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Abstract

Factor influences during prenatal brain development, mainly is genetics,
whereas postnatal, adult are regulated by genetics and environment. Developmental
disorders of the brain can create serious problems for children-including mental
deficiency. These create life-long problem, often being the cause of drug abuse and
violence. Thus, studies are encouraged and needed to identify, characterize and
elucidate mechanisms of certain factors that are both positive and negative,
influencing the brain development throughout life-span, including prenatal, postnatal,
adult and aging periods. The specific aims of these studies are 1) To investigate and
elucidate the mechanisms of the illicit substances such as amphetamines, trigger cell
death and induce age-related neurodegeneration, 2.) to investigate and elucidate the
mechanisms of amphetamine affecting early brain development and functions, 3.) to
investigate certain environmental factors, such as stress affecting early brain
development, and 4 ) to identify the roles of neuroprotective agents especially of
melatonin and natural phenols like phytoestrogens in developing and adult nerve cells.

Methamphetamine (METH) is a drug of abuse and also a neurotoxin that may
cause long lasting changes in the dopaminergic pathways of CNS. It is considered as
one of the models for drug-induced parkinsonism.Our study found that METH induced
dopamine cell line, SK-N-SH cell death by generating reactive oxygen species. METH
can disrupt the electron transport chain by inhibiting complex | activity, an event which

may be associated with the decrease in ATP production.METH caused overp roduction

of lipid peroxidation and induction of abnormal protein found in Parkinsonian brain, Ol-
synuclein expression. Furthermore we found that amphetamine induces the
expression of LC3-Il, a protein associated on autophagosome membrane, in a dose
dependent manner. Moreover, amphetamine inhibits phosphorylated of mammalian
target of the rapamycin (mTOR) and the action of its downstream target, the eukaryotic
initiation factor (elF)4E-binding protein, 4EBP1. The present study attempted to
investigate the effects of METH induced neurotoxicity in the dopaminergic system of the
neonatal rat brain. The results showed that in chronic METH administration in postnatal
rat, tyrosine hydroxylase enzyme levels were significantly decreased in the dorsal
striatum, prefrontal cortex, nucleus accumbens and substantia nigra, whereas
synaptophysin levels decreased in the striatum and prefrontal. METH induced a
decrease in VMAT-2 immunoreactivity and a decrease in phosphorylated tyrosine

hydroxylase expression. We also observed an increase in (-synuclein



immunoreactivity in striatum of postnatal rat. Dopamine D1 receptor (DRD1) levels
increased in the dorsal striatum whereas dopamine D2 receptor (DRD2) levels
significantly decreased in both the prefrontal cortex and the dorsal striatum but
significantly increased in the nucleus accumbens. DRD1 mRNA levels were significantly
increased in the dorsal striatum whereas DRD2 mRNA levels were significantly
increased in all three brain regions. We also detected the over expression of iINOS
induced by METH in cultured microglial cells this could be an important source of NO
in CNS inflammatory disorders associated with the death of neurons and
oligodendrocytes. We examined the lipid peroxidation and antioxidant enzymes in the
blood of human amphetamine users. The plasma lipid peroxidation was significantly
increased, whereas the activities of the erythrocyte antioxidant enzymes glutathione
peroxidase, catalase, and superoxide dismutase were significantly decreased in human
amphetamine users. These results implicated the potential role of oxidative stress in
amphetamine-induced neurotoxicitity.

Litle was known about how prenatal stress can permanently alter
developmental trajectories of pup’s brain. The present study examined the effects of
repeated maternal restraint stress on the level of GAP-43 in the brain of rat pups. The
results showed that prenatal stress significantly increased GAP-43 level in the prefrontal
cortex of rat pup during PND 7-14 . Increased GAP-43 expression was also observed in
the pup’s hippocampus during the same postnatal periods. However, when observed at
PND 60, pups born from stressed mother showed a significant lower (p<0.001) GAP-43
expression as compare with control group. The results suggested that maternal stress
is harmful to the developing brain. Administration of dexamethasone, a synthetic
glucocorticoid receptor agonist, causes neuronal death in the CA3 layer of the
hippocampus which has been associated with learning and memory impairments by
water maze performance.Prolonged treatment with dexamethasone caused
morphological changes and increased the expression of NMDA —glutamate receptor
subunit in hippocampal CA3 region. Prenatal stress alter the normal developmental
trajectories in the pup’s brain may underlies the mechanism link between early life
stress and neuropsychopathology in later life.

