardation and premature aging. Children suffering from
Down’s syndrome is known to have congenital malformations in addition to
leukemia’s, cataracts and growth retardation [Roizen and Patterson, 2003].
Additionally, immune disorders such as Celiac disease, thyroid dysfunction and
diabetes mellitus has been found to be associated with DS [Zana et al., 2006].
Genetically, DS is characterized by trisomy of short arm human chromosome 21. This
means the genes that are present in the human chromosome 21 has double copy of the
genes than in normal persons. The genes that are present in the human chromosome
21 which are associated with DS are APP and cytoplasmic enzyme cu2+ /Zn2+ super
oxide dismutase [SODI1] coding genes. Higher expression of these two genes is
correlated with increased oxidative stress in DS [Schuchmann and Heinemann, 2000].
The gene dosage effect infers that there is a alteration in the homeostasis of specific
individual gene or small group of genes responsible for onset of Down syndrome
[Schuchmann and Heinemann, 2000]. This indicates that an extra copy of genes that
matters, rather than the consecutive expression of genes [korenberg et al., 1990;
Reeves et al., 2001]. Evidence suggests that Down syndrome is a risk factor for AD
[Bush and Beal 2004]. Oxidative stress may play a common role both in DS and AD.
SODI1 plays significant role in converting toxic oxygen radical (O*;) to molecular
oxygen (O;) and hydrogen peroxide (H,O;). Hydrogen peroxide will be further
converted to hydroxyl radical and water by catalase and glutathione peroxidase in the
barin [Zana et al., 2006]. All these enzymes will be in homeostatic condition in
normal persons, while in DS there is double dose of SOD1 which creates imbalance
among SODI, catalase and glutathione peroxidase. This leads to over accumulation of
hydrogen peroxide which in turn leads to oxidative stress. The over-expression of
APP in DS may be a protective toil in DS. APP is known to protect the neurons

against oxidative stress induced deleterious affects [Isacson et al., 2002].
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1.3.2. Why brain is susceptible for oxidative stress?

Oxidative stress is a process leading to the production of reactive oxygen species,
where it causes molecular damage can leading to altered biological functions
[Rottkamp et al., 2000]. The brain is rich in unsaturated fatty acids, thus it is prone to
oxidative stress. The degree of unsaturation of fatty acids in the brain is more prone
to oxidative stress than the number of fatty acids [Barja, 2004]. The unsaturated fatty
acids in the macromolecules such as mitochondria and nucleus are more sensitive to
free radical damage [Barja, 2004]. So, this indicated that decrease in degree of
unsaturation (number of double bonds) decreases oxidative damage by free radicals.
The main source of free radical generation in AD is mitochondria. Both complexes |
and II of mitochondria leak radicals, which contribute to radical pool. The decrease in
the activity of cytochrome oxidase is well documented in AD [Parker et al., 1994;
Cardoso et al., 2004]. Other antioxidant enzymes which are decreased their activity in
AD include pyruvate dehydrogenase, glutamine synthetase, creatine kinase and
aconitase [Sorbi et al., 1983; Kish, 1997; Gibson et al., 2000]. Redox-active metals
such as Fe and Cu are involved in the production of reactive oxygen species in the
brain and the levels of Fe and Cu are high in brain tissues. Iron (Fe) and copper (Cu)
are implicated in the formation of oxygen free radicals and damage tissue in AD brain
[Smith et al., 1997]. In particular, it is reported to be important cause of oxidative
stress in AD [Lovell et al., 1998] Fe gets accumulated in neurofibrillary tangles
(NFTs) as well as in AP deposits [Good et al., 1992]. Aluminium (Al) is also found to
accumulate in NFT containing neurons [Muma and Singer, 1996; Garruto et al., 1984]
and found to stimulate the Fe—induced lipid peroxidation [Oteiza, 1994]. There are
reports on increased levels of Zn (II), Fe (III) and Cu (II) in the neuropil and senile
plaques in the AD brain [Castellani et al., 1999]. Al is also known to aggravate the
free radical damage already initiated by Fe [Rao et al., 1999]. It increases the
production of free radicals primarily through the Fenton reaction between hydrogen

peroxide and abridged transition metals [usually iron( II) or copper (I)] [Fenton,1984

1.

H,0, +Fe? + 0O** + Fe’'
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The responses to oxidative stress in AD include activation of stress activated protiein
kinase [SAPK]. SAPK is the main mediator of defense mechanism against the
oxidative stress in AD [Moreira et al., 2005]. The nuclear localization of JNK/
SAPK in neurons confirmed that these pathways have definite role in mediating

oxidative stress.

1.4.Genes and AD: Alzheimer’s disease can be divided in to familial and sporadic
forms. In the familial form of AD, more than one person in the same family is
affected with AD. In case of sporadic form, only one person in the family is affected
with AD. Only 20% of the AD is familial form and remaining is sporadic form [Bird,
2007]. The involvement of three genes in the cause of familial AD is well established
(Goedert and Spillantini, 2006). These genes are known contribute significantly to
the onset of familial AD. These three genes include APP gene, PS1 gene and PS2
gene. Mutations in APP accounts for 10-15% of familial Alzheimer’s disease [Bird,
2007]. The PSEN (presenilin) gene codes for proteins that cleave APP. PS1 codes for
[-secretase, which cleaves at N-terminal of A in APP and PS1 is located in human
chromosome 14. PS2 codes for complex protein called y[-secretase which cleaves at
C-terminal of AP in APP and it is located in human chromosome 1. The mutations in
PS1 accounts for 30-70% of the familial Alzheimer’s disease, while mutations in PS1
accounts for approximately 5% of familial Alzheimer’s disease. Inheritance of APP,
PS1 and PS2 follow an autosomal dominant pattern and results in development of
familial Alzheimer’s disease [Bird, 2007]. The offspring of familial Alzheimer’s
disease affected parent have 50% chance of inheriting and developing to familial
Alzheimer’s disease. But all the familial Alzheimer’s disease patients did not show
mutations in APP, PS1 and PS2. The other genes that are considered as risk factors
for AD includes, apolipo-protein E (ApoE € 4 variant) [Porier et al. 1996], a-
macroglobulin [Blacker et al., 1998], K-variant of butyryl-cholinesterase [Lehman et
al., 1997]. Uhrig et al. [2009] reported new genes. NEUROG?2 and KIAA0125 which
are responsive to AP. They demonstrated the expression levels of NEUROG2 and
KIAAO0125. Their expression levels are inversely proportional and are altered by ratio
of AB42/ AP40. The increase in AB42/ AP40 ratio increases the expression levels of
NEUROG?2 and down regulates KIAA0125. While decrease in AB42/ AB40 decreases
NEUROG?2 and up regulates KIAA0125. They speculated that KIAA0125 could be
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involved in neurogenesis while NEUROG?2 is involved in the development of neural
processes. This information will suggests that AP regulates other genes and there may

be many more to explore.

1.5.Diet and AD
1.5.1.Caloric restriction (CR) and AD

The first lesson in moderation comes from calorie restriction. Energy requirements
decline progressively after early adulthood, because of cessation of growth and a
decrease in basal metabolic rate and physical activity. The average energy
requirement for an adult is 25 kcal/kg/day whereas for children it is the sum of 100
kcal/kg/day for the first 10 kg, 50 kcal/kg/day for the second 10 kg and 20 kcal/kg/day
beyond 20 kg [Gillenwater et al., 1991]. It has been shown that calorie allowances
will be reduced by 5% per decade between 35 and 55, 8% per decade between 55 and
75 and a further 10% beyond 75 years of age although this may vary considerably
based on physical activity and other characteristics [Rovio et al., 2005]. Dietary
excess is known to influence the onset and progress of age related diseases like
diabetes, obesity and vascular diseases and actually has been shown to reduce life-
spans [Sun and Alkon, 2006; Leibson et al., 1997; Peila et al., 2002]. CR known to
reduce the production of reactive oxygen species in animals by modulating
neuroinflammation and oxidative stress [Lee et al., 2000; Morgan et al., 1999], and
CR is reported to have neuroprotective effects in young rodent models of
neurodegenerative disease [Bruce- Keller et al., 1999; Mattson, 2003]. Furthermore,
CR activates intercellular neurotrophic signaling mechanisms and thus provides
neuroprotection [Mattson, 2000]. Recent studies strongly suggest a link between diets
and AD leading to the notion that CR may delay or prevent AD [Luchsinger et al.,
2002; Engelhart et al., 2002; Gustafson et al., 2002; Grant, 2004; Mattson et al.,
2002]. There is still a debate about whether CR works to increase life span, and by
extension, other benefits in humans although the bad effects of dietary excess remain
unchallenged [Lee et al., 2000]. Nevertheless, data from population based studies
suggest that a lower calorie intake leads to a lowered risk of AD and PD [Luchsinger

et al., 2002; Bruce- Keller et al., 1999; Logroscino et al.,1996]. CR is known to
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induce neuroprotective molecules that have a role in resistance of neurons to
oxidative, metabolic, excitotoxic and apoptotic insults [Lee et al., 2000; Duan et al.,
2001; Yu and Mattson, 1999; Lee et al., 2002]. CR is known to induce expression of
several different neurotrophic factors like brain derived neurotrophic factor (BDNF)
in brain cells [Lee et al., 2000]. Rats maintained on CR show increased levels of
brain-derived neurotrophic factor in neurons in cerebral cortex, hippocampus, and
striatum [Lee et al., 2002; Duan et al., 2003]. BDNF has been reported to have role in
enhancing memory and learning, and protects neurons against oxidative and metabolic
insults and is also known to stimulate neurogenesis [Lee et al., 2002; Duan et al.,
2003]. Studies also show reduced levels of brain-derived neurotrophic factors in
patients with AD and PD [Hock et al., 2000; Howells et al., 2000]. There is a
substantial amount of data accumulating in favor of increase in life span by
stimulating silent mating type information regulation-2. The silent mating type
information regulation-2 is required in some species for enhanced life span [Hunt et
al., 2006]. CR has also been demonstrated to be capable of reducing the amyloid and
NFT lesion load of animal models suggesting that it may directly affect the
pathogenesis of AD [Qin et al., 2006; Halagappa et al., 2007]. However, there is a
need for more data generation on calorie restriction and its benefits to the brain. The
mechanism by which CR modulates AD is not clear, however, it is postulated that CR
increases synaptic plasticity, anti-inflammatory mechanisms and inducing
neuroprotective factors [Gillette-Guyonnet and Vellas, 2008]. CR was shown to
protect the age-related loss of neurons in AD [Wu et al., 2008]. They also observed
that CR could reduce the enlargement of ventricles, caspase activation and astrogliosis
[Wu et al., 2008]. From the above findings it indicated that CR could increase
neurogenesis [Levenson and Rich, 2007] but, before we come to consensus, we
should also analyze and quantify the long-term effects of CR in adults [Gillette-
Guyonnet and Vellas, 2008].

However, before rushing to advocate CR as a treatment paradigm it is important to
recognize that the treatment may be too late and even be counterproductive. AD
patients commonly develop abnormal eating behaviors [Blandford et al., 1998] that
include anorexia nervosa and bulimia nervosa [Riviere et al., 2002]. Studies indicate
that dietary intake of nutrients is poor in older adults who convert to early stage AD as
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compared to their cognitively intact counterparts [Shatenstein et al., 2007]. Indeed
weight loss may be an early indicator of AD prior to dementia [Luchsinger and

Gustafson, 2009].

It is important to emphasize that little is known about the factors correlated with
ecating difficulties in AD. Riviere and colleagues [Riviere et al., 2002] conducted a
one-year investigation to understand the factors responsible for adverse eating
behavior among AD patients living at home with caregivers. This study involved 224
patients and their caregivers. Eating difficulties were assessed using the eating
“Dependency Scale and Averse Eating Behavior Inventory”. The study found two
significant associations which include: 1) eating difficulties and age of the caregivers
and ii) severity of the disease and psychological function of the patients [Riviere et
al., 2002]. They analyzed the data using the regression analysis and found positive
correlation between adverse eating behavior and initial caregivers burden. There was,
however, an inverse correlation between memory impairment and adverse eating
behaviors. Thus, both cognitive impairment and family stress can help in predicting

that AD patients living at home develop adverse eating behavior.

1.5.2.Lipids and AD

Lipids have two major functions in the cell: they are reservoirs of chemical energy
stored as fat and they are the structural components of cell membranes. Lipids also act
as signaling molecules through steroid hormones and eicosanoids. Lipid metabolism
plays a key role in AD through the ApoE-¢4 allele, one of the genetic risk factors for
AD [Basset and Montine, 2003; Puglielli et al., 2003; Jarvik et al., 1995; Pentaceska
et al., 2003]. The transport of lipid in blood, brain and cerebrospinal fluid is
modulated by ApoE [Jarvik et al., 1995; Marshall et al., 1996]. There is also an
important association between dietary factors and ApoE polymorphisms, which gives
a clue as to why we should consider dietary fat uptake patterns in different
populations [Farrer et al., 1997]. There is a hypothesis that one dose of ¢4 allele in the
brain increases AD risk by 2-3 times, two doses of €4 allele provides a 12-15 times

higher risk [Farrer et al., 2003; Petot et al., 2003].

53



An interesting study has been conducted to assess the risk factors throughout adult
life based on a life history questionnaire; it includes medical, occupation, activity
level, education, smoking and dietary habit questions [Lopez-Miranda et al., 1994].
The investigations have obtained lifestyles pattern for three age groups: 20-39, 40-59
and 60 + or 5 years prior to AD diagnosis for cases. They indicated that healthy
controls with the ApoE ¢4 allele consumed less total and saturated fat between the
ages of 20 and 60 years than those without the &4 allele [Lopez-Miranda et al., 1994].
The consumption of higher fat through diet during mid-life may therefore reduce the
risk for AD than for those without the e4 allele. This may indicate a protective effect
of the ApoE &2 allele and €3 allele due to the modulating effects of ApoE on LDL
cholesterol level [Campos et al., 2001; Hu and Willet, 2007]. The intake of non-
hydrogenated unsaturated fats, low intake of hydrogenated and saturated fats and high
intake of n-3 polyunsaturated fatty acids from fish or vegetable sources may lower the

risk of vascular dementia as well [Lim et al., 2005].

A relationship between reduced risk of AD and a diet rich in docosahexaenoic
acid (DHA) and omega-3 essential polyunsaturated fatty acid was reported [Calon et
al., 2004]. Furthermore, a possible role for DHA in preventing lipid peroxidation and
in reducing the accumulation of AP in the cortico-hippocampal region in the mouse
model was hypothesized [Kitjka et al., 2002]. It has also been shown that DHA plays
a role in the expression of signal transduction molecules [Puskas et al., 2003].
Additionally, DHA is known to stimulate the expression of transthyretin, a protein
involved in the transport of thyroxin. Transthyretin has an affinity for A and possibly
stimulates the clearance mechanism of AP [Schroeder et al., 1995]. These
observations support the need for further research to understand the therapeutic

potential of DHA in AD.

Cholesterol is present in specialized membranes of myelin and in the membranes
of neuronal and glial cells present in the brain (approximately 25% of the total
cholesterol of the human body) [Porter et al., 1996; Yeagle, 1991; Mitchell et al.,
1990; Brown and Golgstein, 1997; Rouser et al., 1972]. Alterations in the metabolism
of cholesterol are reported to be associated with age [Sakakihara and Volpe, 1985;
Roth et al., 1995; Igbavboa et al., 1996; Lutjohann et al., 1996; Reiss et al., 2004;
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Mason et al., 1992] and have been shown to play a role in the pathogenesis of AD
[Jarvik et al., 1994; Koudinov and Koudinov, 2001; Puglielli et al., 2001]. Recent
reports show a link between cholesterol and ABPP processing pathways [Bodovitz
and klein, 1996; Nuan and Small, 2002]. An increase in dietary cholesterol levels
increase secreted ABPP derivatives, namely sABPPa and sABPP in mouse brain and
modulate the levels of major secreted AP forms AB4y and ABs, [Bodovitz and klein,
1996] Recent studies suggest that B- and y-secretase may be regulated by isoprenoid
that are synthesized in the cholesterol biosynthesis pathway in addition to cholesterol

[Cole et al., 2005; Refolo et al., 2000].

Transgenic mouse models over expressing human ABPP, and maintained on a diet
rich in saturated fats and cholesterol, have shown an increased accumulation of Af
alone or in combination with other AD-related proteins [Granholm et al., 2008].
Additionally, the dietary fats (saturated fat, hydrogenated fat and cholesterol) are
reported to be involved in the impairment of memory and hippocampal pathology in
the rat brain [Patil and Chan, 2005]. Conversely, inhibition of cholesterol synthesis

reduces amyloid load.

Though the etiology of AD is still elusive, reports have strongly linked the role of
cholesterol and ApoE in ABPP processing. Elevated levels of saturated fatty acids in
AD and its role in hyperphosphorylation of tau were reported [Panza et al., 2004]. To
examine free fatty acid induced hyperphosphorylation of tau, they studied primary rat
cortical neurons in untreated (control) and treated neurons with 0.2mM of either
palmitic or stearic acids for 24h. The findings indicated that astroglia mediated
oxidative stress is found to be involved in free fatty acid-induced
hyperphosphorylation of tau in primary neurons. Further, it was reported that
saturated fatty acids might induce aggregation of tau, as well as AP [Panza et al.,
2004]. A study indicated that higher intake of saturated fatty acids may be a risk
factor for AD [Reaven et al., 1994]. However, the question is whether or not a higher
intake of polyunsaturated fatty acids and monounsaturated fatty acids will reduce the
risk for AD. A word of caution is the quantity of uptake of polyunsaturated fatty acids

and monounsaturated fatty acids, and their link to atherogenesis. As an example, a
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high intake of linoleic acid, which is n-3 polyunsaturated fatty acids, may increase the
susceptibility of LDL cholesterol to oxidation leading to atherogenesis [Arendash et
al., 2007]. The recent report suggests that diet rich in omega-3 fattyacids or use of fish
oil supplements (DHA and EPA), did not protect against AD. But the dietary fish may
contain nutrients, other than DHA and EPA, that may provide some protection

against AD [Pappolla et al., 2003].

In conclusion, lipids have a complex relationship with AD. Some appear to be
protective whereas others such as cholesterol appear to be harmful. The relationship is
however even more complex with some of the effects of cholesterol attributable to
intermediates in cholesterol biosynthesis such as isoprenoids. Interestingly, the
relationship between AD and cholesterol epidemiology is complex with almost no
difference between normal controls and AD. However, high levels of cholesterol in
middle age has been linked to higher risk for AD in later life [Mielke et al., 2005].
Further complicating the picture is the finding that high cholesterol late in life is
actually linked to a reduction in AD risk [Sambamurti et al., 2005] suggesting that
AD is likely linked to a rapid loss of cholesterol with age [Rottkamp et al., 2000].

1.5.3.Metal chelators in AD

The brain is rich in unsaturated fatty acids, and thus it is prone to oxidative stress.
Redox-active metals such as Fe and Cu are involved in the production of reactive
oxygen species in the brain, and the levels of Fe and Cu are high in brain tissues.
Oxidative stress is a process leading to the production of reactive oxygen species,
where it causes molecular damage leading to altered biological functions [Smith et al.,
1997]. Moreover, Fe and Cu are implicated in the formation of oxygen free radicals
and damage tissue in AD brain [Good et al., 1992]. Fe accumulates in neurofibrillary
tangles (NFTs) as well as in AP deposits [Muma and Singer, 1996]. Aluminum (Al)
also accumulates in NFT-containing neurons [Garruto et al., 1984; Oteiza, 1994 ] and
is found to stimulate Fe-induced lipid peroxidation [Castellani et al., 1999]. There are

reports on increased levels of Zn (II), Fe (III), and Cu (II) in the neuropil and senile
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plaques in the AD brain [Rao et al., 1999]. Al is also known to aggravate the free
radical damage already initiated by Fe [Sparks and Sheurs, 2003].

Interestingly, metals such as Cu (II) appear to facilitate the cholesterol-mediated
increase in amyloid pathology [Lahiri et al., 2008]. Early exposure to Pb is also
implicated in increased amyloidosis by increasing APP expression [Hedge et al.,
2009]. Several dietary spices are known to act as metal chelators and may therefore be

protective against dementia [Butterfield et al., 2002].

1.5.4.Vitamin E and AD

The body’s defensive system against oxidative stress includes molecules called
antioxidants that are also known as free radical scavengers. There is still a debate
regarding the role of reactive oxygen species related to neuronal damage. Considering
that oxidative stress can be a primary event, the role of dietary antioxidants in
combating oxidative stress in AD is discussed below. Additionally, the dysregulations
of metabolic pathways in the aged brain will lead to reduced synthesis of defense
molecules to combat oxidative stress. The major questions a still to be understood are:
What are the regulatory molecules of the metabolic pathways in aged brain that are
susceptible to oxidative damage? What are the homeostatic mechanisms make

neurons resistant to oxidative damage?

Studies have reported the role of antioxidants in lowering the risk of stroke and
AD [Ascherio, 2000; Hirvonen et al., 2000; Zandi et al., 2004; Kedar, 2003]. The
change in the concentration of antioxidants in neurodegeneration may be a primary or
secondary event in relation to dietary intake [Kedar, 2003]. Studies have established a
relationship between the plasma concentration of antioxidants and cognition
[Luchsinger et al., 2003; Cavallini et al., 1978]. Studies indicate that the various
antioxidant supplements could be effective in reducing oxidative stress [Fusco et al.,

2007; Joesph et al., 1998].

Notably, the level of vitamin E in plasma of AD patients is 18.65+3.62 mmol/L
compared to age-matched controls 30.03+£12.03mmol/L [Morris et al., 2005; Peterson
et al., 2005]. It has been shown that long term feeding of rats (from 6 to 15 months of
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age; F344 rats) with a supplemented AIN-93 diet (strawberry or spinach extract (1-2
% of the diet) or vitamin E (500 IU), have protected against age-related changes in
cognitive functions. Furthermore, the supplemented diet could prevent the onset of
age related deficits in several indices, including cognitive behavior and performance
with the Morris water maze [Morris et al., 2005; Peterson et al., 2005]. However,
Petersen and colleagues [Young and Greenwood, 2001] indicated that vitamin E had
no beneficial effect in patients with mild cognitive impairment [Young and
Greenwood, 2001]. In a double blind study [Young and Greenwood, 2001], subjects
with mild cognitive impairment were given 2000 IU of vitamin E daily, 10 mg
donepezil daily, or a placebo for three years. The overall rate of progression from
mild cognitive impairment to full clinical AD was 16% per year, and, importantly,
there was no difference between subjects on the placebo and subjects who received
vitamin E over a period of three years. These studies disagree on the validity of
vitamin supplements to AD patients and, thus, more research is essential to

understand further.

Researchers across the globe are interested in elucidating the protective potential
of vitamin E and vitamin C against AD [Sumien et al., 2003]. In another major study,
AD patients were given 2,000 IU of vitamin E per day, a dose that exceeds the
recommended daily allowance of vitamin E. They found that a higher dose of vitamin
E is able to delay the admission to a nursing home by six months, compared to those
taking a placebo [Sumien et al., 2003]. The question is to understand the quantity of
vitamins required in reducing the risk of AD and safety of vitamin E at higher
concentrations. Further, the dietary supplements of vitamin E fail to provide better
results compared to dietary intake of vitamin E [Kontush and Schekatolina, 2004]. If
the supplements are less beneficial than dietary vitamin E, what is the main reason for
such a difference? The probable reason might be the composition of the diet, which
has a cumulative and synergistic effect in the vitamin bioavailability. The apparent
protection provided by dietary vitamins E and C could be by synergy due to other
substances in fruits and vegetables, such as flavonoids, which have both anti-

inflammatory and antioxidant properties [Seshadri and Wolf, 2003].
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The clinician should diagnose the plasma concentration of antioxidants at a
particular point of AD grading and make a decision on recommending the use of
vitamin E supplements.

1.5.5.Vitamins and homocysteine interrelations

Hyperhomocysteine levels induce neurologic abnormalities such as cerebral
atrophy, and seizures, etc. [He et al., 2004]. A deficiency of vitamins is found to
elevate the concentration of homocysteine, which is implicated in vascular
mechanisms leading to AD [He et al., 2004; Leboef, 2003]. Vitamins like folate, B6,
and B12 have been involved in the biosynthesis of amino acids, which contain
sulphur, methionine, and cystein [Clarke et al., 1998]. Folate and vitamin B12 are
involved in biosynthesis of methionine from its precursor homocysteine, whereas, B6
has a role to play in the conversion of homocysteine to cysteine. The levels of
homocysteine in the blood are elevated with ageing and age is one of the risk factor
for AD [Mattson, 2000]. The factors like folic acid and caloric intake are also known
to modulate the plasma homocysteine [Mattson, 2000]. There is an inverse
relationship between plasma folic acid and homocysteine, and dietary folic acid is

found to lower homocysteine levels.
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Figure 1.5: Insights into the relationship between vitamins and homocysteine relative
to AD. Increased levels of homocysteine in AD patients are a known risk factor.
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Higher homocysteine levels causes insufficient DNA repair and point mutations,
which leads to accumulation of DNA damage and cell death. The reduction in the
levels of homocysteine can be brought about by increasing cysteine levels in the body
through diet. Vitamin B6 acts as a cofactor in the transformation of homocysteine to
cysteine.

Additionally, calorie restriction is also found to decrease homocysteine levels, but
the magnitude of the effect is moderate [Krumanll et al., 2002]. There are higher
homocysteine levels in the patients with deficient in enzyme cystathione B synthase,
which is involved in catabolism of cystein. A study has shown that in mice fed in a
diet with reduced levels of folic acid, there is hipppocampal pyramidal neuronal
degeneration [Baydas et al., 2003]. This may be because of the elevated levels of
homocysteine in mice due to low folic acid. Also, administration of homocysteine into
the brain is found to enhance neuronal degeneration [Kruman II et al., 2000], and
elevated levels of homocysteine induce accumulation of DNA damage in neurons
[Kruman II et al., 2002; Baydas et al., 2003; Fuso et al., 2005]. This may be because
increased homocysteine induces a deficiency of methyl donors, which has implication
on uracil misincorporation and oxidative damage to DNA bases [136 Baydas et al.,
2003, Fuso et al., 2005]. A link between levels of homocysteine and gene expression
was also reported and increased homocysteine leads to decrease in the levels of
methyl donors, causing hypomethylation of PS1 promoter [Fuso et al., 2008]. It is
likely to alter the gene expression as gene silencing is mediated by the methylation of
the promoter [Fuso et al., 2008]. Fig 1.5 represents the details of homocysteine and
neuron cell death. A number of studies suggest that homocysteine can increase
amyloid load in transgenic mice [Pacheco-Quinto et al., 2006]. All the above events
provide insights into the relationship between dietary intake of vitamins and
homocysteine and their effect in neuronal cell death. We therefore hypothesize a
relationship between vitamins, homocysteine and neuronal dysfunction. The increased
levels of homocysteine in AD patients are a risk factor. Higher homocysteine levels
cause insufficient DNA repair and point mutations, which leads to the accumulation
of DNA damage and cell death. A reduction in the levels of homocysteine can be
brought about by increasing cysteine levels in the body through the use of vitamin B6,
which acts as a cofactor in the transformation of homocysteine to cysteine or by

recycling it back to methionine using vitamin B12 and folate. Indeed, a deficiency in
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vitamin B12 leads to a form off dementia that resembled AD in clinical presentation

and can be reversed by diet.

1.5.6.Dietary polyphenols and AD

Polyphenols are natural substances that are present in plants, and their quantities vary
in leaves, flowers, vegetables, and fruits. Considerable amounts of these compounds,
moreover, are present in olive oil and red wine [Jang and Surh, 2003]. Among the
polyphenols, flavonoids occupy the largest group [Butterfield et al., 2002]. The major
component of green tea flavanoids, EGCG, for instance, has recently been shown to
have neuroprotective functions such as antioxidation, iron chelation, and anti-
inflammation [Mandel et al., 2007]. Specifically, the abundant phenolic hydroxyl
groups on the aromatic ring confers the antioxidant activity, and the 3-OH group is
essential for iron chelating activity of these compounds [Van Acker et al., 1996].
Similarly, the Mega Natural grape seed polyphenolic extract (GSPE), derived from
grape seed, significantly inhibits oligomerization of AP and restores the cognitive
deterioration [Wang et al., 2008]. These trends ultimately provide a clue that

polyphenols can be good intervention molecule for neurodegeneration.

Tea polyphenols have been found to be potent scavengers of free radicals [Salah et
al., 1995; Morel et al., 1995]. EGCG contains three heterocyclic rings, A, B, and C,
and the free radical scavenging property of EGCG is attributed to the presence of
trihydroxyl group on the B ring and the gallate moiety at the 3’ position in the C ring.
EGCQG is also known to chelate transition metal ions like iron and copper [Mandel et
al., 2007]. There are two sites where metal ions bind to the flavonoid molecule: 1) o-
diphenolic group in the 3’,4’-dihydroxy positions in the B ring, and 2) keto structure
4-keto, 3-hydroxy in the C ring of flavonols [Van Acker et al., 1996; Thompson et al.,
1976]. Further, EGCG is found to have role in elevating the activity of two major
antioxidant enzymes, superoxide dismutase, and catalase in the mouse striatum
[Levites et al., 2002]. Finally EGCG treatment has been reported to modulate ABPP
processing to AP [Rezai-Zadeh et al., 2005]. The mechanisms regarding oxidative

stress and its augumentation by EGCG are highlighted in fig 1.6.
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Figure 1.6: EGCG’s mode of action. Environmental factors such as trace metals
cause oxidative stress, which then induce protein, lipid, and DNA damage. This leads
to increased susceptibility of neurons to stress and cell death. EGCG is known to
chelate transition metals like Fe and Cu, which reduce oxidative stress. It also acts as
an anti-inflammatory molecule. EGCG induces the PI3K/Akt-signaling pathway,
which is important for neuronal cell survival. The figure also indicates the functional
groups in EGCG and their activities in transitional metal and free radical chelation.

1.5.7.Wine and AD

A number of researchers have explored the relationship between alcoholic

beverages and AD [Ruitenberg et al., 2002; Mukamal et al., 2003; Galanis et al.,
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2003; Truelsen et al., 2002]. Studies have shown that frequent alcohol uptake in rats
can result in mitochondrial dysfunction in neurons leading to neurodegeneration
[Jaatinen et al., 2003]. In contrast, it is reported that moderate alcohol uptake is
related to a lower risk of clinical stroke [Sacco et al., 1999]. Thus, alcohol may have
paradoxical and competing effects in the brain; it lowers the risk of cerebrovascular
disease and also likely acts as a neurotoxin. Researchers have shown a relationship
between alcoholic drinks and AD [Hooijmans and Kiliaan, 2008; Ruitenberg et al.,
2002; Mukamal et al., 2003; Galanis et al., 2000; Truelsen et al., 2002]. A study of
people aged 65 years and older showed that alcohol consumption of one to six drinks
a week, regardless of the type of beverage used, lowered the risk of AD compared to
abstainers [Mukamal et al., 2003]. In another study, people who consumed three
servings of alcohol a day had a low risk of AD compared to those who were never
exposed to alcohol [Ruitenberg et al., 2002]. An interesting study involving
individuals aged 65 years and older found that monthly or weekly intake of wine, but
not other alcoholic drinks, was associated with a lower risk of dementia including AD
[Truelsen et al., 2002; Lindsay et al., 2002]. Most of the results obtained in the above
studies were not statistically significant, given the small number of elderly people

participating in the studies.

However, several epidemiological studies have shown that moderate wine
consumption reduces the risk of developing AD [Hooijmans and Kiliaan, 2008;
Truelsen et al., 2002; Lindsay et al., 2002; Orgogozo et al., 1997]. Wine contains
antioxidants such as resveratrol, a flavonoid, which is not present in beer or other
spirits. Resveratrol occurs in abundance in grapes and red wine [Jang and Surh, 2003;
Savaskan et al., 2003]. The beneficial effect of wine consumption on the
neurodegenerative process is therefore attributed to resveratrol [Jang and Surh, 2003;
Savaskan et al., 2003; Han et al., 2004; Marambaud et al., 2005], and resveratrol was
reported to reduce AP production in cell line HEK293 expressing wild type or
Swedish- mutant APP695 [Marambaud et al., 2005]. Additionally, studies indicate the
involvement of resveratrol in proteosome clearance of AB; decreases in its presence
reduce AP clearance and reduce toxicity in AD brains. The proteosome is an ubiquitin

activated protein quality control system that enzymatically labels, transports, and

63



finally degrades misprocessed and misfolded protein [deVrij et al., 2004]. While a
number of possible functions of the proteosome in the regulation of AB metabolism
have been ascribed to the multicatalytic complex of proteosomes [Guarante, 2001],
additional studies are needed to understand the role of the proteosome in the clearance
of APB. There is also a need to understand whether it is specific for the monomer,
oligomer, or the protofibril, and this is not clearly known.

No reduction in the activity of y-secretase mediated-cleavages of ABPP in the
presence of resveratrol was found [Marambaud et al., 2005]. Thus, it excludes the
possibility that resveratrol lowers AP by promoting the proteosomal degradation of
C99 (C terminal fragment of ABPP upon cleavage by BACE). Recent evidence also
suggests that AR can be degraded by proteosome-dependent endoplasmic reticulum
(ER)-associated degradation. However, ER AP represents a small fraction of the total
AP produced, and it appears to be controlled by ER-associated degradation and not
resveratrol. There is no clear-cut indication on the effect of resveratrol on the
mechanism of clearance of AP levels in the neurons, although resveratrol may have an
effect on key players (components) in the A clearance pathway [Marambaud et al.,
2005]. Resveratrol was also found to interact with other proteins, including members
of the sirtuin family. Sirtuins are deacetylases with a role in cellular longevity
[Guarante, 2001]. It is also known that resveratrol acts as a potent activator of the
human sirtuin 1 in vitro [Araki et al., 2004]. Moreover, activation of sirtuinl by
resveratrol has been linked to neuroprotective pathways [Araki et al., 2004].
Therefore, it would be of interest to understand whether sirtuin mediates the
resveratrol-induced decrease of AP. However, it is not clear whether a decrease in
activity of the proteosome parallels an increase of AP levels [Hoult et al., 1994].
Further, it has been shown that resveratrol selectively activates the proteosome in the
anti-amyloidogenic pathway [Hoult et al., 1994]. Antioxidant effects of flavonoids
also include transcriptional upregulation of antioxidant enzymes such as glutathione
synthesizing enzymes. There is also a report interlinking the inhibitory effect of
flavonoids on 5-lipoxygenase, which is involved in lipid peroxidation [Hoult et al.,
1994]. However, it seems reasonable not to recommend alcohol intake to those who
are potentially at risk for abuse and addiction [Resnick and Junlapeeya, 2004]. Fig 1.7

depicts the importance of resveratrol, in particular, in modulating neurodegeneration.
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Figure 1.7: The role of resveratrol in modulating neurodegeneration. Resveratrol
favors phosphorylation in PKC. This activates the non-amyloidogenic pathway of
APBPP cleavage, which leads to reduction in AP release. SABPPa, which is a product of
APBPP cleavage, gets translocated to the nucleus and triggers the genes involved in
neuroprotection. Resveratrol also nonspecifically stimulates proteosomes, which helps
in clearing AP and reduces neuronal cell death.

Resveratrol favors phosphorylation in PKC, and this activates the non-amyloidogenic
pathway of ABPP cleavage, which leads to reduction in AP release. sAPPPa, which is
a product of APPP cleavage, becomes translocated to the nucleus and may induce
genes involved in neuroprotection. Resveratrol also nonspecifically stimulates the
proteosome, which helps in clearing AP and in turn reduces neuronal cell death. The
oral ingestion of resveratrol by rodents and humans showed that resveratrol absorbs
readily into the system, appearing in plasma (total resveratrol which includes both
modified and unmodified resveratrol) [Wenzel and Somoza, 2005; Gescher and
Steward, 2003; Baur and Sinclair, 2006; Walle et al., 2006; Soleas et al., 2001;
Vingtdeux et al., 2008]. The major drawback in using resveratrol in modulation of
neurodegeneration is its low bioavailability [Karuppagounder et al., 2008]. It has been

demonstrated that mice fed with feasible dosages of resveratrol for 45 days either
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showed the presence of resveratrol or its metabolites in the brain indicating

bioavailability to brain [Karuppagounder et al., 2008].

As stated above, the Mega Natural grape seed polyphenolic extract, a commercial
formulation of polyphenolics derived from grape seed, significantly inhibited
oligomerization of AR [Ono et al., 2008]. The extract was also shown to have the
ability to inhibit the cytotoxicity of APs/APs, in PC12. Furthermore, the extract
significantly restored the cognitive deterioration in Tg2576 transgenic mice [Ono et

al., 2008].

1.5.8.Dietary spices and AD

The Indian diet is rich in spices including red chili, coriander, turmeric, etc.
Turmeric, a yellow curry spice, is widely used as a food preservative and herbal
medicine in India [Kellof et al., 2000], and notably, the prevalence of AD patients in
India between 70 and 79 years of age is 4.4 fold less than that of the United States
[Ganguli et al., 2000]. We hypothesize that this is partially attributed to turmeric
consumption in India as a result of its curcumin contents.

Inflammation of the brain due to injury or disease is mediated by microglia
[Dheen et al., 2007]. Brain inflammation is also mediated by activation of the
complement system. AD involves a chronic central nervous system inflammatory
response that is associated with both head injury and AP pathology [Rogers et al.,
1996]. For example, prolonged use of non-steroidal anti-inflammatory drugs, statins
and ibuprofen, have reduced inflammation in the AD brain [Breitner et al., 1995]. The
main disadvantage of the use of non-steroidal anti-inflammatory drugs in AD is their
toxicity to the gastrointestinal tract, liver, and kidney. Non-steroidal anti-
inflammatory drugs are also found to inhibit cyclo-oxygenase I [Bjorkman, 1998;
McGettigan and Henry, 2000]. Researchers are involved in finding alternatives to
non-steroidal anti-inflammatory drugs. One such phenolic antioxidant alternative is
curcumin, derived from yellow curry spice, which is found to have an anti-
inflammatory effect. Curcumin is a potent free radical scavenger, better than vitamin
E, and it provides protection against lipid peroxidation [MartinArgon et al., 1997] and
acts as a scavenger of nitric oxide radicals [Sreejayan and Rao, 1997]. Curcumin also
decreases the overall insoluble amyloid plaque burden in an animal model [Sreejayan

and Rao, 1997]. In an intraventricular AP infusion rat model, dietary curcumin
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reduced an isoprostane index of oxidative damage, amyloid plaque burden, and AB-
induced spatial memory deficits in the Morris water maze [Frautschy et al., 2001].
Studies have shown that curcumin reduces inflammation and oxidative damage in the
brain of Tg2576 ABPPSw transgenic mice [Lim et al., 2001; Kumar and Singh, 2008].
The low, nontoxic doses of curcumin decreases the levels of soluble and insoluble AB
and plaque burden in many affected brain regions. Moreover, cell culture experiments
with human embryonic kidney (HEK) 293 cells indicated that fibrillar A (fAB) are
destabilized by nordihydroguaiaretic acid [Ono et al., 2002]. Thus, it may be
reasonable to speculate that bioactive —molecules like curcumin, rosmanaric acid, and
nordihydroguaiaretic acid could possibly prevent the onset of AD, not only by

scavenging reactive oxygen species, but also by inhibiting fAP deposition in the brain.
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Figure 1.8: The diverse effects of curcumin in combating neurodegeneration.
Curcumin has multiple biological effects. It chelates transition metals (Fe and Cu) and
acts as an antioxidant and anti-inflammatory molecule, and also acts as an antioxidant
by scavenging reactive oxygen species and preventing oxidative damage to
macromolecules.

Curcumin also protects mouse brain from oxidative stress caused by 1-methyl-4-
phenyl-1, 2,3,6-tetrahydropyridine [Rajeswari, 2006] and has also been reported to
attenuate 3-nitropropionic acid-induced neurotoxicity [Kumar et al., 2007]. In rat
brain, curcumin protects against lead- and cadmium-induced lipid peroxidation as
well as lead-induced tissue damage [Daniel et al., 2004]. Fig.1.8 highlights the

diverse effects of curcumin in combating neurodegeneration. Curcumin has multiple
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biological effects. It chelates transition metals (Fe and Cu) and acts as an antioxidant
and anti-inflammatory molecule. It also acts as an antioxidant by scavenging reactive
oxygen species, which will prevent oxidative damage to macromolecules, thereby
reducing neuronal cell death.
1.5.9.Diet and genes in AD

Diet-genetic interactions may play an important role in healthy aging [Mattson,
2003]. Lifestyles include dietary patterns during early, middle, and adult life that may
influence the risk of brain disorders. Genetic factors include mutations in genes like
amyloid precursor protein, presenilin 1, and presenilin 2 that are risk factors and cause
early onset events in AD. Research related to the effect of dietary molecules on the
expression of ABPP gene and its processing to produce AP has not been done. The
scope of the dietary molecules on AD can also be extended for stimulating AP
clearance mechanisms of cells. APOEe4 is the most important genetic risk factor for
AD and cardiovascular diseases [Corder et al., 1993; Hofman et al., 1997]. Dietary
molecules may affect genes independently or through signaling molecules. APOE &4
also been associated with cognitive decline [Hara et al., 1998; Caselli et al., 1999].
The genotype APOE &4 has a differential effect on fat consumption in different stages
of human life. Importantly, there are limits to commenting on dietary-gene

interactions and more data is required to arrive at conclusion.

1.6.Drug discovery in AD

The drug discovery programs in AD targeted the beta-amyloid mainly and others
include metals, inflammatory molecules, oxidative stress and etc. The ultimate goal
of therapeutic intervention is either to halt or to slow down the AD progression. The
beta-amyloid plays a central role in onset and also progression of pathophysiology of
AD. The therapeutics of AD rolls around beta-amyloid. In depth research has been
focused in studying the pathophysiology of beta-amyloid in cell culture system,
animal models and in humans. The four ways of targeting beta-amyloid include; (i)
decrease amyloid production, (ii) increased degradation (iii) increased clearance (iv)
inhibiting aggregation and / toxicity to neurons in central nervous system. The
inhibitors of beta-secretase and gamma-secretase have been associated with side
effects. So, this raised concerns about their therapeutic potential [Chow et al., 2010].

Chow et al. [2010] demonstrated the genetic reduction of both BACE1 and gamma

68



secretase additively abolished the amyloid load burden and decrease cognitive decline
in aged APPSwe/ PS1 E9 animals. The decrease in both enzymes are not found to be
associated with mechanistic toxicities [Chow et al., 2010]. The presently available
drugs for AD include acetylcholine esterase inhibitors and N-methyly-D-aspartate
receptor agonist and these will not halt the pathophysiology of AD [Scarpini et al.,
2003]. Colostrinin is polypeptide rich in proline obtained from sheep colostrum. The
colostrinin is found to inhibit the beta-amyloid aggregation in vitro [Gibson et al.,
2004; Schuster et al., 2005]. The clioquinol is a copper metal chelator which has
shown promise in reducing amyloid aggregation and there by amyloid and consequent
increase in the cognitive performance. But this drug has been withdrawn from the
market because of its myelo-optic- neuropathy [Ritchie et al., 2003]. NSAIDS: The
epidiomologic studies suggest that long-term use of NSAIDs benefits AD patients [int
Veld et al., 2001; McGeer et al., 1996; Szekely et al., 2004]. Some of the NSAIDs
such as rofecoxib, naproxen and diclofenae did not stop or slow down the progression
of mild AD to AD [Aisen et al., 2003; Reines et al., 2004; Scharf et al., 1999].
Additionally, indomethacin though delayed cognitive decline but it has shown to have
gastro-intestinal toxicity, myocardial infaraction and stroke [Rogers et al., 1993;
Tabet and Feldman, 2002]. So, NSAIDs are not considered for treating AD patients.
Statins: The intake of statins for long duration is known to improve the conditions in
AD patients [Wolozin et al., 2000]. The mechanism of statins induced protection of
AD is not understood clearly but it is suggested that it reduces serum cholesterol and
also has anti-inflammatory properties [Sparks et al., 2005]. The other activities of
statins include inhibition of HMG-CoA reducates activity. The HMG-CoA reductase
activity inhibition is known to increase the activity of a- secretase, which results in
abolishing the beta-amyloid release from APP. So, statins believed to act through Rho
associated protein kinase 1(Rockl). The Rockl modulates o- secretase activity
[Pedrini et al., 2005]. Recently there are two drugs that are undergone clinical trials
both are targeted to beta-amyloid metabolism. The bapineuzumab is an antibody to
beta-amyloid and it was used for passive immunization in phase 2 trials. The mode of
action of bapineuzumab is that it clears aggregated beta-amyloid by activating the
astrocytes mediated phagocytosis. The bapineuzumab is an anti-beta amyloid

monoclonal antibody. It has been known to bind to beta-amyloid plaques and reduces
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amyloid burden in mouse model of AD [Bard et al., 2000]. Additionally, reduction in
amyloid correlated to reversal of memory deficits [Dodart et al., 2002]. The pahse 2
trials involving bapineuzumab treated for 78 weeks reduced the fibrillar amyloid
burden in human AD subjects as shown by PiB-PET [Rinne et al., 2010]. The
tarenflurbil is employed for lowering beta-amyloid by decreasing gamma-secretase
and consequently improves memory and learning in mouse model of AD [Kukar et
al., 2007]. In phase 2 trial involving 210 AD patients were administered 800mg
tarenflurbil twice a day had increased routine activities and global function compared
to placebo-received subjects [Wilcock et al., 2008]. The positive outcomes of phase 2
trials of tarenflurbil, it is forwarded for phase 3 trials. The out come of the phase 3
trial involving tarenflurbil failed to improve primary and secondary symptoms.
Additionally, the subjects who have received tarenfrurbil have showed symptoms of
dizziness, anemia, respiratory infection, increase in blood pressure and development
of rashes. So, the phase 3 trials have been stopped. The results of clinical trails of
bapineuzumab and tarenflurbil has following implications; though there is a reduction
in beta-amyloid load or aggregated amyloid, other forms of beta-amyloid such as
oligomeric forms may still cause neurotoxicity; (ii) the reduction in amyloid may not
be effective in patients whose AD pathophysiology is no more dependent on amyloid
load. The drawback of amyloid hypothesis is that it did not consider for the
cerebrovascular damage in the cause of neurodegeneration [De Leeuw et al., 2006;
Prins et al., 2010]. The disadvantage of the use of synthetic drugs being shown to
have many side effects. There comes the importance of natural products having no or
less side effects. The natural products have shown to be potential for preventing many

neurodegenerative diseases.

1.7. Aim and scope of the study
Keeping the above literature in view, he present study is aimed, i) to understand the
effects of different fragments induced genotoxicity, ii) in vivo effects of beta-amyloid
(1-42) DNA stability and conformation are studied using aged rabbits, iii) indigenous
plants such as C. crista and C. asiatica aqueous extract to prevent beta-amyloid
aggregation. These studies provide novel mechanisms of amyloid beta peptide in AD
neurodegeneration.

Objectives:

70



1.To study  the mapping of  amyloids induced genotoxicity.
2. In vivo studies using aged rabbits to understand the neuroprotective role Indigenous

plants in amyloids induced genotoxicity in relevance to brain tomography and DNA

damage.

3. To study anti-amyloidogenic properties of indigenous medicinal herb.
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Chapter 2 Studies to map amyloidogenic peptides induced genotoxicity

2.1. Introduction

Alzheimer’s disease (AD) is a common form of dementia and is characterized by loss
of memory, inability to perform daily activities, language impairment and behavioral
abnormalities [Bose et al., 2005; Citron, 2010]. AD is characterized by the
extracellular accumulation of AP as senile plaques (SP) and intracellular
neuroibrillary tangles (NFTs) [Selkoe, 2001]. The AP is attributed to cause the
neuronal death by more in vitro [Liu et al., 2009; Kaneko et al., 1995; 2001; Zeng et
al., 2004] but the mechanisms are not still clear. AP in suitable medium, will self—
assembles to form oligomers, protofibrils and matured fibrils [Chomy et al., 2003].
Many of these forms are neurotoxic in cell culture models [Cizas et al., 2010;
Gustavsson et al., 1991; Castano et al 1986; Guillozet et al. 2003]. Currently, the
widely accepted hypothesis is that the oligomeric form of A} are more toxic than the
insoluble fibrillar form [Cizas et al., 2010; Lambert et al., 1998; Klein, 2001; Urbanc
et al., 2010; Kelly and Ferreira, 2007]. The oligomeric form of A is reported to
inhibit the hippocampal long-term potentiation (LTP) in vivo [Walsh et al., 2002].
The mechanisms of neurotoxicity induced by AP are controversial and there is no
unified hypothesis. But limited studies have shown that Af} activate nuclear factor kB
(NF-kB) and induces apoptosis [Akama, 1998; Ghribi et al., 2001]. There are studies
that indicated the nuclear localization of A} and DNA binding abilities of Af [Gouras
et al., 2000; Suram et al ., 2007; Hegde et al., 2004]. These new studies indicate that
AP induces neurotoxicity though nicking DNA, changes in DNA conformation and
DNA stability [Zeng et al., 2004; Pillot et al ., 1999; Blanc et al., 1997; Yu et al.,
2007; Suram et al ., 2007; Hegde et al., 2004]. The studies from our lab and others,
have demonstrated nuclear localization of AB(1-42) in AD brain [Hegde et al., 2004,
Gouras et al., 2000]. Ohyogi et al. [2005] showed AB(1-42) localization to cytoplasm
and nucleus in primary neurons of guinea pigs transfected with constructs of
APB42/AB40. Further, Bucking et al. [2002] showed that AB(1-42) is overproduced in
ER and translocated into cytosol and partly into to nucleus, but the mechanism is still

not clear [Johnstone et al., 1996]. The AB(1-42) found in nucleus known to activate
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p>® dependent apoptosis [Ohyogi et al., 2005]. Ohyogi et al. [2005] reported that
AB(1-42) in the nucleus will act as transcription like factors in association with death
inducing factor. Theoretically, AB forms B-hairpin shape followed by a helix—turn-
helix motif [Durrel et al., 1994] that may be an essential motif in AP to form DNA
binding domain and this kind observation is seen in heat shock transcription factor.
And p53 promoter region contains heat shock elements [Wu, 1995] and AB42 might
directly bind p>* promoter region and causes DNA damage [Sun et al., 1995]. The
oligonucleotides derived from p>® promoter is interacted with AB(1-42) and showed
that AB(1-42) binds to oligonucleotides of p53 promoter [Ohyogi et al., 2005]. Earlier
reports by Hegde et al. [2004] showed that AB(1-42) relaxed Supercoiled (Sc) DNA
completely, while AP(1-16) partially relaxed of ScDNA. Additionally, AB(1-42)
could also induce the conformation of B-form of ScDNA to y-DNA, which closely
resembles Z-DNA [Hegde et al., 2004). The studies using fluorescence microscopy
showed that cells treated with AP have condensed DNA [Zeng et al., 2004; Blanc et
al., 1997]. Suram et al. [2007] for the first time showed that AB(1-42) causes
instability of SCDNA by nicking [Suram et al., 2007]. Yu et al. [2007] reported that
APB(40) induces time dependent DNA condensation and further Cu and Zinc inhibits
the DNA condensation. These studies indicate that the exposure of AP to neuronal
cells cause DNA strand breaks, this may be one of the mechanisms of AP induced
genotoxicity [Santiard-Baron et al., 1999]. But the mechanisms of DNA nicking by
AP is still not clear. In the present study, we propose to map the DNA nicking ability
of different fragments of AB. In the present study, we have used both N-terminal and
C-terminal fragments of AP [AP(1-11,1-28, 22-35, 25-35, 17-42, 1-40, 1-42 and 1-43]

to under stand the mechanism of AP nicking DNA.

