1. Abstract

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. Many factors affect
neurogenesis, such as, aging, various molecules including hormones, neurotransmitters or trophic
factors. In particular, glucocorticoids (stress hormone) and drugs of abuse have been shown to
exert a negative influence that may account for the marked reduction in granule cell proliferation
caused by stress and addiction. Thus, studies are encouraged and needed to identify,
characterize and elucidate mechanisms of certain factors that are both positive and negative,
influencing the neurogenesis (brain development) throughout life-span, including aging periods
and aged-related neurodegenerative diseases.

Melatonin can exert neuroprotective effects in various models of neurodegeneration as
studied by our group. Firstly, our results indicate that pretreatment with melatonin markedly
prevented the loss of cell viability caused by amphetamine treatment in the SK-N-SH dopamine

cells. It prevented the overproduction of reactive oxygen species (ROS), lipid peroxidation,

depletion of intracellular ATP levels and induction of Ol-synuclein (an abnormal protein shown in
Parkinson’s brain) expression, caused by amphetamine. Secondly, our result also shows that
amphetamine induces autophagy by inhibiting the signaling pathway and thereby leads to cell
death. Moreover, we demonstrated a novel role for melatonin in enhancing mammalian target of
the rapamycin (mTOR) signaling. Thirstily, our studies demonstrated that amphetamine causes
the induction of proinflammatory mediators (which has been demonstrated in post-mortem
Alzheimer’s brain), in microglia. In addition, we, the first group, demonstrated that amphetamine
causes inflammatory effect directly in neuron and we also examined the anti-inflammatory effect
of melatonin.

Besides the neuroprotective effect, increasing evidence suggests that melatonin might be
an interesting agent in the context of neurogenesis. We have recently found that in the adult
mouse, the precursor cells from subventricular zone of the lateral ventricle, the main neurogenic
area of the adult brain, express melatonin receptors. In addition, precursor cells derived from this
area treated with melatonin exhibited increase proliferative activity. Furthermore melatonin also
induced the differentiation of precursor cells to neuronal cells without an upregulation of the
number of glia cells. Furthermore, we found that pretreatment with melatonin prevented glial cell

activation and Blll-tubulin reduction, caused by d-amphetamine in both the hippocampus and



prefrontal cortex. We showed that melatonin promoted the proliferation of precursor cells obtained
from adult mouse subventricular zone and the differentiation of precursor cells to neurons. This
further confirm the notion that melatonin enhances neurogenesis in vivo and modulates the
survival of newborn neurons in the adult hippocampus.

Besides, amphetamine causes the detrimental effect to neuronal cells, chronic stress
induces neuropathological alteration. We used the precursor cells from the adult hippocampus to
determine the effect of melatonin on dexamethasone, an agonist of glucocorticoid receptor,
induced the decrement of precursor cells proliferation. We found that dexamethasone decreased
the proliferation as well as the level of doublecortin and Bllltubulin. Interestingly, these effects are
reversed by melatonin pretreatment. We attempted to explore whether chronic DEX
administration could alter the memory process and what is the mechanism of the detrimental
effect of DEX. The result showed that mice treated with DEX consecutively for 21 days had
significantly impaired spatial memory and reduced BDNF, NR2A/B, synaptophysin and CaMKII
expressions in both hippocampus and prefrontal cortex. Pretreated with melatonin prior to DEX,
mice showed shorter latencies and longer time spent in target quadrant. Melatonin significantly
prevented DEX-induced reduction in NR2A/B, BDNF and CamKIl expressions. Furthermore, our
results showed that the number of BrdU-immunopositive cells and doublecortin were significantly
reduced in DEX - treated mice. Pretreatment with melatonin was found to restore BrdU-
immunoreactivity and DCX expression in the dentate gyrus. Furthermore, pretreatment with
melatonin prevented DEX - induced reduction in glucocorticoid receptors and Erk 1/2 in
hippocampal brain area. The data demonstrate a novel effect of melatonin on the adult
hippocampal neurogenesis. The present study clearly demonstrated that cognitive impairment
caused by DEX was reverted by melatonin treatment. A new role for melatonin that is associated
with neurogenesis.

These works demonstrate a novel role for melatonin as a neuroprotective and a
neurogenic agent. The discovery of the mechanism by which melatonin modulates neural
precursor cell proliferation and differentiation may be used to develop novel strategies for the

treatment of neurodegenerative diseases.
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