In order to identify the roles of neuroprotective agents, we examined especially
of melatonin and some natural products in developing and adult nerve cells studies.
Melatonin is a methoxyindole secreted mainly, by the pineal gland. An increasing body

of evidence indicates that melatonin can exert neuroprotective effects in various models



of neurodegeneration. Our results indicate that pretreatment with melatonin markedly
prevented the loss of cell viability caused by amphetamine treatment in the SK-N-SH

cells. It prevented the overproduction of ROS, lipid peroxidation, depletion of

intracellular ATP levels and induction of Ol-synuclein expression, caused by
amphetamine. We found that a pre-treatment with melatonin enhances mTOR activity
and 4EBP1 phosphorylation and protects against the formation of LC3-ll in SK-N-SH
cells exposed to amphetamine. Pretreatment with 2 mg/kg melatonin 30 min prior to
METH administration in rats prevented METH-induced reduction in tyrosine
hydroxylase, synaptophysin and growth-associated protein-43 protein levels in different
brain regions. Besides the roles as the antioxidative stress of melatonin, there is
increasing evidence that melatonin can modulate the expression of neurotrophins or
neurotrophic factors which play essential roles in neurogenesis and neuroprotection. In
this study, we examined whether melatonin could affect adult brain tissue functions,
especially in high-level adult neurogenesis area, subventricular zone. We found that
adult subventricular zone of the lateral ventricle, the main neurogenic area of the adult
brain, expresses melatonin receptor. In addition, treatment NSCs derived from this area
with melatonin during proliferation period increases the total number of neurospheres.
As stem cell replacement is thought to play an important therapeutic role in
neurodegenerative diseases, melatonin might be beneficially used for stimulating
endogenous neural stem cells. In addition, it is interesting to further investigate whether
melatonin can enhance the neurogenesis in hippocampus in order to promote the
learning and memory process in young and/or elderly individual. It may also be possible
to enhance brain function during early and aging brain development and resistance to
injury and disease in humans.

Key words: amphetamine, brain development, dopamine, drug abuse,
neurodegeneration, Parkinson’s disease, melatonin, neural stem cell, oxidative stress,

stress
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Executive Summary

1. Background and Significance:

The brain is the most important organ in the body. It regulates almost entire
body functions by having different neuronal innervations. Its complexity is astounding but
not beyond our understanding. In the brain lies the ultimate answer to many of our
health problem. It is truly the final frontier for medical science. The basic mechanisms of
the brain are common to all humans, but the particular circuitry that develops in an
individual depends on genetic heritage and environment. Factor influences during
prenatal brain development, mainly is genetics, whereas postnatal, adult are regulated
by both factors. In infants and children, many disorders disrupt the development of brain
with lasting consequences. Developmental disorders of the brain can create serious
problems for children-including mental deficiency such as reduction of intelligence, low
IQ, autism, developmental language disorders, learning disabilities, cerebral palay, and
disorders affecting attention and behavior. These create life-long problem, often being
the cause of drug abuse and violence. Recent data reported by a group of researchers
in Ramathibodi Hospital have shown that the average 1Q of Thai children from 20

provinces is 91 whereas 44 % of these are below 91.

Many of mechanisms that regulate neural development are believed to play a
role in the aging of the nervous system. How might development mechanisms contribute
to the pathogenesis of neurodegenerative disorders? The nervous system develops and
continues to change throughout life. This information has profound implications for the
treatment of nervous system diseases. Nearly 1 in 4 Americans are affected each year
by one or more neurological or psychiatric disabilities. More people are hospitalized in
the United States with neurological and mental disorders than any other major disease
group, including heart disease and cancer. These disorders cost US over $ 100 billion a
year. There is increasing evidence suggesting that the brain plays major role in
regulating lifespan as well as health status during the aging process. The nervous
system contains several signaling pathways that influence and regulate lifespan in
individuals. Cells in the brain die following stroke, trauma and chronic neurodegenerative
disease. The mature brain cannot normally replace lost nerve cells. Neurogenesis, a

process of generating functionally integrated neurons from progenitor cells, was



traditionally believed to occur only during embryonic stages in the mammalian nervous
system. Only recently as it become generally accepted that new neurons are indeed
generated in discrete regions of adult mammalian CNS. Both fetal and adult stem cells
respond to a variety of growth factors. Molecules that drive development, including
cytokines, neurotransmitters, and hormones, are also critical regulators of neurogenesis
during development and aging. While the level of neurogenesis can be modulated by
factors such as diet, environmental stimuli and trophic factors, there is little information
to date regarding the intrinsic mechanisms underlying the age-related decline in neural
stem function. Thus, studies are encouraged and needed to identify, characterize and
elucidate mechanisms of certain factors that are both positive and negative, influencing
the brain development throughout life-span, including prenatal, postnatal, adult and aging

periods.

2. The Specific Aims:

1. To investigate and elucidate the mechanisms of the illicit substances such as
amphetamines affecting early brain development and functions.

2. To investigate and elucidate the mechanisms of amphetamine, trigger cell death
and induce age-related neurodegeneration.

3. To investigate certain environmental factors, such as stress affecting early brain
development.

4. To investigate and elucidate whether “physical exercise” can enhance the
neuronal development, restore of surviving neurons and enhance neurogenesis
in aging brain.

5. To identify the roles of neuroprotective agents especially of melatonin and natural
phenols like phytoestrogens in developing and adult nerve cells, and the
pharmacological potential of the factors to prevent death of the nervous, to
maintain their functions and to enhance neurogenesis.

6. To investigate different potential candidate genes involved in drug addiction, in

age-related neurodegeneration, in neuronal development.