2.2. Materials and methods

Supercoiled plasmid DNA (pUC18) (Cesium chloride purified) and DNA molecular
markers were purchased from Bangalore Genei, India. Aurin tricarboxylic acid

(ATA) and AB(1-11), AB(1-28), AB(22-35), AB(25-35), AB(17-42), AB(1-42) and
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APB(1-43) were purchased from Sigma, USA. TRIS (hydroxymethyl) and agarose
from SRL India. Glacial acetic acid and MgCl, were purchased from Himedia

chemicals, India. Ethidium bromide was obtained from ICN.

2.2.1. ScDNA nicking activity of different fragments of AB

ScDNA (0.5ug) was incubated with 5S0uM of different fragments of AR [AB(1-11,1-
28, 17-42, 22-35, 25-35, 1-40, 1-42, 1-43)] for 12 h in Tris-Cl buffer (pH 7.4) at
37°C. Incubated samples were electrophoresesed on 1% agarose using TAE (Tris —
acetic acid -EDTA) (pH8.4). The gel was stained with 1pg/ml of ethidium bromide in
cold water for one h and de-stained using triple distilled water and documented using

gel documentor and densitometry was recorded using the inbuilt software system.

2.2.2. Modification of histidine at 11" position in AB (1-11) by DEPC and its
effects on different forms of DNA(ScDNA, ADNA, Single stranded circular DNA
and double stranded circular DNA)

Histidine in the 11® position of AP (1-11) was modified using diethyl pyrocarbonate
(DEPC) method (modified protocol from Atwood et al., 1998). 100uM of AB (1-11)
was incubated with 10mM of DEPC in 100mM of KH,PO4 (pH 6.5) for 30 min at
room temperature. The modified histidine, N-carbethoxyhistidine gives absorbance
maxima at 240nm. The DEPC remaining in the reaction mixture was removed by
using the G-10 sepharose column. Since the DEPC has low molecular weight and will
be eluted at the end, where as modified AP (1-11) eluted before DEPC. The fraction
having highest OD at 240nm were pooled and lyophilized. The lyophilized powder
was dissolved in 10mMTris-Cl, (pH7.4) and used for DNA nicking study. 0.5ug of
ScDNA, ADNA, Single stranded DNA and double stranded DNA were incubated with
AB(1-11) and M AB(1-11) for 12 h in Tris-Cl buffer (pH7.4) at 37°C. Incubated
samples were electrophoressed on 1% agarose using TAE (Tris —acetic acid -EDTA)
(pH 8.4). The gel was stained with 1pg/ml of ethidium bromide in cold water for one

h and de-stained in using triple distilled water and documented using gel documentor.
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2.2.3. Effect of Mg2+ on DNA nicking activity of different fragments of AP

ScDNA (0.5ug) was incubated with 50uM of different fragments of AR [AP(1-11,1-
28 ,,17-42,22-35, 25-35, 1-40, 1-42, 1-43)] in presence of ImM Mg Cl, for 12 h in
Tris-Cl buffer at pH7.4 at 37°C. Incubated samples were electrophoressed on 1%
agarose using TAE (Tris—acetic acid-EDTA) (pH8.4). The gel was stained with
Iug/ml of ethidium bromide in cold water for one h and destained in using triple
distilled water and documented using gel documentor and densitometry was recorded

using the inbuilt software system.
2.2.4. Effect of ATA on DNA nicking activity of different fragments of AB

ScDNA (0.5pg) was incubated with 50uM of different fragments of Af [AB(1-11,1-
28 ,, 17-42, 22-35, 25-35, 1-40, 1-42, 1-43)] in presence of both 500uM ATA and
ImM Mg Cl, for 12 h in Tris-Cl buffer ( pH7.4) at 37°C. Incubated samples were
electrophoressed on 1% agarose using TAE (Tris —acetic acid -EDTA) (pHS8.4). The
gel was stained with Ipg/ml of ethidium bromide in cold water for one h and
destained in using triple distilled water and documented using gel documentor and

densitometry was recorded using the inbuilt software system.
2.2.5. Ethidium bromide binding studies

To know the extent of DNA damage by the AP fragments, we have quantified the
ethidium bromide (EtBr) binding to SCDNA. The quantification of number of Etbr
bound per base pair of SCDNA was measured in 0.0lmM Tris-Cl, pH7.4 using
HITACH F-2000 fluorescence spectrophotometer. The fluorescence was measured
using constant amount of DNA (0.5pug) with 50uM of different AP fragments
incubated for 12 h at 37°C. The incubated sample was titrated with increasing amount
of EtBr against the blank containing no DNA. The measurements were made keeping
the excitation at 535 nm and emission at 600nm with 10mm path length. The
maximum EtBr bound per base pair was calculated using the Scatchard plots of ‘r’ vs.
‘r/Ct” in the DNA-EtBr reaction mixture at various intervals when increasing amounts
of EtBr was titrated to constant amount of ScDNA [Scatchard, 1949]. The
concentration of bound EtBr one mL dye-DNA mixture (‘Cb’) was calculated using

the equation:
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Cb’=[C, (F-FO)/(V/Fo)], where

Co =concentration of EtBr (pmoles) in the dye complex mixture

F= observed fluorescence of EtBr at any point of dye-DNA mixture

Fo= Observed fluorescence of EtBr with no DNA

V=Experimental value, ratio of bound EtBr to free EtBr at saturation point.

The concentration of free dye (Cf”) was then calculated by using the formula
Cfr=Co’-Ct’

Where, Cf, Co’and Cb’ were expressed in pmoles. The amount of bound EtBr bound

per base pair was calculated by
r=Cb’ (pmoles)/DNA concentration (pmoles of base pair).
2.2.6. Melting temperature(Tm) studies

To record the change in the stability of the ScDNA induced by different AP
fragments using melting profiles of SCDNA. The ScDNA (5ug) was incubated with
50uM of different AP fragments in 0.0lmM of HEPES, pH 7.4 for 12 h at 37° C. The
incubated samples were used to record the melting profiles of SCDNA using the
spectrophotometer equipped with thermoprogramer and data processor (Amersham,
Hong Kong). The hyperchomicity of ScCDNA was recorded from 45°C- 95 °C with
1°C per minute. The temperature point at which there was a 50% hyperchromic shift
was taken as Tm of the SCDNA sample. Tm values were determined graphically from

the hyperchromicity vs. temperature plots.

2.2.7.Circular dichoism spectroscopy to study the effect of histidine modified AP
(1-11) on conformation of ScCDNA

15ug ScDNA was incubated with S0uM of modified AP (1-11) and without modified
AB (1-11) for 12 h in 10mM Tris-Cl, (pH7.4.)The conformation of ScDNA was
recorded on JASCO J 700 Spectropolarimeter at 25 °C, with 2mm cell length with a

wave length scan between 200nm and 320nm.
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2.2.8. Circular dichoism spectroscopic study of different fragments of Ap(1-11,
1-28, 25-35 and 1-43)

50uM of different fragments of AB[1-11, 1-28, 25-35 and 1-43] incubated with for 12
h at 37 °C in 10mM Tris-Cl, pH7.4. The secondary conformation of different
fragments of AP was recorded on JASCO J 700 Spectropolarimeter at 25 °C, with
2mm cell length with wavelength scan between 195 and 260nm.

2.2.9. Protscale analysis of the Ap(1-43, 1-42, 1-11 and 25-35)

Protscale was developed by Prof. Joel Susman of Weizmann Institute of Israel. The
protscale was a free online program. It would provide information on the contribution
of amino acid residues to the conformation of proteins such as a- helix, - sheet and
random coil. The selected sequence of protein need to be deposited on the particular
window provided and select the particular conformation and click on submit. The
window size for AP (1-11 and 25-35) was 5 where as for AB(1-42 and 1-43) it was 9.
The relative weight of window edges compared to the window center (in %) is 100%.
The weight variation model (if the relative weight at the edges is (< 100%) is linear.
The the scale was normalized from 0 to 1.The computer data base output will provide
the information on the contribution of different amino acid residues to particular
conformation of the protein in question in the form graph and values. Here we
represented the only graph. We have the analysed the amino acid sequences of AB[(1-
11, 25-35, 1-42 and 1-43)] because of their biological importance.

2.3. Results

2.3.1. Evidence for linearization of SCDNA by different fragments of AP
The agarose gel study was done to demonstrate the formation of linear and open
circular forms of DNA from ScDNA as a result of nicking activity of different
fragments of AP. Fig.2.3.1a shows the DNA nicking property of different AP
fragments. Lane 1 represents the 1kb marker (molecular weight markers from top to
bottom are as follows 10,000,8000,7000,6000,5000,4000,3000,2000,1000) and lane 2
represents the linearized ScCDNA (EcoR1 digested). Lane a represents the ScCDNA
alone with 85% supercoiled DNA as shown by the intense supercoiled DNA band
(form I) and 15 % open circular form. AB(1-11), AB(1-28), AB(1-40) and APB(1-42)
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nicked ScDNA and converted to ScDNA to both open and linear form. But AB(22-
35), ABP(25-35), AB(17-42) and AP(1-43) did not nick ScCDNA. The densitometry
values of the agarose gel (fig 2.3.1a) was plotted using the bar diagram (fig 2.3.1b).

10k
8k
7k

6k
5k
4k

3k

2k

1 2 3 4 & 6 7 8 89 10 1
Fig 2.3.1a: Agarose gel electrophoresis showing DNA nicking property of

different AB fragments: 1-1kb marker, 2- Linearized DNA-EcoRI digested pUC 18
DNA, 3- ScDNA, 4-ScDNA+ AP (1-11), 5- ScDNA+ AB (1-28), 6- ScCDNA+ AP
(22-35),7- ScDNA+ A (25-35), 8- SCDNA+ A (17-42), 9- SCDNA+ AP (1-40), 10-
ScDNA+ AB (1-42), 11- ScDNA+ A (1-43).
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Fig 2.3.1b: Bar diagram showing densitometry values of agarose gel (Fig
2.3.1a)
2.3.2. Effect of AB(1-11) and M AB(1-11) on the ScDNA, ADNA, Single stranded
circular DNA and double stranded circular DNA

We hypothesized histidine involvement in the DNA nicking property of AP
fragments. To prove this hypothesis we have selected AB(1-11) and modified the
only histidine present at 11" position using DEPC method. AB(1-11) has nicked the
ScDNA while the histidine modified AB(1-11) did not nick the ScCDNA but it has
shown retardation of SCDNA. AB(1-11) and M AB(1-11) has retarded the ADNA. But
both unmodified and modified AB(1-11) peptide did not nick ADNA. AB(1-11) Did
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not nick single stranded and double stranded circular DNA and did not retard, where
as histidine modified AB(1-11) did not nick single stranded and double stranded
circular DNA but retard the single stranded and double stranded circular DNA(fig
2.3.2).
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Fig 2.3.2: Agarose gel showing the histidine modified AB(1-11) on different
forms of DNA: 1- 1kb marker, 2- Linearized DNA-EcoRI digested pUC 18 DNA, 3-
ScDNA, 4- ScDNA+ AB(1-11), 5- ScDNA+ AB(1-11)M, 6- ADNA,7- ADNA +
AB(1-11), 8-ADNA + AB(1-11)M, 9- SSC DNA, 10- SSC DNA+ AB(1-11), 11- SSC
+ AB(1-11)M, 12- DSC DNA, 13-DSCDNA + AB(1-11), 14- DNA + AB(1-11)M.

2.3.3.Effect of Mg2+ on DNA nicking activity of different fragments of A (1-42)

The metal ions Mg act as cofactors for endonucleases. The Mg ‘enhanced the DNA
nicking activity of AP(1-42) [Suram et al., 2007]. Mg2+ has enhanced the DNA
nicking activity of AB(1-11, 1-28, 1-40 and 1-42). In presence of Mg*" AB(22-35, 25-
35, 17-42 and 1-43) nicked ScDNA and converted SCDNA to open circular and linear
forms. (Fig 2.3.3a). So Mg”" has differential effect on endonuclease activity of Ap
fragments. The densitometry values of the agarose gel was plotted using bar diagram

(fig 2.3.3b)
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Fig 2.3.3a: Agarose gel showing the effect of Mg®* on DNA nicking activity of
different fragments of AB: 1-1kb marker, 2- Linearized DNA-EcoRI digested pUC
18 DNA, 3- ScDNA, 4-ScDNA+ AP (1-11)+ Mg*’, 5- ScDNA+ AB (1-28) + Mg*",
6- SCDNA+ AP (22-35)+ Mg*", 7- ScDNA+ AP (25-35)+ Mg*", 8- ScDNA+ AP (17-
42)+ Mg*", 9- ScDNA+ AP (1-40)+ Mg®’, 10- ScDNA+ AP (1-42)+ Mg*, 11-

ScDNA+ AB (1-43)+ Mg*".
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Fig 3.3.3b : Bar diagram showing densitometry values of agarose gel (Fig 3.3.3a)

2.3.4. Inhibition of AP ScDNA nicking activity of ATA

ATA is a specific nuclease inhibitor [Hallick et al 1977]. ATA only inhibited the Sc
DNA nicking activity of AB(1-42), where as ATA in presence of Mg®" enhanced
nicking activity of AB(1-11, 1-28, 22-35, 25-35, 17-42, 1-40 and 1-43) (Fig.2.3.4a).
The densitometry values of agarose gel (fig 2.3.4a) was represented using the bar

diagram (Fig 2.3.4b).
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Fig 3.3.4a: Agarose gel showing effect of ATA on DNA nicking property of
different fragments of AB: 1-1kb marker, 2- Linearized DNA-EcoRI digested pUC
18 DNA, 3- ScCDNA, 4-ScDNA+ AP (1-11)+ Mg*™+ ATA, 5- ScDNA+ AP (1-28)+
Mg®*+ ATA, 6- ScDNA+ AB (22-35)+ Mg®"+ ATA, 7- ScDNA+ AP (25-35)+
Mg®*+ ATA, 8- ScDNA+ AP (17-42)+ Mg*"+ ATA, 9- ScDNA+ AB (1-40)+ Mg* ™+

ATA, 10- ScDNA+ AP (1-42)+ Mg®+ ATA, 11- ScDNA+ AP (1-43)+ Mg>"+ ATA.
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Fig 2.3.4b: Bar diagram showing densitometry values of agarose gel( Fig 2.3.4a)

2.3.5. Effect of different fragments of AP on ethidium bromide binding to ScDNA

The EtBr binding studies indicate DNA stability and Scatchard plot analysis shows
the number of EtBr bound per base pair (bp) of DNA(fig 2.3.5). The experiment was
aimed to understand the effect of AB on number of ethidium bromide (Etbr) binding
to ScCDNA shown in table 2.1.The increasing in the number of Etbr binding to SCDNA
was observed when it was interacted with AB(1-11), AB(1-28), AB(1-11), AB(22-35),
AB(25-35), AB(17-42), AP(1-42), and decreased EtBr binding to ScCDNA when it is

interacted with AB(1-40), AB(1-43).
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Fig 2.3.5: Scatchard plot showing number of EtBr molecules per base pair of SCDNA.
ScDNA was interacted for 12 h with different fragments of AP} and EtBr binding was

quantified using Scatchard plot.
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Table: 2.1: The data indicates the number of EtBr molecules binding per base pair of

DNA interacted with different fragments of Af.

SINo | ScDNA+ A fragments No.EtBr /Bp
1 Sc DNA alone 0.024

2 Sc DNA+AB(I-11) 0.062

3 ScDNA+ AB(1-28) 0.042

4 Sc DNA+ AB(22-35) 0.035

5 Sc DNA+ AB(25-35) 0.032

6 Sc DNA+ AB(17-42) 0.039

7 Sc DNA+AB(1-40) 0.017

8 Sc DNA+ AB(1-42) 0.036

9 Sc DNA+ AB(1-43) 0.0105

2.3.6. Melting temperature of ScDNA interacted with different fragments of A

Melting temperature studies indicate the stability of DNA. The denaturation of
ScDNA takes place in two steps. (i) Uncoiling of SCDNA into linear double stranded
(ds) DNA and (i1) separation of linear dsSDNA into single stranded (ss) DNA. The
melting temperature studies (Tm) showed that SCDNA has biphasic Tm (Tm= 62° C
and Tm , =83°C ). There is a decrease in both Tm1 and Tm2 of SCDNA when it was
interacted with AP(1-28), AB(2-35) and AB(1-42) (fig2.3.6). But there is an increase
in Tml and decrease in Tm2 of ScDNA interacted with AB(22-35), AP(1-11),
MAB(1-11), AP(17-42) and AB(1-40). But in case of SCDNA interacted with AB(1-

43) there is an increase in Tm1 and no change in Tm2 (Table 2.2).
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Table 2.2: Melting temperature of ScCDNA in presence of different length AP

fragments
SL.No. Ap  fragment and | Tml Tm2

ScDNA
1 ScDNA alone 62°C £0.47 83°C +0.40
2 ScDNA+ AB(1-28) 60.5 °C+0.70 | 80.5°C +0.40
3 ScDNA+ AB(25-35) 58.5°C+0.40 |81.5°C +0.40
4 ScDNA+ AB(22-35) 69°C + 0.40 81°C +0.40
5 ScDNA+ AB(1-11) 67 °C + 0.40 81°C + 0.40
6 ScDNA+ AB(17-42) 62°C + 0.81 82.5°C £ 0.40
7 ScDNA+ AB(1-40) 79.5°C+£0.40 | 81.5°C +£0.40
8 ScDNA+ AB(1-42) 55°C + 0.40 80°C + 1.0
9 ScDNA+ AB(1-43) 71°C £ 0.70 83 °C £0.40

2.3.7. Effect of AB(1-11) and M AB(1-11) on conformation of ScCDNA using CD

CD indicates the secondary conformation of DNA. To know the effect of AB(1-11)
and M AB(1-11) on the conformation of SCDNA, we have interacted AB(1-11) and M
AB(1-11) with ScDNA for 12h at room temperature. The samples were analyzed
using circular dichoism spectroscopy. The results showed that there is a slight shift in
the peak at 220nm from negative to positive in case of DNA interacted with both
AB(1-11) and M AB(1-11) compared to SCDNA alone. Also, there is an increase in
the 280nm positive peak of SCDNA interacted with M AB(1-11)(fig 2.3.7).
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Fig 2.3.7: Effect of modified AB(1-11) and MAB(1-11) on the conformation of
ScDNA: 15ug ScDNA was incubated with 50uM of AB(1-11) and MAB(1-11) in
10mM of Tris-Cl (pH.7.4) for 12h. The sample was analyzed for change in the DNA
conformation using CD spectroscope. AB(1-11) and MAB(1-11) converted negative
peak to positive peak at 220nm and reduction in the 280nm peak.

2.3.8.Circular dichoism spectroscopic study of different fragments of AB[1-11, 1-
28, 22-35, 25-35 and 1-43]

50uM of different fragments of AB[1-11, 1-28, 22-35, 25-35 and 1-43] incubated with
for 12 h at 37 °C in 10mM Tris-Cl (pH7.4). The secondary conformation of different
fragments of AP was recorded on JASCO J 700 Spectropolarimeter at 25 °C, with
2mm cell length with wavelength scan between 195 and 260nm. The results showed

that all the fragments are in random coil conformation (Fig 2.3.8).
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Score

Fig 2.3.8.Secondary conformation of AP fragments (1-11, 1-28, 22-35, 25-35 and 1-
43).The analysis of secondary conformation was done using CD spectroscopy. All the
fragments analyzed is in random coil conformation.

2.3.9.Protscale analysis of secondary conformation of AB[(1-43, 1-42, 1-11, 25-
35)]

The Protscale analysis of AB[(1-11, 25-35, 1-42 and 1-43)] was done as they are
biologically active and present in the human brain of SAD and FAD [Miravalle et
al., 2005; Van Vickle et al., 2008]. The protscale was used to elucidate to understand
the extent of the contribution of different amino acid residues to protein conformation.
The amino acid sequences of AP[(1-11, 25-35, 1-42 and 1-43)] were subjected to
protscale input. The protscale analysis is represented in the following graphs. The X-
axis represents the sequence of amino acid residues and the Y- represents the score
(extent of contribution to particular protein conformation). The amino acids such as
lysine, leucine and glycine contribute to a- helix. The amino acids such as alanine,

histidine and methionine contributes more to - sheet (Fig 2.3.9).
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2.4.Discussion

AD is associated with loss of neurons that leads to behavioral problems including
memory and cognition loss [Selkoe et al., 2001]. The intensive studies at genetic,
molecular, biochemical level suggests relevance of amyloid hypothesis in AD [Tanzi
and Bertram, 2005]. The proteases in AD brain known to truncate the racemized A3
(40) to more toxic AP (25-35) in vivo [Kubo et al., 2002]. In the case of Down
syndrome, the N-terminal fragment of AP, AP (1-28) has been reported be present
[Gyure et al., 2001]. The Down syndrome patients can develop AD in 40 years
[Gyure et al., 2001]. This suggests the existence of truncated small peptides in the AD
brain [Kaminsky et al., 2010]. The AB(25-35) also found in different cellular
compartments such as mitochondria, cytosol, lysosomes and nucleus [Kaminsky et
al., 2010]. This suggest the use of small peptides [AB(1-11), AB(1-28), AB(22-35)
AB(25-35)] derived from AP (1-42) makes relevance in studying the genotoxicity of
these peptides.

Amyloid hypothesis suggests that A accumulates as the initial pathologic factor for
the development of AD [Hardy and Higgins, 1992]. AP is a prime factor implicated in
the cause of AD [Selkoe, 2001]. Our lab for the first time showed that AB(1-42) binds
and relaxes SCDNA to both open circular and linear form [Hegde et al., 2004]. Also,
Suram et al. [2007] reported that AB(1-42) nicks the SCDNA. The present study is
undertaken to understand mechanism of A induced DNA nicking and which
fragment of AB [N-terminal or C-terminal of AB(1-42)] involved in nicking the
ScDNA. We found that N-terminal fragments of AB, AP (1-11), AB(1-28), AB(1-40),
and AB(1-42) nicks ScCDNA and causes the formation of both linear and open circular
forms. To prove our hypothesis that histidine is involved in nicking DNA, we
modified histidine at 11" position in AB(1-11). The histidine modified AB(1-11) did
not nick SCDNA. To show whether, the DNA nicking activity of AP peptides is
specific to SCDNA, different forms of DNA, such as ScCDNA, linear double stranded
ADNA, single stranded circular and double stranded DNA were treated with AB(1-
11)/ AB(1-11) M for 12 h at room temperature (Fig 2.3.2). The synergic interaction
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of genetic and environmental factors leads to the AD pathology. A may cause
genotoxicty in the AD patients [Suram et al., 2006]. The previous reports from our lab
and others have showed that AP localizes in the nucleus and found near to DNA
[Gouras et al., 2000; Grant et al., 2000; Hegde et al., 2004]. Additionally, AB(1-42)
also induced the conformation of B-form of ScDNA to y-DNA, which is closely
associated with Z-DNA [Hegde et al., 2004]. Suram et al. [2007] showed that AB(1-
42) damages the ScCDNA by nicking. Recently, Ramesh et al. [2010] showed that
APB(1-42) alters the DNA conformation from B-DNA to C-type, n- and y-DNA in
frontal cortex, hippocampus and midbrain respectively in aged rabbit. Additionally,
APB(1-42) also caused the DNA instability in aged rabbit brain. AP is a metalloprotein
and it binds to transition metals such as iron and copper and zinc [Huang et al., 1999].
The ScDNA nicking activity of AB(1-42) is modulated by binding of Mg*" and Ca*'
[Suram et al., 2007]. The Mg”*" enhanced the SCDNA nicking activity, of AB(1-11),
AB(1-28), AB(1-40) and AB(1-42). Surprisingly, in presence of Mg2+, AB(22-35),
AB(25-35), AB(17-42) and AB(1-43) nicked the ScCDNA and caused the formation of
both open and linear forms. Modification of histidine had abolished the metal binding
ability to AP [Atwood et al., 1998]. We hypothesized the involvement of histidine in
nicking the ScCDNA by AB. ATA is a potent inhibitor of most nucleic acid binding
enzymes. It competes with protein for nucleotide bases for its binding [Hallick et
al.,1977]. The modified AB(1-11) (histidine at 1" position) did not nick SCDNA.
We have used ATA to inhibit the nicking activity of different fragments of AP in
presence of Mg®". ATA is found to inhibit the nicking activity of Ap(1-42) only and
it did not inhibit the ScDNA nicking activity of AB(1-11), AB(1-28), AB(22-35),
AB(25-35), AB(17-42), AB(1-40) and AB(1-43). So, from the above results we opine

that different fragments of AP follow different mechanism in nicking the SCDNA.

Further, we have studied the effect of different fragments of AP on stability of
ScDNA by Tm and Etbr binding. The melting temperature studies will provide
information on the stability of DNA. The higher the Tm greater the stability of DNA.
The ScDNA will follow a pattern having two phases in denaturing the SCDNA. First
Tml is corresponds to uncoiling ScCDNA and Tm2 corresponds to denaturing the

uncoiled ScCDNA. If there is any changes in the above-mentioned pattern it may be
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attributed to interaction of A with ScCDNA. The interaction studies on ScCDNA with
different AP fragments showed varied Tm response curves and the corresponding
changes in the Tm values (Table 2.2). The earlier report suggests that AP(1-42)
retained two phase pattern of SCDNA with two Tm values (Tm1-59 °C, Tm2- 88 °C)
but AB(1-16) did not alter the Tm [Hegde et al ., 2004]. Our Tm and EtBr binding
studies suggests that AB(1-11), AP(1-28, AB(1-40) and AP(1-42) decreased the
stability of ScDNA which reflected in decrease in Tm and increase in the EtBr
binding, which is further supported by agarose gel study results. While, AB(17-42),
AB(22-35), AB(25-35) and AP(1-43) though decreased the Tm but these results are
not supported by agarose gel study. Additionally, EtBr binding to SCDNA indicate the
intercalation between the two strands of the DNA. The EtBr binding studies suggests
that there is a linearization of the SCDNA and results in increased EtBr binding.

Again, these results are not supported by the agarose gel study results.

Circular dichoism data will give the information on the global conformation of the
peptides, or protein and DNA. The histidine modified AB (1-11) was interacted with
ScDNA and analyzed DNA conformation. The modified AB (1-11) and unmodified
AP (1-11) could shift peak at 220nm from negative to positive compared to SCDNA
alone. This data further confirms that AB (1-11) interact with DNA rather directly.
The role of conformation of A may not be ruled on DNA nicking property of Ap.
The organic molecules such as trifluroethanol (TFE) is known to convert random coil
conformation of AP to a-helix [Barrow et al., 1992] and a-helix is safe conformation
of Amyloids [Barrow et al., 1992]. The instability of the genome in all the organisms
can be induced by exogenous and endogenous agents that induces DNA lesions, DNA
breaks etc. [Bohr et al., 2007]. The brain cells which are non-replicating are
particularly vulnerable to DNA damage since DNA damage accumulation leads to
deleterious effect on neuronal cells [Boh et al., 2007]. The studies involving patients
with AD, PD, HD, ALS, XP suggests that oxidative stress and DNA damage are
common mechanisms in the neuronal cell death [Kraemer et al., 2007; Trushina and
McMurray, 2007]. The chronic exposure to reactive oxygen species (ROS) may be a
risk factor for neurodegenerative disorders and aging (Akbari et al., 2006). Hence,

ROS are important genotoxic molecules that are responsible DNA damage. ROS are
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known to cause DNA lesions which includes DNA single and double strand breaks,
oxidized DNA bases and repaired by base excision repair (BER) (Seeberg et al.,
1995). Suram et al. [2006] suggests that A directly causes genotoxicity by
damaging the DNA. Suram et al. [2007] AB(1-42) nicks DNA and destabilize the
same. Recently, Ramesh et al.[2010] AB(1-42) causes the DNA instable and changes
the DNA conformation in aged rabbit brain. This study will open the new line of
thought on the role of AP in the neurodegenerative process of AD. In conclusion our
studies give data on the differential effects of different fragments of A on the DNA
stability. The modification of histidine in AP (1-11) did not nick the ScDNA,
indicating the role of histidine in nicking the ScCDNA. Mg*" has enhanced the nicking
activity of AP peptides. This data indicates that amino acid sequences play a

significant role in guiding A DNA nicking activity.
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Chapter 3A-a AB(1-42) induced genomic instability in aged rabbit brain

3A-a.l. Introduction

DNA instability has been implicated in the pathogenesis of neurodegenerative
disorders including Alzheimer’s disease, amyotrophic lateral sclerosis, Down’s
syndrome, Parkinson’s disease, etc. (Kraemer et al., 2007; Bhor et al., 2007). The
data on DNA damage indicates that the damage is associated with disease as a
pathological event, however the role of DNA damage as a major event in
neurodegeneration is still not clear (Bhor et al., 2007). Amyloid accumulation in the
form of senile plaques is well known in AD brain. Amyloid is hypothesized to cause
genotoxicity leading to neuronal cell death (Suram et al., 2006). There is a new
evidence that amyloid induces genomic instability and also alter the DNA topology in
vitro (Hegde et al., 2004). Recent studies from our lab and elsewhere showed the
nuclear localization of AB(Gouras et al., 2000; Grant et al., 2000; Suram et al., 2007)
and its DNA binding ability (Hegde et al., 2004). Suram et al. (2007) reported that A3
induces DNA damage by nicking like endonucleases. Ghribi et al. (2001) showed that
intracisternal injection of AP(1-42) in aged rabbits, causes the induction of genes
coding for gadd153. This gene is involved in growth arrest and DNA damage.
Previous studies showed that the magnitude of gadd153 expression appears to be
proportional to the extent of DNA damage (Price and Calderwood, 1992). Studies
have shown that there is a positive correlation between the A load and atrophy in AD
patients (Hardy and Higgins, 1992; Anderson et al., 2000). All these studies insight,
the potential role of AB(1-42) in causing neuronal cell death, but the mechanism is
still not clear. Further, the role of AB(1-42) in causing neurodegeneration through
genomic instability is unexplored area. The present study aims to answer three
specific questions, (a) Does AB(1-42) injection to aged rabbits alter DNA stability?,
(b) Does AB(1-42) alter the DNA conformation? and (c¢) Does AP(1-42) alter the
structural changes in the aged rabbit brain? These questions may likely to answer the
possible role of Ab in neurodegeneration through genomic instability.

3A-a.2. Material and methods

103



AB(1-42) was purchased from rPeptide, USA. Phenol, chloroform, isoamyl
alcohol, sodium chloride, SDS, Tris, HEPES, EDTA sodium salt, glacial acetic acid,
ethanol, sodium hydroxide, bromocresol green, and ethidium bromide were purchased
from SRL Pvt. Ltd. DNase I, RNase, proteinse K, DNA marker (1 kb) and loading

dye were purchased from Bangalore Genei, Bangalore, India.

3A-a.2.1. Animals and treatment protocol

All animal procedures were carried out in accordance with Indian National
Science Academy (India) animal protocol guidelines and rules framed by J.S.S.
Animal Ethical Committee, J.S.S. Medical College, and Mysore, India. All the
animals were housed in JSS Animal house in separate stainless steel cages. Six New
Zealand white aged rabbits (4.0 yr old) received intracisternal injections of 100 mL of
normal saline (control) and another batch of six aged rabbits received 100 mL of (1
mg/mL) APB(1-42) in saline. The injections were carried out under calmpose
anesthesia, according to the protocol described previously (Savory et al., 1999). All
the aged rabbits were euthanized after 25 days, after the AB(1-42) injected animals
have developed neurological symptoms including forward head tilting, hemiplegic
gait, loss of appetite, isolation behavior, splaying of extremities and paralysis. These
behavioral changes were the result observations by neurologist and Psychiatrist. Both
the clinicians assigned arbitrary values for behavioral changes. There was 30%
forward head tilting and hemiplegic’s gait, while 40% loss of appetite as evidenced by
food uptake, 50% isolation behavior, 25% splaying of extremities and paralysis.
Further in-depth analysis on the tests related to memory and cognition are in progress
with long-term studies. The control animals did not display any behavioral
disturbances. The MRI was done for both rabbits before AB(1-42)/saline injection and
25 days after AB(1-42)/saline injection. The animals were sacrificed and brains were
removed and different regions were separated and then stored at -80°C. The different
regions dissected include FC, H and M. The tissue was used for isolating genomic
DNA. The genomic DNA was isolated using standard protocol with modifications as

described below (Hegde et al., 2006).
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3A-a.2.2. Isolation of genomic DNA from rabbit brain tissue

Brain tissue was cut into small pieces and was transferred into an autoclaved
porcelain mortar and pestle. All glasswares, mortar, pestle, etc., were autoclaved to
avoid bacterial contamination. Liquid nitrogen was poured into the mortar and the
tissue was allowed to freeze. Tissue was ground thoroughly with pestle with frequent
additions of liquid nitrogen. Sufficient quantity of liquid nitrogen was poured into the
mortar and was swirled. Tissue homogenate was transferred into a sterile tube and the
liquid N2 was allowed to evaporate (a sterile spatula was used to transfer the
powdered tissue into a graduated tube). The tissue homogenate was incubated with
lysis buffer (50 mM Tris—HCI (pH 8.0), 10 mM EDTA (pH 8.0), 100 mM NaCl) and
was added with 15 mg/mL of proteinase K and 2% SDS in the final volume. One
milliliter of lysis buffer was used for every 500 mg of tissue. (Note 1: Lysis buffer
should be pre-warmed, Note 2: Add proteinase K after first 2 h, optimum: 3 h.) The
homogenate was incubated at 37 °C in a water bath for 12—16h or over night. After the
completion of incubation, the incubated lysate was transferred to an autoclaved 50 mL
conical flask. Then, equal volume of Tris-saturated phenol (pH 8.0) was added and
mixed thoroughly, either manually or mechanically for 10 min. The lysate was
centrifuged for 10 min at 10,000 rpm at 13 °C. The supernatant was collected into a
fresh autoclaved 50 mL conical flasks and 1/2 volume of Tris-saturated phenol and
chloroform: isoamyl alcohol was added and mixed thoroughly. One part phenol: one
part chloroform (C) and iso-amyl alcohol (IA) mixture (C:IA = 23:1). (Note: Tris
saturated phenol was stored in amber colored bottles at low temperature to avoid
oxidation of phenol.) The supernatant and Tris-saturated phenol—-chloroform mixture
was centrifuged at 5000 rpm at 4 °C. The upper aqueous layer was collected into a
fresh tube and 1/30th volume of sodium acetate (pH 5.5) and equal volume of chilled
absolute ethanol was added. DNA was precipitated by slowly swirling the tube
manually. (Note: Pre-cooled tubes were used and DNA was transferred into another
tube containing 70% alcohol for washing). DNA was washed twice with 70% alcohol
and once with absolute alcohol to remove excess salt and vacuum dried and Stored at
—20 °C. The vacuum dried DNA was dissolved in 1 mL of TE buffer (10 mM Tris—
HCL, 1 mM EDTA, pH 8.0). The DNA isolated from cells also contains RNA, which
was removed by digesting the preparation with RNase enzyme. RNase solution was
kept in boiling water for 10 min before use so as to inactivate DNase I. The method
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provides high quality genomic DNA with good yield. It is important to mention that
the genomic DNA was isolated from total brain tissue of different brain regions (i.e.,

containing both neurons and glia).

3A-a.2.3. Precautions taken in order to prevent in vitro DNA damage during
phenol -chloroform genomic DNA isolation

All the materials used for isolating DNA were autoclaved. Powder free gloves
were used to prevent nuclease contamination from the surface of the skin. The sterile,
disposable plastic ware was used. Pipettes were wiped with DNase [-removal solution
(diethylpyrocarbonate). Pipette tips with blunt ends were used to prevent DNA
fragmentation. Liquid nitrogen was used to keep the frozen tissue hard before

grinding. This step will prevent activation of endonucleases.

3A-a.2.4. DNA purity

The concentration of DNA was measured by recording absorbance at 260 nm
and purity of DNA preparation was checked by recording the ratio of absorbance at
260 nm/280 nm, the ratio needs to be 1.7. This indicates good quality of DNA. The
DNA helicity and stability parameters were analyzed using established standard

protocol (Hegde et al., 2006; Sutherland and Shih, 1983).

3A-a.2.5. DNA stability
3A-a.2.5.1. Neutral agarose gel electrophoresis

The DNA damage is assessed by running neutral and alkaline gel
electrophoresis. Neutral agarose gel electrophoresis was done to analyze the DNA
damage. The DNA was electrophoresed on 1.5% agarose gels in Tris—acetate—EDTA
buffer (pH 8.0) at4 V/cmfor4 h. One microgram of DNA was loaded in each well. The
gel was stained with EtBr in cold water for one hour and photographed in UV gel
documentation system (Hero labs). DNA ladder (1 kb) was used as a molecular

marker.

3A-a.2.5.2. Melting temperature of the genomic DNA
DNA was dissolved in HEPES buffer, 0.01 M (pH 7.4). The DNA was used at a

concentration of 12.5 mg/mL. The melting profiles (Tm) of DNA were recorded in
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Spectrophotometer (Ultraspec, 4300 probe) equipped with thermo-programmer and
data processor (Amersham pharmaciabiotech, Hong Kong). The temperature point at
which there is 50% hyperchromic shift is taken as Tm of the DNA sample. Tm values
were determined graphically from the hyperchromicity vs. temperature plots. The

experiments were repeated thrice to validate the results.

3A-a.2.5.3. Ethidium bromide binding studies

The quantification of ethidium bromide (EtBr) bound in moles per base of
genomic DNA was measured in 0.01 M Tris—Cl (pH 7.4) using HITACH F-2000
Fluorescence Spectrophotometer. The fluorescence was measured by titrating constant
amount of DNA with increasing EtBr against the blank containing no DNA. The
measurements were performed keeping excitation at 535 nm and emission at 600 nm
with 10 mm path-length. The amount of EtBr bound per base pair of DNA was
calculated using scatchard plots of ‘r’ vs. ‘t/Cf” (Scatchard, 1949). The concentration
of bound EtBr in 1.0mL dye-DNA mixture (Cb’) was calculated using the equation:
Cb’=[C, (F-FO)/(V/Fo)], where

Co =Concentration of EtBr (pmoles) in the dye complex mixture

F= Observed fluorescence of EtBr at any point of dye-DNA mixture

Fo= Observed fluorescence of EtBr with no DNA

V=Experimental value, ratio of bound EtBr to free EtBr at saturation point.

The concentration of free dye (Cf”) was then calculated by using the formula
Cf=Co’-Cb’

Where, Cf, Co’and Cb’ were expressed in pmoles. The amount of bound EtBr bound
per base pair was calculated by r=Cb’ (pmoles) / DNA concentration (pmoles of base
pair). A plot was made for r vs. r/Cf and the point where the straight line interacts the
axis r was defined as the maximum amount of dye bound per base pair (n), where

CE=Cfx10° M.
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3A-a.2.5.4. DNase I sensitivity assay for DNA stability

A saturated reaction mixture of genomic DNA and EtBr (1:1, w/w) was treated
with DNase [ (0.5 mg/mL) and fluorescence emission was monitored with time (0— 30
min) at excitation at 535 nm and emission at 600 nm using HITACHI F-2000
spectrofluorimeter. The fluorescence values were plotted vs. time.

3A-a.2.6. DNA conformation analysis by circular dichroism (CD) spectroscopy

The CD spectra (210-330 nm) were recorded for rabbit brain genomic DNA in
0.01 MTris—Cl buffer (pH 7.4) on JASCO 810 Spectropolarimeter. The cell length
and width is 1 mm each. Each spectrum is the average of triplicate recordings. Twenty
micrograms of DNA from each sample was used. The DNA conformation was

characterized using reference of Gray et al. (1992).

3A-a.2.7. Imaging studies

The rabbit’s brain was imaged using MRI before injecting the ABL](1-42). MRI
images of aged rabbits injected AP[I(1-42) were taken after 25 days of injection.
Scanning was done on Siemens Concerto Open System 0.2 T MRI scanner. Animal
head was scanned using standard head coil. All rabbits were sedated by giving 10 mg
of IV Diazepam (Calmpose) through vein in rabbit’s ear lobe. Animals were under the
influence of diazepam for about 20 min, which was sufficient to complete the MRI
protocol. Aged rabbits were scanned in prone position. Images were acquired in
coronal plane using T1, T2 and 3D gradient Echo Sequences. T2 sequences were
obtained by using TR 4390 ms, TE 118 ms, 256 x 256 matrix, and FOV 25 cms. T1
sequences were obtained by following protocol TR 483 ms, TE 9.3 ms, 256 - 256
matrix FOV 25 cm. 3D GRE sequences were obtained by following protocol—TR 20
ms, TE 89 ms, FOV 25 cm. Image analysis was done by comparing the anatomy of
control scans with APB(1-42) injected rabbit brain. The change in thickness of lateral

ventricles, frontal lobe, H and M were computed.
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3A-a.2.8. Statistical analysis

All the data obtained were statistically analyzed using Student t test and
significance of differences between control and AP(1-42) injected groups were
calculated. The statistical analysis was carried out using Microsoft Excel 2003

program.

3A-a.3. Results
3A-a.3.1. DNA stability
3A-a.3.1.1. Neutral agarose gel electrophoresis

The stability of DNA is analyzed by agarose gel electrophoresis (Fig 3A-a. 1).
The DNA from FC (Fig3A-a.1B) and H (Fig 3A-a. 1D) of AP injected rabbits showed
smears indicating DNA is damaged. But DNA from control FC (Fig 3A-a. 1A) and H
(Fig 3A-a 1C) are intact. But DNA from M of AB[linjected rabbit brain, showed more
migration indicating condensation of DNA (Fig 3A-a 1F). But, control M-DNA
showed intact DNA (Fig 3A-a. 1E). The lane 1 is 1 kb DNA ladder.

3A-a.3.1.2. Melting temperature of genomic DNA

Melting temperature studies indicate the stability of DNA. (A) FC: AB (1-42)
injected aged rabbit brain DNA showed 80.6 + 10.9°C where as control DNA showed
83.8+ 1.9°C (p <0.01) (Fig 3A-a. 2A). (B) H: AP (1-42) injected DNA showed 77.6
OC + 2.9 where as control DNA showed 82.9 + 3.7 °C (p < 0.01) (Fig 3A-a. 2B). The
data indicates that FC and H DNA is destabilized, due to DNA damage in Ab injected
rabbits (C) M: AP (1-42) injected DNA showed 84.0 + 2.6 °C, where as
corresponding control DNA showed 79.0 £+ 3.3 °C (p < 0.05) (Fig 3A-a. 2C). This
data further support that DNA from M of AP injected-aged rabbits is in condensed

form as it has higher Tm.
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Fig. 3A-a.l. Neutral agarose gel electrophoresis pattern of genomic DNA isolated
from control and AP (1-42) injected rabbit brains. (A) Control frontal cortex DNA;
(B) AB (1-42) injected frontal cortex DNA; (C) control hippocampus DNA; (D) AB
(1-42) injected hippocampus DNA; (E) control midbrain DNA; (F) AB(1-42) injected
midbrain DNA. The lane 1 in the gel shown is 1kb marker, lanes 2—7 DNA isolated

from corresponding control and AP (1-42) injected rabbit brain.
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Fig. 3A-a.2. Melting temperature (Tm) of genomic DNA of different regions of AP
(1-42) injected and control Rabbit brain. 10 mg of genomic DNA from hippocampus
(h), midbrain (m), and frontal cortex (FC) of AP (1-42) injected and control rabbit
brain was subjected to thermal denaturation. The absorbance was recorded at 260 nm
form 25 to 95 8C with 1 8C rise per min using UV spectrophotometer (Amersham)
with a thermostat. (A) Frontal cortex DNA; (B) Hippocampus DNA; (C) midbrain
DNA. AB—rabbit brain injected with AB. C—control rabbits. FC—frontal cortex.
h— hippocampus. m—midbrain.
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3A-a.3.1.3. EtBr binding studies
EtBr binding studies indicate DNA stability and Scatchard plot analysis shows

the number of EtBr bound per base pair (bp) of DNA (Fig 3A-a. 3). The Scatchard
plot data showed that FC, H and M-DNA showed significant reductions in number of
EtBr bound per base pair (p < 0.05) with reference to their respective controls (Fig
3A-a. A—C). The absolute data on the number of EtBr molecules bound per bp of
DNA is compared in Table 3A-a.1.
3A-a.3.1.4. DNase I sensitivity assay to study DNA stability

DNase I digestion of DNA indicates the stability of DNA. A comparative
analysis of DNase I digestion sensitivity of DNA from control and AP (1-42) injected
rabbit brain was carried out to further understand the stability and to confirm
condensation of DNA. Both FC and HDNA from AP (1-42) injected aged rabbit brain
showed more sensitivity to DNase I digestion compared to their respective controls
(Fig 3A-a. 4A and B). This indicates that DNA from both FC and H from A injected
rabbits are already damaged hence sensitive to DNase I digestion. But M-DNA from
AP (1-42) injected aged rabbit brain showed resistant to DNase I digestion compared
to control DNA, confirming condensed state of DNA (Fig 3A-a. 4C).
3A-a.3.2. DNA conformation studies

CD indicates the secondary conformation of DNA. The DNA from FC, H and M
regions of control rabbit brain showed B-DNA conformation (Fig 3A-a. 5). But DNA
from AP (1-42) injected rabbit brain regions showed conformational change. (a) FC:
DNA isolated from FC showed a decrease in 220 nm positive peak, an increase in 245
nm negative peak and a decrease in 270 nm positive peak indicating C-DNA motif
conformation (Fig 3A-a. 5a). C-DNA motif conformation was assigned using
references (Ivanov et al., 1973; Zimmer et al., 1971). (b) H: CD spectra of DNA from
AP (1-42) injected aged rabbit brain regions H showed an increase in the 220 nm
positive peak, a decrease in 245 nm negative peak and an increase in 270 nm positive

peak indicating n-DNA conformation (Fig 3A-a. 5b). n-DNA conformation was
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cortex DNA; (B) hippocampus DNA, (C) midbrain DNA.

113



Table 3A-a.1: The data indicates the number of EtBr molecules binding per base pair

of DNA of isolated from brain regions (*p < 0.05, **p<0.01).

Brain regions | Control AB(1-42)

Frontal cortex | 0.0087 = 0.00039 0.0013 £0.00019 **
Hippocampus | 0.0057 £ 0.00011 0.0035 £ 0.00013*
Midbrain 0.0058 £ 0.00028 0.0043 £ 0.00027 *

assigned using the references (Robinson and Wang, 1993; Yang et al., 1993). (c) M:

CD spectra of DNA from AP (1-42) injected rabbit brain M showed slight increase in

220 nm peak and cross over at 248 nm negative peak and decrease in 270 nm positive

peak indicating W-DNA conformation (Fig 3A-a. 5¢). W- DNA conformation was

assigned using the reference (Khakade and Rao, 1997). W-DNA indicates condensed
state of DNA (Khakade and Rao, 1997). This is the first evidence to show that AP

induces conformation changes in DNA under in vivo condition and has great

relevance to understand A role in neurodegeneration through genomic biology.
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Fig. 3A-a.4. DNase [ sensitivity assay to study DNA stability. A DNA from Saturated
mixture of Different regions of both control and AP (1-42) injected aged rabbit brain
was treated with DNase I and fluorescence emission was recorded with time
excitation at 535 nm and emission at 600 nm. (A) Frontal cortex DNA; (B)
hippocampus DNA; (C) midbrain. (a) AP (1-42) injected DNA+ DNase I, (b) AB (1-
42) injected DNA, (c) control DNA+ DNase I, (d) control DNA, (e)-EtBr alone.
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Fig. 3A-a. 5. Circular dichroism (CD) spectra of DNA isolated from frontal cortex,
hippocampus and midbrain regions of control and AP (1-42) injected rabbit brain. The
recordings were performed in 0.01 M Tris—Cl buffer, pH 7.4. Each spectrum
represents the average of three recordings. CD was performed DNA from six control
and six AP (1-42) injected aged rabbit brain and one spectrum from each group is
represented. The DNA from control animal showed B-DNA conformation where as C
type,nl1-DNA and W-DNA conformation was observed in AP (1-42) injected FC,H
and M regions of aged rabbit brain. (a) Frontal cortex, (b) hippocampus, (c) midbrain.
Cc——control cortex DNA, Ac—Ap (1-42) injected cortex DNA. Ch—control
hippocampus. DNA, Ah—AB (1-42) injected hippocampus DNA. Cm—control
midbrain DNA and Am— AP (1-42) injected midbrain DNA.
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3A-a.3.3. MRI of aged rabbits
Fig. 3A-a.6 indicates MRI of aged rabbits brain injected with Af (1-42) and saline.
There are no significant changes in the thickness of frontal lobe, H, M and lateral

ventricle between saline control and AP (1-42) injected rabbits (Table 3A.2).

