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.
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