3. Research design

Sub-project 1: Effects of drug abuse on prenatal brain development



Animal
1). Pregnant rat/ (9-18 days of gestation) divided into 4 groups
1.1 Control
1.2 Amphetamine treated
1.3 Melatonin/or phytoestrogen treated
1.4 Amphetamine + melatonin (or phytoestrogen) treated group
2). Learning and memory test on rat pups with different prenatal periods (P4, P10, P16,
adult)
3). Locomotors activity test
4). Hippocampal region will be dissected and
4.1 Compare protein and mRNA of growth factor (BDNF)
4.2 Compare the glutamate transmission
4.3 Detect and compare neurogenesis
4.4 Detect and compare synaptogenesis
5). Striatal region will be dissected
5.1 Compare protein and mRNA of growth factor (BDNF)
5.2 Determine and compare dopamine system:
- dopamine transporter,
- dopamine D1 receptor gene expression
- dopamine D2 receptor gene expression

Prenatal drug exposure children/ADHD

6). Different parameters of brain development will be performed:

6.1 Motor activity

6.2 Language development

6.3 1Q test

6.4 Different candidate genes related to brain development and cognition (dopamine
transporter, adrenergic alpha 2 C receptor, adrenergic alpha 2A receptor, and D2
dopamine receptor will be detected and compared
Sub-project 2: Molecular mechanism of drug addiction induced age-related
neurodegeneration

Dopamine Cell Line (SK-N-SH or SH-SY5Y)

1). will be cultured and the following treatments will be performed:

1.1 Control



1.2 Amphetamine treated
1.3 Melatonin/or phytoestrogen treated
1.4 Amphetamine + melatonin (or phytoestrogen) treated group
2). Compare ROS, NO pathway related to oxidative stress that leads to apoptosis

3). Determine and compare the level of abnormal protein (which is the hallmark for

different age-related neurodegenerative diseases): Ol-synuclein, Lewy’s body
Animal
1). Animals are divided into 4 groups
1.1 Control
1.2 Amphetamine treated
1.3 Melatonin/Phytoestrogen treated
1.4 Amphetamine + melatonin (or phytoestrogen) treated
2). Determine the dopamine system: (striatum, substantia nigra, ventrotegmental area,
nucleus accumbens etc): dopamine transporter, dopamine D1/D2 receptor
3). Determine the oxidative stress pathway in different dopamine system
4). Determine the abnormal protein in different brain area
5). Determine the interrelationship of the induction of abnormal protein and the oxidative
stress

Drug abuse addicts/Parkinson’s Patient

1). Determine the plasma/oxidative stress parameter in amphetamine abused
subjects/Parkinson patients

2). Compare the candidate genes (dopamine D2/D4 receptor, dopamine transporter, 5-
HT1B receptor, COMT, MAO) in drug abused subjects

3). Compare the candidate genes related to age-related neurodegenerative disorder

(Parkinson’s disease)

Sub-project 3: Stress affecting early brain development

1). Animals are divided into different groups:
1.1 Control
1.2 Maternal restraint stress
1.3 Maternal separation
1.4 Maternal restraint and maternal separation

2). Plasma corticosterone is detected

10



3).
4).

5).

Learning and memory test are tested on the above animal groups
Hippocampal region will be dissected and

4.1 Determine and compare the level of growth factor (BDNF) protein and mRNA
4.2 Determine and compare neurogenesis

4.3 Determine and compare synaptogenesis

4.4 Detection of glutamate synaptic transmission

4.5 Determination of long term potentiation, and long term depression
4.6 Determination of the oxidative stress pathway

4.7 Determination of the serotonin neurotransmission
Melatonin/phytoestrogen treated group:

5.1 Control

5.2 Maternal restraint stress group treated with melatonin/phytoestrogen
5.3 Maternal separation group treated with melatonin/phytoestrogen

5.4 Maternal restraint + maternal separation treated with melatonin/ phytoestrogen

These four groups of animals will be studied and compared with the four untreated

groups as items 2-4.

Sub-project 4: Exercise affecting young and aging brain development

1),

Animals

1.1 Young adult (6-8 weeks)
1.2 Neonatal (3-4 weeks)

1.3 Aging (> 24 month old)
1.4 Young adult rat + exercise
1.5 Neonatal + exercise

1.6 Aging + exercise

. Locomotors activity tested on six different animal groups (above)
. Learning and memory test

. Hippocampal region will be dissected and the following parameters will be detected

4.1 BDNF protein and mRNA
4.2 neurogenesis

4.3 Synaptogenesis

4.4 Long term potentiation

4.5 Oxidative stress pathway



4.6 Glutamate transmission system: glutamate transporter, receptors
5). Striatum will be dissected and the following parameters will be detected as item No.
4.1-4.5

5.1 Dopamine transmission system: dopamine transporter, dopamine D1/D2 receptors
6). Animals in item No. 1 treated with phytoestrogen and compare with animals in item
No. 1, as the following parameters:
7). Locomotors activity
8). Learning and memory test
9). Hippocampus will be dissected and determine the following

9.1 BDNF

9.2 Neurogenesis

9.3 Synaptogenesis

9.4 Long term potentiation

9.5 Oxidative stress

9.6 Glutamate transmission
10). Striatum will be dissected and determine parameter as shown in item No. 5
11). Animals in item No. 1 treated with melatonin and compare with animals in item No.