Fig. 3A-a.6. Representative photos of coronal T1 brain slices. C1-C6 are control
rabbits. AB1-6 shows the rabbits injected with AP (1-42). Image analysis was done by
comparing the anatomy of control scans with scans obtained after injection of AP (1-

42). The rabbits injected with AB (1-42) did not show any changes in the ventricle

size and temporal lobe volume.
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3A-a.Table 2: Changes regenerated as average in the thickness (mm) of different

brain regions of APB(1-42) injected and control rabbits. Legend: C- Control, ApB-

APB(1-42). Inference from above table is that there is no significant change in the

thickness of frontal lobe, hippocampus and midbrain of AB(1-42) injected rabbit brain

compare to control.

Brain regions | C1 | AB1 | C2 | AB2 | C3 | AB3 | C4 | AB4| CS| AB5 | C6 | AB6
Frontallobes
Left
15117 1516 19116 J20)16 Jl6]14 J13]12
15116 1.7 )16 J L7017 17119 L1717 J1.6]1.6
Right
Hippocampus
Left
36|34 |3.1134 |38]|3.6 |3.7|34 [34]34 |33]32
3413.7 32132 3737 }39]35 [35]133 |35]|34
Right
Midbrain 50)5.1 81175 65|64 75|75 |74173 74|73
Lateral 1.7116 1616 1418 J15)1.7 JL7Q16 J15]1.6
ventricle
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3A-a.4. Discussion

Loss of neurons is hallmark pathology of neuodegenerative disorders and there is
growing evidence suggesting that apoptosis may play role in neuronal cell death
(Gupta et al., 2006; Su et al., 1997). Damage or alteration in DNA appears to be a
universal phenomenon both in normal ageing and age related disorders (Rao, 1997).
DNA is subjected to damage in cells by both endogenous and exogenous events that
result in DNA instability (Rao, 1997). The DNA instability in AD brain may be due to
the production of mismatched base pairs, strand breaks, and cross-links between DNA
and proteins and DNA helicity changes (Anitha et al., 2002). It is hypothesized that
AP plays a significant role in genomic instability (Suram et al., 2006; Hegde et al.,
2004; Suram et al., 2007). There are limited studies on integrity of DNA topology in
Neurodegenerative brain (Anitha et al., 2002; Hegde et al., 2006). The DNA
instability and repair system in neurodegeneration is still not clearly understood. The
fundamental study from our lab showed, that AP localizes in nuclear region in the
apoptotic neurons only in the hippocampus of AD brain (Hegde et al., 2004). The
major question still unanswered in the above paper is, why does A translocates to
nucleus of apoptotic neurons only? Also, it is still not clear whether AP induces
apoptosis in neurons or apoptotic neurons favor the translocation of cytoplasmic AP
to nuclear region? (Hegde et al., 2004). Hegde et al. (2004) clearly showed that A
(1-42) binds to and destabilizes DNA. It was also reported that AB (1-42) converted
B-DNA to W-DNA conformation. And Y- conformation mimics Z-DNA
conformation. The presence of Z-DNA was observed in hippocampus of AD brain
(Anitha et al., 2002). Further, recent studies provided new evidence that AB[Ibehaves
like a endonuclease and causes nicks in DNA leading to DNA instability (Suram et
al., 2007). In our present study, DNA stability parameters like Tm, EtBr and DNase |
digestion sensitivity of DNA from FC and H showed that Ab injection causes DNA
damage in aged rabbit brain. But M DNA is in condensed state, as evidenced by an
increase in Tm and decrease in EtBr binding and DNase I resistant. Thus, it is clear
from our study that AP (1-42) causes DNA damage in FC and H, where as A} (1-42)
induces condensation of in M region in rabbit brain. Further, Ghribi et al. (2001)
showed that intracisternal injection of AP (1-42) to aged rabbit elevated gadd 153

expression, which plays an important role in DNA damage. Ohyagi et al. (2005)
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reported that intracellular AP (1-42) activates p53, resulting in pS53-dependent
apoptosis in cells. Raff (1992) showed that neuronal cells treated with Ab exhibit
morphological and biochemical characteristics of apoptosis, including membrane
blebbing, compaction of chromatin and interchromosomal DNA fragmentation.
Lakshman et al. (2005) reported new data on translocation of AB from cytosol to
nucleus through AB(related Death-Inducing Protein (AB-DIP). The activation of
AB-DIP is proposed to be linked Caspase-9 and this has significant role in cell death
through apoptosis pathway, but the mechanism is still not clear. The proposed
neurotoxicity mechanisms for AP are diverse and there are still no unifying
mechanisms for neurotoxicity and genotoxicity. The DNA stability changes in
neurodegeneration are still a challenging pathway to be explored. The main concept is
to understand, whether A} (1-42) causes any conformational change in DNA? and to
map its relevance to cell dysfunction. Our results on DNA conformation showed that
AP induces C-type DNA and n-DNA in FC and H regions respectively. The M-DNA
is in y-DNA conformation, which will be in left-handed helix, resembling Z-DNA in
conformation features (Thomas and Thomas, 1989). Further, Thomas and Thomas
(1989) reported that c-DNA is an ordered, twisted and tight packing arrangement of
double helix and immunologically close to Z-DNA family. y-DNA is also in left
handed in conformation like Z-like DNA. This indicates that Ab induces DNA
topological changes under in vivo. These changes are similar to the DNA
conformational changes observed in AD brain hippocampus (Suram et al., 2002). To
the best of our knowledge, this is a fundamental contribution in understanding the role
of AP (1-42) in genomic biology of rabbit brain, which closely mimics the AD brain.
It is curious to know, whether Ab induces cellular atrophy as it is causing cell death
events. Price and Calderwood (1992) reported that the levels of AP (40)/AB(1-42) in
AD brain correlates with the frontal lobe atrophy as revealed by MRI. Also studies
have shown a positive correlation between the AP load and the reduction in brain
volume and atrophy in AD patients (Archer et al., 2006; Silbert et al., 2003). Fox et
al. (2005) showed that immunization of AD patients with anti-Ab (1-
42)(AN1792/QS-21) antibody reduced the loss of volume in cerebral region,
indicating a relation between AP load to neuronal loss. Nakamura et al. (2001)

reported that intracerebroventricular infusion of AP (1-42) in rats resulted in
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progressive reduction in brain functions including behavioral, histological and
neurochemical changes. In our study, we observed no change in the thickness of
temporal lobe, hippocampus and dilation of the ventricle volume in AB (1-42) injected
rabbit brain for 25 days. Our findings are partially substantiated Josephs et al. (2008).
They reported that Ab burden is not associated with brain atrophy in AD patients and
they concluded that rate of brain volume loss is not determined by the amount of
insoluble AP in the gray matter. Further, Stein-Behrens et al. (1992) showed that the
rats injected with AP (25-35) did not show any damage in brain structure. Also the
rhesus monkeys stereotypically injected with AB (40) did not show any cellular
changes resembling AD pathology (Podlisny et al., 1992). Since the process of
neurodegeneration itself is a slow process and may take a decade or even more to
pronounce the gross changes in the brain structure. We assume that we did not see any
significant MRI changes, since ours is only 25 days after AP (1-42) injection, which is
short period to show gross structural changes as evidenced by MRI. However, our
very recent studies insighted the brain structural changes are seen after AB(1-42)
injection with time scale of 45 days duration studied by 1.5 T MRI (unpublished
data). Based on our novel findings and reports from literature we propose, a new
hypothesis on the mechanisms of AP (1-42) induced genomic instability and its
relevance to neuronal dysfunction (Fig. 7). AP presents initially in the cytoplasm and
was reported to be in the cell debris after cell death finally. Recently, it has been
shown that AP translocates from cytoplasm to nuclear region in AD brain. The
evidences have shown that A may induce DNA instability either through oxidative
stress mediation or through directly binding to DNA. Further, metals like Al, Cu and
Fe accumulate in the brain in complex with AP may favor the DNA damage. The
damaged DNA will have lower activation energy and may prone for conformational
change upon AB binding? In the present study, we have evidenced the changes in
DNA conformation from B-DNA to C-type, n-DNA and ¥-DNA form in FC, H and
M respectively in AP (1-42) injected aged rabbit brain. We presume that metals
accumulation and AP load, together play a significant role in altering the genomic
biology of brain. We hypothesize that change in the DNA conformation may alter the
transcription factors binding leading to cell dysfunction. All these changes may lead

to altered gene expression favoring neuronal dysfunction.
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instability and its relevance to neuronal dysfunction is presented below. A normally
present initially in the cytoplasm and reported to be in the cell debris after cell death
finally. Recently, it has been shown that Af translocates from cytoplasm to nuclear
region in AD brain. The evidences have shown that A may induce DNA instability
either through oxidative stress mediation or through direct binding to DNA. Further,
metals like Al, Cu and Fe accumulate in the brain in complex with A and may favor
the DNA damage. The damaged DNA will have lower activation energy and may
prone for conformational change upon A binding? In the present study, we have
evidenced the changes in DNA conformation from B-DNA to C-type, n-DNA and ‘P-
DNA form in FC, H and M respectively in AP (1-42) injected aged rabbit brain. We
presume that metals accumulation and AP load, together play a significant role in
altering the genomic biology of brain. We hypothesize that change in the DNA
conformation may alter the transcription factors binding leading to cell dysfunction.

All these changes may lead to altered gene expression favoring neuronal dysfunction.
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Chapter 3A-b Studies to understand the preventive role of Indigenous plant
extracts against AB(1-42) induced DNA damage

3A-b-1.Introduction

Curcumin is a polyphenolic compound found in rhizome of turmeric (Curcumin
longa). The curcumin is used as spice and as a coloring agent in Indian food.
Curcumin has a long history for its use in Indian traditional medicine; ayurveda [Goel
et al., 2008; Aggarwal et al., 2007]. The consumption of curcumin has been attributed
to the lower incidence of gastro-intestinal mucosal cancers [Mohandas and Desai,
1999; Sinha et al., 2003]. Curcumin is also shown to have a potential to delay the
progression of AD (Ringman et al., 2005; Wakade et al., 2009; Jung et al., 2006).
Curcumin is reported to inhibit the AP oligomerization and fibril formation [Ono et al
., 2004; Yang et al., 2005]. The studies have shown that curcumin inhibits neuronal
damage [Shukla et al., 2003], reduce the oxidative damage (Lim et al., 2001) and
prevents in vivo amyloid accumulation in AD transgenic mice [Yang et al., 2005].
Garcia-Alloza et al. (2007) showed that curcumin crosses the blood brain barrier
(BBB) as evidenced in APPSwe/PS1dE9 transgenic mice studies. The naturally
occurring dyes such as Congo red (CR), chrysamine G (CG) and curcumin are known
to bind AP with greater affinity (Lorenzo and Yankner 1994, Yang et al., 2005). But
interestingly, curcumin is known to inhibit the fibril formation and lower the
neurotoxicity induced by AP fibrils (Yang et al., 2005, Ono et al., 2004). The
backbone in the curcumin between two aromatic groups. Curcumin contains 3-
methoxy 4-hydroxy substitutions on its aromatic groups. This aromatic substitution is
capable of taking part in hydrogen bonding and helps in binding to A} and inhibiting
the AP aggregation. But the bioavailability of orally administered curcumin is less due
to its hydrophobic nature and hence the therapeutic effects are limited (Sharma et al.,
2001). Its less bioavailability is due to its total insolubility in water. Since the oral
administration of curcumin, found low levels of parent compound and its
glucouronide and sulphate conjugates in peripheral and portal circulation are reported
(Garcea et al., 2004). To improve the bioavailabilty of curcumin, nano-curcumin
concept approach has been proposed. The nano-curcumin has the property of being

dispersible in aqueous media, which helps in solving the dissolution problem in
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aqueous media. This property provides an opportunity for nanoparticle based drug
delivery. The nano curcumin finds its use in systemic therapy of human cancers and
neurodegenerative disorders such as AD (Lim et al., 2001; Park et al., 2002; Ono et al
., 2004; Yang et al., 2005) and cystic fibrosis [Egan et al., 2004; Lipecka et al., 2006].
Vanillin is a flavoring molecule used in food industry. The health benefits on Vanillin
and its derivative VG is not studied. The biology of C.asiatica in brain disorders is
not clear. The recent reports that showed that the extract of C.asiatica protects against
gamma-radiation induced DNA damage [Joy and Nair, 2009]. There are reports that
oxidative stress has a significant role in neurodegenerative disorders and antioxidants
have shown promise in preventing the onset of neurodegenerative disorders [Bouhlel
et al., 2009; Vostalova et al., 2010 ; Stagos et al., 2005]. In this present study, we
report the effect of curcumin, curcumin derivatives, C.crista and C.asiatica on AB(1-
42) DNA nicking property. Also, report on the of effect of CG and VG on secondary
conformation of AP (1-11, 1-28 and 25-35) fragments.

3A-b.2.Materials and methods

Supercoiled plasmid DNA (pUCI18) (Cesium chloride purified) and DNA
molecular markers were purchased from Bangalore Genei, India. AB(1-11), AB(1-
28), AP(25-35), and AP(1-42) were purchased from Sigma, USA. TRIS
(hydroxymethyl) and agarose from SRL India. Glacial acetic acid, hydrochloric acid,
EDTA, were purchased from BDH chemicals, India. Ethidium bromide was obtained
from ICN. Curcumin, CG and VG were courtesy of Dr. P.Srinivas, CFTRI. C.crista
was brought from Western ghats. C.asiatica was purchased from the local market,
Mysore. Both C.crista and C.asiatica were identified by authenticated botanist. The
details on preparation of the aqueous extract these two plants were presented in
chapter 4B and chapter 4C.
3A-b.2.1 Effect of amino acids derivatives of curcumin on DNA nicking activity

of AB(1-42)

ScDNA (0.5ug) was incubated with 50uM of different fragments of AB(1-42) in
presence of both amino acids derivatives of curcumin (Cur-Ala, Cur-Leu, Cur-lle,
Cur-Lys Cur-Phe and Cur-Val,) and ImM MgCl, for 12 h in Tris-Cl buffer at pH

7.4 at 37°C. The incubated samples were electrophoressed on 1% agarose using TAE
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(Tris —acetic acid -EDTA) (pH8.4). The gel was stained with 1pug/ml of ethidium
bromide in cold water for one h and de-stained in using triple distilled water and
documented using gel documentor and densitometry was recorded using the inbuilt

software system.

3A-b.2.2. Effect of Caesalpinia crista and Centella asiatica aqueous leaf extracts

on DNA nicking activity of AB(1-42)

ScDNA (0.5png) was incubated with 50uM of AP(1-42), 25, 50, and 100ul g
of Caesalpinia crista and Centella asiatica aqueous leaf extracts in10mM Tris-Cl
pH 7.4 at 37 °C for 12 hours. Incubated samples are electrophoressed on 1% agarose
using TAE (Tris —acetic acid -EDTA) (pH8.4). The gel was stained with 1ug/ml of
ethidium bromide in cold water for one hour and de-stained in using triple distilled
water and documented using gel documentor and densitometry was recorded using the

inbuilt software system.

3A-b.2.3. Circular dichroism spectroscopy to study effect of CG and VG on the
secondary conformation of AP (1-11), AB (1-28) and AP (25-35)

50uM of AB (1-11), AP (1-28) and AP (25-35) were incubated with CG and VG
in the following ratios, 1: 0.1, 1:1, 1:2 and 1:5 for 12 h at 37 °C in 10mM Tris-Cl,
pH7.4. The secondary conformation of AP (1-11) and AP (1-28) was recorded on
JASCO J 700 Spectropolarimeter at 25 °C, with 2mm cell length with wavelength

scan between 195 and 260nm.
3A-b.3.Results

3A-b.3.1. Studies on the effect of curcumin and amino acids derivatives of

curcumin on AB(1-42) DNA nicking activity

The results showed that curcumin, amino acids derivatives of curcumin Cur-Ala,
Cur-lleu, Cur-Leu, Cur-Phe, Cur-Lys, Cur-Val did not prevent the AB(1-42) DNA
nicking activity (Fig 3A-b.3.1).
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Fig 3A-b.3.1: Effect of curcumin derivatives on DNA nicking property of AB(1-
42) : 1-1kb marker, 2- Linearized DNA-EcoRI digested, 3- scDNA, 4-scDNA+
DMSO, 5- scDNA+ AP (1-42)+ Mg*"+ DMSO, 6- scDNA+ AB (1-42)+ Mg, 7-
scDNA+ AP (1-42)+ Mg*"+ Curcumin, 8- scDNA+ AP (1-42)+ Mg*"+ Cur-Ala, 9-
scDNA+ AB (1-42)+ Mg>™+ Cur-Ile, 10- scDNA+ AP (1-42)+ Mg®*+ Cur-Leu, 11-
scDNA+ AP (1-42)+ Mg®™+ Cur-Lys, 12- scDNA+ AP (1-42)+ Mg**+ Cur-Phe, 13-
scDNA+ AP (1-42)+ Mg”"+ Cur-Val.

3A-b.3.2. Studies on the effect on aqueous leaf extracts of C.crista and C.asiatica
on AB(1-42) DNA nicking activity

The agarose gel was used to demonstrate whether the aqueous leaf extracts of
C.crista and C.asiatica can inhibit AB(1-42) DNA nicking activity (Fig 3A.3.2-B).
The results showed that 5ug C. crista inhibited nicking activity of AP(1-42),
whereas higher concentrations of 25 and 50 pg C. crista enhanced DNA nicking
activity of AB(1-42)( Fig 3A.b.3.2). However, the 5, 25 and 50 ug C.asiatica aqueous
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leaf extract did not inhibit the DNA nicking activity of AB(1-42)( Fig 3A-b.3.2-B).
The nuclease inhibitor ATA inhibited the DNA nicking activity of AB(1-42).
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Fig 3A-b.3.2: Effect of aqueous leaf extracts of C.crista and C.asiatica on DNA
nicking property of AP(1-42): A:1- lkb marker, 2- Linearized DNA-EcoRI
digested, 3- scDNA, 4- scDNA+ ATA, 5- scDNA+ AB(1-42), 6- scDNA+ APB(1-
42)+5ug C.crista, 7- scDNA+ AB(1-42)+25ug C.crista, 8- scDNA+ AB(1-42)+50ug
C.crista. B:1- 1kb marker, 2- Linearized DNA-EcoRI digested, 3- scDNA, 4-
scDNA+ AP(1-42), 5-- scDNA+ AP(1-42)+ ATA, 6- scDNA+ AB(1-42)+5ug
C.asiatica, 7- scDNA+ AB(1-42)+25ug C.asiatica, 8- scDNA+ AP(1-42)+50ug
C.asiatica.

3A-b.3.3. Effect of CG and VG on secondary conformation of AB(1-11), AB(1-28)
and AB(25-35)

The conformation of AP is important to understand the toxic effects. Recently
accepted hypothesis on A in soluble oligomers form are more toxic than insoluble
protofibrils and plaques. We have interacted the AB(1-11), AB(1-28) and AB(25-35)
with CG and VG at different ratios and recorded the secondary conformation of AB(1-
11), AB(1-28) and AB(25-35) and expressed in percentage of Alpha helix, Beta sheet
and Random coil (Fig 3A-b.3, Table 3A-b.1). Both VG and CG had changed the
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random coil of AB(1-28) to beta sheet (Table 3A-b-1). In general, there is an increase
in beta sheet conformation at AB(1-28): at CG, 1:0.1 and AB(1-28): at VG, 1:0.1
ratios and there is no significant increase in beta sheet conformation at 1:1,1:2 and 1:
5 ratios of both CG and VG. But the conformation of AB(1-11) upon binding to CG
increased with the Alpha helix (39%) conformation at AB(1-11): CG, 1:0.1, at AB(1-
11): CG, 1:1- 32%, at AB(1-11): CG, 1:2 -28% rations. Where as at AB(1-11): CG,
1:5 -12% and % beta sheet increased to 40 from 24%. As the % beta sheet
conformation increases, there is corresponding decrease in the % random coil and not
much change in the % alpha helix conformation. The Alpha helix conformation of
AB(1-11) upon VG binding at AB(1-11): VG, 1:0.1and AB(1-11): VG, 1:1 is 5% and
7% respectively where as the at same concentration % beta sheet conformation is 47
and 45 respectively. Interestingly, Alpha helix conformation of AB(1-11) upon VG at
AB(1-11): VG, 1:2 and AB(1-11): VG, 1:5 is 30% and 39% respectively and beta
sheet conformation at same ratio is 1% and 12% respectively. In case of AP(25-35),
as the concentration of CG increases there is a slight increase in beta-sheet and
corresponding decrease in the random coil conformation and no much alteration in the
alpha-helix. While VG has not altered secondary conformation of AP(25-35)
significantly compared to control.  In above-mentioned results, as the %alpha helix
and % beta sheet increases there is corresponding decrease in the % random coil. This
data on secondary conformation of amyloid beta conformation suggest that both CG
and VG act differently in altering the secondary conformation of amyloid beta (1-11,
1-28 and 25-35) fragments.
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Fig 3A-b.3.3: Efect of CG and VG on the secondary conformation of Ap (1-11,
1-28 and 25-35) fragments: The secondary conformation was studied by using circular
dichroism spectroscopy. The results showed differential effect of CG and VG on

secondary conformation of AP fragments.
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Table 3A-b.1: Effects of CG and VG on the secondary conformation of AB(1-11, 1-
28 and 25-35) fragments

SL.No. | AB fragments | % % %
CG/VG Alpha | Beta | Random
helix | sheet | coil

1 AB1-11 5 24 71
2 AB1-11:CG,1:0.1 39 10 60
3 AB1-11:CG,1:1 32 14 54
4 AB1-11:CG,1:2 28 14 58
5 AB1-11:CG,1:5 12 40 48
6 AB1-11:VG,1:0.1 |5 47 48
7 AB1-11:VG,1:1 7 45 48
8 AB1-11:VG,1:2 39 1 60
9 AB1-11:VG,1:5 30 12 58
10 AB1-28

11 APB1-28:CG,1:0.1 9 47 44
12 AP1-28:CG,1:1 8 48 44
13 APB1-28:CG,1:2 8 48 44
14 APB1-28:CG,1:5 9 47 44
15 AB1-28:VG,1:0.1 |7 51 42
16 AP1-28:VG,1:1 8 50 42
17 AB1-28:VG,1:2 7 50 43
18 APB1-28:VG,1:5 8 46 46
19 AP25-35

20 AP25-35:CG,1:0.1 |4 48 48
21 AP25-35:CG,1:1 7 51 42
22 AP25-35:CG,1:2 8 50 42
23 AP25-35:CG,1:5 7 50 43
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24 AB25-35:VG,1:0.1 |8 48 44
25 AB25-35:VG,1:1 8 47 44
26 AB25-35:VG,1:2 9 48 43
27 AB25-35:VG,1:5 5 47 48

3A-b.4.Discussion

The brain cells which are non-replicating are particularly vulnerable to DNA
damage and DNA damage accumulation leads to deleterious effect on neuronal cells
(Bohr et al., 2007). Recent studies on AD, PD, HD, ALS, XP suggests that oxidative
stress and DNA damage are common mechanisms in the neuronal cell death (Kraemer
et al., 2007; Trushina and McMurray, 2007). The instability of the genome in all the
organisms can be induced by exogenous and endogenous agents that induces DNA
lesions, DNA breaks etc. (Bohr et al., 2007).The exposure to reactive oxygen species
(ROS) may be a risk factor for neurodegenerative disorders and aging (Akbari et al.,
2006). So, ROS are important genotoxic molecules that are responsible for DNA
damage. ROS are known to cause DNA lesions which includes DNA single and
double strand breaks, oxidized DNA bases and repaired by base excision repair (BER)
(Seeberg et al., 1995). Suram et al. [2006], in their review suggested that A also acts
as a genotoxic molecule involved in DNA damage and neuronal cell death. We have
evidenced the DNA nicking activity of different amyloid beta fragments [see chapter
2]. The data on DNA nicking activity of different amyloid beta fragments suggests
that amyloid beta fragments directly damage the DNA. Since, curcumin is reported to
have neuroprotective effects, it made us curious to understand the curcumin and its
derivatives effects on DNA nicking activity of amyloid beta fragments. The
curcumin and its derivatives are used to understand whether they inhibit the DNA
nicking activity of AB(1-42). Also two plants C.crista and C.asiatica which showed
antioxidant and anti-inflammatory activities, we tested whether they inhibit AB(1-42).
Induced DNA nicking activity [See chapter 4A]. The curcumin and its derivatives
could not inhibit the DNA nicking activity of AB(1-42). The aqueous leaf extracts of
C.crista and C. asiatica also could not prevent the DNA nicking activity of AB(1-

42). The CG and VG also bind differentially and change the secondary conformation
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of AB(1-11), AB(1-28) and AB(25-35). This data clearly indicate that Curcumin, and
plant extracts are potent in inhibiting oxidative stress and its mediated DNA damage.
But our studies clearly indicate that these compounds could not prevent DNA nicking
activity of AP(1-42). This data insights newer understanding in targeting drug

discovery molecules against novel biochemical targets in neurodegeneration.
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Chapter 3B AB(1-42) induced MRI changes in aged rabbit brain resembles MRI
changes in AD brain
3B.1. Introduction

Alzheimer’s disease (AD) is the most common form of dementia in elderly
people [Hardy and Higgins 1992]. AD is structurally characterized by brain atrophy
due to loss of neurons [Vemuri et al., 2009]. Among many risk factors implicated in
the cause of AD, Amyloid beta (AB) is the key factor implicated in AD [Selkoe,
2001]. The reasons for neuronal cell death in AD is still not clear Gupta et al., 2006].
Further, there are no reliable biomarkers for AD [Georganopoulou et al., 2006]. It has
been attributed that CSF and plasma APmay be as biomarker and many researchers
even try to correlate the AP versus brain atrophy. Recent studies clearly indicated that
MRI changes in brain may support as good imaging biomarker for early diagnostic of
AD [Kantarci, 2005; Rabinovici and Jagust, 2009]. But still scientists are debating on
this relation [Rombouts et al., 2005]. The MRI measures the change in whole brain
atrophy and different regional atrophy of the brain [Jack Jr et al., 2005; Jack Jr et al.,
2004; Thodberg, 2003]. Studies involving AD patients have shown early involvement
of medial temporal lobe structures such as entorhinal cortex and hippocampus in the
disease initiation [Barnes et al., 2004; Lerch et al., 2005]. The decrease in the
hippocampal volume is associated to severity of the AD [Jack Jr et al., 2004]. The
study of Archer et al. [2006] reported that there is a positive correlation between
amyloid load and cerebral atrophy in AD. Further studies indicated that the A
deposition load is found to have correlation with the degree of neuronal damage and
cognitive deficits [Davies et al., 1988; Mann et al., 1985]. The microinjection of A
into cortex, hippocampus or amygdala has been reported to produce neuron loss and
cholinergic degeneration [Chen et al., 1996]. However there is no animal model to
mimic the total AD pathology [Bharathi et al., 2006]. Recently, Ramesh et al. [2010,
Chapter 3A] has reported that intracisternal injection of A} (1-42) to aged rabbits has
significantly altered the DNA conformation in frontal cortex, hippocampus and
midbrain. The altered DNA conformation is C-type, m and y conformation in frontal
cortex, hippocampus and midbrain respectively. However control rabbit brain regions
showed B-DNA conformation. The y-conformation mimics the Z-DNA conformation

[Suram et al., 2002]. The Z-DNA conformation is found in the hippocampus region of
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the severe AD brain [Suram et al., 2002]. Also AP injection also altered DNA
stability in brain regions. But these changes do not correlate with the changes in the
rabbit brain atrophy. Ramesh et al. [2010] hypothesized that 25 days of A injection
is not sufficient to induce the brain atrophy though there are significant DNA
instability and DNA conformation changes.

The present study is planned to investigate the effect of intracisternal injection of
AB(1-42) on aged rabbit brain for 45 days. The brain structural changes in terms of
thickness of frontal lobe, hippocampus, temporal lobe, midbrain and volume of lateral
ventricle are analyzed. Additionally, the MRI data of rabbits is compared with AD
patients MRI. This study will give an insight in understanding the role of AB(1-42) in
inducing the brain atrophy in AD.

3B.2. Materials and methods

APB(1-42) was purchased from BZ Biolab Limited, USA. Saline was purchased from
local medical store.
3B.2. 1.Animal protocol:

All animal procedures were carried out in accordance with Indian National
Science Academy (India) animal protocol guidelines and rules framed by J.S.S.
Animal Ethical Committee, J.S.S. Medical College, and Mysore, India. All the
animals were housed in JSS Animal house in separate stainless steel cages. Ten New
Zealand white aged rabbits (4.0 yrs old) received intracisternal injections of 100uL of
normal saline (control) and another batch of ten aged rabbits received 100uL of
(Img/mL) AB(1-42) in saline. The injections were carried out under calmpose
anesthesia, according to the modified protocol (Savory et al., 1999). The MRI was
done before AB(1-42)/ saline injection and after 45 days of AP(1-42)/ saline
injection. All the aged rabbits were subjected for MRI euthanized after 45 days.
APB(1-42) injected animals have developed neurological symptoms including forward
head tilting, hemiplegic gait, loss of appetite, isolation behavior, splaying of
extremities and paralysis. These behavioral changes were the results of observations
made on regular basis of every day from date of injection. The control animals did not

display any behavioral disturbances.
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3B.2. 2.MRI protocol for scanning aged rabbit brain

The rabbit’s brains were imaged using MRI before injecting the AB(1-42). MRI
images of aged rabbits injected AB(1-42) were taken after 45 days of injection.
Scanning was done on Siemens Aavanto 1.5 T MRI scanner. Animal head was
scanned using small flex coil for better positioning of the head in centre of the
magnetic field so as to obtain better signal noise ratio. Animals were under the
influence of diazepam (10mg) for about 20 minutes, which was sufficient to complete
the MRI protocol. Aged rabbits were scanned in prone position. Images were acquired
in coronal plane using T1, T2 and 3D gradient Echo Sequences. T2 sequences were
obtained by using TR3500ms, TE79 ms, slice thickness of 3mm, and FOV 100mm.
T1 sequences were obtained by following protocol TR-613ms, TE 11ms, 256X256
MATRIX FOV 100mm and slice thickness of 2mm. 3D GRE sequences were
obtained by following protocol-TR9.5ms TE-4.76ms FOV-100ms and slice thickness
of Imm. The comparison of control animals with treated animals were done with the
aim of demonstrating any structural change in the brain parenchyma which points
towards loss brain volume. The thickness of frontal lobe, hippocampus, midbrain,
temporal lobe and lateral ventricle was using system-attached software in MRI

machine. Measurements were obtained for T2 Weighted images.

3B.2. 3. MRI protocol for scanning normal and human AD brain
5 normal and 5 AD patients were selected for the present investigation. The AD
patients were diagnosed by NIH protocol by Psychiatry Professor of JSS Medical

College, Mysore. MRI was done on all the above persons.

Multiplanar, multisequence MRI was done on Siemens Avanto 1.5T system
using following protocol. Axial —T1, T2 and FLAIR (Fluid Attenuated inversion
recovery). Sagittal —T1, Coronal -T2, 3D -gradient echo. Susceptibility weighted
imaging —in axial plane, for T1- TR 550 ms and TE of 8.7 ms was used for T2 —TR of
5000 ms and TE of 118 ms was used for FLAIR sequence-TR was 9000 and TE
was102 ms FOV for all sequence was 230mm. Smm slice thickness was employed for
all sequences, other than gradient sequence. 3D Gradient sequence was done in all

patients in coronal plane with slice thickness of 1mm. All patients were co operative
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and did not need any sedation. Typical total scan time for entire study was about 20

minutes.

3B.2.4.Statistical Analysis: The thickness and volume measurement data was

analyzed using student t test in origin 6.0.3B.3.
3B.3.Results

3B.3.1. MRI study of aged rabbits with or without AB(1-42) injection The MRI is
done for aged rabbits injected with AB(1-42) / saline. The results on the effect of
AB(1-42) on thickness of different regions of aged rabbit brain frontal lobe,
hippocampus, and midbrain is given in tablel and temporal lobe and lateral ventricle
is given in table 2. Frontal lobe: There is a significant (p<0.05) decrease in the
thickness of frontal lobe in case of AB(1-42) injected rabbit brain (both left and right)
compared to saline(Table 3B.1). This indicates that there is a loss of neurons in the
frontal lobe as may be affected by AB(1-42). Hippocampus: There is a significant
(p<0.05) decrease in thickness of both left and right hippocampus of AP(1-42)
injected rabbit brain compared to saline injected controls. Temporal lobe: Temporal
lobe thickness data analyzed showed significant (p<0.05) reduction in the thickness of
both control rabbit brain. Midbrain: The analysis of brain scans of midbrain for
thickness of rabbit brain injected with AB(1-42) showed a significant reduction
compared to saline injected controls. Lateral ventricle: The lateral ventricle thickness
analysis evidenced an significant increase in the ventricular volume in the case of
rabbit brain injected with AP(1-42) compared to saline injected control rabbits
(fig.3B.3.1; Table 3B.2). This indicates the dilation of the ventricle, which is
prominent feature of AD. The above results are in correlation with the structural
changes as shown in MRI of AD patients (Fig3B.3. 2).  For the first time we report
significant structural changes as induced by AB(1-42) in aged rabbit brain. These
results further validate the aged rabbits injected with APB(1-42) as a suitable animal
model in studying the AD pathophysiology.
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AB10
Fig 3B.3.1. Representative photos of coronal T1 brain slices except C6-C7 which ar
T2 images. Figs C1-C10 are control rabbits. Figs AB(1-10 shows T1 brain slices
except AB7, which is T2 image of the rabbits injected with AB(42). The image
analysis is done by comparing the anatomy of control scans with scans obtained after
injection of AB(1-42). The rabbits injected with AB(1-42) show significant changes

in the frontal lobe, hippocampus, midbrain, temporal lobe size and lateral ventricle
volume.
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Table: 3B.1. The changes in the thickness of (mm) of different brain regions (Frontal
lobe, hippocampus and midbrain) of AB(1-42) injected and control rabbits. * p< 0.05

FL/L FL/R He/L He/R Midbrain

SINo| AB C AB| € |AB| € | AB| C AB C
1 264 28 |25 26 |1.7¢] 35 |19¢] 209 3% 3.9
2 |22+« 32 [23%]| 32 |18| 32 [18*| 35 [ 3.6* 4
3 25| 27 [26¢] 32 Jus=| 22 [ 2« [ 22 [ 34+ 2.9
4 21| 28 [23%]| 29 J1ox| 32 [ 25 [ 32 | 44* | 46
s [21%| 37 [22¢] 33 |23%| 25 [22¢| 23 [ 43% 2
6 [22¢] 26 [19%] 27 |22¢| 23 [16x| 22 | 4* 4.4
7 1o 23 [29%] 23 J1ex| 18 [17¢| 1.8 | 41 | 44
8 |21%] 23 [24ax| 25 [ 2¢ [ 24 [22¢] 23 | 3.1% 3.8
9 [ 2= 25 [23%| 26 [1ox] 22 [ 25 | 21 | 42¢ | 48
10 [23*| 23 [22¢] 23 |21%]| 27 |23%] 27 [ 3.5* 4
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Table: 3B. 2. The changes in the thickness of (mm) of different brain regions

(Temporal lobe and lateral ventricle) of APB(1-42) injected and control rabbits.
*p<0.05

TL/L TL/R LV/L LV/R

SINe [ AB| € | AB [ ¢ |Ap| c [Aap]| cC

1 4.3* 6 4.4* 6.1 |18 1.7 |[22*] 1.8

2 43* 1 6.2 5.4%* 6.9 2% 14 19 1.9

3 4.3% 6 5.4% 6.4 [22%] 14 |24*| 1.7

4 43*| 5.7 5.6% 53 2% 2 2% 1.9

5 52%| 54 5.6% 54 [ 1.8*%] 16 |19*| 1.7

6 3.8%] 5.2 3.9% 56 | 1.5%] 1.2 |19*| 1.1

7 43* 1 4.9 4.6* 51 119*%] 09 | 1.5* 1

8 6.1%| 6.7 5.5% 6.6 |1.7*] 1.1 2% 1

9 52%| 64 5.1% 6.6 | 1.6* 1 14*| 1.2

10 |54*] 53 5.2% 54 (16| 12 |18*| 14
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3B.3.2. MRI study of human AD and normal cases

MRI study was conducted for 5 normal volunteers examined by neurologist
confirming that they were not having any mental illness problems. The 5 AD cases
were recruited from JSS hospital Mysore, after clear diagnosis by a neuropsychiatrist.
The MRI is done for both normal and AD cases using 1.5 T MRI machine at Vikram
hospital, Mysore. The thickness of frontal lobe, hippocampus, midbrain, temporal
lobe, and lateral ventricle volume was analyzed using a inbuilt software in the MRI
machine. The results showed that there is a significant reduction in the thickness of
the frontal lobe and hippocampus in AD compared to normal. However there is no
significant reduction in the thickness of midbrain, temporal lobe and lateral ventricle

volume in AD compared to normal (fig.3B.3.2; Table 3B.3 and 4).

Normal 1 AD 1
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AD2

Normal 2

Normal 3
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Normal 4 AD 4

Normal 5 AD5

Fig 3B.3.2. Representative photos of coronal T1 brain slices of 5 normal brain and 5
AD brain. The image analysis is done by comparing the anatomy of normal brain
scans with AD brain. The AD brain show significant changes in the frontal lobe,
hippocampus, midbrain, temporal lobe size and lateral ventricle volume compared to
normal.
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Table 3B.3 The changes in the thickness (mm) of healthy and AD brain regions
(Frontal lobe, Hippocampus and midbrain) * p< 0.05

FL/L FL/R He/LL Hc/R Midbrain

Healthy AD Healthy |[AD  |Healthy ﬁHealthy AD |Healthy AD
1 463 39.5% 146.7 42*%  (16.7 20.7*|17.9 8.6% [26.2 11.2
2 |44 42.1*% 146.3 41.8*% [19.7 20.7*|18.5 15.2*% |23.4 18.3
3 [44.7 40.7*% 148.3 37* 169 17.6* |16.4 11.7*% |22.4 12.8
4 1459 41.8*% 146.9 39.9* |20.2 21.1*%|18.1 16.6* |22.1 12.6
5 494 42.3*% 147.8 40.9*% [17.9 16.6%(17.2 15.1* |20 13.4

Table 3B.4 The changes in the thickness of (mm) healthy and AD brain regions
(Temporal lobe and lateral ventricle)

TL/L TL/R LV/L LV/R

Healthy AD |Healthy AD |Healthy AD |Healthy AD
44.9 34 443 345 6.7 86 |59 8.6
44.4 39.9 43.1 41.1 9.5 88 9.1 9
44.7 314 41.7 33.7 |12.6 132 (11.2 11.9
46.3 445 (47.2 409 (10.2 12.4 |10 11.8
48.5 432 |48.8 419 (74 12.8 (7.4 13.1
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Discussion

Alzheimer’s disease can be characterized by significant reduction in the structural
integrity of brain. The neuronal cell loss followed by brain atrophy is the hall mark
feature in AD. But the etiology and pathology of AD is still complex in nature [Perrin
et al., 2009]. The amyloid beta (AP) is attributed as a key factor implicated in AD
[Selkoe, 2001]. The mechanisms of cell death in AD are still not clear (Gupta et al.,
2006]. Further, there are no reliable biomarkers for AD for early diagnosis
[Georganopoulou et al., 2006]. It has been shown that CSF and plasma AP may be act
like as biomarker and many researchers even try to correlate the AP levels versus
brain atrophy [Galasko and Montine, 2010]. Recent studies clearly indicated that MRI
changes in brain may support as good imaging biomarker for early diagnostic of AD
[Kantarci, 2005; Rabinovici and Jagust, 2009]. But still scientists are debating on this
relation [Rombouts et al., 2005]. The present proves few insights in this direction.
The study by Price and Calderwood, (1992) reported that the levels of AB(40)/AB(1-
42) in AD brain correlates with the frontal lobe atrophy as revealed by MRI. There is
also report showing a positive correlation between the AP} load and the reduction in
brain volume and atrophy in AD patients [Archer et al., 2006]. Further, Fox et al.
[2005] showed that immunization of AD patients with anti— AP (1-42)(AN1792/ QS-
21) antibody reduced the loss of volume in cerebral region, indicating a relation
between AP load to neuronal loss. Engler et al., [2006] has conducted a two year
follow up study of amyloid deposition in relation to brain atrophy in AD patients. The
results suggest that amyloid load is high and stable throughout two years. But there is
a decline in regional cerebral metabolic rate for glucose and cognitive function
[Engler et al., 2006]. This indicates that amyloid deposition in AD patients is a
dynamic process and reaches equilibrium very early in the course of AD. Recently
Sluimer et al. [2009] reported the progression of atrophy in AD patients. The study
comprised of 64 AD patients, 44 with MCI and 34 controls. They subjected
volunteers for serial MRI with time interval of 1.5 years. The results showed that a
severe atrophy change in medial temporal lobe in MCI which is comparable to

atrophy in AD patients. Additionally, atrophy rates are also increased in frontal lobe,
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parietal and occipital lobe. In case of AD, atrophy rates are higher in extramedial
temporal lobe and there is an increased atrophy changes in parietal, frontal, insular
and occipital lobe. In the case of non-demented controls, medial temporal lobe
atrophy is a good indicator of progressing towards AD. This indicates that though
medial temporal lobe is affected very early in AD, over a period of progression of AD
it spreads throughout the brain regions. The brain atrophy in AD initiates mainly at
medial temporal region and fusiform gyrus. This atrophy can be seen 3 y before the
diagnosis for AD. As the disease progresses, atrophy spreads to posterior temporal,
parietal and frontal lobes. These atrophy changes are also seems to correlate with the
neurofibrillary tangle distribution in AD [Whitewell, 2010]. The atrophy of brain is
due to the loss of neurons. Atrophy can be described as widening of the sulci and
shrinkage of gyri. The consequence of loss of neurons is the significant loss of brain

weight [Whitewell, 2010].

To understand the mechanism of regional brain atrophy changes, we need to have
suitable animal model. The intracerebroventricular infusion of AB(1-42) in rats
resulted in progressive loss of brain functions such as behavioral, histological and
neurochemical changes [Nakamura et al., 2001]. The MRI study on transgenic mice
over expressing both APP and SOD or APP or SOD alone showed significant atrophy
changes in different regions of brain. In case of double APP/SODI transgenic mice,
the volume of hippocampus, entorhinal cortex and cingulated cortex reduced from 8
to 25%. But in the case of transgenic mice over -expressing SOD]1there is a altered
brain atrophy in cortex regions of cingulate, retrosplenial and temporoparietal cortex
but there is no reduction in atrophy change in hippocampus atrophy. The transgenic
mice over expressing APP alone do not show any changes in the brain atrophy
compared to control [Borg and Chereul, 2008]. In an effort to develop animal model
that mimic AD, we selected aged rabbit. The aged rabbits are more susceptible for
developing AD like pathological features (Bharathi et al., 2006; Savory et al., 1999).
The AB(1-42) is injected to aged rabbit through intracisternal route and allowed for 25
days. The results showed that AB do not induce significant structural changes in aged

rabbit brain [Chapter 3A]. Since the process of neurodegeneration itself is a slow
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process and may take long duration to show the gross changes in the brain structure.
In the present study we injected AB(1-42) to aged rabbits and allowed for 45 days.
The MRI results showed a significant reduction in thickness of frontal lobe,
hippocampus, midbrain, temporal lobe and increase in the lateral ventricle volume.
We also conducted MRI study on 5 AD and 5 normal cases. We also analyzed the
thicknesses of frontal lobe, hippocampus, midbrain, temporal lobe and lateral
ventricle lobe. We found significant reduction in thickness of the frontal lobe and the
hippocampus. However, no significant reduction in the thickness of midbrain,
temporal lobe and no significant increase in the lateral ventricle volume are observed
compared to normal. The results of brain atrophy changes between rabbit brain and
human AD brain correlation is established for frontal lobe and hippocampus regions.
While, other regions such as midbrain, temporal lobe, lateral ventricle do not show

correlation to rabbit brain atrophy changes in the corresponding regions.

The understanding of the changes in brain atrophy itself is complicated. Scahill et al.
[2002] reported a significant expansion in lateral ventricle in mild AD, moderate AD
and presymptomatic individuals. Additionally, there is a significant volume loss of
hippocampus, precuneus, anterior frontal lobe cortices, and posterior part of
cingulated gyrus in mild AD. The expansion of CSF spaces would correlate with total
brain volume loss, which contributes to global atrophy. To determine the either
atrophy or volume loss in different brain regions, one should judge which region to be
scanned which may leads to biass in the measurement. The statistical parametric
mapping is an automated technique for performing differences among different
subgroups in AD such as mild, moderate AD, and AD. The statistical parametric
mapping is also referred as voxel based morphometry [Ashburner and Friston, 2000].
There is a significant loss of temporal lobe volume in AD compared to normal. The
level of atrophy of temporal lobe in AD is similar to mild AD [Teipel et al. 2006].
Clinically, there is a narrow difference between AD and fronto-temporal dementia.
So, achieve clear cut diagnosis there is a need to have tool where it can differentiate
the finer details. The fully automated freely available software “Free surfer” can be
used to measure the cortical thickness. The study comprised on 28 confirmed AD, 11
amnestic type, 17 atypical AD like, 23 confirmed FTD and 25 healthy subjects
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showed significant results. All the groups showed reduced cortical thickness in medial
temporal lobe, posterior cingulate gyrus, precuneus, posterior parietal lobe and frontal
lobe compared to controls [Lehman et al., 2010]. The reduced cortical thickness in
anterior frontal lobe and frontal lobe is specific marker for fronto-temporal dementia.
The reduction in thickness of posterior cingulate gyrus is characteristic of AD with or
without typical or atypical features. The atrophy changes are attributed to the loss of
neurons and the neuronal tissue. The loss of brain tissue makes the accumulation of
CSF in the spaces. The cause of neuronal loss and subsequent changes in atrophy and
reduction in brain volume is not understood completely. Recent reports suggest that
there is a correlation between the amyloid load and brain atrophy in presymptomatic
stage of AD [Chetetat et al., 2010; Frisone et al., 2009]. But there was no significant
correlation between the amyloid load and atrophy in mild cognitive impairment and
AD. This indicates the effect of amyloid in neurodegeneration. The brain regional
accumulation of amyloid and its corresponding toxicity in terms of loss of neurons
has a great impact in understanding the process of neurodegeneration. In this
direction, Frisoni et al. [2009] found more amyloid in frontal, parietal and posterior
cingulate gyrus cortical areas. However, there is a significant correlation between the
amyloid load and higher atrophy changes in hippocampus and amygdale, while no
correlation is obtained for frontal, temporal, posterior cingulate/ retrosplenal, insular
and caudate region. In our study, we do not find the significant changes in the
thickness of temporal lobe and midbrain. Though we do not quantify the amyloid load
in different regions but we found significant reduction thickness of frontal lobe and
hippocampus in AD compared to age matched healthy subjects. Our MRI studies with
aged rabbits injected with AB(1-42) showed correlation to human AD MRI a in two
important regions such as hippocampus and in temporal loge atrophy. In the literature,
AD cases with amyloid load correlated to brain atrophy of that particular region
[Frisoni et al., 2009]. This data shows that bet-amyloid is directly causes toxicity in
vivo by causing neuronal cell death and consequently brain atrophy. Since an
Alzheimer’s disease animal model which depicts brain atrophy changes in different
brain regions is essential to understand regional toxicity of beta-amyloid. So our
animal model will be useful in testing molecules that reverse the toxicity of beta-
amyloid by restoring brain atrophy changes. Our study for the first time showed that
intracisternal injection of Abeta showed significant reduction in the thickness of
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frontal lobe, hippocampus, temporal lobe, midbrain and increase in the thickness of
lateral ventricle. We also evidenced the correlation between aged rabbits injected with
AB(1-42) and human AD interms of the changes in thickness of hippocampus and
frontal lobe. That is significant reduction in the thickness of frontal lobe and
hippocampus are observed in aged rabbits and in human AD brains. However, no
correlation is observed for midbrain, temporal lobe thickness and lateral ventricle
volume. This data would aid in understanding the role of Abeta load in the early onset

of AD prior the expression of symptoms.
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Chapter 4A Anti-oxidant and anti-inflammatory activities of C.crista and
C.asiatica

4A. 1. Introduction

The oxidative stress and inflammation have been implicated in neurodegenerative
disorders like AD, PD etc [Patten et al., 2010; Reynolds et al., 2007]. The generation
of reactive oxygen species, which are toxic, is a part of normal metabolism in
biological system. The balance between the production of reactive oxygen species and
anti-oxidants is essential in biological system to prevent adverse effects of oxidative
stress. The imbalance between reactive oxygen species and antioxidants in human
body leads to oxidative stress [Houstis et al., 2006]. The oxidative stress has
detrimental effects on central nervous system [Reynolds et al., 2007]. The brain is
more prone for oxidative stress because of (i) brain is rich in easily oxidizable
unsaturated fatty acids; (i1) brain requires more oxygen per unit weight (20% of total
oxygen requirement in human beings); (iii) brain is also rich in iron and ascorbate
which are key players in oxidation; and (iv) brain is deficient in antioxidants. The free
radicals thus generated are known to attack macromolecules such as DNA, proteins,
lipids and carbohydrates. This leads to either onset or acceleration of degenerative
disorders [Durackova, 2009; Ishizaki et al., 1996; Kehrer, 1993]. The free radical
induced damage to biomolecules in AD is characterized by the appearance of
modified nucleic acids, such as 8-hydroxyl-2-deoxyguanosine (8-OHG). Also, DNA
fragmentation and DNA breakage has been reported in AD patients [Nunomura et al.,
1999]. There are reports on the oxidative modification of proteins such as protein
carbonyls and nitration of the tyrosine residues [Smith et al., 1997]. Other proteins
that are modified by oxidative mechanisms include enzymes of oxidative
phosphorylation and glycolysis. The lipid component in the brain is subjected to
oxidative stress and results in the formation of thiobarbituric acid reactive substances,
malondialdehyde, 4-hydroxy-2-transnonenal and isoprostane [Butterfield et al., 2001].
The carbohydrates molecules such as sugars are also modified by oxidative stress and
it is evidenced by the increased levels of glycated end products in AD patients [Vitek
et al.,, 1994]. Overall, the oxidative modification of biomolecules leads to the
imbalance in the metabolic activities in AD [Sultana et al., 2009]. The cross linking in

nucleic acid, and protein will make the removal of cross linked products difficult
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which may accelerate the progression of AD. The accumulating evidences on the role
of oxidative stress suggest that it may be an early event in the onset of AD [Pratico et
al., 2001; Smith et al., 1997, Chauhan and Chauhan, 2006; Lahiri et al., 2008; Gua et
al., 2008]. The evidence for early involvement of oxidative stress is by the appearance
of oxidative modification and oxidative damage even before the appearance of the
NFT and amyloid deposits. Additionally, accumulation of 8-OHG and nitrotyrosine
one decade before the accumulation of amyloidbeta in Down’s syndrome at teens and
twenties add support for the above concept. Though the generation of reactive oxygen
species in AD is not clearly understood, the suggested mode of the generation of free
radicals are: (i) direct generation by amyloidbeta; (ii) activation of microglia by
amyloidbeta; and (iv) defects in electron transport chain etc. It was also suggested that
reactive oxygen species interacts with the amyloidbeta protein to form senile plaques
and generate more reactive free radicals and damage the cell membrane [Mattson and
Godman, 1995; Chalimoniuk et al., 2007, Reddy and Beal, 2008; Sultana and
Butterfield, 2010]

There is a growing evidence that suggest the mitochondrial dysfunction in AD
has a significant role to understand neurodegeneration [Reddy et al., 2010; Schon and
Area-Gomez, 2010; Dumont et al., 2010]. The mitochondrial dysfunction may be
attributed to the abnormalities in mitochondrial genome [Davis et al., 1997] or
deficiencies in key mitochondrial enzymes [Sorbi et al 1983; Sheu et al ., 1985; Blass
et al., 1990; Parker et al., 1990; Du et al., 2008; Supnet and Bezprozvanny, 2010].
The conversion of toxic 0*, is mediated by mitochondrial superoxide dismutase-1.
This enzyme is found to be decreased in AD [Esposito et al., 2006]. The reduced
function of mitochondria in AD is attributed to accumulation of APP in mitochondria
[Anandatheerthavarada et al., 2003; Devi et al., 2006; Keil et al., 2004; Park et al.,
2006, Hoye et al., 2008; Devi and Anandatheerthavarada, 2010; Pavlov et al., 2009].
Additionally, APP695 accumulation in human cortical neuronal cell line is also linked
to the reduced membrane potential,decreased ATP generation and reduced
cytochrome C activity [Ananthatheerthavarad et al., 2003]. Also, amyloid deposition
is found in mitochondria of human AD brain [Lustbader et al., 2004; Devi et al.,

2006] and in AP over expressing transgenic mice [Caspersen et al., 2005; Manczak et
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al., 2006; Crouch et al., 2005]. There is a evidence linking between AP and
mitochondrial dysfunction [Chen and Yan, 2007; Marques et al., 2009]. Both in vitro
and In vivo studies revealed that APin the mitochondria is associated with increased
levels of hydrogen peroxide, decreased cytochrome c activity and higher levels of
carbonylated proteins [Manczak et al., 2006, Long et al., 2009; Kadenbach et al.,
2009; Mai et al., 2010].

The defense system of the human body against oxidative stress induced
impairments incudes antioxidant enzymes and non-enzymatic antioxidant proteins
[Butterfield et al., 2002]. The enzymatic defense includes superoxide dismutase,
catalase and glutathione reductase [Calabrese et al., 2006]. The non-enzymatic
defense molecules include reduced glutathione, albumin, ferritin and ceruloplasmin.
These inbuilt defense system are reduced in AD [Uttara et al., 2009]. Hence are trying
to supplement natural antioxidants. There are reports on natural source being used as
antioxidants in animal models to test their efficacy [Veurink et al., 2003; Sharma and
Gupta, 2002; Perluigi et al., 2006; Zhao, 2009; Mancuso et al., 2007; Vingtdeux et
al., 2008; Lleo et al., 2006; Aliev et al., 2008; Darvesh et al., 2010].

The inflammation is another responsible factor in AD and is presumed to be
mediated through the cross talk among the amyloid, astrocytes and microglia
[Kitazawa et al., 2004; Zotova et al., 2010]. These reactions lead to altered neuronal
function and the inflammatory injury [Kitazawa et al., 2004]. The leukotriens and
prostaglandins are the mediators of inflammatory response in the cell [Crooks and
Stockely, 1998]. The biosynthesis of leukotriens is initiated by the activation of
phospholipase A2 (PA2). PA2 in turn hydrolyzes membrane phospholipids to release
arachidonic acid (AA). The 5-lipoxygenase hydrolyzes AA in calcium and ATP
dependent reaction to leukotriens and prostaglandins. 5-lipoxygenase enzyme is
important in the biosynthesis of leukotriens and its location is confined to
polymorphonuclear leukocytes (PMNLs), monocytes, macrophages, mast cells and B-
lymphocytes [Raghavendra et al., 2006]. The 5-lipoxygenases catalyze the addition of
dioxygen at C-5 of AA to form 5-hydroperoxy eicosa tetetra enoic acid (5-HPETE).
5-HPETE will be metabolized to leukotriens, LTB4, LTC4, LTD4 and LTE4. These
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leukotriens are implicated in rheumatoid arthritis, psoriasis and glomerulonephritis
[Crooks and Stockely, 1998]. Since 5-lipoxygenase mediates a key step in the
generation of inflammatory molecules, modulation of its activity have therapeutic
implications [Manev et al., 2000; Ikonomovic et al., 2008]. For screening the
compounds for anti-inflammatory actions, 5-lipoxygenase provides a good in vitro
model.

Recently we have reported the effects of aqueous extracts of C. crista and C.
asiatica in inhibiting the amyloid fibril formation and dis-aggregation of pre-formed
fibrils [Ramesh et al., 2010; Ramesh et al., 2010 and also see Chapter 4B and C].
The results showed that C. crista not only inhibited the amyloid fibril formation but
also could dis-aggregate the pre-formed fibrils [see Chapter 4B]. However, C. asiatica
could not able to prevent the amyloid fibril formation and also could not dis-aggregate
the pre-formed fibrils [Chapter 4C]. Since C .crista has shown promising anti-
amyloidogenic property, we also want to test these extracts for the antioxidant and
anti-inflammatory activities. The present study is undertaken to study the effects of
the aqueous extracts of both C. crista and C. asiatica for their antioxidant and anti-
inflammatory activities.

4A. 2. Material and methods

Materials: 1,1-Diphenyl-2-picrylhydrazyl (DPPH), adenosine triphosphate
(ATP), dithreitol (DTT), arachidonic acid (AA), nordihydroguaiaretic acid (NDGA)
from Sigma Chemical Co., MO, USA. Nicotin-amide adenine dinucleotide (reduced)-
NADH, copper sulphate, Sodium potassium tartarate and phenzine methosulfate
(PMS) are purchased from Hi-media, Mumbai, India. NitroBlue tetrazolium (NBT) is
purchased from Sisco Research Laboratories, Mumbai, India. All other chemicals and
solvents used are of analytical grade.
The detailed description of source of the plants, its taxonomic identification

and preparation of the aqueous leaf extract is given in Chapter 4B and C.

4A. 2. 1. Phytochemical tests

The qualitative phytochemical tests were performed for establishing chemical profile

of leaf aqueous extracts of C. crista and C. asiatica extracts. The following
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phytochemocal tests were performed to detect various phytoconstituents present in
extracts.

1.Detection of Alkaloids [Gibbs, 1974; Peach and Tracey, 1954; Trease et al
1978]

Solvent free extract (50mg) was stirred with few mL of dilute hydrochloric acid and
filtered. The filtrate was tested carefully with various alkaloidal reagents as follows:

a. Mayer’s test

To a few mL of filtrate, a drop or two of Mayer’s reagent was added along the side of
test tube. A white or creamy precipitate indicates the test as positive.

Mayer’ reagent: Mercuric chloride (1.358g) was dissolved in 60mL of water and
potassium iodide (5.0g) was dissolved in 10mL of water. The two solutions were

mixed and made upto 100mL with water.
b. Wagner’s test

To a few mL of filtrate, few drops of Wagner’s reagent were added by side of the test

tube. A reddish —brown precipitate confirms the test as positive.
Wagner’s reagent:

Iodine (1.27g) and potassium iodide (2g) was dissolved in SmL of water and made up
to 100mL with distilled water.

c. Hager’s test

To a few mL of filtrate, one or two mL of Hager’s reagent (saturated aqueous solution
of picric acid) was added. A prominent yellow precipitate indicates the test as

positive.
d. Dragendorff’s test

To a few mL of filtrate, one or two mL of Dragendorff’s reagent was added. A

prominent yellow precipitate indicates the test as positive.
Dragendorff’s reagent:

Stock solution: Bismuth carbonate (5.2g) and sodium iodide (4g) were boiled for a

few minutes with 50mL glacial acetic acid. After 12 hours, the precipitated sodium
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acetate crystals were filtered off using sintered glass funnel. 40mL of clear red-brown
filtrate was mixed with 160mL ethyl acetate and 1mL water and it was stored in

amber-colored bottle.

Working solution: 10mL of stock solution was mixed with 20 mL of acetic acid and

made up to 100mL with water.
2. Detection of carbohydrates

The extract (100mg) was dissolved in SmL of water and filtered. The filtrate was
subjected to the following tests.

a. Molish’s test:

To two mL of filtrate, two drops of alcoholic solution of alpha-naphthol are added,
the mixture was shaken well and one mL of concentrated sulphuric acid was added
slowly along the sides of the test tube and allowed to stand. A violet ring indicates the
presence of carbohydrates.

b. Fehling’s test

One mL of filtrate was boiled on water bath with one mL each of Fehling solutions
A and B. A red precipitate indicates the presence of sugar.

Fehling’s solution A: Copper sulphate (34.66g) was dissolved in distilled water and
made up to S00mL using distilled water

Fehling’s solution B: Potassium —sodium tartarate (173g) and sodium hydroxide
(50g) was dissolved in water and made up to 500mL.

c. Barfoed’s test

To one mL of filtrate, one mL of Barfoed’s reagent was added and heated on a
boiling water bath for two minutes. A red precipitate indicates the presence of sugar.

Barfoed’s reagent:

Copper acetate, 30.5g was dissolved in 1.8mL of glacial acetic acid.

d.Benedict’s test

To 0.5mL of filtrate, 0.5mL of Benedict’s reagent was added. The mixture was
heated on a boiling water bath for two minutes. A characteristic colored precipitate

indicates the presence of sugar.
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Benedict’s reagent

Sodium citrate (173g) and sodium carbonate (100g) were dissolved in 800mL of
distilled water and boiled to make it clear. Copper sulphate (17.3g) dissolved in
100mL-distilled water and added to above solution.

3. Detection of proteins and amino acids [Fisher, 1968]

The extract (100mg) was dissolved in 10mL of distilled water and filtered through
Whatmann No.1 filter paper and the filtrate was subjected to test for proteins and
aminoacids.

a. Millon’s test [Rasch and Swift, 1960]

To two mL of filtrate, few drops of Millon’s reagent were added. A white precipitate
indicates the presence of proteins.

Millon’s reagent: Mercury (1g) was dissolved in 9mL of fuming nitric acid. When
the reaction was completed, equal volume of distilled water was added.

b.Biuret test

An aliquot of two mL of filtrate was treated with one drop of 2% copper sulphate
solution. To this, one mL of ethanol (95% ) was added, followed by excess of
potassium hydroxide pellets. Pink color in the ethanolic layer indicates the presence of

proteins.

¢. Ninhydrin test [Yasuma and Ichikawa, 1953]

Two drops of ninhydrin solution (10mg of Ninhydrin in 200mL of acetone) were
added to two mL of aqueous filtrate. A characteristic purple color indicates the
presence of aminoacids.

4.Detection of phytosterols [Finar, 1986]

Libermann- Burchard’s test:

The extract (50mg) was dissolved in 2mL acetic anhydride. To this, one or two drops
of concentrated sulphuric acid were added slowly along the sides of the test tube. An
array of color changes shows the presence of phytosterols.

5. Saponification test:

A few drops of 0.5 N alcoholic potassium hydroxide solutions were added to a small
quantity of extract along with a drop of phenolphthalein. The mixture was heated on a
water bath for two hours. Formation of soap or partial neutralization of alkali

indicates the presence of fixed oils and fats.
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6. Detection of phenolic compounds and tannins

a. Ferric chloride test [Mace, 1963]

The extract (50mg) was dissolved in SmL of distilled water. To this, few drops of
neutral 5% ferric chloride solution were added. A dark green color indicates the
presence of phenolic compounds.

b. Alkaline reagent test:

An aqueous solution of the extract was treated with 10% ammonium hydroxide
solution. Yellow fluorescence indicates the presence of flavonoids.

¢. Magnesium and hydrochloric acid reduction [Harborne, 1998]

The extract (50mg) was dissolved in 5SmL of alcohol and few fragments of
magnesium ribbon and concentrated hydrochloric acid (drop wise) were added. If any
pink to crimson color develops, presence of flavanol glycosides was inferred.

4A.2.2. High-pressure thin layer chromatography (HPTLC):

The aqueous leaf extract was subjected to HPTLC (CMAG TLC system) to map the

chemical contents of the aqueous leaves extracts of C. crista and C. asiatica.

a. Selection of HPTLC plates. The pre-coated and pre-activated TLC plates (E.
Merck No. 5548) of silica gel 60 F 3544366 With the support of aluminium sheets having
thickness of 0.lmm and size 20x20 cm were cut into smaller size according to

required dimensions.

b. Sample preparation: 100 mg aqueous leaf extracts of C. crista and C. asiatica
was dissolved in 10mL of methanol and stirred. The contents were filtered and
filtration was repeated to get clear solution. The sample volume was made upto to 10
mL using methanol. The solvent system used was ethyl acetate: formic acid: glacial
acetic acid: water in the ratio: 100:11:11:26. Standard used was quercetin. The solvent
system when wass changed when gallic acid was used as standard. The solvent system

used was toluene: ethyl acetate: formic acid in the ratio; 4:5:1.

c. Application of sample. The extract sample was applied in the form of a band using
CAMAG LINOMAT IV, an automatic sample application device, maintaining a band
width 9 mm, space 9 mm, 15 sec ML'I' The quantity of sample applied was 5-10 uL.
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d. HPTLC analysis. The following mobile phase was selected experimentally: formic
acid: glacial acetic acid: water in the ratio: 100:11:11:26. The plates were developed
by placing in pre-saturated tank (12 cm height) with mobile phase for 2 h. The plates
were dried by evaporating the solvent either at room temperature or by spraying hot

air by air dryer. After developing the TLC plate, it is scanned and recorded.

4A. 2. 3. Antioxidant assays
(i). DPPH radical scavenging assay

1,1-Diphenyl-2-picryl hydrazyl (DPPH) is a stable free radical that accepts an
electron or hydrogen atom to become a stable 1,1-Diphenyl-2-picrylhydrazine
molecules. The reduction of DPPH radical was determined by decrease in the
absorbance at 517 nm. The antioxidant activity of leaf aqueous extracts of C. crista
and C. asiatica and standard synthetic antioxidant ascorbic acid was measured in
terms of hydrogen donating or radical scavenging ability [Brand -Williams et al.,
1995]. Briefly 1 mL of 200 pM methanolic solution of DPPH was incubated with
different concentrations of C.crista and C.asiatica extracts and standard ascorbic acid
for 20 minutes at room temperature. At the end of incubation period, the absorbance
is measured using a UV-Visible spectrophotometer at 517 nm. The percentage of
scavenging or quenching of DPPH radicals (Q) by C. crista, C. asiatica and ascorbic

were calculated using the following formula.
Q=100(A0-Ac)/A0

Where Ao is the absorbance of the control tube and Ac was the absorbance of the tube

with ‘c’ concentration of sample. All the experiments were performed in triplicates.
(ii). Superoxide anion scavenging assay

Superoxide anion scavenging activity of C. crista, C.asiatica and ascorbic acid
were determined by a modified method of Liu et al. [1997]. Superoxide radicals were
generated in PMS-NADH system by oxidation of NADH, and assayed by the
reduction of nitroblue tetrazolium (NBT) [Nishikimi et al., 1972]. The assay system
consists of 100 pl each of 1.0 mM NBT, 3.0 mM NADH and 0.3 mM PMS and the
final volume was adjusted to ImL with 0.1 M phosphate buffer (pH 7.8), at ambient

temperature. The reaction mixture (NBT and NADH) was incubated without or with
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C. crista, C. asiatica and ascorbic acid extracts at room temperature for 2 minutes and
the reaction was started by adding PMS. The absorbance at 560 nm was measured
against blank samples for 3 minutes. Decrease in absorbance in the presence of C.
crista, C. asiatica extracts and ascorbic acid indicates superoxide anion scavenging
activity. The percentage inhibition of superoxide anion generation was calculated

using the following formula:

Inhibition of superoxide generation (%) = [(40-A1)/A0] x 100,where, A0 was the

absorbance of the control, and A1 was the absorbance in presence of extract.
(iii) Reducing potential: Potassium ferricyanide reducing method

The reductive potential of the C. crista, and C. asiatica extracts was determined
according to the method of Oyaizu et al [1986]. Different concentrations of C. crista ,
and C. asiatica extracts in 0.5 mL of water were mixed with equal volumes of 0.2 M
phosphate buffer, pH 6.6 and 1% potassium ferricyanide (K3Fe(CN)6). The mixture
was incubated for 20 minutes at 50 °C. At the end of incubation, an equal volume of
10% trichloroacetic acid is added to the mixture and centrifuged at 3200 xg for 10
minutes. The supernatant was mixed with distilled water and 0.1% ferric chloride at
1:1:0.2 (v/v/v) and the absorbance were measured at 700 nm. An increase in the
absorbance of the reaction mixture indicates the potential reducing power of the
sample. Ascorbic acid was wused as a standard for comparison.

4A. 2.4. Anti-inflammatory activity: S-Lipoxygenase assay

4A.2.4.1. Isolation of 5-Lipoxygenase human polymorph nuclear leukocyte
(PMNL): Human peripheral venous blood from healthy persons who have not
under any medical prescription was collected in tube containing EDTA. PMNLs were
isolated from blood by ficoll-Histopaque density gradient followed by hypotonic lysis
of erythrocytes [Boyum, 1976]. All the procedures were performed at 4°C. PMNLs
were re-suspended in phosphate buffer saline and sonicated for 20-30 seconds at
20kHz to release the cytosolic 5-LO enzyme into solution. This solution was
centrifuged at 100,000g for 30 minutes at 4°C and the supernatant was used as a

source of enzyme.
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4A.2.4.2.Protein estimation:

Protein content in human polymorph nuclear leukocyte was estimated according
to Lowry’s method (Lowry et al., 1951). To 1 mL of protein solution, 5 mL of reagent
C containing a mixture of 2% sodium carbonate in 0.1 M sodium hydroxide and 0.5%
copper sulphate in 1% sodium potassium tartarate is added. It was allowed to stand
for 10 min at ambient temperature. To this, 0.5 mL of 1:1 diluted FC reagent is added,
and kept at ambient temperature to develop the colour. The absorbance of the sample
was read at 700 nm and the amount of protein present is determined by referring to

the standard graph prepared by using bovine serum albumin.
4A.2.4.3. 5- lipoxygenase enzyme assay

5- lipoxygenase enzyme assay was performed using previously reported method
[Aharony and Stein, 1986]. The enzyme reaction mixture contains 100mM pH 7.4,
50uM DTT, 200uM ATP, 300uM CaCl2, 150uM AA and 5ug enzyme. The aqueous
leaf extracts of C. crista and C. asiatica were incubated with the enzyme for 2 minute
prior to the addition of AA. The enzymatic reactions were carried out at room
temperature. S-lipoxygenase activity was measured as 5S0-HETE formed at 234nm
using spectrophotometer (Shimadzu).
4A.2.5. Trace element analysis of Caesalpinia crista and Centella asiatica aqueous
extract and whole leaf extract by Inductively Coupled Plasmon Atomic Emission
Spectrometry (ICP-AES)

The trace element analysis was done by ICP-AES (JY70, Jobin Yvon, France).
The analysis was made either by sequentially or simultaneous mode depending on the
elements to be analyzed. All the dilutions were made with ultra pure Milli Q water
(18MQ) in dust free environment. For the optimization of the ICP-AES method, lines
were selected and detection limits evaluated for each element. The lines were chosen
for each element in a way to obtain minimum interferences from other elements. The
wavelengths are used and detection limits of the elements were summarized in table 1.
Quality control of the analyses was performed by analyzing a serum matrix matched
multi-element synthetic standard reference material (Bovine liver 1577a) obtained

from national bureau of standards, USA [Rajan et al 1998].

166



4A.2.5. Statistical analysis

The ICsp data was generated from the dose response curves. The data represented as
% inhibition of DPPH and superoxide radical. The 5-5-lipoxygenase-enzyme activity
inhibition was represented as % inhibition in presence of aqueous extracts of C. crista
and C. asiatica. The values were given as meant SEM of four individual samples.

Table 4A.1: Inductively coupled plasma atomic emission spectrometry: Wavelength
and detection limits

Element Wavelength (nm) Detection limit
pg/ml pmol/ml

Na 588.995 0.03 0.00130
K 766.49 0.06 0.00153
Se 196.090 0.075 0.00156

P 213.618 0.05 0.00162
Ca 393.366 0.002 0.00005
Mg 279.806 0.001 0.00004
Cu 224.7 0.002 0.00003
Zn 213.856 0.002 0.00003
Fe 259.94 0.005 0.00009
Mn 257.61 0.001 0.00002
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Table 4A.2: Qualitative phytochemical screening of extracts of C. crista and C. asiatica.

SINo Photochemical test C. crista C. asiatica
1 Alkaloids
A Mayer’s test Negative Negative
B Wagner’s test Negative Negative
C Hager’s test Negative Negative
D Dragendorff’s test Negative Negative
2 Carbohydrates and Glycosides
A Molish’s test Positive Positive
B Fehlings test Positive Positive
C Barfoed’s test Positive Positive
D Benedicts test Positive Positive
3 Proteins and amino acids
A Millon’s test Positive Positive
B Biuret test Negative Negative
C Ninhydrin test Negative Negative
4 Phytosterol test Positive Positive
5 Saponin’s test Positive Positive
6 Phenolic compounds and flavonoids
A Ferric chloride test Positive Positive

Magnesium and Positive Positive
Hydrochloric

C Alkaline test Positive Positive
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4A. 3. Results
4A. 3.1. Qualitative Phytochemical assay

The qualitative phytochemical test was performed to have information on chemical
composition of the leaf aqueous extracts of C. crista and C. asiatica and characterize
the compounds. This information will help biochemists to follow the right path in
isolation and characterization of the compound from the crude extract. We subjected
aqueous leaf extracts of C.crista and C. asiatica for phytobiochemical composition
analysis. The results showed that both the aqueous extracts showed positive for
carbohydrates, proteins, aminoacids, saponins, phenolics and flavonoids. However,

both the extracts showed negative results for alkaloids (Table 2).

4A 3.2. Trace metal analysis by ICP-AES
Trace metals were analyzed in aqueous extracts and whole leaf of C. crista and C.

asiatica. The concentration of the trace metals were expressed in parts per million
(ppm) (aqueous extract is given table 4A. 3 and whole leaf extract is given in table
4A. 4).The trace metals such as iron, copper, zinc were higher in aqueous extract of C.
crista compared to C. asiatica. However, in the whole leaf, the concentration of iron,

copper and zinc was higher in C. asiatica compared to C. crista.

Table 4A. 3: Trace element analysis (ppm) of Caesalpinia crista and Centella asiatica
aqueous extract by Inductively Coupled Plasma Atomic Emission Spectrometry.

SINo | Element(ppm) | Caesalpinia Centella
crista asiatica

1 Ca 12,413 21,241
2 Cu 18 5
3 K 1,43,000 151,000
4 Mg 14,917 15,410
5 Mn 302 350
6 Fe 400 160
7 Na 4800 4200
8 P 10,586 5069
9 Se 0.9 <0.01
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10 Zn 40 36

Table 4A.4:Trace element analysis (ppm) of Caesalpinia crista and Centella
asiatica whole leaves by Inductively Coupled Plasma Atomic Emission
Spectrometry

SINo Element (ppm) | C. crista C. asiatica
1 Ca 9500 11650
2 Cu 5 30
3 K 6750 2850
4 Mg 2850 6000
5 Mn 124 65
6 Fe 100 400
7 Na 336 14850
8 P 1000 3180
9 Se 0.9 0.9
10 Zn 20 64

4A. 3.3. HPTLC mapping of phyto-biochemicals in C.crista and C. asiatica

The mapping of constituents of crude aqueous leaf extract was done using HPTLC.
The results showed that gallic acid was present in C. crista and absent in C. asiatica
where as quercetin was present both in C. crista and C.asiatica ( Fig 4A.1a, Fig
4A.1b, Fig 4A.2a and Fig 4A.2b).
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Fig 4A. 1a: HPTLC profile of standard gallic acid that is detectable at 279 nm. The
mobile system used was toluene: ethylacetate:formic acid in the ratio; 4:5:1.
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4A.1b: HPTL profile water soluble polyphenols of aqueous leaf extract C. crista and
C.asiatica. The graph indicates the presence of gallic acid in aqueous extracts of C.
crista and absent in C.asiatica.. The mobile system used was toluene: ethyl acetate:
formic acid in the ratio; 4:5:1. Legend: Track A: Standard Gallic acid, Track B:

C.crista. Track C: C.asiatica
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Fig 4A.2a: HPTLC profile of standard quercetin. The solvent system used is formic
acid: glacial acetic acid: water in the ratio: 100:11:11:26.

100.0 : i 100.0
[AU] | (AU]
800 - 800
700 L 700
600 1 L 600
500 1 L 500
400 - 400
300 - L 300
200 1 - W0
100 | 100
) 206 3000 [nm] 2000"°

Fig 4A.2b: HPTLC profile of C. crista and C. asiatica aqueous leaf extract. There
were two peaks for quercetin at 378nm and 200nm. Quercetin was present in both the
C. crista and C.asiatica. Legend: Track A: Standard Quercetin, Track B: C.crista.
Track C: C.asiatica
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4A. 3.4. Anti-oxidant assays

(i) DPPH Assay
The DPPH scavenging potential of C. crista, C. asiatica and ascorbic acid was

analyzed. C. crista and C. asiatica extract scavenged the DPPH radical with higher

IC50. The

ascorbic acid significantly scavenged the DPPH radical compared to C.

crista and C. asiatica. The ICsq value of C. crista, C. asiatica and Ascorbic acids was

2435+ 1.1, 139. 5£2.01 and 14.7510.72png/ mL respectively (Table 4A. 5).

Table 4A. 5: DPPH scavenging assay for aqueous extracts of C. crista and C.asiatica.
The inhibition by these two extracts was compared with standard ascorbic acid.

S1 | Ce % IC sopg/
No | (ug/mL) | Scavenging | mL)
1 5 13.55+1.40

2 10 14.64+1.81

3 20 49.27+1.72

4 30 54.24+1.48

5 40 65.2710.78

6 50 77.531+0.57

24.35+

7 100 88.35+0.29 | 14
8 250 88.7710.32

9 500 89.2140.21

pINo. ac(ug/Ml) oS/ocavenging fnCL)Soug/
1 5 0.32£0.09

2 10 0.6520.19

3 |20 5.1240.75

4 130 9.17+1.87

5 |40 14.55+1.38

6 |50 19.13£1.55

7 100 40.74£1.6 ;ii‘m

g | 250 86.30£1.56

9 500 91.56£1.19
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SINo. | Asc(ug/mL) | % Scavenging | IC sopg/
mL)

1 5 29.3240.46

2 10 46.14+0.14

3 20 88.4610.27

4 30 94.03+0.71

5 40 94.17+0.77

6 50 0488£0.64 | \475E0.72

7 100 96.63+0.4

8 250 96.7+0.22

9 500 98.36+0.37

(ii) Superoxide anion (O2¢—) scavenging of C. crista and C. asiatica

Superoxide scavenging activity assay was done by following the reduction of NBT
[Fontana et al 2001]. In this assay PMS-NADH coupling results in superoxide

radicals. These superoxide radicals have capacity to reduce NBT. The effect of C.

crista and C. asiatica on scavenging of superoxide anions was demonstrated. The
ascorbic acid was used as a standard. The aqueous extracts of C. crista and C.
asiatica dose dependently scavenged the superoxide anions. The IC50 values were
28043.2, and 275+2.9 ug/ mL for C. crista and C. asiatica respectively. The ICs5y of
standard ascorbic acid is 62.1+1.2ug/ mL (Table 4A. 6).
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Table 4A.6: Superoxide scavenging activity of C. crista and C. asiatica was
compared with standard ascorbic acid.

Ce v IC(apg/ mL) C a(ug/mL) | % Scavenging | IC soug/ mL)
(ug/mL) | Scavenging 100 3.47+0.44
50 14.74+1.58 250 49.8240.63
100 30.38+5.12 500 67.64+1.37 275+2.9
250 48.79+1.48 | 280£3.2 1000 69.19+1.29
500 71.69+1.15

Asc % Scavenging ICs0  (ng/

(ng/mL) mL)

10 20.45+0.42

50 45.02+0.92

100 78.10+1.01

150 90.6310.34 62.1%1.2

250 94.72+0.22

500 98.5240.53
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Absorbance F00nm

(iii) Reducing potential C. crista and C. asiatica

The reducing potential of compound/s indicates its ability to act as antioxidant. The
reducing power of aqueous extracts of C. crista and C. asiatica were assessed. The
ascorbic acid was used as a standard. A dose dependent increase in reducing power of
C. crista and C. asiatica are observed. C. crista was found to be more efficient in
reducing ferric to ferrous form of iron compared to C. asiatica. However, the
standard ascorbic acid showed relatively higher reducing power compared to C. crista

and C. asiatica (Fig 4A.3).
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Fig 4A.3: Reducing potential of aqueous extracts of C. crista and C. asiatica. The
reducing potential of the two extracts were compared the standard ascorbic acid.

4A. 3. 5. Anti-inflammatory assay: 5-Lipoxygenase assay

The anti-inflammatory activities of aqueous extracts of C. crista and C. asiatica was
studied using 5-Lipoxygenase assay. The results showed that C. crista has showed
significant inhibition of 5-Lipoxygenase with IC 5o of 23 £1.1pug/ mL compared to
C.asiatica with ICsy of 250 +2 .81ug/ mL. The standard NDGA has lowest IC 5o of
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8.6+ 0.52 ug/ mL (Table 4A. 7). These results indicate that C. crista is effective as

anti-inflammatory molecule compared to C.asiatica

Table 4A 7: 5-lipoxygenase-inhibition activity of C. crista and C. asiatica. The IC

soof two extracts were compared with standard NDGA.

SLNo. | Extract/ Standard | IC soug/ mL)

1 Caesalpinia crista 23+1.1
2 Centella asiatica 250+2.8
3 NDGA 8.6x 0.52

A. 4. Discussion
The process of neurodegeneration is mediated by oxidative stress and inflammation
reactions [Patten et al., 2010]. The defense system against the oxidative stress and
inflammation subsides as ageing progresses [Uttara et al., 2009; Sloane et al., 1999;
Tan and Seshadri, 2010]. The regulation of balance between oxidative stress and the
antioxidant defense system play an important role in preventing the deleterious effects
of oxidative stress (Smith et al., 1997). To enhance this defense system, there is a
need to find the effective modulator of both oxidative stress and inflammation
molecule. The natural product source is presumed to be safe to human beings with
less or no side effects [Anekonda and Reddy, 2005]. There are reports that natural
products exhibits antioxidant activities [Ljbunicc et al 2006; Liao et al 2008; Zhao,
2009; Khan et al., 2010 ]. There are reports on the plant extracts showing both
antioxidant and inflammatory activities [Akula and Odhav, 2008, Kim et al., 2010;
Cowley et al., 2010; Ock et al., 2010; Ilavarasan et al., 2005; Sheeja et al., 2006; Jun
et al., 2005; Gill et al., 2010; Santosh and Sohan, 2008; Srivastava et al., 2010].
Therefore, there is a great need to screen natural product having both antioxidant and

anti-inflammatory activities.

We analyzed aqueous extracts of C.crista and C. asiatica for phytochemical contents
by qualitative assays. We found that these extracts answered positively for qualitative

tests for carbohydrates, proteins, aminoacids, phenolics, saponins and flavonoids.
T



However, these extracts did not show positive results for alkaloids. This will indicate
broad range of constituents of the crude extracts and this help in further characterizing
the extract. We also subjected the aqueous extracts of C.crista and C. asiatica for
analyzing for its trace metals contents. We evidenced that the aqueous leaf extracts
have higher iron, zinc and copper in C. crista compared to C.asiatica. However, the
whole leaf of C. asiatica contains more iron, copper and zinc compared to C.
crista. Additionally, aqueous extracts of C.crista and C. asiatica are subjected for
mapping the chemical composition by HPTLC. The results showed that gallic acid is
present in C. crista and absent in C. asiatica while quercetin is present in both C.

crista and C.asiatica.

Our present study results revealed both the extracts have antioxidant and anti-
inflammatory activities. The DPPH scavenging assay is used to evaluate the free
radical scavenging potential of various plant extracts [Lee et al 2003; Nagai et al
2003]. It is a rapid and easy assay to evaluate the both polar and non-polar plant
extracts. Our results showed that aqueous leaf extracts of C. crista and C. asiatica
dose dependently showed DPPH radical scavenging activity. Both the extracts
showed moderately less DPPH scavenging compared to ascorbic acid, which is used
as a standard. Our results are in agreement with other studies [Katbamna et al 2008;
Mandal et al 2009]. The effect of antioxidants on DPPH may be due to their
hydrogen donating property. But Foti et al. [2004] suggested that an antioxidant acts
like an electron transfer. The DPPH radical scavenging ability of the aqueous extracts

may be attributed to the water soluble polyphenols present in them.

The superoxide anion is the reduced form of molecular oxygen and plays
significant role in the formation of other reactive oxygen species such as hydrogen
peroxide, hydroxyl radical and singlet oxygen [Lee et al., 2004]. Superoxide has been
found to involve in lipid peroxidation [Wickens, 2001]. Additionally, superoxide is
reported to be involved in ischemia [Radi et al., 1991]. The aqueous leaf extracts of C.
crista and C. asiatica dose dependently increased the superoxide scavenging.

However, aqueous extracts of C. asiatica showed comparable superoxide scavenging
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activity to C. crista. While the standard ascorbic acid showed higher scavenging

activity compared to both the extracts.

The iron reducing potential of a compound indicates its ability to act as
antioxidant. In potassium ferricyanide reducing assay, the reductants in the extracts
may reduce ferric to ferrous by donating electron. The amount of ferrous can be
monitored by measuring the complex formation with Perl’s Prussian blue at 700nm
[Chung et al ., 2002]. Our results showed that C. crista has more reducing ability than
C .asiatica. While standard ascorbic acid showed significantly higher reducing
potential compared to C. crista and C. asiatica extracts. We hypothesize that
reducing potential of extracts of C. crista and C. asiatica may be due to the electron
donating property of the water-soluble polyphenols present in them [Pefiarrieta et al.,

2008]

The 5-lipoxygense enzymes is a key enzyme in the biosynthesis of leukotriens.
5-lipoxygenase contains non-heme iron in catalytic site. It catalyzes incorporation of
dioxygen into unsaturated fatty acid. It mainly converts AA to biologically active
leukotriens. These leukotriens are implicated in inflammatory and allergic reactions.
The harmful effects of can be prevented by inhibiting its production. So, it can be
done by inhibiting the 5-lipoxygenase which catalyses its production. There are
number of reports on the natural products being used as antioxidant [Reddy and
Lokesh, 1992; Naidu, 1995; Madsen et al., 1996; Shobana et al., 2000; Zhao, 2009;
Khan et al., 2010], anti-inflammatory, [Muralidhara and Narasimhamurthy, 1988;
Kim et al., 2010; Cowley et al., 2010; Ock et al., 2010; Ilavarasan et al., 2005; Sheeja
et al., 2006; Gill et al., 2010; Srivastava et al., 2010] and anti-carcinogenic activities
[Chen et al., 1999; Joe et al., 1997, Kintzios and Spiridon, 2006; Pandey and
Madhuri, 2009; Sa and Das, 2008]. There are limited studies on the role of natural
products being used as inhibitors of 5-lipoxygenase [Altman et al., 2000]. Conversely
there are number of inhibitors of 5-lipoxygenase which also act as antioxidants and
also inhibit lipid peroxidation [Thody et al., 1987; Slater et al., 1987]. Our results
demonstrated that C. crista significantly inhibited 5-lipoxygenase compared to C.
asiatica. However, these two extracts have lower 1Csy values compared to standard
NDGA. These effects may be attributed to the water- soluble polyphenols present in

the extracts. Our results are in agreement with other studies where phenols/ flavonoid
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compounds in vegetable/ fruits are shown to modulate activities of 5-lipoxygenase
and prostaglandin- H synthase pathways of AA [Laughton et al., 1991; Hsuanyu et
al., 1992; Alanko et al., 1993; Alanko et al., 1999; Langlois et al., 2006].

The brain is rich in polyunsaturated fatty acids; transition metals and ascorbate
which make the brain susceptible for oxidative stress bi pro-oxidants [Pratico, 2008].
This results in the susceptibility of the brain to oxidative damage. The oxidative
damage in AD is evidenced by injury caused by reactive oxygen species and reactive
nitrogen species [Pratico, 2008]. The response of the oxidative stress in AD includes
the appearance of amyloid beta in the form of senile plaques and tau as neurofibrillary
tangles [Petersen et al., 2007]. The markers of oxidative stress in AD includes
modified DNA and RNA, protein, and lipids; (i) DNA: 8-hydroxy2-deoxy guanosine,
8-hydroxyguanosine, 8- hydroguanine and DNA breakage, DNA fragmentation and
DNA nicking, (ii) protein: protein carbonyls and nitrotyrosine and advanced glycation
end products and (iii) Lipids: 4-hydroxynonenal, thiobarbuturic acid reactive
substrates, malonaldialdehyde, acrolein, isoprostanes and neuroprostanes. The main
source of oxidative damage in AD is the presence of transition metals, abnormal
mitochondria and amyloidbeta [Reddy and Beal, 2008]. The higher levels of copper,
iron and zinc found in AD brain are responsible for increased generation of reactive
oxygen species [Good et al., 1992; Lovell et al., 1998]. The beta-amyloid also
contributes free radicals by producing hydrogen peroxide, which in the presence of
iron and copper forms hydroxyl radicals via Fenton reaction. Further, beta-amyloid is
reported to induce mitochondrial dysfunction and disrupt the mitochondrial electron
transport chain [Reddy and Beal, 2008]. The abnormal mitochondria leak free radicals
and cause irrepairable cellular damage in brain (Reddy and Beal, 2008]. The free
radicals which are generated in cell induce both structural and functional alterations
leading to cell injury ultimately neuronal dysfunction. Further, oxidative stress known
to modify the activities of beta- and gamma-secretase to favor the production of

higher levels of beta-amyloid [Pratico, 2008].

Antioxidants and antioxidant enzymes have shown to protect against the beta-
amyloid induced neurotoxicity. For example, antioxidants are reported to increase the

activities of catalase and superoxide dismutase [Behl et al., 1994; Qin et al., 2002].
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Their studies suggest the intake of antioxidants in diet may reduce the risk of

developing AD [Gonalez-Gross et al., 2001; McDaniel et al., 2003].

The oxidative stress and inflammation significantly may contribute to the both
initiation and progression of AD [Heneka and Banion, 2007]. The inflammatory
response in AD includes the activated microglia and astrocytes in area of beta-
amyloid deposits [Heneka and Basion, 2007; Kamer, 2010]. The amyloid deposits
activate the complement system called the complement factor C1 which in turn
activates the inflammatory response in the form of microglia [Rogers et al., 1992;
Heneka and Basion, 2007]. Beta-amyloid directly binds to advanced glycation end
products on microglia and activates microglia mediated reactions (Baum and Ng,
2004]. The natural product curcumin not only chelate metals and free radicals but also
modulates the antioxidant activities such as heme oxygenase [HO-1] [Motterlini et al.,
2000], glutathione S-transferase [Nishinaka et al., 2007] which elevates the
glutathione in the brain [Ishrat et al., 2009]. The curcumin tested on transgenic mouse
over expressing the beta- amyloid showed reduction in the levels of oxidatively
modified proteins [Lim et al., 2001]. Interestingly, curcumin also prevented the
activities of lipoxygenase and cyclo-oxygenase which is involved the synthesis of
pro-inflammatory molecules such as leukotriens, thromboxanes and prostaglandins
[Nanji et al., 2003; Bengmark et al., 2006; Sandur et al., 2006; Rao, 2007]. Curcumin
also known to disrupt the beta-amyloid induced cytokines and chemokines in
peripheral blood monocytes and also decreases the levels of interleukin -1 [Giri et
al., 2004; Lim et al., 2001].

The wine consumption and the incidence of AD has been widely debated
[Orogozo et al., 1997; Lindsay et al., 2002]. The lesser incidence of AD in the
population who consumes wine is attributed to resveratrol present in the wine
[Lindsay et al., 2002]. Resveratrol reportedly scavenged the free radicals and protect
neurons [Jung and Surh, 2003; Savakasan et al., 2003]. The pheochromocytoma -12
cells when incubated with resveratrol known to abolish deleterious effects of the
reactive oxygen species [Jang and Surh, 2003]. Additionally, resveratrol also known
to increase the antioxidant gluthathione and antioxidant enzymes to combate oxidative
stress [Cao and Hi, 2004]. The resveratrol has shown to be neuroprotective effects

against streptozotocin induced oxidative stress [Sharma and Gupta, 2002].
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Additionally, resveratrol decreased the malondehyde levels in oxidative induced rats
[Sharma and Gupta, 2002; Kumar et al., 2007]. The C. asiatica extract showed
improvement in cognitive behavior and prevented oxidative stress in streptozotocin
treated rats [Kumar and Gupta, 2003]. The resveratrol shown to act as anti-
inflammatory molecule by inhibiting the activation of astrocytes and microglia [Wang
et al., 2002; Bi et al., 2005; Candelario-Jalil et al., 2007]. Additionally, resveratrol
shown to inhibit the induction of cyclooxygense-2 expression and inducible nitric
oxide synthase [Rahman et al., 2006]. These studies indicate that resveratrol act as
antioxidant and anti-inflammatory role. Further, it also known to enhance the beta-

amyloid clearance by inducing the resveratrol [Murambaud et al., 2005].

Green tea has attracted attention of researches across for its beneficial health
effects. The beneficial effects of green tea are attributed to catechins present in it. The
major catechin present in the green tea is EGCG. The EGCG has diverse function
that includes activating different signaling pathways, activating antioxidant enzymes,
inducing neuroprotective genes etc [Rezai-Zadeh et al., 2005; Rezai-Zadeh et al.,
2008; Singh et al., 2008]. The EGCG is known to decrease the production of beta-
amyloid by shifting amyloidogenic pathway to non-amyloidogenic pathway by
inducing alpha-secretase [Rezai- Zadeh et al., 2005]. Additionally, EGCG also
chelates metals such as iron and copper and there by prevents the formation free
radicals and consequent oxidative damage [Singh et al., 2008]. The EGCG also beta-
amyloid induced oxidative stress and lipid peroxidation in rat brain [Haque et al.,
2008; Choi et al., 2001]. The anti-inflammatory role of EGCG was confirmed by their
inhibitory role on interleukin-6 and interleukin -8 induction [Kim et al., 2007]. Also,
EGCG suppressed the activation of cytokines, interleukin-1 and beta-amyloid induced
cyclo-oxygenase -2 and prostaglandin E2 [Kim et al., 2007]. It is also known to
prevent the lipo-polysacharide induced microglial activation and there by prevents the
inflammation and inflammation mediated neuronal dysfunction [Li et al., 2004].
Garlic extract was found to have anti-amyloidogenic property [Gupta and Rao, 2007;
Gupta et al ., 2008]. So, many of the molecules described in the previous paragraph
have anti-amyloidogenic, antioxidant and anti-inflammatory property. In the context
of the AD progression which process should be targeted is the daunting question?.

The amyloid hypothesis suggests that amyloid precedes the oxidative stress. But
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oxidative stress hypothesis opines that oxidative stress precedes the beta-amyloid
accumulation. There are many studies showing the plant based molecules reduce the
amyloid production [Dhanasekaran et al., 2009; Rezai-Zadeh et al., 2005]. Also,
reports are available on anti-amyloidogenic effects of plant extracts where they have
shown the inhibition of amyloid aggregation and also dis-aggregate the pre-formed
fibrils [Fujiwara et al., 2009, Fujiwara et al., 2006; Gupta et al., 2007; Gupta et al.,
2009; Ramesh et al., 2010]. These are aimed to reduce the amyloid aggregation and
its effects on neuronal dysfunction. Other way of reducing the deleterious effects of
amyloid is by clearing the excess amyloid in AD brain. Marambaud et al. [2005] has
reported that resveratrol induce proteomes to degrade the amyloid protein. So,
reducing the amyloid load also reduces the amyloid induced oxidative stress. More
emphasis on search for anti-inflammatory molecules is necessary to combat both
inflammation and anti-AD effects. The aqueous extract of C. crista has shown anti-
amyloidogenic, antioxidant and anti-inflammatory activities where as C. asiatica has
shown anti-oxidant and anti-inflammatory activities. So, the C. crista has shown all
the potential to possibly become the drug candidate for AD. The C. crista and
C.asiatica leaf extract was further used to evaluate for its anti-amyloidogenic property

which is given in the Chapter 4B and 4C respectively.
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Chapter 4B

Anti-amyloidogenic
property of C. crista
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Chapter 4B Anti-amyloidogenic property of C. crista

4B.1. Introduction

Alzheimer’s disease is characterized by loss of memory, cognitive dysfunction and
alterations in behavior [Selkoe, 2001]. The hallmark pathology of AD has been the
deposition of AP in the form of senile plaques [Selkoe, 2001]. AB can self-assemble
to form dimers, soluble oligomers, and protofibrils and diffuse plaques through
multistep—nucleated polymerization [Lambert et al., 1998]. The evaluation of in vitro
AP self-assembling will provide an opportunity to screen molecules for anti-
amyloidogenic property. The prevention of the formation of oligomers and the fibrils
from soluble monomers is of therapeutic significance for AD drug discovery [Smith
etal., 2007]. There are reports on the crude extracts or pure compounds from plants
having anti-amyloidogenic properties [Fujiwara et al., 2009; Gupta and Rao, 2007;
Gupta et al., 2009; Lau et al., 2007; Papandreou et al., 2006], but the mechanisms of

their therapeutic potential are still not clear.

The present study aims to understand the inhibitory effects of leaf aqueous extract
of C crista on AB(1-42) aggregation. C. crista Linn (Syn C. bonducella [L.] Roxb.)
belongs to family Fabaceae, found abundantly in tropical and subtropical regions of
Southeast Asia. It is found in the hot and humid regions of India, Myanmar and Sri
Lanka. In India, it is known as Gugugu, Gaduggu, Katukaranja and it is widely
distributed in Karnataka, West Bengal, Kerala and Maharashtra states of India. The
seed kernel of C. crista contains Cassane- and norcassane-type diterpenoids [Kalauni
et al., 2005]. The stem and roots also known to contain new type of diterpenes
[Cheenpracha et al., 2005]. The seeds are traditionally used for anthelimintic,
antimalarial, antipyretic and anti-inflammatory properties. The tribal knowledge base
from India insighted that aqueous extract of C. crista is used as mental stress
relaxation health drink by forest dwellers. There are limited studies on anti-diuretic,
antibacterial, anti-diabetic and antioxidant potentials of C. crista [Dhar et al., 1968;
Kalauni et al., 2005; Katbamna et al., 2008; Neogi and Nayak, 1958; Rao et al.,
1994]. In the present study, an investigation was carried out on anti-amyloidogenic
effects of C. crista aqueous extract by using in vitro model as an early quick battery

test before going to transgenic animal studies. We have used three methods to
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understand the effect of C. crista in preventing the formation of; i) aggregates from
monomers (ii) aggregates from oligomers and also (iii) dis-aggregation of preformed
fibrils of Ap.
4B.2. Materials and Methods

AB(1-42) was purchased from EZ Biolabs, USA. Tris buffer, glycine, sodium
hydroxide, hydrochloric acid were from SRL, India. Thioflavin—T was purchased
from ICN Biomedicals Pvt. Ltd, USA. Copper grids (200 mesh size) were purchased
from Sigma chemicals, USA. Uranyl acetate was purchased from BDH Laboratory
chemicals Division, India.

C. crista was obtained from Western Ghats of Karnataka, India and the species of
the plant was identified by Botanist (Taxonomic deposit number: 417358). The
aqueous extract of leaves was prepared. 40 g of dried leaf was washed in triple
distilled water. The washed leaf was boiled in steam extractor (2 litre of triple distilled
water for ~3 hr till the water content become half). The extract was filtered through
Whatman 42 to get the clear solution and lyophilized to powder [Yield —2.5% w/w].