1, and follow the different studies as shown in item No. 9-10.

4. Time Table

12



Time table 1. Subproject 1: Effects of drug abuse on prenatal brain development.

1% year 2" year 3" year
Month Month Month
1-6 7-12 1-6 7-12 1-6 7-12
1% year
Animal
«—>

1). Pregnant rat/(9-18 days of gestation)
devided into 4 groups
1.1 Control
1.2 Amphetamine treated
1.3 Melatonin/or phytoestrogen treated
1.4 Amphetamine + melatonin (or
phytoestrogen) treated group
2). Learning and memory test
3). Locomotor activity test
4). Hippocampal region will be dissected and
compared protein and mRNA of growth factor

(BDNF)

A

v

5). Hippocampal region will be dissected and

13




compared glutamate transmission,

neurogenesis, and synaptogenesis

nd

2 year
6). Striatal region will be dissected and

compared protein and mRNA of rowth factor
(BDNF)

A

7). Striatal region will be dissected and
compared dopamine, transporter, dopamine

D1 and D2 receptor gene expression

A

rd

3 year
Prenatal drug exposure children/ADHD

8). Different parameters of brain development
will be performed:

8.1 Motor activity

8.2 Language development

8.3 1Q test

A

v

9). Different candidate genes related to brain
development and cognition (dopamine
transporter, adrenergic alpha 2 C receptor,
adrenergic alpha 2A receptor, and D2

dopamine recepotr will be detected and

A

\ 4

14




compared
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Time table 2. Subproject 2: Molecular mechanism of drug addiction induced age-related neurodegeneration

1% year

2" year

3" year

Month

Month

Month

1-6

7-12

1-6

7-12

1-6

7-12

st

1" year
Dopamine Cell Line (SK-N-SH or SH-SY5Y)

1). will be cultured and the following
treatments will be performed:
1.1 Control
1.2 Amphetamine treated
1.3 Melatonin/or phytoestrogen treated
1.4 Amphetamine + melatonin (or
phytoestrogen) treated group
2). Compare ROS, NO pathway related to

oxidative stress that leads to apoptosis

A

v

3). Determine and compare the level of

abnormal protein.

A

\ 4

nd

2 year
Animal

4). Animals are devided into 4 groups

A

\ 4
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4.1 Control

4.2 Amphetamine treated

4.3 Melatonin/Phytoestrogen treated

4.4 Amphetamine + melatonin (or
phytoestrogen) treated

5). Determine the dopamine system:

(striatum, substantia nigra, ventrotegmental

area, nucleus accumbens etc): dopamine

transporter, dopamine D1/D2 receptor

6). Determine the oxidative stress pathway in

different dopamine system

7). Determine the abnormal protein in
different brain area

8). Determine the interrelationship of the
induction of abnormal protein and the

oxidative stress

v

rd

3 year
Drug abuse addicts/Parkinson’s Patient

9). Determine the plasma/oxidative stress
parameter in amphetamine abused

subjects/Parkinson patients

17




10). Compare the candidate genes (dopamine
D2/D4 receptor, dopamine transporter, 5-
HT1B receptor, COMT, MAO) in drug abused

subjects

11). Compare the candidate genes related to
age-related neurodegenerative disorder

(Parkinson’s disease)

18




Time table 3. Subproject 3: Stress affecting early brain development

1% year 2" year 3" year

Month Month Month

1-6 7-12 1-6 7-12 1-6

st

1 year
1). Animals are divided into different groups:

1.1 Control

A
\4

1.2 Maternal restraint stress

1.3 Maternal separation

1.4 Maternal restraint and maternal
separation
2). Plasma corticosterone is detected
3). Learning and memory test are tested on

the above animal groups

A
v

4). Hippocampal region will be dissected and
compare the level of growth factor (BDNF)
protein and mRNA, neurogenesis,
synaptogenesis, glutamate synaptic

transmission, long term potentiation, long

term depression, oxidative stress pathway,




and serotonin neurotransmission

2" year
5). Melatonin treated group:

5.1 Control

5.2 Maternal restraint stress group treated
with melatonin

5.3 Maternal separation group treated with
melatonin

5.4 Maternal restraint + maternal
separation treated with melatonin
These four group of animals will be studied
and compared with the four untreated groups

as items 2-4

A

\4

rd

3_year
6). phytoestrogen treated group:

6.1 Control

6.2 Maternal restraint stress group treated
with phytoestrogen

6.3 Maternal separation group treated with
phytoestrogen

6.4 Maternal restraint + maternal

A

v

20




separation treated with phytoestrogen
These four group of animals will be studied
and compared with the four untreated groups

as items 2-4

21




Time table 4. Subproject 4: Exercise affecting young and aging brain development

1% year 2" year 3" year
Month Month Month
1-6 7-12 1-6 7-12 1-6 7-12
1% year
1). Animals ——

1.1 Young adult (6-8 week)

1.2 Neonatal (3-4 week)

1.3 Aging (> 24 month old)

1.4 Young adult rat + exercise

1.5 Neonatal + exercise

1.6 Aging + exercise
2). Locomotor activity tested on six different
animal groups (above)

3). Learning and memory test

4). Hippocampal region will be dissected and
the following parameters will be detected

4.1 BDNF protein and mRNA

4.2 neurogenesis

4.3 Synaptogenesis

A

\ 4
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4.4 Long term potentiation

4.5 Oxidative stress pathway

4.6 Glutamate transmission system:
glutamate transporter, receptors
5). Striatum will be dissected and the
following parameters will be detected as item
No. 4.1-4.5

5.1 Dopamine transmission system:
dopamine transporter, dopamine D1/D2

receptors

nd

2 year
6). Animals in item No. 1 treated with

phytoestrogen and compare with animals in
item No. 1, as the following parameters:
7). Locomotor activity

8). Learning and memory test

A

\4

9). Hippocampus will be dissected and
determine the following

9.1 BDNF

9.2 Neurogenesis

9.3 Synaptogenesis

23




9.4 Long term potentiation
9.5 Oxidative stress
9.6 Glutamate transmission
10). Striatum will be dissected and determine

parameter as shown in item No. 5

rd

3 year
11). Animals in item No. 1 treated with

melatonin and compare with animals in item
No. 1, and follow the different studies as

shown in item No. 9-10

v

A
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5. Expected benefits:

1. This project will help talented faculty members develop expertise in
multidisciplinary approached toward the understanding of basic directed research
in  neuroscience involving in neural development, normal aging,
neurodegeneration, substance abuse and behavioral abnormalities.

2. This will consolidate and strengthen our links with leading research groups in local
and abroad.

3. A more complete understanding of the agents or environmental or genetic factors
that damage neuron and trigger neuronal death and metabolic steps that carry
out the process will certainly lead to new therapeutic strategies for many
neurological disorders, such as Parkinson’s disease, Alzheimer's disease,
attention deficit hyperactive child (ADHD), autism, Down’s syndrome, to solve
these mysterious of diseases and addiction problems.

4, This will stimulate public awareness in several problems related to child
development such as drug addiction, nutrition, environment, and problems
related to age-related neurodegeneration such as stress, exercise and nutrition.

5.  Natural compounds like BDNF, melatonin, phytoestrogen etc, will be re-
engineered so they can fine-tune the brain, to restore balance to mood and to
reverse the neurodegenerative process.

6. This will precipitate novel ideas on the understanding of neurogenesis in the
process of replacement of lost cell before engaging the treatment via neural stem
cell.

7. Solving this project problem will require a mix of ideas, approaches and
perspective- but the payoff for both medicine and fundamental neurobiology

promises to be high.

6. Output

1. This will encourage the faculty members’ abilities to the training of the next
generation of scientists, at least 8-9 Ph.D students and 1-2 postdoctoral fellows.
2. This will facilitate and strengthen the basic research skill by publishing at least 5

papers/ year or 15 papers/ 3 years in the high impact factor journals (listed in
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table) and presenting novel data in national/ and international scientific

symposium (10 abstracts/year, 30 abstracts/3 years).
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Table 2 Expected Publications

serotonin transporter in prefrontal

cortex of postnatal rat

Impact
Title Journal

factor
Amphetamines induce Brain Research 2.389
neurodegeneration in dopamine
cell line and dopaminergic
pathways in animal model
Neonatal amphetamine European Journal of 3.820
administration alters dopamine Neuroscience
receptor gene expression in rat
nucleus accumbers, striatum and
prefrontal cortex
Amphetamines induce cell death Neurotoxicity 2.500
via oxidative stress
Methamphetamine produces Ol- Journal of 4.824
synuclein, a hall maker of Neurochemistry
parkinson’s disease, in SK-N-SH
cell and mice model
Effect of Prenatal Stress on Developmental 3.184
axonal growth in prefrontal cortex Neuroscience
of Postnatal Rat
Melatonin protects dopaminergic Journal of Pineal 5.1
neuron degeneration induced by Research
methamphetamine