4B.2.1. Estimation of total polyphenols in leaf extract: Estimation of total
polyphenols in leaf aqueous extract: The lyophilized aqueous extract was analyzed for
total polyphenols [Swain and Hills, 1959]. Briefly, 10ul of aqueous extract (100 mg /
ml) was taken and added with 490ul of milli Q water and 500 ul of FC reagent (Folin-
Ciocalteu reagent 1:2) and incubated at room temperature for 3 min. After 3 min, 1ml
of saturated sodium carbonate was added and the reaction mixture was incubated at
room temperature for 60 min. The absorbance was recorded at 675nm. The gallic acid
was used as a standard and from the standard graph, the concentration of total

polyphenols was calculated.
4B.2.2. Evaluation of anti-amyloidogenic property of C. crista

The AP(1-42) was dissolved in triple distilled water and centrifuged at 10,000 rpm
for 10 min and supernatant was taken for monomers and aggregates if any were
precipitated. Experiments were designed to evaluate the anti-amyloidogenic property
of C. crista using three phase study protocol. Phase I: To understand the prevention
of AB(1-42) aggregates from monomers. Freshly prepared AB(1-42) monomers were

co-incubated with C. crista aqueous extract from 0 h and studied the aggregation
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kinetics to follow monomers-oligomers-aggregates phases as a function of time (0-96
h) and aliquots were taken at 0, 6, 20, 72 and 96 h for thioflavin-T and TEM study.
Phase II: To understand the prevention of formation of aggregates from oligomers:
Freshly prepared AB(1-42) monomers were allowed to form oligomers till 20 h and
then extract was added and then studied the formation of aggregates from oligomers
as function of time (20-96 h) and aliquots were taken at 20, 36, 48, 72 and 96 h for
thioflavin-T and TEM study. Phase III: To understand the efficiency of extract to dis-
aggregate the pre-formed fibrils: Freshly prepared AB(1-42) monomers were allowed
to form matured fibrils for 96 h and then extract was added and followed the dis-

aggregation of fibrils for 9 days.

Phase I reaction mixture was as follows: 100uM AP(1-42) was incubated with
100ug of aqueous extracts of C. crista in a total reaction mixture of 300ul in Tris-HCI
buffer pH 7.4 at 37°C at 0 h.  Aliquots of 20ul were drawn each time from incubated
sample at intervals of 0, 6, 20, 72 and 96 h.

Phase II: Phase II: AB(1-42) was incubated for 20 h to form oligomers and the
extract was added at 20 h and aliquots were taken at 20, 36, 48, 72 and 96 h time
periods. The oligomers of AB(1-42) was prepared as described by Chromy et al.
[2003].

Phase III: APB(1-42) was incubated for 96 h to form matured fibrils and then
incubated with the extract for 9 days and aliquots were drawn.

4B.2.3.Thioflavin T assay: Thioflavin-T assay was conducted to study AP
aggregation kinetics. Thioflavin-T specifically binds to aggregates. 25ul of (1mM)
thioflavin-T was added to 1000ul of total reaction volume. Thioflavin-T fluorescence
was measured at an excitation and emission wavelengths of 446nm and 482nm,
respectively using a F4500 Hitachi fluorescence spectrometer. The background

thioflavin-T fluorescence intensity was subtracted from the experimental values.

4B.2.4. Transmission Electron Microscopy study: Transmission Electron
microscopy (TEM) study was conducted to detect presence or absence of aggregates.
10uL of incubated sample was placed on carbon coated copper grid (200 mesh size)

and allowed for one minute and excess sample was wicked off with lens paper and
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then negatively stained by transferring the grid face down to a droplet of uranyl
acetate (2% w/v) for one min before wicking off the solution. Then the grids were air
dried for an hour. Four individual experiments were carried out for each sample. The
grids were completely dried to avoid moisture and then scanned under JOEL 1010
TEM. All the data is statically analyzed using Microsoft Excel-2003.The
concentration of polyphenols was found to be 80 mg / gm (0.8% w/w) of aqueous
extract.

4B.3.Results

4B.3.1. Phase I: C. crista inhibits AB(1-42) aggregate formation from monomers:
(i) Thioflavin T- study: Fig 4B. 1A shows three phases of aggregation kinetics of
APB(1-42) monitored through thioflavin-T fluorescence as a function of time (0-96 h).
The aggregation kinetics followed a sigmoidal curve. The thioflavin —T data indicated
a lag period upto 20 h, where thioflavin-T fluorescence intensity is static indicating
the presence of monomers only. After 20 h, there is an intermediate phase from where
oligomers and other intermediate forms might have formed till 48 h. The other one is
the saturated phase where, fully matured fibrils are formed, where thioflavin-T
fluorescence is static. This phase is from 48 to 96 h. In the presence of the aqueous
extract, the sigmoidal pattern of AP(1-42) aggregation kinetics has been prevented
(Fig 1A). Hence there was only lag phase with possibly monomers only. Fig 4B.1B
shows the thioflavin-T fluorescence at 0, 6, 20, 72 and 96 h time intervals. For AB(1-
42) alone, as the time increases, the thioflavin-T fluorescence increases and in the
presence of aqueous extract, thioflavin-T fluorescence did not increase, indicating that
extract inhibited the aggregation. The samples represented in Fig 1B are taken for
TEM study.

(ii) Electron microscopic study:

Fig 4B. 1C shows aggregation assay using TEM at different time intervals (0, 6,
20,72 and 96 h). The TEM data clearly shows that when AB(1-42) alone was allowed
to aggregate from 0 to 96 h, there is clear time dependent aggregation kinetics. There
are no aggregates from 0 to 20 h. The aggregates start growing from 72 and 96 h (Fig
4B.1C). But in the presence of C. crista, there were no aggregates from 0 to 96 h
indicating that C. crista totally abolished the aggregation formation (Fig 4B. 1C).
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Both Thioflavin-T and TEM data clearly supports that the extract totally prevents the

formation of aggregates.

4B.3.2. Phase II: C. crista inhibits AB(1-42) aggregate formation from oligomers:

(i) Thioflavin —T study: Fig 4B. 2A shows the results of phase II: Thioflavin-T
fluorescence data of AB(1-42) with and without extract at different time intervals (20,
36,48, 72 and 96 h). AB(1-42) is allowed to aggregate for 20 h, and at 20 h, extract is
added and the AP(1-42) aggregation process is monitored at different time intervals.
The thioflavin-T fluorescence was increased from 20 to 96 h indicating the formation
of fibrils from oligomers stage. In the presence of C. crista, the thioflavin-T
fluorescence values were significantly decreased indicating that the extract has
inhibited the formation of fibrils. These results are further confirmed by TEM data as

shown below.
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Fig 4B.1A: Effect of C. crista on formation of amyloid fibrils from monomers (Phase
I): The reaction mixture containing 50uM AP(1-42) co-incubated in absence or
presence of 100 ug of extract at 37°C in Tris-Cl buffer (pH 7.4). The aliquots were
taken from 0 to 96 h at every 2h interval. The fluorescence of thioflavin-T is
recorded with excitation and emission wavelength of 446nm and 482nm respectively
(Fig 4B.1A). The reaction mixture containing 50uM A(1-42) co-incubated in
absence or presence of 100 ug of extract at 37°C in Tris-Cl buffer (pH 7.4). Aliquots
are taken at 0, 6, 20, 72 and 96 h. The fluorescence of thioflavin —T is recorded with
excitation and emission wavelength of 446nm and 482nm respectively. Fig 4B.1B:
Bar diagram showing the thioflavin-T fluorescence of AP(1-42) in presence or
absence of C. crista leaf extract. Fig 4B.1C:Transmission Electron Microscopic
study: The reaction mixture contain 50uM AP(1-42) co-incubated in absence or
presence of 100 ullg of extract at 37°C in Tris-Cl buffer (pH 7.4). The aliquots are
taken at 0, 6, 20, 72 and 96 h and analyzed for presence or absence of aggregates.
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(ii) Electron microscopic study: Fig 4B. 2B shows the results of TEM of phase II :
sssThe formation of fibrils increased with time from 20 to 96 hrs in AB(1-42) alone.
But in the presence of C. crista, no fibrils were observed in AB(1-42) as a function of
time (0-96 hrs). This indicates that C. crista could able to prevent fibril formation

even after the aggregation process was initiated at 20 hrs (Fig 4B. 2B).
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Fig 4B.2A: Inhibition of formation of amyloid fibrils from oligomers by C. crista
aqueous extract (Phase II): Bar diagram showing the thioflavin-T fluorescence of
AB(1-42) as a function of time: AB(1-42) is allowed to form oligomers for 20 hrs and
C. crista leaf extract is added at 20 hrs of incubation. Aliquots are taken at 20, 36, 48,
72 and 96 hrs and thioflavin-T fluorescence emission was measured at 482nm. Fig
4B. 2B: Transmission Electron Microscopy study: APB(1-42) is incubated for 20 hrs
and C. crista leaf extract is added at 20 hrs of AB(1-42) incubation. Aliquots are taken
at 20, 36, 48, 72 and 96 hrs. Aliquots are analyzed for the presence or absence
aggregates using electron microscopy.

191



4B.3.3 Phase III: Phase III: C. crista dis-aggregated preformed AB(1-42)
fibrils: (i) Thioflavin-T study: Fig 4B. 3A shows the results of thioflavin-T
fluorescence assay of phase III. The fluorescence was increased form 96 to 9 days in
APB(1-42) alone. But C crista extract significantly decreased the thioflavin-T
fluorescence indicating dis-integration of matured fibrils both after 96 hrs and 9 days
incubation. (ii) Electron microscopic study: Fig 4B.3B shows the results of TEM of
phase III: At 96 hrs, there were matured fibrils with extensive branching in AB(1-42)
alone sample. The extract was added to 96 hrs-matured fibrils and then incubated for
another 96 hrs and extended to 9 days incubation. The extract has dis-aggregated the
pre-formed fibrils both at 96 hrs and 9 days incubation.
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Fig 4B.3A: Dis-aggregation of pre-formed fibrils by C. crista leaf extract (Phase III):
Bar diagram showing the thioflavin-T fluorescence of AP(1-42): AP(1-42) is
incubated for 96 hrs and C. crista leaf extract is added at 96 hrs and APB(1-42) is
allowed to aggregate further for 96 hrs and extended to 9 days. Thioflavin-T
fluorescence measured at emission at 482nm. Fig 4B. 3B: Transmission Electron
Microscopy study: AB(1-42) is incubated for 96 hrs and then C. crista leaf extract is
introduced and allowed to aggregate further for 96 hrs and extended to 9 days. The
aliquots are analyzed for the presence or absence of aggregates in electron
microscopy.
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4B.4.Discussion

Alzheimer’s disease has a complex pathology with multifactorial mental illness,
which is characterized by loss of memory and cognition. The etiological factors
include oxidative stress, inflammation, A over expression, elevation in metals etc
[Markesbery, 1997; Neve and Robakis, 1998; Roger et al., 1996; Selkoe, 2001 Smith
et al., 1997]. To date, there are no successful drugs for the clinical management of
AD. The studies have targeted drug screening for decreasing A levels either through
inhibiting the generation of AP or reducing levels and enhancing the AP clearance
from the brain (both by reducing its production and clearance of excessive peptide)
[Lau et al., 2007; Marambaud et al ., 2005; Rezai-Zadeh et al.,2005; Rottkamp et al .,
2000]. Currently, the studies are focusing to discover natural products as alternate
therapeutic molecules for AD management [Fujiwara et al., 2009; Fujiwara et al.,
2006; Joshi and Parle, 2006; Papandreou et al., 2006; Porat et al., 2006; Wang et al .,
2008; Watanabe, 1997].

The natural and synthetic molecules are targeted to reduce the amyloid load both in
vitro and in vivo models [Fujiwara et al., 2009; Howes et al., 2003; Papandreou et al
.,2006]. The natural products like Hypericum perforatum and Ginkgo biloba are found
to enhance memory and cognition and possibly reduce the risk for AD [Howes et al.,
2003]. The studies on Centella asiatica extract using PSAPP mouse model of
Alzheimer’s disease showed that extract decreased the levels of AB(40) and AB(1-42)
in hippocampus but not in the cortical region. Additionally, the reduction in AP levels
did not correlate Y-maze or open field behaviors in mouse model [Dhanashekaran et
al., 2009] thus, puzzling the insight Centella asiatica as a drug candidate. But the
mechanisms underlying the delaying process of disease is not clear. The Ginkgo
biloba extract has found to enhance the working memory and information processing
[Kennedy et al., 2000; Solomon et al., 2002; Wesnes et al., 2000]. The herb Paeonia
suffruticosa and its active constituents not only inhibited the formation of Af fibrils
but also de-stabilized the pre-formed fibrils [Fujiwara et al., 2009; Fujiwara et al.,
2006]. The curcumin was reported to inhibit the AP fibril formation and also
destabilized the pre-formed A fibrils in vitro [Ono et al., 2004; Yang et al., 2005].
The polyphenols like EGCG and resveratrol reported to reduce AP production and
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also increase A clearance [Marambaud et al ., 2005, Rezai-Zadeh et al., 2005]. All
the above studies showed that natural products are able to reduce amyloid load but
could not successfully pass through clinical trials [Marambaud et al., 2005; Rezai-
Zadeh et al., 2005]. Hence, there is still a search operation for better molecules from

nature for the management of AD.

The limited studies showed that C. crista has anti-oxidant, anti-inflammation and
antiviral properties [Dhar et al., 1968; Kalauni et al., 2005; Luo et al., 2002; Mandal
et al., 2009]. Further, the traditional knowledge also gave an insight that C. crista
aqueous extract is used as mental relaxation drink by people residing in forest areas.
This tempted us to undertake a study to investigate whether aqueous extract of C.
crista could be able to prevent amyloid aggregation using in vitro models. We found
that the aqueous extract of C. crista could not only prevent AP fibril formation but
also dis-aggregated AP fibrils. The anti-amyloidogenic property of C. crista may be
attributed to the polyphenols present in the aqueous extract. A study by Ono et al.
[2004] showed that water-soluble polyphenol; tannic acid inhibited the amyloid fibril
formation. However, the mechanism of inhibition of amyloid fibril formation is not
clear. In literature, several mechanisms are proposed regarding the role of
polyphenols in preventing amyloid aggregation [Burley et al., 1985; Gazit,
2002;Gazit, 2002; Pawar et al., 2005; Porat et al., 2006]. So, for the inhibitory role of
polyphenols against fibril formation is attributed to anti-oxidant features of phenolic
groups. Porat et al. [2006] proposed a new mechanism on polyphenols inhibiting
amyloid fibril formation. These efficient polyphenols contain two phenolic rings
having 2-6 atom linkers and three OH groups on aromatic ring. These structural
features are needed for the non-covalent interactions with beta sheet structures seen in
amyloid fibril structures. This may be the main reason to explain why polyphenols
effectively inhibit fibril formation from misfolded oligomers. The above structural
features do not support the ability of polyphenols interacting with monomers and
hence they cannot prevent early nucleation phase. It has been proposed by Porat et al.
[2006] that amyloidogenic region contains aromatic aminoacids like phenylalanline
and tryptophan and favor ordered self assembly [Gazit, 2002; Pawar et al., 2005]. The

phenol ring present in polyphenol has a novel-stacking mode to interact with aromatic
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aminoacid residues. But this feature alone cannot inhibit fibril formation and needs
further work in this direction [Taniguchi et al., 2005]. We propose that similar
mechanism may be involved in preventing amyloid fibril formation and also
destabilization of pre-formed fibrils by water-soluble polyphenols from C. crista.

This data provides a novel indication that C. crista may be a potential natural product

intervention in AD.
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Chapter 4C Studies to understand the effect of C. asiatica on AB(1-42)
aggregation in vitro

4C.1. Introduction

Amyloids are a group of misfolded proteins that are implicated in the
neurodegenerative disorders such as Parkinson’s disease, Huntington disease,
Frontotemporal dementia and Alzheimer’s disease (AD) [Koo et al., 1999]. The
amyloid B (AB) is one such amyloid protein strongly implicated in AD [Selkoe,
2001]. The excessive production and accumulation of AP believed to be one of the
major risk factor for AD [Tanzi and Bertram, 2005; Tew et al., 2008]. A undergoes
conformational change and forms deposits in the form of insoluble senile plaques in
AD brain [Klein, 2002]. The major therapeutic approaches in AD are towards the
reduction of AP either by decreasing its production or to enhance clearance of the
accumulated AB[Demattos et al., 2001; Demattos et al., 2002; Gelinas et al., 2004;
Gupta et al., 2007; Gupta et al., 2009; Morgan et al., 2000; Schenk et al., 1999]. The
accepted concept is that AP oligomers are toxic to neurons and induce cell death [Tew
et al., 2008; Lesne et al., 2006; Shankar et al., 2008]. The therapeutic approaches in
AD include acetylcholineesterase inhibitors, antioxidants, anti-inflammatory and anti-
amyloidogenic agents as targets [ Giri et al., 2004; Dhanashekaran et al., 2009; Lim et
al., 2001; Mukherjee et al., 2007; Park et al., 2002; Sharma and Gupta, 2002; Smith
and Luo, 2004; Wu et al., 2002; Yang et al., 2005]. The anti-amyloidogenic approach
is currently active [Park et al., 2002; Yang et al., 2005; Feng et al., 2009; Fujiwara et
al., 2009]. There are number of drug targets focused against amyloid load reduction
and many of them have not reached the clinical trials [Feng et al., 2009; Fujiwara et
al., 2009; Fujiwara et al., 2009; Ono et al., 2004; Stackman et al., 2003; Wang et al.,
2008]. Now, the studies have been focused on natural products as alternative
candidates for evaluating therapeutic potential against AD [Smith and Luo, 2004; Wu
et al., 2002; Yang et al., 2005; Feng et al., 2009; Fujiwara et al., 2009; Fujiwara et
al., 2009; Ono et al., 2004]. The Indain penny wort (Centella asiatica) has been
traditionally used in Asia to cure various ailments. The dried leaves of Indian penny
wort is mixed with milk and consume as memory improving [ Manyam, 1999;

Kirtikar and Basu, 1993] and this is practiced traditionally in selected regions in India
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[Nadkarni, 1954]. There are studies on diverse effects of C. asiatica such as
acetlylcholine-esterase inhibition, antioxidant, neuroprotection, and amyloid load
reduction [Dhanasekaran et al., 2009, Mukherjee et al.,2007; Kumar and Gupta, 2002;
Gupta et al., 2003; Kumar et al., 2009]. However, there are no mechanistic studies to
understand whether C. asiatica prevents AP aggregation. Therefore in the present
study attempts were made to prevent the aggregation of A (1-42) peptide using C.
asiatica extract. Aqueous extract of C. asiatica as it is traditionally used by local
population in western ghats as brain tonic.

4C.2. Materials and methods
AB(1-42) was purchased from EZ Biolabs, USA. Tris buffer, glycine, sodium
hydroxide, hydrochloric acid were from SRL, India. Thioflavin —T was procured from
ICN Biomedicals Pvt. Ltd, USA and Copper grids (200 mesh size) were brought from
Sigma chemicals, USA and uranyl acetate was procured from BDH Laboratory
chemicals Division, India.
The C asiatica was procured from local vegetable market, Mysore and it was
identified by an authenticated botanist (Taxonomic deposit number is 9831).

Flow chart for the preparation of aqueous-leaf extract of C. asiatica

@of dried 1D

'

Washed thoroughly in triple distilled water

Boiled in steam extractor (2 litre of triple distilled water
for ~3 hr (Till the aqueous content become half)

'

The extract was filtered through Whatman 42 filter paper to
get the clear solution

v

Extract was lyophilized to powder (yield-2.5% w/w)
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Dried leaves (40g) of C. asiatica was washed thoroughly in triple distilled water for
four times. Two litres of triple distilled water was added to steam extractor, boiled till
it becomes half the volume (one litre). Aqueous extract thus obtained was filtered
using Whatman 42 filter paper to get clear solution. The clear solution was

lyophilized to get dry powder. The yield of the extract was 2.5% (w/w).

To evaluate the anti-amyloidogenic property of aqueous extract of C. asiatica, the
following experiments were designed in vitro using the three-phase study protocol.
Phase I: To understand the prevention of AP aggregation from monomer. Phase I
reaction mixture was as follows: 100uM of AP was incubated with 100pg of
lyophilized aqueous extracts of C. asiatica in a total reaction mixture of 300ul
containing 10mM Tris-Cl (pH 7.4) at 0 h at 37 °C. Aliquots of 20ul (10 uM) were

drawn each time from incubated sample at intervals of 0, 6, 20, 72 and 96 h.

Phase II: To understand the prevention of formation of aggregates from oligomers.
Freshly prepared AP was allowed to form oligomers till 20 h following the protocol
described by Chromy et al.[2005] with slight modification [Chromy et al., 2003] and
then 100ug of lyophilized extract was added. The aggregation kinetics was studied to
follow the formation of aggregates from oligomers as function of time (20-96 h) and

aliquots were taken at 20, 36, 48, 72 and 96 h for thioflavin-T and TEM study.

Phase III: To understand the efficacy of extract to dis-integrate the pre-formed fibrils.
Freshly prepared AP was allowed to form matured fibrils by 96 h and then 100pg of
lyophilized extract was added and followed the dis-integration of fibrils at 8 days.

4C.2.1 Thioflavin-T assay:

The thioflavin-T assay was followed to study A aggregation kinetics. Thioflavin-T
specifically binds to aggregates but not to soluble monomers. 25ul of (1mM)
thioflavin-T was added to 1000pul of total reaction volume containing SuM AP. The
thioflavin-T fluorescence was measured at an excitation and emission wavelengths of
446nm and 482nm, respectively using a F4500 Hitachi Fluorescence Spectrometer.

The background thioflavin-T fluorescence intensity was subtracted from the
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experimental values. The thioflavin-T fluorescence data was analyzed for standard
error using origin 6.0.

4C.2.2. Transmission Electron microscopy (TEM) study

Transmission Electron Microscopy (TEM) study was conducted to detect

presence or absence of aggregates. Incubated sample (10uL) was placed on carbon
coated copper grid (200 mesh size) and allowed for one min and excess sample was
wicked off with lens paper and then negatively stained by transferring the grid face
down to a droplet of (2% (w/v) uranyl acetate for one min before wicking off the
solution. Then the grids were air dried for an hour. Four individual experiments were
carried out for each sample. The grids were completely dried to avoid moisture and
then scanned under JOEL 1010 TEM.

4C.3. Results
The effect of C. asiatica on the APaggregation is analyzed as follows:

4C.3. 1. Phase I: Inhibition of the formation of aggregates from monomers: Fig
4C.1A shows three phases of aggregation kinetics of A as monitored by thioflavin-T
fluorescence as a function of time (0-96 h). The aggregation kinetics followed a
sigmoidal curve. The thioflavin —T data indicated a lag period upto 20 h, where
thioflavin-T fluorescence intensity is static indicating the presence of monomers only.
After 20 h, there is an intermediate phase from where oligomers and other
intermediate forms form till 48 h. The thioflavin—T fluorescence steeply increases in
this phase indicating formation of misfolded intermediates. The other phase is the
saturated phase where fully matured fibrils are formed. This phase is from 48 to 96 h.
The thioflavin —T fluorescence is higher and static in nature indicating matured fibril
formation. In the presence of the aqueous extract, the sigmoidal pattern of A
aggregation kinetics is followed a similar pattern with no significant reduction in
fluorescence intensity. This indicates that C. asiatica could not be able to prevent the
AP aggregation from monomers. Fig 4C. 1B shows the thioflavin-T fluorescence at
0, 6, 20, 72 and 96 h time intervals. For AP alone, as the time increases, the
thioflavin-T fluorescence increases. And in the presence of aqueous extract,
thioflavin-T fluorescence do not significantly altered; supporting the concept that
extract could not able to prevent A aggregation. The samples represented in Fig 4C.

1B are taken for TEM study. Fig 4C.1C shows results of TEM study for the presence
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or absence of aggregates at different time intervals (0, 6, 20,72 and 96 h). The TEM
data clearly shows that when AP alone is allowed to aggregate from 0 to 96 h, the
formation of fibrils is in time dependent aggregation kinetics. There are no aggregates
from 0 to 20 h. The aggregates start growing from 72 and 96 h (Fig 4C.1C). Even in
the presence of C. asiatica, both at 72 and 96 h the aggregates are seen indicating
that the extract could not able to totally prevent the formation of fibrils (Fig 4C. 1C).
Thus, thioflavin-T and TEM data clearly supports that the extract could not able to

totally prevent the formation of aggregates.
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Fig 4C. 1. Effects of water leaf extract of C.asiatic on the prevention of amyloid
fibrils from monomers (Phase I): A- The reaction mixture containing SO0uM AB(1-
42) co-incubated in absence or presence of 100 pg of extract at 37°C in Tris-Cl buffer
(pH 7.4). Aliquots are taken at 2 h intervals from 0-96 h. The fluorescence of
thioflavin —T 1is recorded with excitation and emission wavelength of 446nm and
482nm respectively. B- Bar diagram showing the thioflavin-T fluorescence of AP(1-
42) in presence or absence of C. asiatica leaf extract at 0, 6, 20, 72 and 96 h. C-
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Transmission Electron Microscopic study: The reaction mixture contain S0uM AB(1-
42) co-incubated in absence or presence of 100 ug of extract at 37°C in Tris-Cl buffer
(pH 7.4). The aliquots are taken at 0, 6, 20, 72 and 96 h and analyzed for presence or
absence of aggregates.

4C.3. 2. Phase II: Inhibition of the formation of aggregates from oligomers: Fig
4C.2A shows the results of phase II. Thioflavin-T fluorescence data of A is
analyzed with and without extract at different time intervals (20, 36, 48, 72 and 96 h).
AP is allowed to form oligomers for 20 h, and at 20 h, the extract is added and the A}
aggregation process is monitored at different time intervals. The thioflavin-T
fluorescence has increased from 20 to 96 h indicating the formation of fibrils from
oligomers stage. In the presence of C. asiatica, the thioflavin-T fluorescence values
do not decrease significantly indicating that the extract could not inhibit the formation
of fibrils from oligomers. Fig 4C. 2B shows the results of TEM of phase II. The
formation of fibrils increased with time from 20 to 96 h in AP alone and in the
presence of C. asiatica, also the fibrils are seen but less in number. This indicates
that C. asiatica could not be able to totally prevent fibril formation from oligomers
(Fig 4C. 2B).
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Fig 4C. 2: Effect of aqueous leaf extracts of C. asiatica on formation of amyloid
fibrils from oligomers (phase II): A- Bar diagram showing the thioflavin-T
fluorescence of AP(1-42) as a function of time: AP(1-42) is allowed to form
oligomers for 20 h and C. asiatica leaf extract is added at 20 h of incubation. Aliquots
are taken at 20, 36, 48, 72 and 96 h and thioflavin-T fluorescence emission was
measured at 482nm. B-Transmission Electron Microscopy study: AP(1-42) is
incubated for 20 h and C. asiatica leaf extract is added at 20 h of AP(1-42)
incubation. Aliquots are taken at 20, 36, 48, 72 and 96 h. Aliquots are analyzed for the
presence or absence aggregates using electron microscopy.
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4C.3.3. Phase III: Dis-integration of pre-formed fibrils: Fig 4C.3A shows the
results of thioflavin-T fluorescence assay of phase III. The matured fibrils after 96 h
are allowed to further grow till 8 days and the fluorescence has increased from 16 AU
to 28 AU respectively. However, in the presence of C. asiatica extract no significant
reduction in thioflavin-T fluorescence was observed. This indicates that extract did
not dis-integrate the pre-formed fibrils even after 8 days of incubation with C. asiatica
extract. Fig 4C. 3B shows the results of TEM of phase III. At 96 h, there are matured
fibrils with extensive branching in sample having A alone. The extract is added to 96
h-matured fibrils and then incubated for 8 days. The extract could not dis-integrate

totally the pre-formed fibrils even after 8 days of incubation.
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Fig 4C.3. Disintegration of preformed fibrils by water extract of C. asiatica (Phase
IIT): A- Bar diagram showing the thioflavin-T fluorescence of AB(1-42): AB(1-42) is
incubated for 96 h and C. asiatica leaf extract is added and further allowed to
aggregate for 8 days. Thioflavin-T fluorescence measured at emission at 482nm. B-
Transmission Electron Microscopy study: AB(1-42) is incubated for 96 h and then C.
asiatica leaf extract is introduced and allowed to aggregate for 8 days. The aliquots
are analyzed for the presence or absence of aggregates in electron microscopy.
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4B.4. Discussion

Alzheimer’s disease is a progressive neurodegenerative disease affecting millions
of people worldwide. The etiological factors include oxidative stress, inflammation,
AP over expression, elevation in metals etc. [Selkoe, 2001; Markesbery, 1997; Smith
et al., 1997]. Among the risk factors implicated, A is strongly associated with AD
[Tanzi and Bertram, 2005 ; Tanzi and Bertram, 2001]. The therapeutic approaches in
AD include, reducing the amyloid production or enhancing the clearance of amyloid
load in AD [Koldamova et al., 2005; Walsh et al., 2005]. The ancient Indian system
of medicine, Ayurveda has described traditional use of herbal medicinal therapies for
the treatment of dementia [Manyam, 1999]. In particular, C. asiatica has been listed in
ancient Indian Ayurveda medical text Caraka Susmita as a treatment for dementia.
The leaves of C. asiatica is used as a memory booster in some regions of India [
Kirtikar and Basu, 1993; Nadkarni, 1954]. The animal studies have shown that
extracts of C. asiatica improves memory in rats [Kumar and Gupta, 2002; Gupta et
al., 2003; Kumar et al., 2009]. The C. asiatica also found to improve memory,
behavior and performance tests of mentally retarded children [Appa Rao et al. 1973].
Kumar and Gupta, [2003] have shown that C. asiatica prevents streptozotocin
induced cognitive deficits in rats. Subathra et al., [2005] reported that C. asiatica
reduced the protein carbonyls in the aged rat brain. Further, Kumar et al. [2009] have
demonstrated that C. asiatica significantly decreases the acetylcholine esterase
activity in colchicine induced cognitive impairment and oxidative stress. Nalini et al.
[1992] reported that C. asiatica showed improvement in the avoidance task in rats.
Rao et al. [2005] reported that C. asiatica able to improve the brain function of mice
if treated during postnatal period. Recently, Dhanasekaran et al.[2009] have reported
that C. asiatica moderately decreased AB(40) and APB(1-42) load both in cortex and
hippocampus region of PSAP Alzheimer’s disease mice model. But the reduction of
AB(40) and AB(1-42) did not improve the Y-maze and open field behavior tests. The
mechanism of reduction in the amyloid load is not clearly understood. There are no
studies to show the effects of C. asiatica on AP aggregation kinetics. Our results
showed that C. asiatica aqueous extract could not significantly inhibit the A

aggregation either from monomer or oligomers, and also the extract was not able to
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dis-integrate the preformed fibrils. Our results and the observations made by others
can be explained by the following hypothesis. AP exists in monomer form and
monomers will be in random coil conformation. AP in suitable condition self-
aggregates into fibrils. The aggregation process will pass through different
conformation in the following order: random coil, misfold, B-sheet/ B- turn or in
combination of all these conformations. The fully aggregated long fibrils will be
either in - sheet/ B- turn conformation. The aqueous extract of C. asiatica could not
stabilize random coil of monomers hence could not prevent fibril formation. However,
we further propose that C. asiatica extract may be acting by other possible pathways
such as (i) enhancing the a- secretase pathway of APP processing or inhibiting [3-
secretase activity; (ii) may be acting as anti-oxidant, so that oxidative stress will be
reduced. And Oxidative stress enhances AP} expression; (iii) may enhance clearance
mechanism of accumulated amyloid; or (iv) may be acting as anti-inflammatory
candidate. All these events together may be helpful for C. asiatica as brain tonic or
memory or cognitive function enhancer. Further work is needed to understand more

on the efficacy of C. asiatica as a therapeutic intervention molecule.
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Chapter 5 General Summary and Conclusion

5.1. General Summary and Conclusion

Alzheimer’s disease (AD) is the most common form of dementia and affects one in
four individuals over the age of 85. AD has multiple etiological factors, which
includes genetics, environmental factors, and lifestyle. The hallmark pathology of AD
includes extracellular amyloid B protein (Af) deposition in the form of senile plaques
and intracellular deposits of the microtubule-associated protein tau as neurofibrillary
tangles in the AD brain. The diagnosis of AD is based on the characteristic idiopathic
psychometric deficits upon clinical evaluation and further confirmed by post-mortem
due to the presence of the characteristic lesions described above. Still AD pathology
for neuronal cell death and factors responsible for AD onset are not clear. Further,
there are no reliable biomarkers for the early detection of AD. MRI is the only hope to
confirm AD atrophy for diagnosis purpose, but not for early detection yet. This made
the drug discovery for AD a touch challenge. The over expression of Amyloid 8
peptide and accumulation of the same as intracellular and extracellular aggregates is
agreed major pathological event in AD and the decrease in amyloid load is a drug
target for AD. AP is produced by sequential proteolytic processing of a larger AP
protein precursor (ABPP) by B-secretase to generate a large secreted fragment sAPPJ3
and a 99 aa cellular fragment — CTF[} — that includes AP, the transmembrane domain
and the intracellular domain of ABPP. But there multiple pathways which influence

A production.

The accumulation of AP in the form of senile plaques is found to correlate with
neuronal loss and brain atrophy and ventricular expansion. The brain atrophy is
correlated with cognitive decline in AD. The studies with AD patients showed a
positive correlation between amyloid load and brain atrophy. The significant
contribution towards in vivo quantification of amyloid came through the development
of Benzathiol derivative, N-methyl [11C] 2-(4’-methyl aminophenyl)-6-hydroxy-
benzothiazole (PIB), which specifically bind to amyloid and can be imaged in
Positron Emission Tomography (PET) scan. The specificity of PIB is that it only

binds to aggregated forms of A} and not to monomeric forms of AB. The toxicity of
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AP is depends on form of AP namely oligomer or fibril form. The recent
understanding on amyloid hypothesis suggests that oligomeric form of AP is more
toxic than fibrils. The literature on genotoxicity of amyloids is scanty. The available
reports on genotoxicity of amyloids suggest that amyloids causes DNA damage
mainly through oxidative stress and free radicals. However there are reports on the
translocation of AP in to nuclear region. The earlier report suggested the presence of
aggregated AB(1-42) in the nucleus of CHO cells and also in the nuclear region of
AD brain sample. The role of AP in nucleus is not known. The earlier studies from
our lab have shown that AB(1-42) binds to DNA and changes DNA stability and
helicity. Also our lab earlier provided evidence that AP has DNA nicking ability. The
role of AB(1-42) in genotoxicity is not clear. Hence the present study is aimed to
understand the DNA nicking ability of different fragments of A and in vivo studies
to understand the APB(1-42) induced genotoxicity. And also, the role novel indigenous
plants such as C. crista and C. asiatica extract in preventing AP induced DNA

damage and preventing AP aggregation. The present study has following objectives.

3. To study mapping of amyloids induced genotoxicity.

4. In vivo studies using aged rabbits to understand the neuroprotective role
indigenous plants in amyloids induced genotoxicity in relevance to brain
tomography and DNA damage.

3. To study anti-amyloidogenic properties of indigenous medicinal herb

Chapter 1: General Introduction

The general introduction covers the etiology and pathology of AD. Also the
biochemistry behind the neuronal cell death. The introduction focussed on the role of
amyloid in AD neurodegeneration and also the role dietary factors in AD. The

following of nut shell covered in introduction.

1. Alzheimer’s disease (AD) is the most common form of dementia and affects one in

four individuals over the age of 85.
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2. The hallmark pathology of AD includes extracellular amyloid B protein (AB)
deposition in the form of senile plaques and intracellular deposits of the microtubule-

associated protein tau as neurofibrillary tangles in the AD brain.

3. DNA instability has been implicated in the pathogenesis of neurodegenerative
disorders including Alzheimer’s disease, amyotrophic lateral sclerosis, Down’s

syndrome, Parkinson’s disease, etc

4. The studies with AD patients showed a positive correlation between amyloid load

and brain atrophy.

5. AD has multiple etiological factors including genetics, environmental factors, and

general lifestyles.

6. Several cross-sectional studies suggest a relationship between particular nutrients

in diet and the presence of cognitive changes in AD.

7. A number of dietary factors such as saturated fatty acids, higher calorie intake, and

excessive alcohol have been have indicated that diet plays a role in AD.

8. In contrast, antioxidants, fish, methionine-rich proteins, and vitamins are identified

as protective against the disease.
9. Calorie restriction is reported to slow the progression of neurodegeneration in AD.
10. The diet rich in docosahexaenoic acidis may reduce the risk of developing AD.

11. Though vitamin E is reported to reduce the risk of AD, the dietary supplements of

vitamin E fail to provide better results compared to dietary intake of vitamin E.

12. Hyperhomocysteine levels induce neurologic abnormalities such as cerebral

atrophy, and seizures.

13. A deficiency of vitamins is found to elevate the concentration of homocysteine,

which is implicated in vascular mechanisms leading to AD.

14.Folate and vitamin B12 are involved in biosynthesis of methionine from its
precursor homocysteine, whereas, B6 has a role to play in the conversion of

homocysteine to cysteine.
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15.The green tea flavanoids, EGCG has recently been shown to have neuroprotective

functions such as antioxidation, iron chelation, and anti-inflammation.

16.Several epidemiological studies have shown that moderate wine consumption
reduces the risk of developing AD and these effects are attributed to the resveratrol in

the wine.

17.The curcumin present in the turmeric is reported to reduce the risk of developing

AD by its anti-oxidant, anti-inflammatory and anti-amyloidogenic activities.
18. Diet-genetic interactions may play an important role in healthy aging and in AD.

19.The drug discovery programs in AD targeted the beta-amyloid mainly and others

include metals, inflammatory molecules, oxidative stress and etc.
The introduction ended with objectives.

Chapter 2: Studies to map amyloidogenic peptides induced genotoxicity

Alzheimer’s disease (AD) is a common form of dementia and it is characterized by
loss of memory, inability to perform daily activities, language impairment and
behavioral abnormalities. AP implicated in AD causes neurotoxicity through
neuronal death and it is demonstrated in vitro through apoptosis of neuronal cell. This
current study is undertaken to understand the mechanism of AP fragments induced

genotoxicity.

1. The results showed that AP fragments (1-11, 1-28, 1-40 and 1-42) nick ScDNA and
causes the open circular and linear forms. AP fragments (22-35, 25-35, 17-42 and 1-
43) do not nick ScCDNA.

2. The Mg*" enhanced DNA nicking ability of Ap fragments (1-11, 1-28, 1-40 and 1-
42) and other AP fragments (22-35, 25-35, 17-42 and 1-43) also showed DNA

nicking activity in presence of Mg”".

3. The histidine modified AB(1-11) do not nick ScCDNA. Also, histidine modified A3
(1-11) retarded A-DNA, single stranded circular and double stranded circular DNA

mobility compared to unmodified AB(1-11) but could not cause nicking.
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4. The nuclease inhibitor, Aurin tricartboxylic acid inhibited only AB(1-42) induced
DNA nicking and could not inhibit AB(1-11,1-28,1-40) induced DNA nicking in the

presence of Mg”".

6. The melting temperature and ethidium bromide binding studies showed that DNA
became unstable in presence of different fragments of AP as evidenced by decrease

in Tm and EtBr binding.

7. The Circular Dichroism studies on the effect of histidine modified AB(1-11) on

ScDNA conformation showed slight change in the SCDNA conformation.

8. The Circular Dichroism study on AP (1-11, 1-28, 22-35, 25-35 and 1-43) fragments

secondary conformation showed they are in random coil conformation.

9. The Protscale study insighted the contribution of different amino acid residues to

secondary conformation.

Chapter 3: In vivo studies using aged rabbits to understand the neuroprotective
role Indigenous plants in amyloids induced genotoxicity in relevance to brain

tomography and DNA damage.

The present study focused on APB(1-42) induced genotoxicity in aged rabbits and its
relation to MRI changes in brain and also the effects plant extracts and curcumin
derivatives in modulating AB(1-42) induced DNA damage (3A)

The following are the significant findings.

Chapter 3A-a: AB(1-42) induced genomic instability in aged rabbit brain

1. The present study is aimed to understand the in vivo effects of AB(1-42) on

genomic DNA stability and conformation and its relevance to brain atrophy.

2. The aged (4 yr) New Zealand rabbits are intracisternally injected with AB(1-42)
and sacrificed after 25 days, when the rabbits developed AD like behaviour.

3. Genomic DNA is isolated from frontal cortex (FC), hippocampus (H) and midbrain
(M) regions of AB(1-42) injected and control aged rabbit brain.
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4. DNA stability parameters are analyzed and the results showed that DNA is

damaged in FC and H; where as in M, DNA is in condensed state.

5. The DNA conformation study evidenced the presence of C, m and y- type DNA
conformations in FC, H and M of AB(1-42) injected rabbit brain regions respectively.

But in control rabbit brain, DNA is in B- conformation in all the brain regions studied.

6. Magnetic resonance imaging (MRI) studies showed that there are no significant
changes in brain structures between control and AB(1-42) injected aged rabbit brain

regions at 25 days.

Chapter 3A-b Inhibition of AB(1-42) induced DNA damage by Indigenous plant

extract

1.The protective role of curcumin and its derivatives and aqueous leaf extracts of
Caesalpinia crista and Centella asiatica against AB(1-42) induced DNA nicking is
studied. The results showed that curcumin derivatives and Caesalpinia crista and

Centella asiatica could not prevent AB(1-42) DNA nicking activity.

2.The Circular Dichroism studies on the effect of curumin glucoside (CG) and
vanillin glucoside (VG) on AB(1-11), AB( 25-35) and AP(1-28) conformation
showed a differential effects. The CG increases the beta sheet conformation of AB(1-
11), with a corresponding decrease in the random coil and not significant change in
the alpha helix quantity. But VG increases alpha helix and beta sheet and

correspondingly decreased in the random coil conformation.

3. The CG and VG increase the beta sheet conformation of AB(1-28) and AB(25-35)
corresponding decrease in random coil conformation while no change in the alpha

helix conformation.

Chapter 3B: AB(1-42) induced brain MRI changes in aged rabbits resembles

Alzheimer’s disease
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1. The present study is undertaken to understand whether AB(1-42) induced brain
atrophy in aged rabbit brain resembles MRI changes in AD brain.

2. Ten aged (4 yrs) rabbits are injected with 100pug of AB((1-42) through intracisternal
route and ten control aged rabbits are injected with saline. Rabbits are subjected to
1.5T MRI scanning before and after 45 days of AP injection. The time course of 45
days is chosen as rabbits developed AD like symptoms such as forward head tilting,
hemiplegic gait, loss of appetite, isolation behaviour, splaying of extremities and

paralysis. We also conducted MRI studies on 5 normal and AD patients.

3. We found that there are significant reduction in the thickness of hippocampus,

temporal lope, frontal lobe, and midbrain and an increase in lateral ventricle volume.

4. All these significant changes indicate that AB(1-42) induced brain atrophy mimics
AD brain atrophy.

Chapter 4: To study anti-amyloidogenic properties of indigenous medicinal herb

The present focussed in evaluating the anti-amyloidogenic potential of indigenous
medicinal herb using a novel in vitro battery of tests. The results indicate the

following significant results.

Chapter 4A: Anti-oxidant and anti-inflammatory properties of Caesalpinia crista

and Centella asiatica

1. In the present study, antioxidant properties of aqueous leaf extract of Caesalpinia
crista and Centella asiatica is carried out using, DPPH assay, reducing potential assay

and superoxide assay.

2. The anti-inflammatory activity of Caesalpinia crista and Centella asiatica are

demonstrated using 5-lipoxygense assays as 5-lipoxygense involved in inflammation.

3. The Caesalpinia crista and Centella asiatica dose dependently scavenged DPPH’
and the ICsy of C. crista less than C. asiatica. Both the extracts showed more IC 5

compared to standard ascorbic acid.
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4. The superoxide assay showed that C. asiatica and C. crista dose dependently
scavenged the superoxide anion radical. The IC sy of C. asiatica is lesser than C.

crista. But both the extracts showed IC 5o more than the standard, ascorbic acid.

5. The reducing potential assay indicates that C. crista has more reducing potential
compared to C. asiatica. Both the extracts showed lesser reducing potential compared

to standard, ascorbic acid.

6. The 5-lipoxygense inhibition assay showed both the extracts dose dependently

inhibited the enzyme and C. crista effectively inhibited compared to C. asiatica.

Chapter 4B: Antiamyloidogenic property of leaf aqueous extract of Caesalpinia

crista

1. In this study, we aim to understand the effect of leaf aqueous extract of C crista in

the prevention of AP(1-42) aggregation.

2. We have used three key battery tests to understand the effect of C. crista in
preventing the formation of, (i) aggregates from monomers (ii) aggregates from

oligomers and also (iii) dis-integration of preformed fibrils of Ap.

3. The C. crista aqueous extract could effectively found to inhibit the AP(1-42)
aggregation both from monomer and oligomers. Also, the extract is able to dis-

integrate the preformed fibrils.

5.The anti-amyloidogenic property of C. crista may be attributed to the water soluble

polyphenols present in the aqueous extract.

Chapter 4C: Studies to understand the effect of Centella asiatica on AB(1-42)

aggregation in vitro

1. The present study, we have used AP(1-42) for the formation of oligomers,

protofibrils and fibrils and to map C. asiatica for its anti-AB(1-42) aggregation

property.
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2. We focused on, (i) whether the C. asiatica leaf aqueous extract prevent the
formation of oligomers and aggregates from monomer?; (ii) Whether the C. asiatica
aqueous extract prevent the formation of fibrils from oligomers; (iii) whether the

aqueous extract dis-aggregates pre-formed fibrils.

4. The C. asiatica aqueous extract could not significantly inhibit the AP(1-42)
aggregation either from monomer and oligomers and also not be able to dis-integrate

the preformed fibrils.

5.2. Significant Conclusion

The data on AP fragments (1-11, 1-28, 1-40 and 1-42) induced DNA nicking
indicates, different mechanism of SCDNA nicking by different A} fragments. The
involvement of histidine of AB(1-11) in DNA nicking insight a new role of A as
nuclease. The differential effects of different AB on DNA stability parameters

indicates complex behaviors of these AP} fragments.

The in vivo effects of AP(1-42) in aged rabbits suggests that causes changes the
DNA stability and helicity. The AB(1-42) alters DNA conformation in aged rabbit
brain region specifically. It changes B-DNA conformation of FC, H and M to C-type,
© and y-DNA conformation respectively. But changes in the DNA stability and DNA
conformation do not induce brain atrophy in 25 days of AP(1-42) injection. The
AB(1-42) injection to aged rabbits and allowed for 45 days has showed brain
reduction thickness of frontal lobe, hippocampus, midbrain, temporal lobe and
increase in lateral ventricle volume compared to control rabbit brain regions. These
brain regions thickness and volume changes are comparable with AD patients brain

thickness changes.

The aqueous leaf extracts of C.crista and C.asiatica showed both anti-oxidant and
anti-inflammatory activities. These activities are attributed to the water soluble
polyphenols in the extract. So these extracts are further used to understand the anti-
amyloidogenic property. The C. crista not only inhibited the formation of amyloid

fibrils both from monomers and oligomers but also dis-aggregated the pre-formed
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fibrils. The anti-amyloidogenic property of C.crista is attributed to water soluble
polyphenol present in the extract. While C.asiatica neither prevented the formation of
amyloid fibrils both from monomers and oligomers nor dis-aggregated the pre-formed

fibrils. This data on C.crista is promising to be drug candidate for AD.
These investigations provided newer understanding on the role of AB(42 in AD

neurodegeneration as indicated by advanced studies like MRI, genomic stability and

protein aggregation.

217



Chapter 6

Bibliography

218



Abellan G, Van Kan, Rolland Y, Nourhashemi F, Coley N, Andrieu S, Vellas B
(2009) Cardiovascular disease risk factors and progression of Alzheimer’s disease.

Dement Geriatr Cogn Disord 28, 240-246.

Adlard PA, Perreau VM, Pop V, Cotman CW (2005) Voluntary exercise decreases
amyloid load in transgenic mice model of Alzheimer’s disease. The Journal of

Neurosci 25, 4217-4221.

Aggarwal BB, Sundaram C, Malani N, Ichikawa H (2007) Curcumin: the Indian solid
gold. Adv Exp Med Biol. 595, 1-75.

Aharony D, Stein RL (1986) Kinetic mechanism of guineapig neutrophil 5-
lipoxygenase. J. Biol. Chem. 161, 11512-11519.

Aisen PS, Saumier D, Briand R, Laurin J, Gervais F, Tremblay P, Garceau D (2006)
A Phase II study targeting amyloid-beta with 3 APS in mild-to-moderate Alzheimer
disease. Neurology 67, 1757-1763.

Aisen PS, Schalfer KA, Grundman M, Pfeiffer E, Sano M, Davis KL, Farlow MR, Jin
S, Thomas RG, Thal LJ (2003) Effects of rofecoxib or naproxen vs placebo on

Alzheimer’s disease progression: a randomized controlled trial. JAMA 289, 2819-

2826.

Akama KT, Albanese C, Pestell RG, Van Eldik L J (1998) Amyloid beta-peptide
stimulates nitric oxide production in astrocytes through an NF- kappa B-dependent

mechanism. Proc Natl Acad Sci U S A 95, 5795-800.

Akbari M, Otterlei M, Pefia-Diaz J, Krokan HE (2006) Different organization of base
excision repair of uracil in DNA in nuclei and mitochondria and selective

upregulation of mitochondrial uracil-DNA glycosylase after oxidative stress.

Neuroscience 145, 1201-12.

Aksenov MY, Aksenova MV, Butterfield DA, Geddes JW, Markesbery WR (2001)

Protein oxidation in the brain in Alzheimer's disease. Neuroscience 103, 373-383.

219



Akula US, Odhav B (2008) In vitro 5-lipoxygenase inhibition of polyphenolic
antioxidants from undomesticated plants of South Africa. J. Med. Plant. Res. 2, 207-
212.

Alanko J, Riutta A, Mucha I, Vapatalo H, Mesjii-Keetela F (1993) Modulation of
arachidonic acid metabolism by phenols: relation to phenols of hudroxyl groups and

peroxyl radical scavenging properties. Free Radic. Biol. Med.14, 19-25.

Alanko J, Riutta A, Mucha I, Vapatalo H, Mesjii-Keetela F (1999) Modulation of
arachidonic acid metabolism by phenols: relation to their structure and antioxidant/

prooxidant properties. Free Radic. Biol. Med. 26, 193-201.

Aliev G, Obrenovich ME, Reddy VP, Shenk JC, Moreira PI, Nunomura A, Zhu X,
Smith MA, Perry G (2008) Antioxidant therapy in Alzheimer's disease: theory and
practice. Mini Rev Med Chem. 8, 1395-406.

Anandatheerthavarada HK, Biswas G, Robin MA, Avadhani NG (2003)
Mitochondrial targeting and a novel transmembrane arrest of Alzheimer’s amyloid
precursor protein impairs mitochondrial function in neuronal cells. J Cell Biol 161,

41-54.

Anderson AJ, Ruehl WW, Fleischmann LK, Strenstrom K, Entriken TL, Cummings
BJ (2000) DNA damage and apoptosis in aged canine brain: relation to abeta
deposition in absence of neuritic pathology. Prog. Neuro Psycho Pharmacol. Biol. 24,
787-799.

Anekonda TS, Reddy PH (2005) Can herbs provide a new generation of drugs for
treating Alzheimer's disease? Brain Res Rev 50, 361-376

Anitha S, Jagannatha KSR, Latha KS, Viswamitra MA (2002) First evidence to show
the topological change of DNA from B-DNA to Z-DNA conformation in the
hippocampus of Alzheimer's brain. NeuroMol. Med. 2, 289-298.

220



Appa-Rao MVR, Srinivasan K, Rao K (1973) The effect of Mandukaparni (Centella
asiatica) on the general mental ability (Medhya) of mentally retarded children. J Res
Ind Med 8, 9-16.

Araki T, Sasaki Y, Milbrandt J (2004) Increased nuclear NAD biosynthesis and

SIRT1 activation prevent axonal degeneration. Science 13, 1010-1013.

Archer HA, Edison P, Brooks DJ, Barnes J, Frost C, Yeatman T, Fox NC, Rossor MN
(2006) Amyloid load and cerebral atrophy in Alzheimer's disease: An C-11-PIB
positron emission tomography study. Ann Neurol 60,145-147.

Arendash GW, Jensen MT, SalemlJr N, Hussei N, Cracchiolo J, Dickson A, Leighty
R, Potter H (2007) A diet high in omega-3 fatty acids does not improve or protect

cognitive performance in Alzheimer’s transgenic mice. Neuroscience149, 286-302.

Asai M, Hattori C, Szabo B, Sasagawa N, Maruyama K, Tanuma S, Ishiura S (2003)
Putative function of ADAM9, ADAMI10, and ADAMI17 as APP alpha-secretase.
Biochem Biophys Res Commun 301, 231-235.

Ascherio A (2000) Antioxidants and stroke. Am J Clin Nutr 72, 337-338.

Ashburner J, Friston KJ (2000) Voxel based morphometry- The methods. Neuroimage
11, 805-821

Atwood CS, Moir RD, Huang X, Scarpa RC, Bacarra NM, Romano DM, Hartshorn
MA, Tanzi RE, Bush AI(1998) Dramatic aggregation of Alzheimer abeta by Cu(Il) is
induced by conditions representing physiological acidosis. J. Biol Chem.273, 12817-
12826.

Bacskai BJ, Hickey GA, Skoch J, Kajdaz ST, Wang Y, Huang GF, Mathis CA, Klunk
WE, Hyman BT (2003) Four-dimensional multiphoton imaging of brain entry,

amyloid binding and clearance of an amyloid-beta ligand in transgenic mice. Proc

Natl.Acad. Sci. USA 100, 12462-12467.

221



Bales KR, Verina T, Dodel RC, Du Y, Altstiel L, Bender M, Hyslop P, Johnstone
EM, Little SP, Cummins DJ, Piccardo P, Ghetti B, Paul SM (1997) Lack of
apolipoprotein E dramatically reduces amyloid beta-peptide deposition. Nat Genet 17,
263-264.

Bard F, CannonC, Barbour R, Burke RL, Games D, Grajeda H, Guido T, Hu K,
Huang J, Johnson-Wood K, Kholodenko D, Lee M, Lieberburg I, Motter R, Nguyeen
M, Soriano F, Vasquiz N, Weiss K, Welch B, Senbert P, Schenk D, Yednock J (2000)
Peripheraly administered antibodies against amyloid beta peptide enter the CNS and
reduce pathology in a mouse model of Alzheimer’s disease. Nat Med 6, 916-919.

Barja G (2004) Free radicals and aging. Trends Neurosci 27, 595-600.

Barnes J, Scahill RI, Boyes RG, Frost C, Lewis EB, Rossor CL, Rossor MN, Fox
NC (2004) Differentiating AD from aging using semi-automated measurement of

hippocampal atrophy rates. Neuroimage 23, 574-581.

Barrantes A, Rejas MT, Benitez MJ, Jimenez JS (2007) Interaction between
Alzheimer’s AB[1(1-42) peptide and DNA detected by Surfance Plasmon Resonance.
J Alzheimers Dis 12, 345-355.

Barrow CJ, Yasuda A, Kenny PT M, Zagorski MG (1992) Solution conformations
and aggregational properties of synthetic amyloid B-peptides of Alzheimer's disease :

Analysis of circular dichroism spectra. J Mol Biol 225, 1075-1093.

Bassett CN, Montine TJ (2003) Lipoproteins and lipid peroxidation in Alzheimer's
disease. J Nutr Health Aging 7, 24-29.

Baum L, Ng A (2004) Curcumin interaction with copper and iron suggests one
possible mechanism of action in Alzheimer’s disease animal models. J. Alzheimers

Dis. 6, 367-377.

222



Baur JA, Sinclair DA (2006) Therapeutic potential of resveratrol:the in vivo evidence.

Nat Rev Drug Discov 5, 493 -506.

Baydas G, Kutlu S, Naziroglu M, Canpolat S, Sandal S, Ozcan M, Kelestimur H
(2003) Inhibitory effects of melatonin on neural lipid peroxidation induced by

intracerebroventricularly administered homocysteine. J Pineal Res 34, 36-39.

Beel AJ, Sanders CR (2008) Substrate specificity of gamma secretase and other
intramembrane proteases. Cellular and Molecular Life Sciences 65, 1134-1311.

Behl C, Davis JB, Lesley R, Schubert D (1994) Hydrogen peroxide mediates amyloid
protein toxicity. Cell 77, 817-827.

Bengmark S (2006) Curcumin, an atoxic antioxidant and natural NFkappaB,
cyclooxygenase-2, lipooxygenase, and inducible nitric oxide synthase inhibitor: a

shield against acute and chronic diseases.J. Parenter. Enteral Nutr. 30, 45-51.

Bharathi, Shamasundar NM, Sathyanarayana Rao TS, Dhanunjaya Naidu M, Ravid R,
Rao KS (2006) A new insight on Al-maltolate-treated aged rabbit as Alzheimer's
animal model. Brain Res Rev 52, 275-292.

Bhor VA, Ottersen OP, Onjum TT (2007) Genome instability and DNA repair in

brain, ageing and neurological disease. Neuroscience 145, 1183—-1186.

223



Bi X L, Yang JY, Dong YX, Wang JM, Cui YH, Ikeshima T, Zhao YQ, Wu CF
(2005) Resveratrol inhibits nitric oxide and TNF-alpha production by

lipopolysaccharide-activated microglia. Int. Inmunopharmacol. 5, 185-193.

Bird TD (2007) Early-Onset Familial Alzheimer Disease. Gene Reviews 10-26.

Bjorkman D (1998) Nonsteroidal anti-inflammatory drug-associated toxicity of the

liver, lower gastrointestinal tract, and esophagus. Am J Med 2, 17-21.

Blacker D, Wilcox MA, Laird NM, Rodes L, Horvath SM, Go RCP, Perry R, Watson
B Jr, Bassett SS, Mclnnis MG, Albert MS, Hyman BT, Tanzi RE (1998) Alpha-2
macroglobulin is genetically associated with Alzheimer disease. Nature Genet 19,
357-360.

Blanc EM, Toborek M, Mark RJ, Hennig B, Mattson MP (1997) Amyloid beta-
peptide induces cell monolayer albumin permeability, impairs glucose transport, and

induces apoptosis in vascular endothelial cells. J Neurochem 68, 1870-81.

Blandford G, Watkins LB, Mulvihil MN Assesing abnormal feeding behaviour in
dementia: taxonomy and initial findings. In weight loss and Eating Behaviour in

Alzheimer’s patients: Research and practice in Alzheiemr’s Disease,Vellas B,Riviere

S, Fitten J(eds). SERDI;Paris; 49-66.

Blass JP, Baker AC, Ko L, Black RS (1990) Induction of Alzheimer antigens by an
uncoupler of oxidative phosphorylation. Arch Neurol 47, 864-869.

Blennow K, Hampel H (2003) CSF markers for incipient Alzheimer’s disease. Lancet
Neurol 2, 605-613.

224



Bo’hme L, Hoffmann T, Manhart S, Wolf R, Demuth H U (2008) Iso-aspartate-
containing amyloid precursor protein derived peptides alter efficacy and specificity of

potential beta-secretases. Biological chemistry 389, 1055—-1066.

Bodovitz S, Klein WL (1996) Cholesterol modulates alpha secretase clevage of
amyloid precursor protein. J Biol Chem 271, 4436-4440.

Borg J, Chereul E (2008) Differential MRI patterns of brain atrophy in double or
single transgenic mice for APP and / or SOD. J.Neurosci. Res 86, 3275-3284.

Bose M, Gestwicki JE, Devasthali V, Crabtree GR, Graef IA (2005) Nature-inspired
drug-protein complexes as inhibitors of Abeta aggregation. Biochem Soc Trans. 33,
543-547.

Bouhlel I, Bhouri W, Limem I, Boubaker J, Nefatti A, Skandrani I, Ben Sghaier M,
Kilani S, Ghedira K, Chekir Ghedira L. (2009) Cell protection induced by Acacia
salicina extracts: inhibition of genotoxic damage and determination of its antioxidant

capacity. Drug Chem Toxicol. 32, 139-149.

Boveris A, Chance B (1973) The mitochondrial generation of hydrogen peroxide.
General properties and effect of hyperbaric oxygen. Biochem J 134, 707-16.

Boyum A (1997) Isolation of lymphocytes, granulocytes and macrophages. Scand. J.
Immunol. Suppl 5, 9-15.

Brand-Williams W, Cuvellier ME, Berset C (1995) Use of a free radical to evaluate
antioxidant activity. Lebensmittel-Wissenschaft Und-Technologie 28, pp. 25-30.

Breitner JC, Welsh KA, Helms MJ, Gaskel PC, Gau BA, Roses AD, Pericak-Vance
MA, Saunders AM (1995) Delayed onset of Alzheimer's disease with non-steroidal
anti-inflammatory and histamine H2 blocking drugs. Neurobiol Aging 16, 523-530.

225



Brown MS, Goldstein JL (1997) The SREBP pathway: regulation of cholesterol
metabolism by proteolysis of a membrane-bound transcription factor. Cell 89, 331-

340.

BruceKeller AJ, Muberger GU, McFall R, Mattson MP (1999) Food restriction
reduces brain damage and improves behavioral outcome following excitotoxic and

metabolic insults. Ann Neurol 45, 8-15.

Biickig A, Tikkanen R, Herzog V, Schmits A (2002) Cytosolic and nuclear
aggregation of the amyloid-peptide following its expression in the endoplasmic

reticulum. Histochem. Cell Biol. 118, 353-360.

Burley SK, Petsko GA (1985) Aromatic—aromatic interaction: a mechanism of protein
structure stabilization. Science 229, 23-28.
Bush A, Beal N (2004) Risk factors for dementia in people with Down syndrome:

issues in assessment and diagnosis. J Ment Retard 109, 83-97.

Butterfield D, Castegna A, Pocernich C, Drake J, Scapagnini G, Calabrese V (2002)
Nutritional approaches to combat oxidative stress in Alzheimer's disease. J Nutr

Biochem 13, 444-461.

Butterfield DA, Castegna A, Drake J, Scapagnini G, Calabrese V (2002) Vitamin E
and neurodegenerative disorders associated with oxidative stress. Nutr Neuroscl 5,

229-239.

Butterfield DA, Drake J, Pocernich C, Castegna A (2001) Evidence of oxidative
damage in Alzheimer’s disease brain:central role for amyloid B —peptide. Trends Mol

Med 7, 548-554
Calabrese V, Guagliano E, Sapienza M, Mancuso C, Butterfield DA, Stella AM(2006)

Redox regulation of cellular stress response in neurodegenerative disorders. Ital J

Biochem. 55, 263-282.

226



Calon F, Lim GP, Yang F, Morihara T, Teter B, Ubeda O, Rostaing P, Triller A,
Salem Jr N, Ashe KH, Frautschy SA, Cole GM (2004) Docosahexaenoic acid protects

from dendritic pathology in an Alzheimer's disease mouse mode. Neuron 2, 633-645.

Campos H, D'Agostino M, Ordovas JM (2001) Gene-diet interactions and plasma
lipoproteins: role of apolipoprotein E and habitual saturated fat intake. Gene Epidem
20, 117-128.

Candelario-Jalil E, de Oliveira AC, Graf S, Bhatia HS, Hull M, Munoz E, Fiebich B
L (2007) Resveratrol potently reduces prostaglandin E2 production and free radical
formation in  lipopolysaccharide-activated  primary rat  microglia.  J.

Neuroinflammation 4, 25.

Cao Z. and Li Y. (2004) Potent induction of cellular antioxidants and phase 2
enzymes by resveratrol in cardiomyocytes: protection against oxidative and

electrophilic injury. Eur. J. Pharmacol. 489, 39-48.

Cardoso SM, Proenca MT, Santos S, Santana I, Oliveira CR (2004) Cytochrome c

oxidase is decreased in Alzheimer’s disease platelets. Neurobiol Aging 25, 105-110.

Caselli RJ, GraffRadford NR, Reiman EM, Weaver A, Osborne D, Lucas J, Uecker A,
Thibodeau SN (1999) Preclinical memory decline in cognitively normal

apolipoprotein E-epsilon4 homozygotes. Neurology 53, 201-207.

Casellia RJ, Walker D, Sueb L, Sabbagh M, Beach T (2010) Amyloid load in non-
demented  brains correlates with APOE e4. Neuroscience  Letters
doi:10.1016/j.neulet.2010.02.016.

Caspersen C,Wang N,Yao J, Sosunov A, Chen X, Lustbader JW, Xu HW, Stern D,
McKhann G, Yan SD (2005) Mitochondrial AB: a potential focal point for neuronal
metabolic dysfunction in Alzheimer’s disease. FASEB J 19, 2040-2041.

227



Castano EM, Ghiso J, Prelli F, Gorevic PD, Migheli A, Frangione B (1986) In vitro
formation of amyloid fibrils from two synthetic peptides of different lengths
homologous to Alzheimer's disease beta-protein. Biochem Biophys Res Commun. 141,
782-789.

Castellani RJ, Smith MA, Nunomura A, Harris PLR, Perry G (1999) Increased redox
active iron in Alzheimer’s disease failure of the copper binding protein

ceruloplasmin? Free Radic Biol Med 26, 1508-1512.

Cavallini L, Bindoli A, Siliprandi N (1978) Comparative evaluation of
antiperoxidative action of silymarin and other flavonoids. Pharm Res Communication
10, 133-136.

Chalimoniuk M, Stolecka A, Cakata M, Hauptmann S, Schulz K, Lipka U, Leuner K,
Eckert A, Muller WE, Strosznajder JB (2007) Amyloid beta enhances cytosolic

phospholipase A2 level and arachidonic acid release via nitric oxide in APP-

transfected PC12 cells.Acta Biochim Pol. 54, 611-623.

Champagne D, Pearson D, Dea D, Rochford J, Poirier J (2003) The cholesterol-
lowering drug Probucol increases apolipoprotein E production in the hippocampus of

aged rats: implications for Alzheimer’s disease. Neurosciencel 21, 99-110.

Chauhan V, Chauhan A (2006) Oxidative stress in Alzheimer's disease.
Pathophysiology 13, 195-208

Cheenpracha S, Srisuwan R, Karalai C, Ponglimanont C, Chantrapromma S,
Chantrapromma K, Hoong-Kun F, Shazia A, Atta-ur R (2005) New diterpenoids
from stems and root of C. crista. Tetrahedron 61, 8656-8662.

Chen H, Zhang ZS, Zhang YL, Zhou DY (1999) Curcumin inhibits cell proliferation
by interfering with cell cycle and inducing apoptosis in colon carcinoma cells.

Anticancer Res. 19, 3675-3680.

228



Chen JX, Yan SD (2007) Amyloid-B-Induced Mitochondrial Dysfunction. J
Alzheimers Dis 12, 177-184

Chen SY, Wright JW, Barnes CD (1996) The neurochemical and behavioral effects of
beta-amyloid peptide (25-35). Brain Res. 720, 54-60.

Chen X, Walker DG, Schmidt AM, Arancio O, Lue LF, Yan SD (2007) RAGE: a
potential target for Abeta-mediated cellular perturbation in Alzheimer's disease. Curr

Mol Med 7, 735-742.

Chetelat G, Villemagne VL, Bourgeat P, Pike PE, Jone G, Ames D, Ellis KA, Szoeke
C, Martins RN, O Keefe GJ, Salvado O, Masters CL, Rowe CC (2010) Relationship
between atrophy and beta-amyloid deposition in Alzheimer’s disease. Ann Neurol 67,
317-324.

Choi YT, Jung CH, Lee SR, Bae JH, Back WK, Suh MH, Park J, Park C, Suh SI
(2001) The green tea polyphenol -epigallocatechin gallate attenuates beta-amyloid-

induced neurotoxicityin cultured hippocampal neurons. Life Sci. 70, 603—614.

Chong YH, Sung JH, Shin SA, Chung JH, Suh YH (2001) Effects of the B-amyloid
and carboxy-terminal fragment of Alzheimer’s amyloid precursor protein on the
production of the tumor necrosis factor-3 and matrix metalloproteinase- 9 by human

monocytic THP-1. J Biol Chem 276, 23511-23517.

Chow VW, Savenko AV, Tatiana M, Kim H, Price DL, Li T, Wong P (2010)
Modelling an anti-amyloid combination therapy for Alzheimer’s disease. Sci Transl

Med 2, 13ral.DOI: 10.1126/scitranslmed.3000337.

Chromy BA, Nowak RJ, Lambert MP, Viola KL, Chang L, Velasco PT, Jones BW,

Fernandez SJ, Lacor PN, Horowitz P, Fiinch CE, Krafft GA, Klein WL (2003) Self-

assembly of Abeta (1-42) into globular neurotoxins. Biochmeistry 42, 12749-12760.
229




Chung YC, Chang CT, Chao WW, Lin CF, Chou T (2002) Antioxidative activity and
safety of the 50% ethanolic extract from red bean fermented by Bacillus subtilis IMR-
NK1. J Agri. Food Chem. 50, 2454-2458.

Citron M (2010) Alzheimer's disease: strategies for disease modification. Nat Rev
Drug Discov 9, 387-398.

Cizas P, Budvytyte R, Morkuniene R, Moldovan R, Broccio M, Losche M, Niaura G,
Valincius G, Borutaite V (2010) Size-dependent neurotoxicity of beta-amyloid
oligomers. Arch Biochem Biophys 496, 84-92.

Clarke R, Smith AD, Jobst KA, Refsum H, Sutton L, Ueland PM (1998) Folate,
vitamin B12, and serum total homocysteine levels in confirmed Alzheimer disease.

Arch Neurol 55, 1449-1555.

Cole SL, Grudzien A, Manhart 10, KellyBL, Oakley H, Cole RV (2005) Statins
cause intracellular accumulation of amyloid precursor protein, secretase-cleaved
fragments, and amyloid -peptide via an isoprenoid-dependent mechanism. J Biol

Chem 280, 18755-70.

Corder EH, Saunders AM, Strittmatter WJ, Schmechel DE, Gaskell PC, Small GW,
Roses AD, Haines JL, Pericak-Vance MA (1993) Gene dose of apolipoprotein E type
4 allele and the risk of Alzheimer's disease in late onset families. Science 261, 921-
923.

Corral-Debrinski M, Horton T, Lott MT, Shoftner JM, Beal MF, Wallace DC (1992)
Mitochondrial DNA deletions in human brain: regionalvariability and increase with

advanced age. Nature Genet 2, 324-329.

Corral-Debrinski M, Horton T, Lott MT, Shoftner JM, Beal MF, Wallace DC (1992)
Mitochondrial DNA deletions in human brain: regionalvariability and increase with

advanced age. Nature Genet 2, 324-329.

230



Cowley TR, O'Sullivan J, Blau C, Deighan BF, Jones R, Kerskens C, Richardson JC,
Virley D, Upton N, Lynch MA (2010) Rosiglitazone attenuates the age-related
changes in astrocytosis and the deficit in LTP. Neurobiol Aging. April 8.[ Epub ahead
of print].

Crooks SW, Stockely RA (1998) Leukotriens B4. Int. J Biochem Cell Biol. 30, 173-
178.

Crouch PJ, Blake R, Duce JA, Ciccotosto GD, Li QX, Barnham KJ, Curtain CC,
Cherny RA, Cappai R, Dyrks T, Masters CL, Trounce IA (2005) Copper-dependent
inhibition of human cytochrome c oxidase by a dimeric conformer of amyloid-betal—

42. J Neurosci 25, 672-679.

Cyclophilin D deficiency attenuates mitochondrial and neuronal perturbation and

ameliorates learning and memory in Alzheimer's disease. Nat Med. 14, 1097-105.

da Silva GF, Tay WM, Ming LJ (2005) Catechol oxidase like oxidation chemistry of
the 1-20 and 1-16 fragments of Alzheimer’s disease related beta-amyloid peptide :
their structure —activity correlation and the fate of hydrogen peroxide. J Biol Chem
280, 16601-16609.

Daniel S, Limson JL, Dairm A, Watkinson GM, Daya S (2004) Through metal
binding, curcumin protects against lead induced lipid peroxidation in rat brain
homogenates and against lead induced tissue damage in rat brain. J Inorg Biochem 98,

266-275.

Darvesh AS, Carroll RT, Bishayee A, Geldenhuys WJ, Van der Schyf CJ (2010)
Oxidative stress and Alzheimer's disease: dietary polyphenols as potential therapeutic

agents. Expert Rev Neurother. 10, 729-45.

Davies B, Wolska C, Hilbich G, Multhaoup R, Martins G, Simms K, Beyreuther
Masters CL (1988) A4 amyloid protein depositionand the diagnosis of Alzheimer’s

231



disease: prevalence in aged brains determined by immunocytochemistry compared

with conventional neuropathologic techniques, Neurology 38, 1688—1693.

Davis RE, Miller S, Hermstadt C, Ghosh SS, Fahy E, Shinobu L, Galasko D, Twhal
LJ, Beal MF, Howell N, Parker WD Jr (1997) Mutations in mitochondrial cytochrome
c oxidase genes segregate with late-onset alzheimer disease. Proc Natl Acad Sci USA
94, 4526-4531.

De Leeuw F-E, Korf E, Barkhof F, Scheltens P (2010) White matter lesions are
associated with progression of medial temporal lobe atrophy in Alzheimer disease.

Stroke 37, 2248-2252.

DeMattos RB, Bales KR, Cummins DJ, Paul JC, Holtzman DM (2002) Brain to
plasma amyloid-beta efflux: a measure of brain amyloid burden in a mouse model of

Alzheimer’s disease. Science 295, 2264—2267.

DeMattos, RB, Bales KR, Cummins DJ, Dodart JC, Paul SM, Holtzman DM.
(2001) Peripheral anti-abeta antibody alters CNS and plasma abeta clearance and
decreases brain abeta burden in a mouse model of Alzheimer’s disease. Proc. Natl.

Acad. Sci. U. S. A 98, 8850— 8855.

Devi L, Anandatheerthavarada HK (2010) Mitochondrial trafficking of APP and alpha
synuclein: Relevance to mitochondrial dysfunction in Alzheimer's and Parkinson's

diseases. Biochim Biophys Acta. 1802, 11-9.

Devi L, Prabhu BM, Galati DF, Avadhani NG, Anandatheerthavarada HK (2006)
Accumulation of amyloid precursor protein in the mitochondrial import channels of
human Alzheimer’s disease brain is associated with mitochondrial dysfunction. J

Neurosci 30, 9057-68.

deVrij FM, Fischer DF, vanLeeuwen FW, Hol EM (2004) Protein quality control in
Alzheimer's disease by the ubiquitin proteasome system. Prog Neurobiol 74, 249-
270.

232



Dhanasekaran M, Holcomb LA, Hitt AR, Tharakan B, Porter JW, Young KA
Manyam BV (2009) Centella asiatica extract selectively decreases amyloid B levels

in hippocampus of Alzheimer’s disease animal model. Phytother. Res 23, 14-19.

Dhar ML, Dhar MM, Mehrsotra BN, Roy C (1968) Screening of Indian plants for
biological activity. Ind. J. Expl. Biol. 6, 232-247.

Dheen ST, Kaur C Ling EA (2007) Microglial activation and its implications in the
brain diseases. Curr Med Chem 14, 1189-1197.

Ding Q, Markesbery WR, Cecarini V, Keller JN (2006) Decreased RNA, and
increased RNA oxidation, in ribosomes from early Alzheimer’s disease. Neurochem

Res 31, 705-10.

Dodart JC, Bales KR, Gonnen KS, Greene SJ, Demattos RB, Mathis C, Dc Long CA,
Liu S, Wu X, Holtzman DM, Paul SM (2002) Immunization reverses memory deficits
without reducing beta-amyloid buden in Alzheimer’s disease model. Nat Neurosci 5,
452-457.

Dosunmu R, Wu J, Basha MR, Zawia H (2007) Environmental and dietary risk

factors in Alzheimer's disease. Expert Rev Neurother 7, 887-900.

Du H, Guo L, Fang F, Chen D, Sosunov AA, McKhann GM, Yan Y, Wang C, Zhang
H, Molkentin JD, Gunn-Moore FJ, Vonsattel JP, Arancio O, Chen JX, Yan SD (2008)
Cyclophilin-D deficiency attenuates mitochondrial and neuronal perturbation and

ameliorates learning and memory in Alzheimer’s disease. Nat Med 14, 1097- 1105

Duan W, Guo Z, Jiang H, Ware M, Li XJ, Mattson MP (2003) Dietary restriction
normalizes glucose metabolism and BDNF levels, slows disease progression, and
increases survival in huntingtin mutant mice. Proc Natl Acad Sci U S A 100, 2911-
2916.

Duan W, Guo Z, Mattson MP (2001) Brain-derived neurotrophic factor mediates an

excitoprotective effect of dietary restriction in mice. J Neurochem 76, 619-626.

233



Dumery L, Bourdel F, Soussan Y, Fialkowsky A, Viale S, Nicolas P, and Reboud-
Ravaux M (2001) beta-Amyloid protein aggregation: its implication in the
physiopathology of Alzheimer’s disease. Pathol Biol (Paris) 49, 72-85.

Dumont M, Lin MT, Beal MF (2010) Mitochondria and antioxidant targeted
therapeutic strategies for Alzheimer’s disease. J Alzheiemers Dis. [ Epub ahead of

print].

Durackova Z(2009). Some current insights into oxidative stress. Physiol Res. [Epub

ahead of print ]

DurellS R, Guy HR, Arispe N, Rojas, Pollard HB (1994) The models of the ion
channel structure of amyloid -protein. Biophys. J. 67, 2137-2145.

Edwards DR, Handsley MM, Pennington CJ (2008) The ADAM metalloproteinases.
Molecular Aspects of Medicine 29, 258-289.

Egan ME, Pearson M, Weiner SA, Rajendran V, Rubin D, Glockner-Pagel J, Canny
S, Du K, Lukacs GL, Caplan MJ(2004) Curcumin, a major constituent of turmeric,
corrects cystic fibrosis defects. Science 304, 600-602.

Engelhart MJ, Geerlings MI, Ruitenberg A, VanSwieten JC, Hofman A, Witteman
JC, Breteler MM (2002) Diet and risk of dementia: Does fat matter? The Rotterdam
study. Neurology 59, 1915-1921.

Engler H, Forsberg A, Almkvist O, Blomquist G, Larsson E, Savitcheva I, Wall A,
Langstrom B, Nordberg A (2006) Two year follow up of amyloid deposition in
patients with Alzheimer’s disease. Brain 129, 2856-2866.

Esposito L, Raber J, Kekonius L, Yan F, Yu GQ, Bien-Ly N, Puolivéli J, Scearce-
Levie K, Masliah E, Mucke L (2006) Reduction in mitochondrial superoxide

dismutase modulates Alzheimer's disease-like pathology and accelerates the onset of

234



behavioral changes in human amyloid precursor protein transgenic mice. J Neurosci.

26, 5167-79

Evans WC, (Fifteenth edition) Trees & Evans Pharmacognosy, W.B. Saunders.

Farrer LA, Cupples LA, Haines JL, Hyman B, Kukull WA, Mayeux R, Myers RH,
PericakVance MA, Risch N, vanDuijn CM (1997) Effects of age, sex, and ethnicity
on the association between apolipoprotein E genotype and Alzheimer disease. A

meta-analysis. APOE and Alzheimer disease meta analysis consortium, JAMA 278,

1349-1356.

Farrer LA, Friedland RP, Bowirrat A, Waraska K, Korczyn A, Baldwin CT (2003)
Genetic and environmental epidemiology of Alzheimer's disease in arabs residing in

Israel. J Mol Neurosci 20, 207-212.

Feng Y, Wang XP, Yang SG, Wang YJ, Zhang X, Du XT, Sun XX, Zhao M, Huang
L, Liu RT (2009) Resveratrol inhibits beta-amyloid oligomeric cytotoxicity but does

not prevent oligomers formation. Neurotoxicol 30, 986-995.

Fenton HJH (1984) Oxidation of tartaric acid in presence of iron, J Cheml Soc 65,
899-910.

Fisher DB (1968) Protein staining of ribboned Epon sections for light microscopy.
Histochem Cell Biol 16, 92 — 96.

Fleisher AS, Raman R, Siemers ER, Becerra L, Clark CM, Dean RA, Farlow MR,
Galvin JE, Peskind ER, Quinn JF, Sherzai A, Sowell BB, Aisen PS, Thal LJ (2008)
Phase 2 safety trial targeting amyloid beta production with a gamma-secretase

inhibitor in Alzheimer disease. Arch Neurol 65, 1031-1038.

235



Fontana M, Mosca L, Rosei MA (2001) Interaction of enkephalines with oxyradicals.
Biochemistry and Pharmacology 61, 1253-1257.

Foti M, Daquino C, Geraci C (2004) Electron- transfer reaction of cinnamic acids and
their methyl esters with the DPPH radical in alcoholic solution. J. Org. Chem. 69,
2309-2314.

Fox NC, Black RS, Gilman S, Rossor MN, Griffith SG, Jenkins L, Koller M (2005)
Effect of Abeta immunization (AN1792) on MRI measures of cerebral volume in

Alzheimer’s disease. Neurology 64, 1563—-1572.

Frautschy SA, Hu W, Kim P, Miller SA, Chu T, HarrisWhite ME, Cole GM (2001)
Phenolic anti-inflammatory antioxidant reversal of Abeta-induced cognitive deficits

and neuropathology. Neurobiol Aging 22, 993-1005.

Frisone GB, Lorenzi M, Caroli A, Kempainen N, Nagren K, Rinne JO (2009) In vivo
maaping of amyloid toxicity in Alzheimer’s dsease. Neurology 72, 1504-1511

Fujiwara H, Iwasaki K, Furukawa K, Seki T, He M, Maruyama M, Tomita N, Kudo
Y, Higuchi M, Saido TC, Maeda S, Takashima A, Hara M, Ohizumi Y, Arai H (2006)
Uncaria rhynchophylla, a Chinese medicinal herb, has potent anti-aggregation effects
on Alzheimer’s beta-amyloid proteins. J. Neurosci. Res. 82, 427-433.

Fujiwara H, Tabuchi M, Yamaguchi T, Iwasaki K, Furukawa K, Sekiguchi K,
Ikarashi Y, Kudo Y, Higuchi M, Saido TC, Maeda S, Takashima A, Hara M,
Yaegashi N, Kase Y, Arai H (2009) A traditional medicinal herb Paeonia suffruticosa
and its active constituentl, 2,3,4.6-penta-o-galloyl-B-D-glucopyranose have potent
anti-aggregation effects on Alzheimer’s amyloid B[ Iproteins in vitro and in vivo. J.
Neurochem 109, 1648-1657.

Furukawa K, Sopher BL, Rydel RE, Begley JG, Pham DG, Martin GM, Fox M, and
Mattson MP (1996) Increased activity-regulating and neuroprotective efficacy of

236



alpha-secretase-derived secreted amyloid precursor protein conferred by a C-terminal

heparin-binding domain. J Neurochem 67, 1882—1896.

Fusco D, Colloca G, Monaco MRL, Cesari M (2007) Effects of antioxidant
supplementation on the aging process. Clin Interv Aging 2, 377-387.

Fuso A, Nicolia V, Cavallaro RA, Ricceri L, D'Anselmi F, Coluccia P, Calamandrei
G, Scarpa S (2008) B-vitamin deprivation induces hyperhomocysteinemia and brain
S-adenosylhomocysteine, depletes brain S-adenosylmethionine, and enhances PS1
and BACE expression and amyloid-beta deposition in mice. Mol Cell Neurosci
37,731-46.

Fuso A, Seminara L, Rosaria A, Cavallaro, Anselmi FD, Scarpa S (2005) S-
adenosylmethionine/homocysteine cycle alternations modify DNA methylation status

with consequent deregulation of PS1 and BACE and beta-amyloid production. Mol
Cell Neurosci 28, 195-204.

Gakhar-Koppole, N, Hundeshagen P, Mandl C, Weyer SW, Allinquant B, Mu"ller U,
Ciccolini F (2008) Activity requires soluble amyloid precursor protein alpha to
promote neurite out growth in neural stem cell-derived neurons via activation of the

MAPK pathway. Eur J Neurosci 28, 871-882.

Galanis DJJoseph, C, Masaki KH, Petrovitch H, Ross GW, White L (2000)
Longitudinal study of drinking and cognitive performance in elderly Japanese

American men: the Honolulu-Asia Aging Study. Am J Public Health 90, 1254-1259.

Galasko D, Montine TJ (2010) Biomarkers of oxidative damage and inflammation in

Alzheimer’s disease. Biomarkers in Medicine 4, 27-36

Ganguli M, Chandra V, Kamboh MI, Johnston JM, Dodge HH, Thelma BK, Juyal
RC, Pandav R, Belle S, DeKosky ST (2000) Apolipoprotein E polymorphism and

237



Alzheimer disease: The Indo-US Cross-National Dementia Study. Arch Neurol 57,
824-830.

Garcea G, Jones DJ, Singh R, Dennison AR, Farmer PB, Sharma RA, Steward WP,
Gescher AJ, Berry DP (2004) Detection of curcumin and its metabolites in hepatic
tissue and portal blood of patients following oral administration. Br J Cancer. 90,
1011-1015

Garcia-Alloza M, Borrelli LA, Rozkalne A, Hyman BT, Bacskai BJ (2007) Curcumin
labels amyloid pathology in vivo, disrupts existing plaques, and partially restores

distorted neurites in an Alzheimer mouse model. J Neurochem. 102, 1095-1104.

Garruto RM, Fukatsu R, Yanagihara R, Gajdusek DC, Hook G, Fiori CE (1984)
Imaging of calcium and aluminum in neurofibrillary tangle-bearing neurons in

parkinsonism-dementia of Guam. Proc Natl Acad Sci USA 81, 1875-1879.

Gasior M, Rogawski MA, Hartman AL (2006) Neuroprotective and disease-
modifying effects of the ketogenic diet. Behav Pharmacol 17, 431-439.

Gazit E (2002) A possible role for n/ | stacking in self-assembly of amyloid fibrils.
FASEB J.16, 77-83.

Gazit E (2002) Mechanistic studies of the process of amyloid fibrils formation by the
use of peptide fragments and analogues: implications for the design of fibrillization

inhibitors. Curr Med Chem 9, 1725-1735.

Gelinas DS, DaSilva K, Fenili D, StGeorge-Hyslop P, McLaurin J (2004).
Immunotherapy for Alzheimer’s disease. Proc. Natl.Acad. Sci. USA 101, 14657—
14662.

Georganopoulou DG, Chang L, Nam JM, Thaxton CS, Mufson EJ, Klein WL, Mirkin
CA(2006) Nanoparticle-based detection in cerebral spinal fluid of a soluble
pathogenic biomarker for Alzheimer's disease. Proc Natl Acad Sci U S A. 102, 2273-
2276.

238



Gervais F (2004) GAG mimetics: potential to modify underlying disease process in

AD. Neurobiol Aging 25, S11-12.

Gescher AJ, Steward WP (2003) Relationship between mechanisms, bioavailibility,
and preclinicalchemopreventive efficacy ofresveratrol: a conundrum. Cancer

Epidemiol Biomarkers Prev 12, 953 -957.

Ghribi O, Herman MM, DeWitt DA, Forbes MS, Savory J (2001) Abeta(1-42) and
aluminum induce stress in the endoplasmic reticulum in rabbit hippocampus,
involving nuclear translocation of gadd 153 and NF-kappaB. Brain Res Mol Brain
Res. 96, 30-38.

Gibbs RD (1974) Chemotaxonomy of flowering plants; McGill Queen’s University
Press: Montreal: 1, 523.

Gibson GE, Haroutunian V, Zhang H, Park LC, Shi Q, Lesser M, Mohs RC, Sheu
RK, Blass JP (2000) Mitochondrial damage in Alzheimer's disease varies with
apolipoprotein E genotype. Ann Neurol 48, 297-303.

Gibson GL, Douraghi-Zadeh D, Parsons RB, Austen BM (2004) Properties of ovine
colostrinin (O-CLN) on the in vitro aggregation and toxicity of B-amyloid. Neurobiol
Aging 25, 592.

Gill R, Tsung A, Billiar T(2010) Linking oxidative stress to inflammation: Toll-like
receptors. Free Radic Biol Med 48, 1121-32.

Gillenwater JY, Grayhack JT, Howards SS, Duckett JW (1991) Adult and Pediatric
Urology. eds Pp. 2366.

Gillette-Guyonnet, Vellas B (2008) Caloric restriction and brain function. Curr Opin
Clin Nutr Metab Care 11, 686-692.

239



Gilman S, Koller M, Black RS, Jenkins L, Griffith SG, Fox NC, Eisner L, Kirby L,
Rovira MB, Forette F, Orgogozo JM (2005) Clinical effects of Abeta immunization
(AN1792) in patients with AD in an interrupted trial. Neurology 64, 1553-1562.

Giri RK, Rajagopal V, Kalra VK (2004) Curcumin, the active constituent of turmeric,
inhibits amyloid peptide-induced cytochemokine gene expression and CCRS5-
mediated chemotaxis of THP-1 monocytes by modulating early growth response-1

transcription factor. J. Neurochem. 91, 1199-1210.

Goedert M, Spillantini G (2006) A century of Alzheimer’s disease. Science 314, 777-
781.

Goel A, Kunnumakkara AB, Aggarwal BB (2008) Curcumin as "Curecumin": from
kitchen to clinic Biochem Pharmacol. 75, 787-809

Gonzalez-Gross M, Marcos A, Pietrzik K (2001) Nutrition and cognitive impairment

in the elderly. Br. J. Nutr. 86, 313-321.

Good PF, Perl DP, Bierer LM, Schmeidler J(1992) Selective accumulation of
aluminum and iron in the neurofibrillary tangles of Alzheimer’s disease: a laser

microprobe (LAMMA) study. Ann.Neurol. 31, 286-292.

Gouras GK, Tsai J, Naslund J, Vincent B, Edgar M, Checler F, Greenfield JP,
Haroutunian V, Buxbaum JD, Xu H, Greengard P, Relkin NR (2000) Intraneuronal
Abeta42 accumulation in human brain. Am J Pathol. 156, 15-20.

Granholm AC, Bimonte-Nelson HA, Moore AB, NelsonME, Freeman LR,
Sambamurti K (2008) Effects of a saturated fat and high cholesterol diet on memory
and hippocampal morphology in the middle-aged rat. J Alzheimers Dis 14, 133-145.

Grant SM, Ducatenzeiler A, Szyl M, Cuello AC (2000) Abeta immunoreactive
material is present in several intracellular compartments in transfected neuronally
differentiated P19 cells expressing the human amyloid beta-protein precursor. J.

Alzheimers Dis. 2, 207-222.

240



Grant WB (1998) The APOE-epsilon4 allele and Alzheimer disease among African
Americans, Hispanics, and whites. JAMA 280, 1662-1663.

Grant WB (2004) Obesity and Alzheimer disease: roles of diet and genetics. Arch
Inter Med 164, 109-110.

Grant WB, Campbell A, Itzhaki RF, Savory J (2002) The significance of
environmental factors in the etiology of Alzheimer's disease. J Alzheimers Dis 4, 179-
189.

Gray M, Ratliff RL, Vaughan MR (1992) Circular dichroism spectroscopy of DNA.
Methods Enzymol. 211, 389-406.

Grimmer T, Riemenschneider M, Forstl H, Henriksen G, Klunk WE, Mathis CA,
Shiga T, Wester H-J, Kurz A, Drzezga A (2009) Beta Amyloid in Alzheimer’s
Disease: Increased Deposition in Brain Is Reflected in Reduced Concentration in

Cerebrospinal Fluid. Biol Psychiatry 65, 927-934.

Gua F, Zhua M, Shia J, Hua Y Zhao Z (2008) Enhanced oxidative stress is an early
event during development of Alzheimer-like pathologies in presenilin conditional

knock-out mice. Neuroscience Letters 440, 44-48

Guarente L (2001) SIR2 and aging--the exception that proves the rule. Trend Genet
17,391-392.

Guillozet AL, Weintraub S, Mash DC, Mesulam MM (2003) Neurofibrillary tangles,
amyloid, and memory in aging and mild cognitive impairment. Arch Neurol. 60, 729-
36.

Gupta VB, Rao KSJ (2007) Antiamyloidogenic activity of S-allyl-L-cysteine and its
activity to destabilize Alzheimer’s B-amyloid fibrils in vitro. Neurosci. Lett, 429, 75-
80.

241



Gupta VB, Hegde ML, Rao KS (2006) Role of protein conformational dynamics and
DNA integrity in relevance to neuronal cell death in neurodegeneration. Curr

Alzheimer Res 3, 297-309

Gupta VB, Indi SS, Rao KSJ (2009) Garlic extract inhibits anti-amyloidogenic
activity on amyloidbeta fibrillogenesis: relevance to Alzheimer’s disease. Phytother.

Res. 23, 111-115.

Gupta YK, Kumar MHV, Srivastava AK (2003) Effect of Centella asiatica on
pentylenetetrazole-induced kindling, cognition and oxidative stress in rats. Pharmacol

Biochem Behav 74, 579-585.

Gura T (2008) Hope in Alzheimer's fight emerges from unexpected places. Nat Med
14, 894.

Gustafson D, Rothenberg E, Blennow K, Steen B, Skoog I (2003) An 18-year follow-
up of overweight and risk of Alzheimer disease. Arch Inter Med 163, 1524-1528.

Gustavsson A, Engstrom U, Westermark P (1991) Normal transthyretin and synthetic
transthyretin fragments form amyloid-like fibrilsin vitro. Biochem Biophys Res
Commun 175, 1159-1164

Gyure KA, Durham R, Stewart WF, Smialek JE, Troncoso JC (2001) Intraneuronal
abeta-amyloid precedes development of amyloid plaques in Down syndrome. Arch

Pathol Lab Med. 125, 489-492.

Haass C, Selkoe DJ (2007) Soluble protein oligomers in neurodegeneration: lessons
from the Alzheimer's amyloid -peptide. Nature Reviews Molecular Cell Biology 8,
101-112.

Halagappa VK, Guo Z, Pearson M, Matsuoka Y, Cutler RG, Laferla FM (2007)
Intermittent fasting and caloric restriction ameliorate age-related behavioral deficits in

the triple-transgenic mouse model of Alzheimer's disease. Neurobiol Dis.26, 212-20.

242



Hallick RB, Chelm BK, Gray PW, Orozco EM Jr (1977) Use of aurintricarboxylic
acid as an inhibitor of nucleases during nucleic acid isolation. Nucleic Acids Res 4,

3055-3064.

Halverson K, Fraser P, Kirschner D, Lansbury PT Jr (1990) Molecular determinants
of amyloid deposition in Alzheimer’s disease: conformational studies of synthetic

beta-protein fragments. Biochemistry 29, 2639-2644.

Hampel H, Teipel SJ, Fuchsberger T, Andreasen N, Wiltfang J, Otto M, Shen Y,
Dodel R, Du Y, Farlow M, Moller HJ, Blennow K, Buerger K (2004) Value of CSF
beta-amyloid(1-42) and tau as predictors of Alzheimer’s disease in patients with mild

cognitive impairment. Mol Psychiatry 9, 705-710.

Han YS, Zheng WH, Bastianetto S, Chabot JG, Quirion R (2004) Neuroprotective
effects of resveratrol against beta-amyloid-induced neurotoxicity in rat hippocampal

neurons: involvement of protein kinase C. Bringham. J Pharmacol 141, 997-1005.

Haque AM, Hashimoto M, Katakura M, Hara Y, Shido O (2008) Green tea catechins
prevent cognitive deficits caused by Abetal-40 in rats. J. Nutr. Biochem. 19, 619-626.

Hara RO, Yesavage JA, Kraemer HC, Mauricio M, Friedman LF, MurphyJr GM
(1998) The APOE epsilond allele is associated with decline on delayed recall
performance in community-dwelling older adults. J Am Geriatr Soc 46, 1493-1498.

Harborne JB (1998) Phenolic compounds, the terpenoids, organic acids, lipids and
related compounds, nitrogen compounds, sugars and their derivatives. In: Harbone JB
ed., Phytochemical Methods: A Guide to Modern Techniques of Plant Analysis.
London, Chapman and Hall, 40-249.

Hardy JA, Higgins GA (1992) Alzheimer’s disease: the amyloid cascade hypothesis.
Science 256, 184—185.

243



He K, Merchant A, Rimm EB, Rosner BA, Stampfer MJ, Willett WC, Ascherio A
(2004) Folate, vitamin B6, and B12 intakes in relation to risk of stroke among men.

Stroke 35, 169-174.

Hegde ML, Anitha S, Latha KS, Mustak MS, Stein R, Ravid R, Rao KS (2004) First
evidence for helical transitions in supercoiled DNA by amyloid Beta Peptide (1-42)
and aluminum: a new insight in understanding Alzheimer's disease. J Mol Neurosci.

22, 19-31

Hegde ML, Gupta VB, Anitha M, Harikrishna T, Shankar SK, Muthane U, Rao KS,
Rao KSJ (2006) Studies on genomic DNA topology and stability in brain regions of
Parkinson’s disease. Arch. Biochem. Biophys. 418, 143—-156.

Heneka MT, O’Banion M K (2007) Inflammatory processes in Alzheimer’s disease.
J. Neuroimmunol. 184, 69-91.

Hirvonen T, Virtamo J, Korhonen P, Albanes D, Pietinen P (2000) Intake of
flavonoids, carotenoids, vitamins C and E, and risk of stroke in male smokers. Stroke

31, 2301-2306.

Hock C, Heese K, Hulette C, Rosenberg C, Otten U (2000) Region-specific
neurotrophin imbalances in Alzheimer disease: decreased levels of brain-derived
neurotrophic factor and increased levels of nerve growth factor in hippocampus and

cortical areas. Arch Neurol 57, 846-851.

Hofman A, Ott A, Breteler MM, Bots ML, Slooter AJ, vanHarskamp F, vanDuijn CN,
VanBroeckhoven C, Grobbee DE (1997) Atherosclerosis, apolipoprotein E, and
prevalence of dementia and Alzheimer's disease in the Rotterdam Study. Lancet 349,
151-154.

Holsinger RM, McLean CA, Beyreuther K, Masters CL, Evin G (2002) Increased
expression of the amyloid precursor beta-secretase in Alzheimer’s disease. Annals

Neurol 51, 783-786.

244



Holtzman DM (2001) Role of APOE/abeta interactions in the pathogenesis of
Alzheimer’s disease and cerebral amyloid angiopathy. J Mol Neur,17, 147-55.

Holtzman DM, Bales KR, Wu S, Bhat P, Parsadanian M, Fagan AM, Chang LK, Sun
Y, Paul SM(1999) Expression of human apolipoprotein E reduces amyloid-beta

deposition in a mouse model of Alzheimer's disease. J Clin Invest 103, R15-R21.

Honing LS, Tang MX, Albert S, Costa R, Luchsinger J, Manly J, Stern Y, Mayeux R
(2003) Stroke and the risk of Alzheimer disease. Arch Neurol 60, 1707-1712.

Hooijmans CR, Kiliaan AJ (2008) Fatty acids, lipid metabolism and Alzheimer
pathology. Eur J Pharmacol 585, 176-196.

Hoult J, Moroney MA, Paya M (1994) Actions of flavonoids and coumarins on
lipoxygenase and cyclooxygenase. Method Enzymol 234, 443-454.

Houstis N, Rosen ED, Lander ES (2006) Reactive oxygen species have a causal role

multiple forms of insulin resistance Nature 440, 944-948.

Howells DW, Porritt MJ, Wong JY, Batchelor PE, Kalanins R, Hughes AJ, Donnan
GA (2000) Reduced BDNF mRNA expression in the Parkinson's disease substantia
nigra. Exper Neurol 166, 127-135.

Howes M-JR , Perry NSL, Houghton PJ (2003) Plants with traditional uses and
activities, relevant to the management of Alzheimer’s disease and other cognitive

disorders. Phytother. Res. 17, 1-18.

Hoye AT, Davoren JE, Wipf P (2008) Targeting Mitochondria. Acc. Chem. Res 41
87-97

Hsuanyu Y, Dunfond HP (1992) Prostaglandin H synthase kinetics. The effect of
substituted phenols on cyclooxygenase activity, the substituent effect on phenolic

peroxidation activity. J Biol .Chem 267, 17649-17657.