2" year

Prenatal Stress alters the level of | Behavioral Neuroscience 2.819
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Exercise induced neurogenesis in
dentate gyrus and enhanced
learning and memory in adult

mice

Journal of Neuroscience

5.275

Phytoestrogen induced
synaptogenesis in young and

aged rat hippocampus

Journal of

Neurochemistry

4.824

Decreased numbers of
synaptophysin in aged brain and
its preventation by rearing under

enriched environment

Aging Cell

5.960

Amphetamines reduce learning
and hippocampal neurogenesis in

young mice

Developmental

Neuroscience

2.384

Oxidative stress in blood of
Parkinson patient and

amphetamine abuses

Neurochem. International

3.211

Delayed in language development

in prenatal drug addicted child

Behavioral

Neuroscience

2.819

Corticosterone alters BDNF
expression in hippocampus and

learning

Brain Research

2.389

3" year

Phytoestrogen enhances the
production of brain-derived
neurotrophic factor and

neurogenesis in rat hippocampus

Eur J Neuroscience

3.820

Phytoestrogen regulates
hippocampal synaptophysin

density and learning

Journal of Neuroscience

7.907

Synaptic secretion of BDNF in
hippocampus after spontaneous

exercise

Journal of Neuroscience

7.907
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Neuroprotective and
neurorestorative signal
transduction mechanism of

melatonin in aging brain

Journal of Pineal

Research

3.261

Neuroprotective and
neurorestorative effects of
melatonin in amphetamine-
induced dopaminergic cell

damage

Neurotoxicity

2.500

Neuroprotective stress response

of phytoestrogen

Eur. J. Neuroscience

3.820

Genetic and neurochemical
modulation of prefrontal cognitive
function in prenatal drug abuse

children

Journal of Cognitive

Neuroscience

5.275

Neuronal electrophynological
properties of phytoestrogen-
induced newly generated

hippocampal neuron

Journal of Neuroscience

7.907

Interaction between serotonin
transporter polymorphism and
environmental stress on brain and

behaviour development

Behavioral

Neuroscience

2.819

10

The COMT polymorphism,

memory

Genes Brain Behavior

3.846

11

Genetics influences on oxidative

stress involved in cognitive aging

Cognitive Brain

Research

2.394
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AR INRITHIVY

I. To investigate and elucidate the mechanisms of amphetamine trigger all death

and induce age-related neurodegeneration

\WBFAN®Y mechanism VIRISLANA® amphetamine i lAirasdseanizanuazansy be

i liAana lninlanguaazanluivsin lagiawizatnsbignadtiautuy  Parkinson
A , & P o A o

w0 hinunInaaasnasanunlasltraly model Aald

|. dopamine cell line Model mqwam"ﬁ cell Tiiailiiiasanlsa Parkinson Aafiasan
mnﬁawaomaﬁﬂszmw dopamine  U3LIT nigrostriatum LLazLﬁadmmmaﬁﬂizmﬂ
dopamine 1310k ventrogemental area Wa% nucleus accumbens i) target Va4
amphetamine 712z act vhlWiAaaimania ﬂﬁ]'cgﬂ'uﬂ'd"l,aifmm@;uazwm%ﬁ’uﬁ@maa
Tsnawaalanuuy  Parkinson ﬁmiéﬁiamﬁgmmaﬂi:msﬁamﬂﬁ@ oxidative stress
13170 dopamine nigrostriatum My3nIlsnavadFanilaailUezldeniluiind5un o
Wiy IuasILY dopamine 7% L-dopa %%amﬁvl,ﬂm:{mmiﬁﬂmmaa
dopamine receptor udvasasipnas lfnalumssnsiiiesan L-dopa Qmﬂﬁ'ﬂmﬂu
dopamine i dopamine N USm dopamine synatic 2znaliiie auto-oxidation

nauvinae dopamine cell

1. Amphetamine toxic Mo Dopamine cell line

NANIINANDINLUINRT amphetamine il dopamine cell line @18 WRZNA M
MIMBLAAKIL oxidative stress 1in ROS aa ATP, Lfi lipid peroxidation AUS
8379 abnormal protein, COl-synuclein 5]45'01,1‘?]% hall mark v8913@ Parkinson 1Juéu G'f;d
Junalnwalewls  Parkinson  uaz  Parkinson model (Ajimaporn et al 2007;
Klongpanichapale et al 2007 (tanN®IFLLWU 2.1, 2.2)

2. §15NB298 UL neurodegeneration

813 melatonin (hormone Nasalasdanwifiva) ausatlesnuuazduginisiie

oxidative stress %16 UazgugINIIAa  Ol-synuclein  l6 WawTuiianudagani
WUAMANLIALEY Melatonin Rld@RNWIUINIINT Journal of Pineal Research 71

Amaulidved Melatonin Nfidanaiiia neurodegeneration " ¥inliTuwiliuirausn

' wa

T duenduanusInIwnIall wannRNaNEIuEINLIN  amphetamine ¥inl#aa

9 U

a , 4 , w EWaed
1301089 phosphorylated tyrosine hydroxylase @4 melatonin fANTRHUEI b B9ndn
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v
=l

& melatonin §3gaNIANLTINDL p-tyrosine hydroxylase asuunguIanldninaln

aTUNENITIULINITLAG Ol-synuclein 9N amphetamine W& laaRWlwINTENS
Neuroscience Letter 2008; 436:309-313. (Klongpanichapak et al 2007, 2008) (Lan&13
WWU 2.1, 2.2)