245



Hu FB, Willett WC (2002) Optimal diets for prevention of coronary heart disease.
JAMA 288, 2569-2578.

Huang X, Atwood CS, Hartshorn MA, Multhaup G, Goldstein LE, Scarpa RC,
Cuajungco MP, Gray DN, Lim J, Moir RD, Tanzi RE, Bush AI (1999) The Abeta
peptide of Alzheimer's disease directly produces hydrogen peroxide through metal ion

reduction. Biochemistry 38, 7609-7616.

Hunt CE, Turner AJ (2009) Cell biology, regulation and inhibition of beta-secretase
(BACE-1). FEBS J 276, 1845-1859.

Hunt ND, Hyun DN, Allard JS, Minor K, Mattson MP, Ingram DK, Cabo R (2006)

Bioenergetics of aging and calorie restriction. Aging Res Rev 5, 125-143.

Igbavboa U, Avdulov NA, Schroeder F, Wood WG (1996) Increasing age alters
transbilayer fluidity and cholesterol asymmetry in synaptic plasma membranes of

mice. J Neurochem 66, 1717-1725.

Ikonomovic MD, Abrahamson EE, Uz T, Manev H, Dekosky ST( 2008) Increased 5-
lipoxygenase immunoreactivity in the hippocampus of patients with Alzheimer's

disease. J Histochem Cytochem 56, 1065-73.

Ilavarasana R, Mallika M, Venkataraman S (2005) Anti-inflammatory and antioxidant

activities of cassia fistula linn bark extracts. Afr. J. Trad. CAM 2, 70 — 85.

int Veld BA, Ruitenberg A, Hofman A, Launer LJ, van Duijn CM, Stijnen T,
Breteler MM, Stricker BH (2001) Nonsteroidal anti-inflammatory drug and the risk of
Alzheimer’s disease. The N.Eng.J Med 345, 1515-1521.

Isacon O, Seo H, Lin L, Albeck D, Granholm AC (2002) Alzheimer’s disease and
Down syndrome : roles of APP, trophic factors and Ach. Trends Neurosci 25, 79-
84.

246



Ishizaki T, Kishi T, Sasaki F, et al (1996) Effect of probucol, an oral
hypocholesterolemic agent on acute tobacco smoke inhalation in rats. Clinic Sci 90,
517-523.

Ishrat T, Hoda MN, Khan MB, Yousuf S, Ahmad M, Khan MM, Ahmad A, Islam F
(2009) Amelioration of cognitive deficits and neurodegeneration by curcumin in rat
model of sporadic dementia of Alzheimer’s type (SDAT). Eur.
Neuropsychopharmacol.19, 636—647.

Ivanov VI, Minchenkova LE, Schyolkina AK, Polytayer Al (1973) Different
conformations of double stranded nucleic acid in solution as revealed by circular

dichroism. Biopolymer 12, 423-437.

Jaatinen P, Riikonen J, Riihioja P, Kajander O, Hervonen A (2003) Interaction of
aging and intermittent ethanol exposure on brain cytochrome c oxidase activity levels.

Alcohol 29, 91-100.

Jack CR Jr, Shiung MM, GunterJL, Obrien PC, Weigand SD, Knopman DS, Boeve
BF, Ivnik RJ, Smith GE, Cha RH, Tangallos EG, Petersen RC (2004) Comparison of
different MRU brain atrophy rate measures with clinical disease progression in AD.

Neurology 62, 591-600.

Jack CR Jr, Shiung MM, Weigand SD, Obrien PC, GunterJL, Boeve BF, Knopman
DS, Smith GE, Ivnik RJ, Tangallos EG, Petersen RC (2005) Brain trophy rates predict
subsequent clinical conversion in normal elderly and amnestic MCI. Neurology 65,

1227-1231.

Jang JH, Surh YJ (2003) Protective effect of resveratrol on beta amyloid-induced
oxidative PC12 cell death. Free Radic. Biol. Med.34, 1100-1110.

Jarvik GP, Austin MA, Fabsitz RR, Auwerx J, Reed T, Christian JC, Deeb S (1994)

Genetic influences on age-related change in total cholesterol, low density lipoprotein-

247



cholesterol, and triglyceride levels: longitudinal Apolipoprotein E genotype effects.

Genet Epidemiol 11, 375-384.

Jarvik GP, Wijsman EM, Kukull WA, Schellenberg GD, Yu C, Larson EB (1995)
Interactions of Apolipoprotein E genotype, total cholesterol level, age, and sex in

prediction of Alzheimer's disease: a case-control study. Neurology 45, 1092-1096.

Joe B, Rao UJSP, Lokesh BR (1997) Presence of an acidic glycoprotein in the serum
of arthritic rats: modulation by capsaicin and curcumin. Mol. Cell. Biochem 169, 125-
134.

Johnstone EM, Babbey LE, Stephenson D, Paul DC, Santerre RF, Clemens JA,
Williams DC, Little SP (1996) Nuclear and cytoplasmic localization of the beta-
amyloid peptide (1-43) in transfected 293 cells. Biochem Biophys Res Commun. 220,
710-78.

Joseph JA, ShukittHale B, Denisova NA, Prior RL, Cao G, Martin A, Taglialatela G,
Bickford PC (1998) Long-term dietary strawberry, spinach, or vitamin E
supplementation retards the onset of age-related neuronal signal-transduction and

cognitive behavioral deficits. J Neurosci 18, 8047-8055.

Josephs KA, Whitewell JL, Ahmed Z, Shiung MM, Weigand SD, Knopman DS,
Boeve BF, Parisis JE, Peterson RC, Dickson Jr DW, Jack CR (2008) Beta- Amyloid
burden is not associated with rates of brain atrophy. Ann. Neurol. 63, 204-212.

Joshi H, Parle M (2006) Nardostachys jatamansi improves learning and memory in

mice. J. Med Food. 9, 113-118.

Joy J, Nair CK (2009) Protection of DNA and membranes from gamma-radiation
induced damages by Centella asiatica. J Pharm Pharmacol. J 61, 941-947.

248



Jung KK, Lee HS, Cho JY, Shin WC, Rhee MH, Kim TG, Kang JH, Kim SH, Hong
S, Kang SY(2006) Inhibitory effect of curcumin on nitric oxide production from
lipopolysaccharide-activated primary microglia. Life Sci. 79, 2022-2031

Jun M, Hong J, Jeong WS, Ho CT (2005) Suppression of arachidonic acid metabolism
and nitric oxide formation by kudzu isoflavones in murine macrophages. Mol Nutr

Food Res 49, 1154-1159.

Kadenbach B, Ramzan R, Vogt S (2009) Degenerative diseases, oxidative stress and
cytochrome c oxidase function. Trends Mol Med. 15, 139-47.

Kalaria RN, Maestre GE, Arizaga R, Friedland RP, Galasko D, Hall K,. Luchsinger
JA, Ogunniyi A, Perry EK, Potocnik F, Prince M, Stewart R, Wimo A, Zhang ZX,
Antuono P (2008) Alzheimer's disease and vascular dementia in developing countries:

prevalence, management, and risk factors. Lancet Neurol 7, 812-826.

Kalauni SK, Awale S, Tezuka Y, Banaskota AH, Linn TZ, Kadota S (2005) Methyl
migrated Cassane-type furanoditerpenes of C crista from Myanmar. Chem. Pharm.
Bull. 53, 1300-1304.

Kalmijn S, Feskens EJ, Launer LJ, Kromhout D (1997) Polyunsaturated fatty acids,

antioxidants, and cognitive function in very old men. Am J Epidem 145, 33-41.

Kaminsky YG, Marlatt MW, Smith MA, Kosenko EA (2010) Subcellular and
metabolic examination of amyloid-beta peptides in Alzheimer disease pathogenesis:

evidence for Abeta(25-35). Exp Neurol. 221, 26-37.

Kamer AR (2010) Systemic inflammation and disease progression in Alzheimer

disease. Neurology 74, 1157

249



Kaneko I, Morimoto K, Kubo T (2001) Drastic neuronal loss in vivo by beta-amyloid
racemized at Ser(26) residue: conversion of non-toxic [D-Ser(26)]beta-amyloid 1-40

to toxic and proteinase-resistant fragments. Neuroscience 104, 1003-11

Kaneko I, Yamada N, Sakuraba Y, Kamenosono M, Tutumi S (1995) Suppression of
mitochondrial succinate dehydrogenase, a primary target of beta-amyloid, and its

derivative racemized at Ser residue. J Neurochem. 65, 2585-2593.

Kantarci K (2005) Magnetic resonance markers for early diagnosis and progression of

Alzheimer's disease. Expert Rev Neurother 5, 663-70.

Karuppagounder SS, Pinto JT, Xu H, Chen HL, Beal MF, Gibson GE (2008) Dietary
supplementation with resveratrol reduces plaque pathology in a transgenic model of

Alzheimer's disease. Neurochem Int 54, 111-118.

Katbamna RV, Rana MG, Dhudhoursejiya AV, Sheth, NR (2008) In vitro antioxidant
activity of leaves extracts of Caesalpinia bonducella. Pharmacology online 3, 3665-
673.

Kedar NP (2003) Can we prevent Parkinson's and Alzheimer's disease. J Postgrad
Med 49, 236-245.

Kehrer JP (1993) Free radicals as mediators of tissue injury and diseases. Critic
Review Toxicol 23, 21-48.

Keil U, Bonert A, Marques CA, Scherping I, Weyermann J, Strosznajder JB, Miiller-
Spahn F, Haass C, Czech C, Pradier L, Miiller WE, Eckert A (2004) Amyloid beta-
induced changes in nitric oxide production and mitochondrial activity lead to

apoptosis. .J Biol Chem 279, 50310-50320.

Kelloff GJ, Crowell JA, Steele VE, LubetMalone RA, Boone WA, Kopelovich, Hawk
L, Lieberman ET, Lawrence R, Ali JA, Viner JL, Sigman CW (2000) Progress in

250



cancer chemoprevention: development of diet-derived chemopreventive agents. J Nutr

130, 467S-4718S.

Kelly BL, Ferreira A (2007) Beta-amyloid disrupted synaptic vesicle endocytosis in
cultured hippocampal neurons. Neuroscience. 147, 60-70.

Kennedy DO, Scholey AB, Wesnes KA (2000) The dose dependent cognitive effects
of acute administration of Ginkgo biloba to healthy young volunteers.
Psychopharmacol 151, 416-423.

Khakade JR, Rao MRS (1997) Condensation of DNA and chromatin by an SPKK
containing octapeptide repeat motif present in the C-terminus of histone HI.

Biochemistry 36, 1041-1051.

Khan MM, Ahmad A, Ishrat T, Khan MB, Hoda MN, Khuwaja G, Raza SS, Khan A,
Javed H, Vaibhav K, Islam F (2010) Resveratrol attenuates 6-hydroxydopamine-
induced oxidative damage and dopamine depletion in rat model of Parkinson's

disease. Brain Res. 1328,139-1351

Kim DS, Park SY, Kim JK(2001) Curcuminoids from Curcuma longa L.
(Zingiberaceae) that protect PC12 rat pheochromocytoma and normal human

umbilical vein endothelial cells from betaA(1-42) insult. Neurosci Lett. 303, 57-61.

Kim J, Lee HJ, Lee KW (2010) Naturally occurring phytochemicals for the

prevention of Alzheimer's disease. J Neurochem. 112, 1415-30.

Kim SJ, Jeong HJ, Lee KM, Myung NY, An NH, Yang WM, Park SK, Lee HJ, Hong
SH, Kim HM, Um JY (2007) Epigallocatechin-3-gallate suppresses NF-kappaB
activation and phosphorylation of p38 MAPK and JNK in human astrocytoma
U373MG cells. J. Nutr. Biochem. 18, 587-596.

251



Kintzios, Spiridon E (2006) Terrestrial plant-derived anticancer agents and plant

species used in anticancer research. Critic Review Plant Sci 25, 79-113.

Kirtikar KR, Basu B D (1993) Indian Medicinal Plants. Periodical Experts Book
Agency, Delhi, pp. 1194.

Kish SJ (1997) Brain energy metabolizing enzymes in Alzheimer's disease: alpha-
ketoglutarate dehydrogenase complex and cytochrome oxidase. Ann. NY Acad. Sci.
826, 218-228.

Kitazawa M, Yamasaki TR, LaFerla (2004) Microglia as a potential bridge between
Amyloidbeta and tau. Ann. N'Y Acad Sci 1035, 85-103.

Kitjka K, Puskas LG, Zvara A, Hacker LJ, BarceloCoblijn G, Yeo YK, Farkas T
(2002) The Role of n-3 polyunsaturated fattyacids in the brain: modulation of rat

brain gene expression by dietary expression by dietary n-3 fatty acids. Proc Natl
Acad Sci USA 99, 2619-2624.

Klein DM, Felsenstein KM, Brenneman DE (2009) Cathepsins B and L differentially
regulate amyloid precursor protein processing. J Pharmacol Exptl Therapeutics 328,
813-821.

Klein WL (2001) Synaptic targeting by A beta oligomers (ADDLS) as a basis for

memory loss in early Alzheimer's disease. Alzheimers Dement 2, 43-55.

Klein WL (2002) Abeta toxicity in Alzheimer’s disease: globular oligomers (ADDLs)

as new vaccine and drug targets. Neurchem Int, 41345-352.

252



Klunk WE, Wang Y, Huang GF, Debnath ML, Holt DP, Mathis CA (2001)
Unchanged thioflavin-T derivatives bind to amyloid-beta protein with high affinity
and readily enter brain. Life Sci 69, 1471-1484.

Klunk WE, Wang Y, Huang GF, Debnath ML, Holt DP, Shao L, Hamilton RL,
Ikonomovic M, DeKosky ST and Mathis CA (2003) The binding of 2-(3’-iodo-
4’aminophenyl)-6-hydroxy benzothiazole to post- mortem brain homogenates is

dominated by the amyloid component. J Neurosci 23, 2086-2092.

Kohutek ZA, Pierro CG, Redpath G T, Hussaini IM (2009) ADAM-10-mediated N-
cadherin cleavage is protein kinase C-alpha dependent and promotes glioblastoma cell

migration. J Neurosci 29, 4605-4615.

Koldamova RP, Lefterov IM, Staufenbiel M, Wolfe D, Huang S, Glorioso JC,
Walter M, Roth MG, Lazo JS (2005) The liver X receptor ligand T0901317 decreases

amyloid beta production in vitro and in a mouse model of Alzheimer’s disease. J.

Biol. Chem 280, 4079—408S.

Kontush K. Schekatolina S (2004) Vitamin E in neurodegenerative disorders:

Alzheimer's disease. Ann N 'Y Acad Sci 1031, 249-262.

Koo EH, Lansbury Jr PT, Kelly, JW (1999) Amyloid diseases: abnormal protein
aggregation in neurodegeneration. Proc. Natl. Acad .Sci. U S A 96: 9989-9990.

Korenberg JR, Kawashima H, Pulst M, Ikenchi T, Ogasawara N, Yamamoto K,
Schonberg S, West R, Allen L, Magenis E, Ikawa K, Taniguchi N, Epstein C (1990)
Molecular definition of a region of chromosome 21 that causes features of the Down

syndrome phenotype . Am J Hum Genet 47, 236-246.

Koudinov AR, Berezov TT, Koudinova NV (1998) Alzheimer’s amyloid beta and
lipid metabolism: a missing link? FASEB J 12, 1097-1099.

253



Koudinov AR, Koudinova NV (2001) Essential role for cholesterol in synaptic
plasticity and neuronal degeneration. FASEB J 15, 1858-1860.

Kraemer KH, Patrons NJ, Schirmann R, Brooks BP (2007) Xeroderma
pigmentosum,trichiodystropy and cockayne syndrome; complex genotype-

phenotyperelationship. Neuroscience 145, 1388—1396.

Krumanll C, Culmsee SL, Chan Y, Kruman Z, Guo L, Penix, Mattson MP (2000)
Homocysteine elicits a DNA damage response in neurons that promotes apoptosis and

hypersensitivity to excitotoxicity. J Neurosci 20, 6920-6926.

Krumanll TS, Kumaravel A, Lohani WA, Pedersen RG, Cutler Y, Kruman N,
Haughey J, Lee M, Evans, Mattson MP (2002) Folic acid deficiency and
homocysteine impair DNA repair in hippocampal neurons and sensitize them to
amyloid toxicity in experimental models of Alzheimer's disease. J Neurosci 22, 1752-
1762

Kubo T, Nishimura S, Kumagae Y, Kaneko I (2002) In vivo conversion of racemized
beta-amyloid ([D-Ser 26]A beta 1-40) to truncated and toxic fragments ([D-Ser 26]A
beta 25-35/40) and fragment presence in the brains of Alzheimer's patients. J

Neurosci Res. 70, 474-83.

Kukar T, Prescott S, Eriksen JL, Holloway V, Murphy MP, Koo EH, Golde TE,
Nicolle MM (2007) Chronic administration of R-flurbiprofen attenuates learning

impairments in transgenic amyloid precursor protein mice. BMC Neurosci 8, 54.

Kumar A, Dogra S, Prakash A (2009) Effect of Centella asiatica against
intracerebroventricular Colchicine induced cognitive impairment and oxidative stress.

International Journal of Alzheimer’s disease, Article ID 972178:d0i.10.4061/2009.

Kumar A, Naidu PS, Seghal N, Padi SS (2007) Neuroprotective effects of resveratrol
against intracerebroventricular colchicine-induced cognitive impairment and oxidative

stress in rats. Pharmacology79, 17-26.

254



Kumar A, Naidu PS, Seghal N, Padi SS (2007) Effect of curcumin on
intracerebroventricular colchicine-induced cognitive impairment and oxidative stress

in rats. J Med Food 10, 486-494.

Kumar A, Singh A (2008) Possible nitric oxide modulation in protective effect of
Curcumin (Curcumin longa, Zingiberaceae) against sleep pdeprivation induced

behavioural alterations and oxidative damage in mice. Phytomedicine 15, 577-586.

Kumar MHV, Gupta YK (2003) Effect of Centella asiatica on cognition and
oxidative stress in an intracerebroventricular streptozotocin model of Alzheimer’s

disease in rats. Clin Exp Pharmacol Physiol 30336-342.

Kumar MHV, Gupta YK (2002) Effect of different extracts of Centella asiatica on

cognition and markers of oxidative stress in rats. J Ethnopharmacol 79, 253-260.

Kwak YD, Brannen CL, Qu T, Kim HM, Dong X, Soba P, Majumdar A, Kaplan A,
Beyreuther K, Sugaya K (2006) Amyloid precursor protein regulates differentiation of
human neural stem cells. Stem Cells and Development, 15, 381-389.

Lahiri DK, Zawia NH, Greig NH, Sambamurti K, Maloney B (2008) Early-life
events may trigger biochemical pathways for Alzheimer’s disease: the ‘“‘LEARn”’

model. Biogerontology 9, 375-379

Laird FM, Cai H, Savonenko AV, Farah M H, He K., Melnikova T, Wen H, Chiang
HC, Xu G, Koliatsos VE, Borchelt DR, Price DL, Lee HK, Wong PC (2005) BACEI,
a major determinant of selective vulnerability of the brain to amyloid-beta
amyloidogenesis, is essential for cognitive, emotional, and synaptic functions. Journal

of Neuroscience 25, 11693—-11709.

Lakshman MK, Araki W, Tabira T (2005) Amyloidbeta peptide binds a novel death
inducing protein, AB-DIP. FASEB J. 19, 1362—-1364.

Lambert J-C, Mann D, Richard F, Tian J, Shi J, Thaker U, Merrot S, Harris J, Frigand
B, Iwatsubo T, Lindo C, Amouyel P (2005) Is there a relation between APOE

255



expression and brain amyloid load in AD. J.Neurol Neurosurg Psychiatry 76, 928-
933.

Lambert MP, Barlow AK, Chromy BA, Edward C, Freed R, Liosatos M, Mogan TE,
Rozovsky I, Trommer B, Viola KL, Wals P, Zhang C, Finch CE, Krafft GA, Klein
WL (1998) Diffusible, non-fibrillar ligands derived from Abeta (1-42) are potent
central nervous system neurotoxins. Proc. Natl. Acad. Sci. USA. 95, 6448-6453.

Langlois A, Ferland C, Tremblay GM, Laviolette M (2006) Montelukast regulates
eosinophil protease activity through a leukotriene-independent mechanism. J Allergy

Clin Immunol 118, 113-119

Lau FC, ShukittHale B, Joseph JA (2007) Nutritional intervention in brain aging:
reducing the effects of inflammation and oxidative stress. Subcell Biochem 42, 299-
318.

Laughton MJ, Evans PJ, Moroney MA, Hoult JRS, Halliwell B (1991) Inhibition of
mammalian 5-lipoxygenase and cyclooxygenase by flavonoids and phenolic dietary

compounds. Biochem. Pharmacol 43, 1673-1681.

Launer LJ, Brock DB (2004) Population-based studies of AD: message and methods:
an epidemiologic view. Stat Med 23, 191-197.

Le Gall, SM, Bobe P, Reiss K, Horiuchi K, Niu X D, Lundell D, Gibb DR, Conrad D,
Saftig P, Blobel CP (2009) ADAMs 10 and 17 represent differentially regulated
components of a general shedding machinery for membrane proteins such as

transforming growth factor alpha, L-selectin, and tumor necrosis factor alpha.

Molecular Biology of the Cell 20, 1785-1794.

Leboeuf R (2003) Homocysteine and Alzheimer's disease. J Am Diet Assoc 103, 304-
307.

256



Lee CK, Weindruch R, Prolla TA (2000) Gene-expression profile of the ageing brain
in mice. Nature Genet 25, 294-297.

Lee J, Duan W, Long JM, Ingram DK, Mattson MP (2000) Dietary restriction
increases the number of newly generated neural cells, and induces BDNF expression,

in the dentate gyrus of rats. J Mol Neurosci 15, 99-108.

Lee J, Duan W, Mattson MP (2002) Evidence that brain-derived neurotrophic factor is
required for basal neurogenesis and mediates, in part, the enhancement of

neurogenesis by dietary restriction in the hippocampus of adult mice. J Neurochem

82, 1367-1375.

Lee KW, Kim YJ, Lee HJ and Lee CY (2003) Cocoa has more phenolic
phytochemicals and a higher antioxidant capacity than teas and red wine. J. Agric.

Food Chem. 51, 7292-7295.

Lee VM (2001) Tauists and beta-aptists united--well almost!. Science 293, 1446-
1447.

Lee, SH, Seo GS, Sohn DH (2004) Inhibition of lipopolysaccharide- induced
expression of inducible nitric oxide synthase by butein in RAW 264.7 cells. Biochem.
Biophys. Res. Commun. 323, 125-132.

Lehman M, Rohrer JD, Clarkson MJ, Ridgway GR, Scahill RI, Modat M, Warren JD,
Ourselen S, Barnes J, Rossor MN, Fox NC (2010) Reduced cortical thickness in the
posterior cingulate gyrus is characteristuc of both typical and atypical Alzheimer’s

disease. J.Alzheimers Dis [ Epub ahead of print].

Lehmann DJ, Johnston C, and Smith AD (1997) Synergy between the genes for
butyryl cholinesterase K variant and apolipoprotein E4 in late-onset confirmed

Alzheimer’s disease. Hum Mol Genet 6, 1933-1936.

Leibson CL, Rocca WA, Hanson A, Cha R, Kokmen E, O'Brien PC, Palumbo PJ
(1997) The

257



Leibson CL, Rocca WA, Hanson A, Cha R, Kokmen E, O'Brien PC, Palumbo PJ
(1997) The risk of dementia among persons with diabetes mellitus: a population-

based cohort study. Ann N'Y Acad Sci 826, 422-427.

Lerch JP, Evans AC (2005) Cortical thickness analysis examined through power

analysis and a population simulation. Neuroimage 24, 163-73.

Lesne S, Koh MT, Kotilinek L, Kayed R, Glabe CG (2006) A specific amyloid-

beta protein assembly in the brain impairs memory. Nature 440, 352-357.

Levenson CW, Rich NJ (2007) Eat less, live longer? New insights into role of calorie

restriction in the brain. Nutrition review 65, 412-415.

Levites Y, Amit T, Youdim MB, Mandel S (2002) Involvement of protein kinase C
activation and cell survival/ cell cycle genes in green tea polyphenol (-)-

epigallocatechin 3-gallate neuroprotective action. J Biol Chem 277, 30574-30580.

Levites Y, Weinreb O, Maor G, Youdim MBH, Mandel S (2001) Green tea
polyphenol (-) epigallocatechin-3-gallate prevents N-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine-induceddopaminergicneurodegeneration. J Neurochem 78, 1073-
1082.

Li H, Wolfe M S, Selkoe DJ (2009) Toward structural elucidation of the gamma-
secretase complex. Structure 17, 326-334.

Li R, Huang YG, Fang D, Le WD (2004) Epigallocatechin gallate inhibits
lipopolysaccharide-induced microglial activation and protects against inflammation-

mediated dopaminergic neuronal injury. J. Neurosci. Res. 78, 723-731.

Liao H, Banbury LK, Leach DN (2008) Antioxidant activity of 45 chinese herbs and
the relationship with their TCM characteristics. e€CAM 5§, 429-434.

258



Lim GP, Calon F, Morihara T, Yang F, Teter B, Ubeda O, Salem Jr N, Frausty SA,
Cole CM (2005) A diet enriched with omega-3 fatty acid docosahexaenoic acid

reduces amyloid burden in an aged Alzheimer’s mouse model. J Neurosci 25, 3032-
3040.

Lim GP, Chu T, Yang F, Beech W, Frautschy SA, Cole GM (2001) The curry spice
curcumin reduces oxidative damage and amyloid pathology in an Alzheimer

transgenic mouse. J. Neurosci 21, 8370-8377.

Lin MT, Beal MF (2006) Mitochondrial dysfunction and oxidative stress in
neurodegenerative diseases. Nature 443, 787-795.

Lindsay D, Laurin R, Verreault R, Hebert B, Helliwell, Hill GB, McDowell I (2002)
Risk factors for Alzheimer's disease: a prospective analysis from the Canadian Study

of Health and Aging. Am J Epidem 156, 445-453.

Lipecka J, Norez C, Bensalem N, Baudouin-Legros M, Planelles G, Becq F, Edelman
A, Davezac N (2006) Rescue of DeltaF508-CFTR (cystic fibrosis transmembrane
conductance regulator) by curcumin: involvement of the keratin 18 network. J

Pharmacol Exp Ther 317, 500-505

Liu F, Ooi VE, Chang ST (1997) Free radical scavenging activities of mushroom
polyscaharide extracts. Life Sciences 60, 763-771.

Liu G, Men P, Kudo W, Perry G, Smith MA (2009)Nanoparticle-chelator conjugates
as inhibitors of amyloid-beta aggregation and neurotoxicity: a novel therapeutic

approach for Alzheimer disease. Neurosci Lett. 455, 187-190.

Ljubuncic P, Dakwar S, Portnaya I, Cogan U, Azaizeh H, Bomzon H (2006)
Aqueous extracts of Teucruim polium posses remarkable antioxidant activity in
vitro. eCAM 3, 329-338.

259



Lle6 A, Greenberg SM, Growdon JH (2006) Current pharmacotherapy for
Alzheimer's disease. Annu Rev Med 57, 513-33.

Logroscino G, Marder K, Cote L, Tang MX, Shea S, Mayeux R (1996) Dietary lipids
and antioxidants in Parkinson's disease: a population-based, case-control study. Ann

Neurol 39, 89-94.

Long J, Liu C, Sun L, Gao H, Liu J (2009) Neuronal mitochondrial toxicity of
malondialdehyde: inhibitory effects on respiratory function and enzyme activities in

rat brain mitochondria. Neurochem Res. 34, 786-94

LopezMiranda J, Ordovas JM, Mata P, Lichtenstein AH, Clevidence B, Judd JT,
Schaefer EJ(1994) Effect of apolipoprotein E phenotype on diet-induced lowering of
plasma low density +-+lipoprotein cholesterol. J Lipid Res 35, 1965-1975.

Lorenzo A, Yankner BA (1994) Beta-amyloid neurotoxicity requires fibril formation

and is inhibited by congo red.Proc Natl Acad Sci U S A 91, 12243-12247.

Lovell MA, Robertson JD, Teesdale WJ, Campbell JL, Markesbery WR (1998)

Copper, iron and zinc in Alzheimer’s disease senile plaques. J Neurol Sci 158, 47-52.

Lowry OH, Rosebrough NJ, Farr A, Randall RJ (1951) Protein measurement with the
folin phenol reagent. J. Biol. Chem. 143, 265-271.

Luchsinger JA, Gustafson DR (2009) Adiposity and Alzheimer's disease. Curr Opin
Clin Nutr Metab Care 12,15-21.

Luchsinger JA, Mayeux R (2004) Cardiovascular risk factors and Alzheimer's disease.

Curr Atheroscle Rep 6, 261-266.

Luchsinger JA, Mayeux R (2004) Dietary factors and Alzheimer's disease, Lancet
Neurology 3, 579-587.

260



Luchsinger JA, Tang MX, Shea S, Mayeux R (2003) Antioxidant vitamin intake and
risk of Alzheimer disease. Arch Neurol 60, 203-208.

Luchsinger JA, Tang MX, Shea S, Mayeux R(2002) Caloric intake and the risk of
Alzheimer disease. Ach Neurol 59, 1258-1263.

Lue LF, Rydel R, Brigham EF, Yang LB, Hampel H, Murphy GM Jr, Brachova L,
Yan SD, Walker DG, Shen Y, Rogers J (2001) Inflammatory repertoire of

Alzheimer’s disease and nondemented elderly microglia in vitro. Glia 35, 72-79.

Luo Y, Smith JV, Paramasivam V, Burdick A, Curry KJ, Buford JP, Khan Netzer
WIJ, Xu H, Butko P (2002) Inhibition of amyloid-beta aggregation and caspase-3
activation by the Ginkgo biloba extract EGb761. Proc Natl. Acad. Sci. USA. 99,
2197-12202.

Lustbader JW, Cirilli M, Lin C, Xu HW, Takuma K, Wang N, Caspersen C, Chen X,
Pollak S, Chaney M, Trinchese F, Liu S, Gunn-Moore F, Lue LF, Walker DG,
Kuppusamy P, Zewier ZL, Arancio O, Stern D, Yan SS, Wu H (2004) ABAD directly

links Abeta to mitochondrial toxicity in Alzheimer’s disease. Science 304, 448-52.

Lutjohann D, Breuer O, Ahlborg G, Nennesmo I, Siden A, Diczfalusy U, Bjorkhem I
(1996) Cholesterol homeostasis in human brain: evidence for an age-dependent flux
of 24S-hydroxycholesterol from the brain into the circulation. Proc Natl Acad Sci
U S A93,9799-9804.

Mace Gorbach SL (1963) Anaerobic bacteriology for clinical laboraties.
Pharmacognosy. 23, 89-91.

Madsen HL, Nielsen BR, Bertelsen G, Skibsted LH (1996) Screening of antioxidative
activity of spices: a comparison between assays based on ESR spin trapping and

electrochemical measurement of oxygen consumption. Food Chem 57, 331-337.

261



Mai S, Klinkenberg M, Auburger G, Bereiter-Hahn J, Jendrach M (2010) Decreased
expression of Drpl and Fisl mediates mitochondrial elongation in senescent cells and

enhances resistance to oxidative stress through PINK1. J Cell Sci. 123, 917-26.

Mancuso C, Bates TE, Butterfield DA, Calafato S, Cornelius C, De Lorenzo A,
Dinkova Kostova AT, Calabrese V (2007) Natural antioxidants in Alzheimer's
disease. Expert Opin Investig Drugs. 16, 1921-1931.

Manczak M, Anekonda TS, Henson E, Park BS, Quinn J, Reddy PH (2006)
Mitochondria are a direct site of A beta accumulation in Alzheimer’s disease neurons:
implications for free radical generation and oxidative damage in disease progression.

Hum Mol Genet 15, 1437-49.

Mandal S, Hazra B, Sarkar R, Biswas S, Mandal N (2009) Assesment of the
antioxidant and reactive oxygen species scavenging activity of methanolic extract of
C. crista leaf. Evidence Based Complementary and Alternative Medicine. July 13
[Epub ahead of print].

Mandel S. Amit T, Bar O, Youdim MB (2007) Iron dydregulation in Alzheimers
disease: multimodal brain permeable iron chelating drugs possessing neuroprotective
-neurorescue and ammyloid precursor protein -processing regulatory activities as

therapeutic agents. Prog Neurobiol 82, 348-360.

Manev H, Uz T, Sugaya K, Qu T(2000) Putative role of neuronal 5-lipoxygenase in
an aging brain. FASEB J. 14, 1464-14609.

Mann DM, Yates PO, Marcyniuk B (1985) Correlation between senileplaque and
neurofibrillary tangle counts in cerebral cortex and neuronal counts in cortex and

subcortical structures in Alzheimer’s disease. Neurosci. Lett. 56, 51-55.

262



Manyam BV (1999) Dementia in Ayurveda-Indian Medical System. J Comp Altern
Med 5, 81— 88.

Marambaud P., Zhao H. and Davies P. (2005) Resveratrol promotes clearance of

Alzheimer’s disease amyloid-beta peptides. J. Biol.Chem. 280, 37377-37382.

Markesbery WR (1997) Oxidative stress hypothesis in Alzheimer's disease. Free
Radic. Biol. Med 23, 134-147.

Markesbery WR, Carney JM (1999) Oxidative alterations in Alzheimer's disease.
Brain Pathol 9, 133-146.

Markesbery WR, Kryscio RJ, Lovell MA, Morrow JD (2005) Lipid peroxidation is an
early event in the brain in amnestic mild cognitive impairment. Ann Neurol 58, 730-

735.

Marques AT, Fernandes PA, Ramos MJ (2009) ABAD: a potential therapeutic target
for Abeta-induced mitochondrial dysfunction in Alzheimer's disease. Mini Rev

MedChem. J 9, 1002-8.

Marshall JA, Kamboh MI, Bessesen DH, Hoag S, Hamman RF, Ferrell RE (1996)
Associations between dietary factors and serum lipids by apolipoprotein E

polymorphism. Am J Clin Nutr 63, 87-95.

Martin-Aragon S, Benedi JM, Villar AM (1997) Modifications on antioxidant
capacity and lipid peroxidation in mice under fraxetin treatment. J Pharm Pharmacol
49, 49-52.

263



Mason RP, Shoemaker WJ, Shajenko L, Chambers TE, Herbette GL (1992) Evidence
for changes in the Alzheimer's disease brain cortical membrane structure mediated by

cholesterol. Neurobiol Aging 13, 413-419.

Mathis CA, Bacskai BJ, Kadasz ST, McLellan ME, Frosch MP, Hyman BT, Holt DP,
Wang Y, Huang GF, Debnath ML, Klunk WE (2002) A lipophilic thioflavin-T
derivative for positron emission emmision tomography (PET) imaging of amyloid in

brain. Biorg Med Chem Lett 12, 295-298.

Mattson MP (1994) Secreted forms of beta-amyloid precursor protein modulate
dendrite outgrowth and calcium responses to glutamate in cultured embryonic

hippocampal neurons. J Neurobiol 25, 439—-450.

Mattson MP (1997) Central role of oxyradicals in the mechanism of amyloid beta
peptide toxicity. Alzheiemer’s disease review 2, 1-14.

Mattson MP (2000) Emerging neuroprotective strategies for Alzheimer's disease:
dietary restriction, telomerase activation, and stem cell therapy. Exper Gerontol 35,
489-502.

Mattson MP (2003) Gene-diet interactions in brain aging and neurodegenerative

disorders. Ann Inter Med 139, 441-444.

Mattson MP, Chan SL (2001) Dysregulation of cellular calcium homeostasis in
homeostasis in Alzheimer’s disease : bad genes and bad habbits. J.Mol Neurosci 17,
205-224.

Mattson MP, Chan SL, Duan W (2002) Modification of brain aging and
neurodegenerative disorders by genes, diet, and behavior. Physiol Review 82, 637-
672.

264



Mattson MP, Cheng B, Culwell AR, Esch FS, Lieberburg I, Rydel RE (1993)
Evidence for excitoprotective and intraneuronal calcium-regulating roles for secreted

forms of the beta-amyloid precursor protein. Neuron 10, 243-254.

Mattson MP, Cheng B, Davis D, Bryant K, Lieberburg I, Rydel RE (1992) Beta-
Amyloid peptides destabilize calcium homeostasis and render human cortical neurons

vulnerable to excitotoxicity. J Neurosci 12, 376-389.

Mayeux R, Stern Y, Ottman R, Tatemichi TK, Tang MX, Maestre G, Ngai C, Tycko
B, Ginsberg H (1993) The Apolipoprotein epsilon 4 allele in patients with
Alzheimer's disease. Ann Neurol 34, 752-754.

Mayeux R, Stern Y, Ottman R, Tatemichi TK, Tang MX, Maestre G, Tycko NC,
Schofield PW, Tang M, Marder K, Bell K, Dooneief G, Lantigua R, Wilder D,
Gurland B, Stern, Mayeux R(1995) Consistency of clinical diagnosis in a community-
based longitudinal study of dementia and Alzheimer's disease. Neurology 45, 2159-
2164.

McDaniel MA, Maier SF, Einstein GO (2003) Brain-specific nutrients: a memory
cure? Nutrition 19, 957-975.

McGeer PL, Schulzer M, McGeer EG (1996) Arthritis and anti-inflammatory agents
as possible protective factors for Alzheimer’s disease: a review of 17 epidemiologic

studies. Neurology 47, 425-432.

McGettigan P, Henry D (2000) Current problems with non-specific COX inhibitors.
Curr Pharmocol Design 6, 1693-1724.

McLaurin J, Golomb R, Jurewicz A, Antel JP, Fraser PE (2000) Inositol
stereoisomers stabilize an oligomeric aggregate of Alzheimer amyloid beta peptide

and inhibit abeta-induced toxicity. J Biol Chem 275, 18495-18502.

265



Medicinal Plants and Medicine in Africa. Spectrum Books Ltd. Finar G (1986) Plants

of economic importance. Ibadan. 78, 150-153.

Merchant C, Tang MX, Albert S, Manly J, Stern Y, Mayeux R (1999) The influence
of smoking on the risk of Alzheimer's disease. Neurology 52, 1408-1412.

Mielke MM, Zandi PP, 6gren M,Gustafson D,Ostling S, Steen B, koog I (2005) High
total cholesterol levels in late life associated with a reduced risk of dementia.

Neurology 64,689-1695.

Miravalle L, Calero M, Takao M, Roher AE, Ghetti B, Vidal R (2005)Amino-
terminally truncated Abeta peptide species are the main component of cotton wool

plaques. Biochemistry. 44, 10810-10821.

Mitchell DC, Straume M, Miller JL, Litman BJ (1990) Modulation of metarhodopsin
formation by cholesterol-induced ordering of bilayer lipids. Biochemistry 29, 9143-
9149.

Mohandas KM, Desai DC (1999) Epidemiology of digestive tractcancers in India. V.
Large and small bowel. Indian J. Gastroenterol. 18,118-121.

Moreira PI, Smith MA, Zhu X, Nunomura A, Castellani RJ]  Perry G (2005)
Oxidative stress and neurodegeneration. Ann. N.Y. Acad. Sci. 1043, 545-552.

Morel I, Lescoat G, Cogrel P, Sergent O, Pasdeloup N, Brissot P, Cillard P, Cillard J
(1998) Antioxidant and iron chelating activities of the flavonoids carechin,quercetin

and diosmetin on iron-loaded rat hepatocyte cultures. Biochem Pharmocol 45, 13-19.

Morgan D, Diamond DM, Gottschall PE, Ugen KE, Dickey C, Hardy J, Duff K,
Jantzen P, DiCarlo G, Wilcock D, Connor K, Hatcher J, Hope C, Gordon M,
Arendash GW (2000) Abeta peptide vaccination prevents memory loss in an animal

model of Alzheimer’s disease. Nature 408, 982— 985.

266



Morgan TE, Xie Z, Goldsmith S, Yoshida T, Lanzrein AS, Stone D, Rozovsky I,
Perry G, Smith MA, Finch CE (1999) The mosaic of brain glial hyperactivity during

normal ageing and its attenuation by food restriction. Neuroscience 89, 687-699.

Morris MC, Evans DA, Tangney CC, Bienias JL, Wilson RS, Aggarwal NT, Scherr
PA (2005) Relation of the tocopherol forms to incident Alzheimer disease and to
cognitive change. Am J Clin Nutr 81, 508-514.

Motterlini R, Foresti R, Bassi R, Green CJ (2000) Curcumin, an antioxidant and anti-
inflammatory agent, induces heme oxygenase-1 and protects endothelial cells against

oxidative stress. Free Radic. Biol. Med. 28, 1303-1312.

Mueller-Steiner S, Zhou Y, Arai H, Roberson ED, Sun B, Chen J, Wang X, Yu G,
Esposito L, Mucke L, Gan L (2006) Antiamyloidogenic and neuroprotective functions

of cathepsin B: Implications for Alzheimer’s disease. Neuron 51, 703-714.

Mukamal KJ, Kuller LH, Fitzpatrick AL, Longstreth Jr WT, Mittleman MA,
Siscovick DS (2003) Prospective study of alcohol consumption and risk of dementia

in older adults. JAMA 289, 1405-1413.

Mukherjee PK, Kumar V, Houghton PJ (2007) Screening of Indian medicinal plants
for acetylcholinesterase inhibitory activity. Phytother Res 21, 1142-1145.

Muma NA, Singer SM (1996) Aluminum —induced neuropathology: transient changes

in microtubule-associated proteins. Neurotoxicol Teratol 18, 679-690.

Muralidhara, Narasimhamurthi K (1988) Non-mutagenicity of capsaicin in albino

mice. Food Chem Toxicol 26, 331-337.

Nadkarni AK, Indian Materia Medica. Vol. 1. Popular Book Depot: Bombay (1954).

267



Nadler Y, Alexandrovich A, Grigoriadis N, Hartmann T, Rao K S, Shohami E, Stein
R (2008) Increased expression of the y-secretase components presenilin-1 and

nicastrin in activated astrocytes and microglia following traumatic brain injury. Glia

56, 552-567.

Nagai T, Inoueb R, Inoueb H, Suzukia H (2002) Scavenging capacities of pollen
extracts from Cistus landaniferus on auto-oxidation, superoxide radicals, hydroxyl
radicals and DPPH radicals. Nutrition Res. 22, 519-526.

Naidu KA (1995) Eugenol: an inhibitor of lipoxygenase dependent lipid peroxidation.
Prostaglandins Leukot Essent Fatty 53, 381-384.

Nakamura S, Murayama N, Noshita T, Annoura H, Ohno T (2001) Progressive brain
dysfunction following intracerebroventricular infusion of Abeta (1-42) amyloid

peptide. Brain Res. 912, 128-136.

Nalini K, Karanth KS, Rao A, Aroor AR (1992) Effects of piracetamon retention and

biogenic amine turnover in albino rats. Pharmacol Biochem Behav 42, 859-864.

Nanji AA, Jokelainen K, Tipoe G L, Rahemtulla A, Thomas P, Dannenberg AJ (2003)
Curcumin prevents alcohol-induced liver disease in rats by inhibiting the expression
of NF-kappa B-dependent genes. Am. J. Physiol. Gastrointest. Liver Physiol. 284,
G321-G327.

Neogi NC, Nayak KP(1958) Biological investigation of C. bonducella. Flem, Ing. J.
Pharm. 20, 95-100.

Neve RL Robakis NK (1998) Alzheimer’s disease: A re-examination of the amyloid
hypothesis. Trends. Neurosci. 21, 15-19.

268



Nikolaev A, McLaughlin T, O’Leary D D, Tessier-Lavigne M (2009) APP binds DR6

to trigger axon pruning and neuron death via distinct caspases. Nature 457, 981-989.

Nishikimi M, Appaji N, Yagi K (1972) The occurrence of superoxide anion in the
reaction of reduced phenazine methosulfate and molecular oxygen. Biochem Biophys

Res Commun 46, 849-854.

Nishinaka T, Ichijo Y, Ito M, Kimura M, Katsuyama M, Iwata K, Miura T, Terada T,
Yabe-Nishimura C (2007) Curcumin activates human glutathione S-transferase P1

expression through antioxidant response element. Toxicol. Lett. 170, 238-247.

Nunan J, Small GW (2002) Proteolytic processing of the amyloid-beta protein
precursor of Alzheimer's disease. Essays Biochem 38, 37-49.

Ock J, Han HS, Hong SH, Lee SY, Han YM, Kwon BM, Suk K (2010) Obovatol
attenuates microglia-mediated neuroinflammation by modulating redox regulation. Br

J Pharmacol. 159, 1646-1662.

Ohyagi Y, Asahara H, Chui DH, Tsuruta Y, Sakae N, Miyoshi K, Yamada T, Kikuchi
H, Taniwaki T, Murai H, Ikezoe K, Furuya H, Kawarabayashi T, Shoji M, Checler F,
Iwaki T, Makifuchi T, Takeda K, Kira J, Tabira T (2005) Intracellular Abeta42

activates p53 promoter: a pathway to neurodegeneration in Alzheimer’s disease.

FASEB J 19, 255-257.

Ono K, Condron MM, Ho L, Wang J, Zhao W, Pasinetti GM (2008) Effects of grape
seed-derived ployphenols on Amyloid beta protein self-assembly and cytotoxicity. J
Biol Chem 283, 32176-32187.

Ono K, Hasegawa K, Naiki H, Yamada M (2004) Anti-amyloidogenic activity of

tannic acid and its activity to destabilize Alzheimer’s B-amyloid fibrils in vitro.

Biochimica et Biophysica Acta 1690, 193— 202.

269



Ono K, Hasegawa K, Naiki H, Yamada M (2004) Curcumin has potent anti-
amyloidogenic effects for Alzheimer's beta-amyloid fibrilsin vitro. J Neurosci Res.
75, 742-750.

Ono K, Hasegawa K, Yoshiike Y, Takashima A, Yamada M, Naik H (2002)
Nordihydroguaiaretic acid potently breaks down pre-formed Alzheimer's beta-

amyloid fibrils in vitro. J Neurochem 81, 434-440.

Orgogozo JM, Dartigues JF, Lafont S, Letenneur L, Commenges D, Salamon R,
Renaud S, Breteler MB (1997) Wine consumption and dementia in the elderly: a

prospective community study in the Bordeaux area. Review Neurol 153,185-192.

Orhan I, Aslam M (2009) Appraisal of scopolamine —induced anti-amnesic effect in
mice and in vitro antiacetylcholin esterase and anti-oxidant activities of some

traditionally used Lamiaceae plants. J. Ethnopharmacol 122, 327-332.

Oteiza PI (1994) A mechanism for the stimulatory effect of aluminium on iron

induced lipid peroxidation. Arch Biochem Biophys 308, 374-379.

Ott A, Slooter AJ, Hofman A, vanHarskamp F, Witteman JC, Van Broeckhoven C,
vanDuijn CM, Breteler MM (1998) Smoking and risk of dementia and Alzheimer's
disease in a population-based cohort study: the Rotterdam Study. Lancet 351, 1840-
1843.

Oyaizu M (1986) Studies on product of browning reaction prepared from glucose

amine. Jpn. J. Nutr. 44, 307-315.

Pacheco-Quinto J, Rodriguez de Turco EB, DeRosa S, Howarda A, Cruz-Sanchezc A,
Sambamurti K, Refoloel,, Petanceska S, Pappolla MA (2006)
Hyperhomocysteinemic Alzheimer's mouse model of amyloidosis shows increased

brain amyloid 3 peptide levels. Neurobiol Dis 22, 651-656.

270



Pandey G, Madhuri S (2009) Some medicinal plants as natural anticancer agents

Pharmacognosy Review 3, 259-263

Panza F, Capurso C, Solfrizzi V (2008) Alcohol use, thiamine deficiency, and
cognitive impairment. JAMA 299, 2853-2854.

Panza F, Solfrizzi V, Colacicco AM, D'Introno A, Capurso C, Torres F, Parig AD,
Capurso S, Capurso A (2004) Mediterranean diet and cognitive decline. Public Health
and Nutrition 7, 959-963.

Papandreou MA, Kanakis CD, Polissiou MG, Efthimiopoulos S, Cordopatis P,
Margarity M, Lamar F (2006) Inhibitory Activity on Abeta aggregation and
antioxidant properties of crocus sativus stigmas extract and its crocin constituents. J.

Agric. Food Chem. 54, 8762-8768.

Pappolla MA, Bryant-Thomas TK, Herbert D, Pacheco J, Garcia F M, Manjon M,.
Girones X, Henry TL, Matsubara E, Zambon D, Wolozin B, Sano M, Cruz-Sanchez,
Thal LJ, Petanceska SS, Refolo LM (2003) Mild hypercholesterolemia is an early
risk factor for the development of Alzheimer amyloid pathology. Neurology 61,199-
205.

Park HJ, Kim SS, Seong YM, Kim KH, Goo HG, Yoon EJ, Min do S, Kang S, Rhim
H (2006) Amyloid precursor protein is a direct cleavage target of HtrA2 serine
protease. J Biol Chem 281, 34277-34287.

Park SY, Kim DS (2002) Discovery of natural products from Curcuma longa that
protect cells from beta-amyloid insult: a drug discovery effort against Alzheimer’s

disease. J. Nat. Prod 65, 1227— 1231.

271



Parker WD (1990) Sporadic neurologic disease and the electron transport chain:
ahypothesis. In Proceedings of the 1989 Meeting of the American Society for
Neurologic Investigation: New Developments in Neuromuscular Disease. R.M.

Pascuzzi, Ed.: 59-64. Indiana University Printing Services. Bloomington.

Parker WD Jr, Filley CM, Parks JK (1990) Cytochrome oxidase deficiency in
Alzheimer’s disease. Neurology 40, 1302-1303.

Parker WD Jr, Mahr NJ, Filley CM, Parks JK, Hughes D, Young DA, Cullum CM
(1994) Reduced platelet cytochrome ¢ oxidase activity in Alzheimer's disease.

Neurology 44, 1086-90.

Patil S, Chan C (2005) Palmitic and stearic fatty acids induce Alzheimer-like
hyperphosphorylation of tau in primary rat cortical neurons. Neurosci Lett 384, 288-
293.

Patten DA, Germain M, Kelly M, Slack RS (2010) Reactive Oxygen Species: Stuck
in the Middle of Neurodegeneration. J Alzheimers Dis. [ Epub ahead of print].

Pavlov PF, Petersen CH, Glaser E, Ankarcrona M (2009) Mitochondrial accumulation
of APP and Abeta: Significance for Alzheimer disease pathogenesis. J Cell Mol Med.
[Epub ahead of print].

Pawar AP , Dubay KF, Zurdo J, Chiti F, Vendruscolo M, Dobson CM (2005)
Prediction of aggregation-prone and aggregation-susceptible regions in proteins

associated with neurodegenerative diseases. J Mol Biol 350, 379-392.

Peach K, Tracey MV (1959) Modern method of plant analysis; Narosa Publishing
House: New Delhi, 3, 64.

272



Pedrini S, Carter TL, Peridergast G, Petanceska S, Ehrlich ME, Gandy S (2005)
Modulation of statin activated shedding of Alzheimer’s APP ectodomain by ROCK.
PL0oS Med 2, e18

Peila R, Rodriguez BL, Launer LJ (2002) Type 2 diabetes, APOE gene, and the risk
for dementia and related pathologies: The Honolulu-Asia Aging Study. Diabetes 51,
1256-1262.

Pefiarrieta JM, Alvarado JA, Akesson B, Bergenstahl B (2008) Total antioxidant
capacity and content of flavonoids and other phenolic compounds in canihua
(Chenopodium pallidicaule): an Andean pseudocereal. Mol Nutr Food Res 52, 708-
717.

Perluigi M, Joshi G, Sultana R, Calabrese V, De Marco C, Coccia R, Cini C,
Butterfield DA (2006) In vivo protective effects of ferulic acid ethyl ester against
amyloid-beta peptide 1-42-induced oxidative stress. J Neurosci Res. 8, 418-26

Perrin RJ, Fagan AM, Holtzman (2009) DM Multimodal techniques for diagnosis and

prognosis of Alzheimer's disease. Nature 46, 916-22.

Petanceska SS, DeRosa S, Sharma A, Diaz N, Duff K, Tint SG, Refolo LM, Pappolla
M (2003) Changes in apolipoprotein E expression in response to dietary and
pharmacological modulation of cholesterol. J Mol Neurosci 20, 395-406.

Petersen RB, Nunomura A, Lee HG, Casadesus G, Perry G, Smith MA, Zhu X
(2007) Signal transduction cascades associated with oxidative stress in Alzheimer’s

disease. J. Alzheimers Dis. 11,143-152.

Peterson RC, Ronaldhomas G, Grundman M, Bennett D, Doody R, Ferris S, Galasko
D, Jin S, Kaye J, Levey A, Pfeiffer E, Sano M, Christopher H, Dyck V, Thal LJ
(2005) Vitamin E and Donepezil for the treatment of mild cognitive impairment. The

N Eng J Med 353, 2379-2388.

273



Petot GJ, Traore F, Debanne SM, Lerner AJ, Smyth KA, Friedland RP (2003)
Interactions of apolipoprotein E genotype and dietary fat intake of healthy older
persons during mid-adult life. Metabolism 52, 279-281.

Pillot T, Drouet B, Queillé S, Labeur C, Vandekerchkhove J, Rosseneu M, Pingon-
Raymond M, Chambaz J (1999) The nonfibrillar amyloid beta-peptide induces

apoptotic neuronal cell death: involvement of its C-terminal fusogenic domain. J

Neurochem. 73, 1626-1634.

Podlisny, MB, Stephenson DT, Frosch MP, Lieberburg I, Clemens JA, Selkoe DJ
(1992) Synthetic amyloid beta-protein fails to produce specific neurotoxicity in

monkey cerebral cortex. Neurobiol. Aging 13, 561-567.

Poirier J, Minnich A, Davignon J (1996) Apolipoprotein E, synaptic plasticity and
Alzheimer’s disease. Ann Med 27, 663—670.

Porat Y, Abramowitz A, Gazit E (2006) Inhibition of Amyloid Fibril Formation by
Polyphenols: Structural similarity and aromatic interactions as a common inhibition

mechanism. Chem Biol Drug Des 67, 27-37

Porter JA, Young KE, Beachy PA (1996) Cholesterol modification of hedgehog

signaling proteins in animal development. Science 274, 255-259.

Postina R, Schroeder A, Dewachter I, Bohl J, Schmitt U, Kojro E, Prinzen C, Endres
K, Hiemke C, Blessing M, Flamez P, Dequenne A, Godaux E, van Leuven F,
Fahrenholz F (2004) A disintegrin-metalloproteinase prevents amyloid plaque

formation and hippocampal defects in an Alzheimer disease mouse model. Journal of

Clinical Investigation 113, 1456-1464.

274



Pratico D (2008) Oxidative stress hypothesis in Alzheimer’s disease: a reappraisal.

Trends Pharmacol. Sci. 29, 609-615.

Price BD, Calderwood SK (1992) Gadd 45 and Gadd153 messenger RNA levels are
increased during hypoxia and after exposure of cells to agents which elevate the levels

of the glucose-regulated proteins. Cancer 52, 3814-3817.

Prins ND, Visser PJ, Scheltens P (2010) Can novel therapeutics halt the amyloid

cascade? Alzheimer’s Research & Therapy 2, 28.

Puglielli L, Konopka G, PackChung E, Ingano LA, Berezovska O, THyman B, Chang
TY, Tanzi RE, Kovacs DM (2001) Acyl-coenzyme A: cholesterol acyltransferase
modulates the generation of the amyloid beta-peptide. Nat Cell Biol 3, 905-912.

Puglielli L, Tanzi RE, Kovacs DM (2003) Alzheimer’s disease: the cholesterol

connection. Nat Neurosci 6, 345-351.

Puskas LG, Kitajka K, Nyakas C, BarceloCoblijn G, Farksa T (2003) Short-term
administration of omega-3 fattyacids from fish oil results in increased transthyretin

transcription in old rat hippocampus. Pro Natl Acad Sci USA 100, 1560-1565.

Qin L, Liu Y, Cooper C, Liu B, Wilson B, Hong JS (2002) Microglia enhance beta-
amyloid peptide-induced toxicity in cortical and mesencephalic neurons by producing

reactive oxygen species. J. Neurochem. 83, 973-983.

Qin W, Chachich M, Lane M, Roth G, Bryant M, de Cabo R, Ottinger MA, Mattison
J, Ingram D, Gandy S, Pasinetti GM (2006) Calorie restriction attenuates Alzheimer's
disease type brain amyloidosis in Squirrel monkeys (Saimiri sciureus). J Alzheimers

Dis 10, 417-22.

275



Rabinovici GD, Jagust WJ (2009) Amyloid imaging in aging and dementia: testing
the amyloid hypothesis in vivo. Behav Neurol 21, 117-28

Radi R, Beckman JS, Bush KM, Freeman BA (1991) Peroxynitrite-induced
membrane lipid peroxidation: the cytotoxic potential of superoxide and nitric oxide.

Arch Biochem Biophys 288, 481-487.

Raff MC (1992) Social controls on cell survival and cell death. Nature 356, 397—400.

Rafii  MS, Aisen PS (2009) Recent developments in Alzheimer's disease
therapeutics. BMC Medicine 7, 7 doi:10.1186/1741-7015-7-7.

Raghavendra H, Diwakar BT, Lokesh BR, Naidu KA (2006) Eugenol- the active
principle from cloves inhibits-lipoxygenase activity and leukotriene —C4 in human

PMNL cells. Prostaglandins Leukot Essent Fatty 74, 23-27.

Rahman I, Biswas SK, Kirkham PA (2006) Regulation of inflammation and redox
signaling by dietary polyphenols. Biochem. Pharmacol. 72, 1439-1452.

Rajan MT, Rao KSJ, Mamatha MB, Rao RV, Shanmugavelu P, Menon RB, Pavithran
MV (1998) Quantification of trace elements in normal human brain by inductively

coupled plasma atomic emission spectroscopy. J. Neurol Sci 146, 153-163

Rajeswari A (2006) Curcumin protects mouse brain from oxidative stress caused by
1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine. Eur Rev Med Pharmacol Sci 10, 157-
161.

Ramesh BN, Indi SS, Rao KSJ (2010) Anti-amyloidogenic property of aqueous
extract of Caesalpinia crista.475, 110-114

276



Ramesh BN, Indi SS, Rao KSJ (2010) Studies to understand the effect of Centella
asiatica on AP(1-42) aggregation in vitro. Curr. Trend Biotech Pharm. 4, 716-724 .

Ramesh BN, Raichurkar KP, Shamsunadr NM, Rao TSS, Basavaraj KH, Rao KSJ
(2010) Molecular studies on abeta(1-42) induced genomic instability in aged rabbit
brain. Neurochem Int 56, 655-662.

Ramesh BN, Rao TSS, Prakasam A, Sambamurti K, Rao KSJ (2009) Neuronutrition
and Alzheimer’s Disease. J Alzheimers Dis 19, 1123-1139.

Rao CV (2007) Regulation of COX and LOX by curcumin. Adv. Exp.Med. Biol. 595,
213-226.

Rao KS (1997) DNA damage and repair: relevance to mechanisms of

neurodegeneration. Indian J. Med. Res. 106, 423-437.

Rao KSJ, Rao RV, Shanmugavelu P, Menon RB (1999) Trace elements in
Alzheimer’s disease brain: Anew hypothesis. Alzheimer’s Rep 2, 241-246.

Rao SB, Chetana M, Uma Devi P (2005) Centella asiatica treatment during

postnatal period enhances learning and memory in mice. Physiol Behav 86, 449-457.

Rao VV, Dwivedi SK, Swarup D (1994) Hypoglycaemic effect of C bonducella in
rabbits. Fitoterapia 65, 245-247.

Rasch E, Swift H (1960) Microphotometric analysis of the cytochemical Millon

reaction. J. Histochem. Cytochem 8, 1-14.

277



Reaven E, Cao L, Azhar S (1994) Effect of age on cholesterol uptake and utilization
by rat adrenals: II. Lipoproteins from young and old rats. Mechanism of Ageing and
Development 77, 27-41.

Reddy Ach.P, Lokesh BR (1992) Studies on spice principles as antioxidants in the
inhibition of lipid peroxidation of rat liver microsomes. Mol. Cell. Biochem 111, 117-
124.

Reddy PH, Manczak M, MaoP, Calkins M, Reddy AP, Shirendeb U (2010)
Amyloid-f and Mitochondria in Aging and Alzheimer’s Disease: Implications for
Synaptic Damage and Cognitive Decline. J Alzheimers Dis.[Epub ahead of print] DOI
10.3233/JAD-2010-100504.

Reddy PH, Beal MF (2008) Amyloid beta, mitochondrial dysfunction and synaptic
damage: implications for cognitive decline in aging and Alzheimer’s disease. Trends

Mol. Med. 14, 45-53.

Reeves RH, Baxter LL, Richsmeirer JT (2001) Too much of a good thing: mechanism

of gene action in Down syndrome. Trends Genet 17, 83-88.

Refolo L, Pappolla M, Malester B, LaFrancois J, Wang R, Tint G, Sambamurti K, T.
Bryant-Thomas, Duff K (2000) Hypercholesterolemia accelerates amyloid pathology
in a transgenic mouse model for Alzheimer’s disecase amyloidosis. Neurobiol Dis.

7,321-331.

Reines SA, Block JA, Morris KC, Liu G, Nessly ML, Lines CR, Norman BA,
Baranak CC (2004) Rofecoxib: no effect on Alzheimer’s disease in a 1 year
randomized blinded, controlled study. Neurology 62, 66-71.

278



Reiss AB, Siller KA, Rahman MM, ChanESL, Ghiso J, deLeon MIJ (2004)
Chlolesterol in neurologic disorders of the elderly: stroke and Alzheimer’s disease.

Neurobiol Aging 25, 977-989.

Resnick B, Junlapeeya P (2004) Falls in a community of older adults: findings and
implications for practice. Application of Nursing Research 17, 81-91.

Rezai-Zadeh K, Arendash GW, Hou H, Fernandez F, Jensen M, Runfeldt M, Shytle R

D, Tan J (2008) Green tea epigallocatechin--gallate (EGCG) reduces beta-amyloid
mediated cognitive impairment and modulates tau pathology in Alzheimer transgenic

mice. Brain Res. 1214, 177-187.

Rezai-Zadeh K, Shytle D, Sun N, Mori T, Hou H, Jeanniton D, Ehrhart J, Townsend
K, Zeng J, Morgan D, Hardy J, Town T, Tan J (2005) Green tea epigallocatechin-3-
gallate (EGCG) modulates amyloid precursor proteincleavage and reduces cerebral

amyloidosis in Alzheimer transgenic mice. J. Neurosci. 25, 8807-8814.

Ribe EM, Perez M, Puig B, Gich I, Lim F, Cuadrado M,Sesma T, Catena S, Sanchez
B,Nieto M, Gomez-Ramos P, Moran MA, Cabodevilla F, Samaranch L, Ortiz L,
Perez A, Ferrer 1, Avila J, Gomez- Isla T (2005) Accelerated amyloid deposition,
neurofibrillary degeneration and neuronal loss in double mutant APP/ tau transgenic

mice. Neurobiol Dis 20, 814-822.

Riemenschneider M, Lantenschlarger N, Wagenpteil S, Diehl J, Drzezga A (2002)
Cerebrospinal fluid tau and beta-amyloid (1-42) protein identify Alzheimer’s disease
in subjects with mild cognitive impairment. Arch Neurol 59, 1729-1734.

279



Ringman JM, Frautschy SA, Cole GM, Masterman DL, Cummings JL(2005) A
potential role of the curry spice curcumin in Alzheimer's disease. Curr Alzheimer Res.
2, 131-136.

Rinne JO, Brooks DJ, Rossor MN, Fox NC, Bullock R, Klunk WE, Mathis CA,
Blennow K, Barakos J, Okello AA, Rodriguez Martinez de Liano S, Liu E, Koller M,
Gregg KM, Schenk D, Black R, Grundman M (2010) 11C-PiB PET assessment of
change in fibrillar amyloid-beta load in patients with Alzheimer’s disease treated with
bapineuzumab: a phase 2, double-blind, placebo-controlled, ascending-dose study.

Lancet Neurol 9, 363-372.

Ritchie CW, Bush AI, Mackinnon A, Macfarlane S, Mastwyk M, MacGregor L, Kiers
L, Cherny R, Li QX, Tammer A, Carrington D, Mavros C, Volitakis I, Xilinas M,
Ames D, Davis S, Beyreuther K, Tanzi RE, Masters CL (2003) Metal-protein
attenuation with idiochlorhydroxyquin (clioquinol) targeting beta-amyloid deposition

and toxicity in AD. Arch Neurol 60, 1685-1691.

Riviere S, GilletteGuyonnet S, Andrieu S, Nourhashemi F, Lauque S, Cantet C, Salva
A, Frisoni G, Vellas B (2002) Cognitive function and caregiver burden: predictive
factors for eating behaviour disorders in Alzheimer's disease. Inter J Geriatr Psych
17, 950-955.

Robinson H, Wang AHJ (1993) 50-CGA sequence is a strong motif for homo base
paired parallel-stranded DNA duplex as revealed by NMR analysis. Proc. Natl. Acad.
Sci. U.S.A. 90, 5224-5228.

Rogers J, Cooper N R, Webster S. et al. (1992) Complement activation by beta-
amyloid in Alzheimer disease. Proc. Natl Acad. Sci. USA 9, 10016-10020.

280



Rogers J, Kirby LC, Hempelman SR, Berry DL, McGeer PL, Kaszniak AW, Zalinski
J, Cofield M, Mansukhani L, Willson P, Kogan F (1993) Clinical trials of
indomethacin in Alzheimer’s disease. Neurology 43, 1609-1611.

Rogers J, Webster S, Lue LF, Brachova L, Civin WH, Emmerling M, Shivers B,
Walker D, McGeer (1996) Inflammation and Alzheimer's disease pathogenesis.
Neurobiol Aging 17, 681-686.

Roizen NJ, Patterson D (2003) Dow’n syndrome. Lancet 361, 1281-1289.

Rombouts SA, Goekoop R, Stam CJ, Barkhof F, Scheltens P (2005) Delayed rather
than decreased BOLD response as a marker for early Alzheimer's disease.

Neuroimage 26, 1078-1085.

Roth GS, Joseph JA, Mason RP (1995) Membrane alterations as causes of impaired

signal transduction in Alzheimer's disease and aging. Trends Neurosci 18, 203-206.

Rottkamp CA, Nunomura A, Hirai K, Sayre LM, Perry G, Smith M(2000) A Will
antioxidants fulfill their expectations for the treatment of Alzheimer disease? Mech

Ageing Dev 116, 169-179.

Rouser G, Kritchevsky G, Yamamoto A, Baxter CF (1972) Lipids in the nervous
system of different species as a function of age: brain, spinal cord, peripheral nerve,
purified whole cell preparations, and subcellular particulates: regulatory mechanisms

and membrane structure. Adv Lipid Res 10, 261-360.

281



Rovio S, Kareholt I, Helkala EL, Viitanen M, Winblad B, Tuomilehto J, Soininen H,
Nissinen A, Kivipelto M (2005) Leisure-time physical activity at midlife and the risk
of dementia and Alzheimer's disease. Lancet Neurol 4, 705-711.

Ruitenberg A, VanSwieten JC, Witteman JC, Mehta KM, vanDuijn CM, Hofman A,
Breteler MM (2002) Alcohol consumption and risk of dementia: the Rotterdam Study.
Lancet 359, 281-286.

Sa G, Das T (2008) Anti cancer effects of curcumin: cycle of life and death. Cell Div
3, 14

Sacco RL, Elkind M, BodenAlbala B, Lin IF, Kargman DE,. Hauser WA, Shea S,
Paik MC (1999) The protective effect of moderate alcohol consumption on ischemic

stroke. JAMA 281, 53-60.

Sakakihara Y, Volpe JJ (1985) Dolichol in human brain: regional and developmental
aspects. J Neurochem 44, 1535-1540.

Salah N, Miller NJ, Paganga G, Tigburg L, Bolwel GP, RiceEvans C(1995)
Polyphenolic flavanols as scavengers of aqueous phase radicals and as chain —

breaking antioxidants. Arch Biochem Biophys 322, 339-346.

Sambamurti K, Granholm A-C, Kindy MS, Bhat NR, Greig NH, Lahiri DK, Mintzer
JE (2005) Cholesterol and Alzheimer’s Disease: Clinical and experimental models

suggest interactions of different genetic, dietary and environmental risk factors.

Current Drug Targets 5,517-528.

282



Santiard-Baron D, Gosset P, Nicole A, Sinet PM, Christen Y, Ceballos-Picot I (1999)
Identification of beta-amyloid-responsive genes by RNA differential display: early
induction of a DNA damage-inducible gene, gadd45. Exp Neurol 158, 206-213.

Sandur SK, Ichikawa H, Pandey MK, Kunnumakkara AB, Sung B, Sethi G,
Aggarwal BB (2007) Role of pro-oxidants and antioxidants in the anti-inflammatory
and apoptotic effects of curcumin (diferuloylmethane). Free Radic. Biol. Med. 43,
568-580.

Santosh S, Sohan S (2008) Anti- inflammatory activity of an isolated flavonoid

fraction from Celosia argentia Linn. J Med Plant Res 2, 52-54

Savaskan E, Olivieri G, Meier F, Seifritz E, Wirz-Justice A, Muller-Spahn F (2003)
Red wine ingredient resveratrol protects from beta-amyloid neurotoxicity.

Gerontology 49, 380-383.

Savory J, Rao J, Huang Y, Letada PR, Herman MM (1999) Age-related hippocampal
changes in BCL-2 Bax ratio, oxidative stress, redox-active iron and apoptosis
associated with aluminium-induced neurodegeneration increased susceptibility with

aging. Neurotoxicol 5, 805-818.

Sayre L, Smith MA, Perry G (2001) Chemistry and biochemistry of oxidative stress in

neurodegenerative disease. Curr Med Chem 8, 721-738.

Scahill RI, Schott JM, Stevens JM, Rossor MN, Fox NC (2002) Mapping the
evolution of regional atrophy in Alzheimer’s disease; Unbiassed analysis of flud-

registered serial MRI .Proc Natl.Acad. Sci USA 99, 4703-4707.

Scarpini E, Scheltens P, Feldman H (2003) Treatment of Alzheimer’s disease: Current

status and new perceptive. Lancet Neurol 2, 539-547.

Scatchard G (1949) Attraction of proteins to small molecules and ions. Ann. N.
Y.Acad. Sci. USA. 51, 660—-672.

283



Scharf S, Mander A, Ugoni A, Vajda F, Christophidis N (1999) A double blind
placebo controlled trial of diclofenac/ misoprostol in Alzheimer’s disease. Neurology

53, 197-201.

Schechter I, Ziv E (2008) Kinetic properties of cathepsin D and BACE 1 indicate the
need to search for additional beta-secretase candidate(s). Biological Chemistry 389,
313-320.

Schenk D, Barbour R, Dunn W, Gordon G, Grajeda H, Guido T, Hu K, Huang J,
Johnson-Wood K, Khan K, Kholodenko D, Lee M, Liao Z, Lieberburg I, Motter R,
Mutter L, Soriano F, Shopp G, Vasquez N, Vandevert C, Walker S, Wogulis M,
Yednock T, Games D, Seubert P (1999) Immunization with amyloid-beta attenuates
Alzheimer-disease-like pathology in the PDAPP mouse. Nature 400, 173—-177.

Schon E A, Area-Gomez E(2010) Is Alzheimer’s Disease a Disorder of Mitochondria-
Associated Membranes? J Alzheimers Dis.[Epub ahead of print]

Schroeder F, Woodford JK, Kavecansky J, Wood WG, Joiner C (1995) Cholesterol

domains in biological membranes. Mol Membrane Biol 12, 113-119.

Schuchmann S, Heinemann U (2000) Increased mitochondrial superoxide generation
in neurons from trisomy 16 mice: a model of Down's syndrome, Free Rad Biol Med

28, 235-250.

Schuster D, Rajendran A, Hui SW, Nicotera T, Srikrishnan T, Kruzel ML (2005)
Protective effect of colostrinin on neuroblastoma cell survival is due to reduced

aggregation of beta-amyloid. Neuropeptides 39, 419-26.

Seeberg E, Eide L and Bjeras M (1995) The base excision repair pathway. Trends
Biochem Sci, 20, 391-397.

Selkoe DJ (2001) Alzheimer's disease results from the cerebral accumulation and

cytotoxicity of amyloid beta-protein. J Alzheimers Dis 3, 75-80.

284



Selkoe DJ (2001) Alzheimer's disease: genes, proteins, and therapy. Physiol Rev 81,
741-66.

Seshadri S, Wolf PA (2003) Homocysteine and the brain: vascular risk factor or

neurotoxin? Lancet Neurol 2, 11.

Shankar GM, Li S, Mehta TH, Garcia-Munoz A, Shepardson NE (2008) Amyloid-
beta protein dimers isolated directly from Alzheimer’s brains impair synaptic

plasticity and memory. Nat Med 14, 837-842.

Sharma M, Gupta YK (2002) Chronic treatment with trans resveratrol prevents
intracerebroventricular streptozotocin induced cognitive impairment and oxidative

stress in rats. Life Sci, 71, 2489 2498.

Sharma RA, McLelland HR, Hill KA, Ireson CR, Euden SA, Manson MM,
Pirmohamed M, Marnett LJ, Gescher AJ, Steward WP (2001) Pharmacodynamic and

pharmacokinetic study of oral Curcuma extract in patients with colorectal cancer. Clin

Cancer Res. 7, 1894-1900.

Shatenstein B, Kergoat MJ, Reid I (2007) Poor nutrient intakes during 1-year follow-
up with community-dwelling older adults with early-stage Alzheimer dementia

compared to cognitively intact matched controls. J Am Diet Assoc 107, 2091-2099.

Sheeja K, Shihab PK, Kuttan G (2006) Antioxidant and anti-inflammatory activities
of the plant Andrographis paniculata Nees. Immunopharmacol Immunotoxicol 28,
129-140

Sheu KFR, KimY-T, Blass JP, Weksler ME (1985) An immunochemical study of
pyruvate dehydrogenase deficit in Alzheimer’s disease brain. Ann Neurol 17, 444-
449,

285



Sinha R, Anderson DE, McDonald SS, Greenwald P (2003) Cancer risk and diet in
India. J Postgrad Med. 49, 222-228.

Shobana S, Naidu KA (2000) Antioxidant activity of selected Indian spices.
Prostaglandins Leukot Essent Fatty Acids 62, 107-110.

Silbert LC, Quinn JF, Moorem M, Corbridge E, Ball MJ, Murdoc G, Sexton G, Kaye
JA (2003) Changes in premorbid brain volume predict Alzheimer’s disease pathology.
Neurology 61, 487-492.

Singh M, Arseneault M, Sanderson T, Murthy V, Ramassamy C (2008) Challenges
for research on polyphenols from foods in Alzheimer’s disease: bioavailability,
metabolism, and cellular and molecular mechanisms. J. Agric. Food Chem. 56, 4855—
4873

Slater TF, Cheeseman, Davies MJ, Hayashi M, Sharma OP, Nigam S, Benedetto C
(1987) Free radical scavenging properties of modulators of eicosanoid metabolism.

Adv. Prostaglandin Thromboxane Res. 17, 1098-1120.

Sloane JA, Hollander W, Moss MB, Rosene DL, Abraham CR (1999) Increased
microglial activation and protein nitration in white matter of the aging monkey.

Neurobiol Aging. 20, 395-405.

Sluimer JD, van der Flier WM, Karas GB, van Schijndel R, Barnes J,Boyes RG,
Cover KS, Olabarriaga SD, Fox NC, Scheltens P, Vrenken P, Barkhof F (2009)
Accelerating regional atrophy rates in the progression from aging to Alzheimer’s

disease. Euro Radiol 19, 2826-2833.

Smith DG, Cappai R, Barnham KJ (2007) The redox chemistry of the Alzheimer's
disease amyloid beta peptide. Biochim Biophys. Acta. 1768, 1976-90.

286



Smith JV, Luo Y (2004) Studies on molecular mechanisms of Ginkgo biloba extract.
Appl. Microbiol. Biotechnol 64, 465—472.

Smith MA, Harris PLR, Sayre LM, Perry G (1997) Iron accumulation in Alzheimer’s
disease is a source of redox-generated free radicals. Pro. Natl. Acad. Sci. USA 94,
9866-9868.

Smith MA, Rottkamp CA, Nunomura A, Raina AK, Perry G (2000) Oxidative stress
in Alzheimer's disease. Biochim Biophys Acta 1502, 139-4

Soleas GJ, Angelini M, Grass L, Diamandis EP, Goldberg DM (2001) Absorption of
trans -resveratrol in rats. Methods Enzymol 335, 145 -154.

Solomon PR, Adams F, Silver A, Zimmer J, DeVeaux R (2002) Ginkgo biloba for
memory enhancement: a randomized controlled trial. JAMA 288, 835-840.

Sorbi S, Bird ED, Blass JP(1983) Decreased pyruvate dehydrogenase complex
activity in Hungtington and Alzheimer brain. Ann Neurol 13, 72-78.

Sotthibundhu A, Sykes AM, Fox B, Underwood CK, Thangnipon W, Coulson EJ
(2008) B-Amyloid1-42 induces neuronal death through the p75 neurotrophin receptor.
J Neurosci 28, 3941-3946.

Sparks DL, Sabbagh MN, Connor DJ, Lopez J, Launer LJ, Petanceska S, Browne P,
Wassar D, Johnson-Traver S, Lochhead J, Ziolkowski C (2005) Atorvastatin therapy
lowers circulating cholesterol but not free radical activity in advance identifiable
clinical benefit in the treatment mild to moderate AD. Curr Alzheimer Res 2, 343-
353.

Sreejayan, Rao MN (1997) Nitric oxide scavenging by curcuminoids, J Pharm
Pharmacol 49, 105-107.

287



Srivastava A, Greenspan P, Hartle DK, Hargrove JL, Amarowicz R, Pegg RB (2010)
Antioxidant and Anti-inflammatory Activities of Polyphenolics from Southeastern

U.S. Range Blackberry Cultivars. J Agric Food Chem. Apr 23. [Epub ahead of print]

Stackman RW, Eckenstein F, Frei B, Kulhanek D, Nowlin J, Quinn JF (2003).
Prevention of age-related spatial memory deficits in a transgenic mouse model of
Alzheimer’s disease by chronic Ginkgo biloba treatment. Exp. Neurol, 184, 510—
520.

Stagos D, Kazantzoglou G, Magiatis P, Mitaku S, Anagnostopoulos K, Kouretas D
(2005) Effects of plant phenolics and grape extracts from Greek varieties of Vitis
vinifera on Mitomycin C and topoisomerase I-induced nicking of DNA. Int J Mol

Med 15, 1013-1022.

Stein-Behrens B, Adams K, Yen M, Sapolsky R (1992) Failure of Beta-amyloid
protein fragment 25-35 to cause hippocampal damage in the rat. Neurobiol. Aging 13,
577-579.

Strachan MW (2003) Insulin and cognitive function.Lancet 362, 1253.

Strozyk D, Blennow K, White LR, Launer LJ (2003). CSF AP 42 levels correlate with
amyloidneuropathology in a population-based autopsy study. Neurology 60, 652—
656.

Su JH, Deng GM, Cotman CW (1997) Neuronal DNA damage precedes tangle
formation and is associated with up-regulations of nitrotyrosine in Alzheimer’s

disease brain. Brain Res. 774, 193—199.

Subathra M, Shila S, Devi MA, Panneerselvam C (2005) Emerging role of Centella
asiatica in improving age-related neurological antioxidant status. Exp Gerontol 40,
707-715.

288



Sultana R, Perluigi M, Butterfield DA (2009) Oxidatively modiWed proteins in
Alzheimer’s disease (AD), mild cognitive impairment and animal models of AD: role

of Abeta in pathogenesis. Acta Neuropathol 118, 131-150

Sultana R, Butterfield DA (2010) Role of Oxidative Stress in the Progression of
Alzheimer’s disease. J Alzheimers Dis 19, 341-353.

Sumien N, Forster MJ, Sohal RS (2003) Supplementation with vitamin E fails to
attenuate oxidative damage in mice. Exp Gerentol 38, 699-704.

Sun M-K, Alkon DL (2006) Links between Alzheimer’s disease and Diabetes. Drugs
of Today 42,481-489.

Sun X, Shimizu H, and Yamamoto, K. (1995) Identification of a novel p53 promoter
element involved in genotoxic stress-inducible p53 gene expression. Mol. Cell. Biol.

15, 44894496

Supnet C, Bezprozvanny I (2010) Neuronal Calcium Signaling, Mitochondrial
Dysfunction, and Alzheimer's Disease. J Alzheimer’s Dis . [Epub ahead of print] DOI
10.3233/JAD-2010-100306.

Suram A, Hegde ML, Rao KSJ (2007) A new evidence for DNA nicking property of
amyloidbeta (1-42): relevance to Alzheimer’s disease. Arch. Biochem. Biophys. 463,
245-252.

Suram A, Venugopal C, Prakasam, Sambamurti K (2006) Genotoxicity in
Alzheimer’s disease: role of amyloid. Curr. Alzheimer Res. 3, 365-375.

Sutherland BM, Shih AG (1983) Quantification of pyrimidine dimmer contents of
non-radioactive deoxy ribonucleic acid by electrophoresis in alkaline agarose gels.

Biochemistry 22, 745-749.

289



Swain T, Hillis WE (1959) Phenolic constituents of Prunus domestica I. Quantitative
analysis of phenolic constituents. J. Sci. Food. Agri. 10, 63-68.

Szekely CA, Thorne JE, Zandi PP, Ek M, Messias E, Breitner JC, Goodman SN
(2004) Non-steroidal anti-inflammatory drugs for the prevention of Alzheimer’s

disease: systematic review. Neuroepidemiology 23, 159-169.

Tabet N, Feldman H (2002) Indomethacin for the treatment of Alzheiemr’s disease
parents. Cochrane Database Syst Rev CD003673.

Tan ZS, Seshadri S (2010) Inflammation in the Alzheimer's disease cascade: culprit or

innocent bystander? Alzheimers Res Ther 2, 6.

Tanabe C, Hotoda N, Sasagawa N, Sehara-Fujisawa A, Maruyama K, Ishiura S
(2006) ADAMI19 is tightly associated with constitutive Alzheimer’s disease APP
alpha-secretase in A172 cells. Biochem Biophys Res Commun 352, 111-117.

Taniguchi S, Suzuki N, Masuda M, Hisanaga S, Iwatsubo T, Goedert M,
Hasegawa M (2005) Inhibition of heparin-induced tau filament formation by
phenothiazines, polyphenols, and porphyrins. J Biol Chem 280, 7614-7623.

Tanzi RE, Bertram L (2001) New frontiers in Alzheimer’s disease genetics. Neuron
32, 181-184.

Tanzi RE, Bertram L (2005) Twenty years of the Alzheimer’s disease amyloid
hypothesis: a genetic perspective. Cell 120, 545-555.

Teipel SJ, Pruessner JC, Faltraco F, Born C, Rocha-Unold M, Evans A, Moller H-J,
Hamper H (2006) Comprehensive dissection of the medial temporal lobe in AD:

290



measurement of hippocampus, amygdala, entorhinal, peripheral and parahippocampal

cortices using MRI. J. Neurosci. 253, 794-800.

Tew DIJ, Bottomley SP, Smith DP, Ciccotosto GD, Babon J (2008) Stabilization of
neurotoxic soluble beta-sheet-rich conformations of the Alzheimer’s disease amyloid-

beta peptide. Biophys J 94, 2752-2766.

Thodberg HH (2003) Minimum description of length, shape and appearance models.
Process Med Imaging 18, 51-62.

Thody VE, Buckle DR, Foster KA (1987) Studies on antioxidant activity of 5-
lipoxygenase inhibitors. J. Med. Chem 17, 416-417.

Thomas TJ, Thomas T(1989) Direct evidence for the presence of left handed
conformation in a supramolecular assembly of polypeptides. Nucleic Acids Res 17,
3795-3810.

Thompson M, Williams CR, Elliot GE (1976) Stability of flavonoids complexes of
copper (II) and flavonoids antioxidant activity. Ann Chim Acta 85, 375-381.

Torroja L, Ortufio-Sahagun D, Ferrus A, Himmerle B, Barbas JA (1998) Scully, an
essential gene of Drosophila, is homologous to mammalian mitochondrial type II L-3-
hydroxyacyl-CoA dehydrogenase/amyloid-beta peptide-binding protein. J Cell Biol
141, 1009-1017.

Trease GE and Evans WC, Pharmacognosy; 11th ed.; Bailliere Tindall: London,
1978.

291



Truelsen T, Thudium D, Gronbaek M (2002) Copenhagen City Heart Study, Amount
and type of alcohol and risk of dementia: the Copenhagen City Heart Study.
Neurology 59, 1313-1319.

Trushina E, McMurray CT (2007) Oxidative stress and mitochondrial dysfunction in

neurodegenerative diseases. Neuroscience 145, 1233-1248.

Uhrig M, Ittrich C, Wiedmannl V, Knyazev Y, Weninger A, Riemenschneider M,
Hartmann T (2009) New Alzheimer Amyloid beta Responsive Genes Identified in
Human Neuroblastoma Cells by Hierarchical Clustering. PLoS ONE 4, e6779.

Urbanc B, Betnel M, Cruz L, Bitan G, Teplow DB (2010) Elucidation of amyloid
beta-protein oligomerization mechanisms: discrete molecular dynamics study.J Am

Chem Soc. 132, 4266-80.

Uttara B, Singh AV, Zamboni P, Mahajan RT (2009) Oxidative stress and
neurodegenerative diseases: a review of upstream and downstream antioxidant

therapeutic options. Curr Neuropharmacol 7, 65-74.

Van Acker SA, Vanden Berg DJ, Tromp MN, Griffioen DH, Van Bennekom WP,
Vander Vijgh WJ, Bast A (1996) Structural aspects of antioxidant activity of
flavonoids. Free Radic Biol Med 20, 331-342.

Van Vickle GD, Esh CL, Kokjohn TA, Patton RL, Kalback WM, Luehs DC, Beach
TG, Newel AJ, Lopera F, Ghetti B, Vidal R, Castafio EM, Roher AE (2008)
Presenilin-1 280Glu-->Ala mutation alters C-terminal APP processing yielding longer

abeta peptides: implications for Alzheimer's disease. Mol Med.14, 184-94.

292



Varadarajan S, Yatin S, Aksenova M, Butterfield DA (2000) Alzheimer’s
amyloidbeta peptide-associated free radical oxidative stress and neurotoxicity. J

Struct Biol 130, 184-208.

Vassar R, Bennett BD, Babu-Khan S, Kahn S, Mendiaz EA, Denis P, Teplow DB,
Ross S, Amarante P, Loeloff R, Luo Y, Fisher S, Fuller J, Edenson S, Lile J,
Jarosinski MA, Biere AL, Curran E, Burgess T, Louis JC, Collins F, Treanor J,
Rogers G, Citron M (1999) Beta-Secretase cleavage of Alzheimer’s amyloid
precursor protein by the transmembrane aspartic protease BACE. Science 286, 735—
741.

Vostalova J, Zdarilovda A, Svobodova A(2010) Prunella vulgaris extract and
rosmarinic acid prevent UVB-induced DNA damage and oxidative stress in HaCaT

keratinocytes. Arch Dermatol Res. 302, 171-181.

Vemuri P, Wiste HJ, Weigand SD, Shaw LM, Trojanowski JQ, Weiner MW,
Knopman DS, Petersen RC, Jack CR Jr (2009) MRI and CSF biomarkers in normal,
MCI, and AD subjects: diagnostic discrimination and cognitive correlations.

Neurology 73, 287-293.

Venugopal C, Demos CM, Rao KS, Pappolla MA, Sambamurti K (2008) Beta-
secretase: structure, function, and evolution. CNS Neurol Disord Drug Targets 7, 278-
294,

Vermeer SE, Prins ND, denHeijer T, Hofman A, Koudstaal PJ, Breteler MM (2003)
Silent brain infarcts and the risk of dementia and cognitive decline. The N Eng J Med
348, 1215-1222.

Veurink GD, Liu K, Taddei G, Perry G, Smith MA. Robertson TA, Hone E., Groth
DM, Atwood CS, Martins RN (2003) Reduction of inclusion body pathology in

293



ApoE-deficient mice fed a combination of antioxidants. Free Radical. Biol. Med. 34,
1070-1077.

Vingtdeux V, Dreses-Werringloer U, Zhao H, Davies P, Marambaud P (2008)
Therapeutic potential of resveratrol in Alzheimer's disease. BMC Neurosci. 9 Suppl
2:S6.

Vitek MP, Bhattacharya K, Glendening JM, Stopa E, Vlassara H, Bucala R, Manogue
K, Cerami A (1994) Advanced glycation end products contribute to amyloidosis in
Alzheimer’s disease. Proc Natl Acad Sci USA 91, 4766-4770.

Wakabayashi T, De Strooper B (2008) Presenilins: Members of the gamma-secretase
quartets, but part-time soloists too. Physiology 23, 194-204.

Wakade C, King MD, Laird MD, Alleyne CH Jr, Dhandapani KM (2009) Curcumin
attenuates vascular inflammation and cerebral vasospasm after subarachnoid

hemorrhage in mice. Antioxid Redox Signal. 11, 35-45.

Walle T, Hsieh F, Delegge MH, Jr JEO, Walle UK (2004) High absorption but very
low bioavailability of oral resveratrol in humans. Drug Metab Dispos 32, 1377 -1382.

Walsh DM, Klyubin I, Fadeeva JV, Cullen WK, Anwyl R, Wolfe MS, Rowan MJ,
Selkoe DJ (2002) Naturally secreted oligomers of amyloid beta protein potently
inhibit hippocampal long-term potentiation in vivo.Nature 416, 535-539.

Walsh DM, Townsend M, Podlisny MB, Shankar GM, Fadeeva JV, Agnaf OE,
Hartley DM, Selkoe DJ (2005) Certain inhibitors of synthetic amyloid beta-peptide
(Abeta) fibrillogenesis block oligomerization of natural Abeta and thereby rescue

long-term potentiation. J. Neurosci, 25, 2455-2462.

294



Wang J, Ho L, Zhao W, Ono K, Rosensweig C, Chen L, Humala N, Teplow DW,
Pasinetti G M (2008) Grape-derived polyphenolics prevent Abeta oligomerization and
attenuate cognitive deterioration in a mouse model of Alzheimer’s disease. J.

Neurosci. 28, 6388-6392.

Wang J, Markesbery WR, Lovell MA (2006) Increased oxidative damage in nuclear
and mitochondrial DNA in mild cognitive impairment. J Neurochem 96, 825-32

Wang Q, Xu J, Rottinghaus GE, Simonyi A, Lubahn D, Sun GY, Sun AY (2002)
Resveratrol protects against global cerebral ischemic injury in gerbils. Brain Res. 958,
439-447.

Wang Y, Klunk WE, Huang GF, Debnath ML, Holt DP, Mathis CA (2002) Synthesis
and evaluation of 2-(3’-iodo-4’aminophenyl)-6-hydroxy benzothiazole for in vivo

quantification of amyloid deposits in Alzheiemr’s disease. J.Mol Neurosci 19, 11-16.

Watanabe H (1997) Candidates for cognitive enhancer extracted from medicinal

plants: paeoniflorin and tetramethylpyrazine. Behav. Brain. Res. 83, 135-141.

Weiss JH, Pike CJ, Cotman CW (1994) Ca®" channel blockers attenuate beta-amyloid

peptide toxicity to cortical neurons in culture. J Neurochem 62, 372-375.

Weller RO (2001) How well does the CSF inform upon pathology in the brain in
Creutzfeldt-Jakob and Alzheimer’s diseases? J Pathol 194, 1-3.

Wenzel E, Somoza V (2005) Metabolism and bioavailability of trans-resveratrol. Mol
Nutr Food Res 49, 472-481.

295



Wesnes KA, Ward T, McGinty A, Petrini O (2000) The memory enhancing effects
of a Ginkgo biloba/ Panax ginseg combination in healthy middle —aged volunteers.

Psychopharmacol 152, 353-361.

Whitewell JL, Progression of atrophy in Alzheimer’s disease and related disorders.

Neurotox Res 2010[ Epub ahead of print]
Wickens PA (2001) Ageing and the free radical theory. Respir Physiol 128, 379-391.

Wilcock GK, Black SE, Hendrix SB, Zavitz KH, Swabb EA, Laughlin MA (2008)
Efficacy and safety of tarenflurbil in mild to moderate Alzheimer's disease: a

randomised phase II trial. Lancet Neurol 7, 483-493.

Wilquet V, Strooper B (2004) Amyloidbeta precurssor protein processing in
neurodegeneration. Curr Opin Neurobiol 14, 582-588.

Wischik CM, Edwards PC, Lai RY, Roth M, Harrington CR (1996) Selective
inhibition of Alzheimer disease-like tau aggregation by phenothiazines. Proc Natl
Acad Sci USA 93, 11213-11218.

Wolfe MS (2008) Inhibition and modulation of gamma- secretase for Alzheimer’s
disease. Neurotherapeutics 5, 391-398.

Wolozin B, Kellman W, Ruosseau P, Celesia GG, Siegel G (2000) Decreased
prevalence of Alzheimer’s disease associated with 3-hydroxy-3methyglutaryl co-

enzyme A reductase inhibitors. Arch Neurol 57, 1439-1443.

Wu C (1995) Heat shock transcription factors: Structure and regulation. Annu. Rev.
Cell Dev. Biol. 11, 441-469.

Wu P, Shen Q, Dong S, Xu Z, Tsien JZ, Hu Y (2008) Calorie restriction ameliorates
neurodegenerative phenotypes in forebrain-specific presenelin-land presenelin-2

double knockout mice. Neurbiol Aging 29, 1502-1511.

296



Wu Z, Smith JV, Paramasivam V, Butko P, Khan I, Cypser JR, Luo Y (2002)
Ginkgo biloba extract EGb761 increases stress resistance and extends life span of

Caenorhabditis elegans. Cell. Mol. Biol 8, 725—731.

Yan SD, Roher A, Schmidt A, Stern DM (1999) Cellular cofactors for amyloid -
peptide-induced cell stress: moving from cell culture to in vivo. Am J Pathol. 155,
1403-1411

Yan S-D, Zhu H, Fu J, Yan S-F, Roher A, Tourtellotte WW, Rajavashisth T, Chen X,
Godman GC, Stern D, Schmidt AM (1997) AB-RAGE interaction elicits neuronal
expression of M-CSF: a proinflammatory pathway in Alzheimer disease. Proc Natl
Acad Sci USA 94, 5296-5301.

Yang D, Gao Y, Robinson H, vanderMarel GA, VanBoom JH, Wang AHJ (1993)
Structural effects of C2 methylhypoxanthine: cytosine base pair in B-DNA: a
combined NMR and X-ray diffraction study of d(CGC[m21]JAATTCGCG).
Biochemistry 32, 8672-8681.

Yang DS, Small DH, Seydel U, Smith JD, Hallmayer J, Gandy SE, Martins RN
(1999) Apolipoprotein E promotes the binding and uptake of beta-amyloid into

Chinese hamster ovary cells in an isoforms specific manner. Neuroscience 90, 1217—

1226.

Yang F, Lim GP, Begum AN, Ubeda OJ, Simmons MR, Ambegaokar SS, Chen PP,
Kayed R, Glabe CG, Frautschy SA, Cole GM (2005) Curcumin inhibits formation of
amyloid beta oligomers and fibrils, binds plaques, and reduces amyloid in vivo. J Biol

Chem. 280, 5892-5901.

Yang LB, Lindholm K, Yan R, Citron M, Xia W, Yang XL, Beach T, Sue L, Wong P,
Price D, Li R, Shen Y (2003) Elevated beta-secretase expression and enzymatic

activity detected in sporadic Alzheimer’s disease. Nat Med 9, 3-4.

297



Yasuma A, Ichikawa T (1953) Ninhydrin-Schiff and alloxan-Schiff staining. A new
histochemical staining method for protein. J. Lab. clin. Med. 41, 296.

Yeagle PL (1991) Modulation of membrane function by cholesterol. Biochimie 73,
1303-1310.

Young KW, Greenwood CE (2001) Shift in diurnal feeding patterns in nursing home
residents with Alzheimer's disease. J Gerontol A Biol Sci Med Sci 56, 700-706.

Yu H, Ren J, Qu X (2007) Time-dependent DNA condensation induced by amyloid
B-peptide, Biophy J 92, 185-191.

Yu ZF, Mattson MP (1999) Dietary restriction and 2-deoxyglucose administration
reduce focal ischemic brain damage and improve behavioral outcome: evidence for a

preconditioning mechanism. J Neurosci Res 57, 830-839.

Zana M, Janka Z, Kalman J (2006) Oxidative stress: A bridge between Down’s
syndrome and Alzheimer’s disease. Neurobiol Aging 28, 648-676.

Zandi PP, Anthony JC, Khachaturian AS, Stone SV, Gustafson D, Tschanz JT,
Norton MC, WelshBohmer KA, Breitner JC (2004) Reduced risk of Alzheimer

disease in users of antioxidant vitamin supplements: the Cache County Study. Arch

Neurol 61, 82-88.

Zeng H, Chen Q, Zhao B (2004) Genistein ameliorates -amyloid peptide (25-35)-
induced hippocampal neuronal apoptosis. Free Radical Bio. Med. 36, 180-188.

Zhao B (2009) Natural antioxidants protect neurons in Alzheimer's disease and

Parkinson's disease. Neurochem Res. 34, 630-638.

Zimmer C, Luck G, Fritzsche H, Triebel H (1971) DNA—copper (II) complex and
DNA conformation. Biopolymers 10, 441-463

298



Zotova E, Nicoll JA, Kalaria R, Holmes C, Boche D (2010) Inflammation in

Alzheimer's disease: relevance to pathogenesis and therapy. Alzheimers Res Ther 2, 1

299



Publications of the
Candidate



List of candidate publications

I. Research Articles Published:

(1) Ramesh BN, Keshav Raichurkar P, Shama Sundar NM, Basavaraj KH, Rao TSS,
Sambamurti K, Rao KSJ, Molecular studies on A[1(42) induced genomic instability in aged
rabbit brain. Neurochemistry International (2010) 56, 655-662.

(2) Ramesh BN, Indi SS, Rao KSJ. Studies to understand the effect of Centella asiatica on
A[1(42) aggregation in vitro. Current Trends in Biotechnology and Pharmacy (2010) 4(2),
716-724.

(3) Ramesh BN, Indi SS, Rao KSJ. Anti-amyloidogenic property of leaf aqueous extract of
Caesalpinia crista. Neuroscience Letters (2010) 475(2), 110-114

II. Review Articles Published:

(1) Rao TSS, Ramesh BN, Vasudevaraju P, Rao KSJ Molecular biology research in
neuropsychiatry: India’s contribution. Indian J Psychiatry, (Supplement) (2010) 52(1), S299-
S306.

(2) Ramesh BN, Rao TSS, Prakasm A, Sambamurti K, Rao KSJ, Neuronutrition and
Alzheimer’s disease. Journal of Alzheimers Disease (2010) 4, 1123-1139

(3) Rao TSS, Asha MR, Ramesh BN, Rao KSJ, Understanding nutrition, depression and
mental illness. Indian Journal of Psychiatry (2008) 50, 77-82.

301



	Title Page

	Abstract

	Synopsis

	Contents

	Chapter 01

	Chapter 02

	Chapter 03A-a

	Chapter 03A-b

	Chapter 03B

	Chapter 04A

	Chapter 04B

	Chapter 04C

	Chapter 05

	Bibliography

	Publications