3. Neurotoxic effect 289 amphetamine nieae dopamine cell line HIFINITOL LIS

Taaae zinc I@ﬂﬁ zn 22l induce ifa  zn binding protein (Metallothionein) Zn

fUNIasuSIMIAe  Ol-synuclein Tag amphetamine naswitlaamuwluansans
Neuroscience Letter Zn mmiﬂﬂ‘uﬂ.ﬁdﬂ’l‘nﬁ@] reduced glutathione NNIIRARIVDI
mitochondrial complex | N1ILA@ lipid peroxidation 21N neurotoxic effect a4
amphetamine qw%mad Zn ilzwmvl,llLﬁa treat cell @28 Zn chelating agent (CaEDTA)
Ak neuroprotective effect f‘: LﬁﬂLﬁadﬁ]’lﬂﬂ’l‘i treat Zn ¥inlAiAa zn binding protein,
metallothionein “ilxu Nad’mf:a?ﬂ WALANNWIUINIANT Brain Rest Bull (Ajimaporn et al

2008, Lan®1ILBL 2.7)

4. Amphetamine 1 lwtna signal molecule ‘Yd;l,ﬁl gINU apoptosis

Amphetamine ¥inl#ifia Bax/Bol2 Rndn usziudslddis melatonin  wawil
a@ANWl Wisesmith et al 2009 J Pineal Res. (2009) @9lonsnsuuy 2.13  a9dl
anuuzaiion H,0, ¥l dopamine cell line @y effect ﬁazgﬂﬁuﬁgﬂﬂﬁw
melatonin (Chetsawang et al 2007 (Lan®IILWY 2.3)) ﬂﬁiﬁ%ﬂd’;%ﬁﬁ]&ﬂ%ﬂﬂLﬁﬂ&mam‘i
NARINU H,O, LRsR1T  toxin éh‘éus] % MPTP U8% rotenone, paraquate HWR4H
LﬁaaﬁuﬁﬁwvlﬂLaualumuﬂi:qu%mmﬂm Asia-Pacific Society for Neurochemistry
WRZANNWI J. Neurochem 2008; 106 (suppl 1): p.40

Melatonin a’lmmﬂ'uﬂv'amimsmm dopamine cell NHNAVBY H,O, (183}
MPP’ mmmﬂ'u&msamawaa phosphorylated-tyrosine hydroxylase N1IRARIVDI
phosphorylated CREB 370 toxic effect 489 H,0, %38 toxic effect W83 MPP
naas et laaRuWlwNTENTIIUITE Chetsawng et al 2008 Neurochem Int. 2008:
53: 283-288 (AILANAIIUUL 2.9)

ﬂéwagﬂﬁwudﬁ MIMBVaI dopamine cell a1 Ras-dependent signaling
pathway 6‘%(1 melatonin fl“i.lti‘i toxic effect 183 H,0O, [T transsylation ¢8 Ras
protein ﬁagammﬁﬁﬂﬂLauaﬁmuﬂsz"gw%"mﬂ'ﬁ Asiz-Pacific ~ Society  for
Neurochemistry %ﬂﬁaﬁwﬁ@u abstract 14313815 J. Neurochem 2008; 106 (suppl 1):
p.47 Waz J. Pineal Rest, 2009; 46: 36-42. Chetsawang et al 2009 (ﬁdLﬂﬂﬁ’]‘iLmU
2.11)
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5. Amphetamine I dopamine cell g autophagy

Amphetamine il dopamine cell line a8lasEIUVLINNNT oxidative stress
vl#iAa apoptosis uaﬂmﬂﬁmﬂNaam’?%’ﬂmﬂmj&ﬁ%’ﬁﬁwuh amphetamine ¥inl# SK-
N-SH dopamine cell line i@ autophagy lagnsiia  mammalian target of rapamycin
(mTOR) signaling protein, mTOR WD signaling protein ﬁﬁ%ﬁf’lﬁmqu growth LAz
proliferation, mTOR 1apuutadldlay  growth factor 6194 1%% amino acid %38
stress QN suppress la® rapamycin mTOR gn  activate 1w p-mTOR G99zl
phorphorylate protein 8n 2 a%a 8 p70S6K ez 4EBP1 Favzrnliifa growth UaY
proliferation IMNNANNINARBINLIN amphetamine baa p-mTOR &3% melatonin 778
flasnumInaadtad p-mTOR 27N amphetamine 11897%N1Y reduction of p-4EB1-
induced by amphetamine W&z melatonin flasnwn3iia autophagy “ﬁ'agaaﬁ'ﬁﬁﬁ
anuimayunlungeglng Naaﬂuf:ﬁﬁvlﬂLauaﬁmuﬂizqw%’m’ﬁ Asia-Pacific Society
for Neurochemistry uazla@RnWiLu abstract 1413813 J.Neurochem 2008; 106 (suppl
1): p.38  WATANNWIUINIRNTWIWITIA J Pineal Res. 2009; 46: 199-206. (IF = 4.09)
Kongsuphol et al 2009 (ﬁdLaﬂaﬁiLLuU 2.10)

wonani ngudapdalddnmeadnin m3fi amphetamine  vhlWimadUszam
anelagri pathway w89 mTOR 1 $ududasfianiumaia reacetive oxygen
species LLaz“u‘mumif:ﬂ"ngdeﬁﬁw melatonin Namuﬁtﬁﬁﬁdmummﬁaaﬁuﬁ Nopparat

et al (LANRIIULY 2.22)

Il. Microglial cell model
1. Amphetamine qnano glial cell

N3G neurodegeneration LT Parkinson, Alzheimer N&bNNN3LAA
neurodegeneration ‘qu #“BNIN oxidative stress ﬂ‘aﬁmwﬁ%‘uﬂ LD %’mﬁlad immune,
inflammation ﬁnﬂmimaawaamjﬁ%’uﬁwm'] amphetamine IWagan13viUUeg glial
cell %oLﬂuLsﬁaa‘ﬁLgmﬁﬁwﬁmﬂaamjaﬂs:mw WU71 amphetamine ¥4 glial cell ane
Taumsiia nitric oxide MINARBINIA nitric oxide synthase, melatonin §ANTASUES
Puammsinanuwisoladfuwluansas Neuroscience Letter  2008; 489: 134-137

Torarus et al 2008 (LaNRITLUL 2.6) wanANHEINLIN amphetamine RIGE
cytotoxic factor @14¢) LTw interleukin-1B (IL-1B), tumor necrosis factor -0l (TNF-QL)
melatonin &WNIAGUGINIAG (IL-13) usasin  melatonin - HgmandAlunadu

inflammatory process lage% (TNF-QU) e interleukin NYUNLBEAUEI mechanism

>

ﬂajaﬁ Uﬁﬁamumua§ﬂtﬁaﬁﬁuwﬂmwsmsmmmﬁ

33



v
=1

ﬂmwﬁw%ffﬂﬁﬁgaﬁgﬂiﬂﬂﬁtﬁﬂ inflammatory process b microglia cell %
lagld LPS vihli# microglia 1A COX2, NO uag cytoxic factor 6199 vUIUNIRIZYN

ﬁ’uﬂ'@"L@T@T’mmqm"LWi curcuma comosa Roxb (Zingibesaceae) WAL RTLALARI

A g £ . ' A {
ayulwsziiaddgniidu anti-inflammatory YUIBNT0E1 IR IV IFNBILTON
. A 1 . . a g: £ dq’d A"‘ | .
(neurodegeneration) AN inflammation muumayuvlwsmmﬂmﬂu anti-

neurodegeneration aziudszlomilumsnanuialflursmsunndeald nanuidofiaz
#NuNWI1581T Neuroscience letter 2009 Thampithak et al (2009) (LAN&ITLUL 2.16)

lll. Animal Model
1) HaYa9 amphetamine/amphetamine derivative @iaauam}é
a . = o v a . v a
mMi%a  Amphetamine luny Auarilinunda  dopamine Wawadlusiam
. s = A { A v o a . & . o
striatum T duvSiauiinedasnumsiialsa Parkinson 48034 amphetamine £95
NAaALUINII coenzyme Q10 luuSiamh stratum lag  coenzyme Q10 Hgwinendaslu
o . . . @ o [y o L. . . a £ A
NINWNIBVDI mitochondria Amphetamine UGWIFL%%EJL&S’N lipid peroxidation LN UL D

\udunaunusnL oxidative stress THUSNIMENNBIEIUULY  UIIMANIY VBIFNDS

prefrontal cortex, striatum, ventral midbrain s wes Ol-synuclein Lﬁlu“fumn luﬂ@;w
%kkﬁvlﬁ%‘u amphetamine &21U3L0h cerebellum Rudwaniay amphetamine  89¥1 19
1fin c-FOS expression, pseudoephedrine F9iflusnildnuuninaslunisszivannis
W ﬁfﬂgﬂvl,vm gaslasaairamnaadadnoiy amphetamine 31N ﬁofunéu%%’ﬂﬁﬁwm
AnwUIouisuny amphetamine, pseudoephedrine ¥nl#ii@ c-FOS  expression
wunu  &1313nbl block  (3H)-DA uptake luanaduSiaow striatum Waz  nucleus
accumbens m‘t’i‘l 2 %ﬁ@f‘:ﬁmﬁ@ cross tolerance %GﬁuLLazﬁu@ia c-Fos expression
soiunauienlutaidanidlaslglulsinsnnerafiemaandamniionda

amphetamine 'l¢ Wasuitledfunwluasans BMC Neuroscience 2008; 9:99. (Ruksee

et al 2008) (AILAONFITUWL 2.8)

2. Amphetamine HHa neonatal rat brain development

ALY "L@Tﬁﬁmimaaalum} rat Miw J28zUINAREA neonatal (P4-P10) 1
@50 amphetamine \Hwuuy chronic (7 %) NI ESURIENGAA MMITOTUINAREAYIN LA

A a A ) . o v .

gﬂﬂkmmiﬂiuLﬂaﬂumimmumaﬂiwu dopamine e dopamine receptor D1 LRz

{ a . AI ;
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VI. Melatonin éﬁuﬂm‘nmamsmmmsﬁaaﬂ‘szmﬂmn neural stem cell
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