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1. Abstract

The risk for developing several types of neurodegenerative diseases such as Alzheimer’s or
Parkinson’s, stroke, increases with increasing age. The rising number of elderly people around the
world necessitates the understanding of normal aging mechanisms to prevent normal age-induced
disabilities and improve age-related brain diseases. Understanding the mechanisms underlying aging-
related alterations in brain structure and function has become critical for the identification of new
therapeutic targets and the development of multimodal health-care strategies that meet the needs of an
aging population. The main objective of this study was to investigate how melatonin, a pineal hormone,
and other factors affecting brain aging process related to neurodegeneration and neurogenesis. The
study was divided into six subprojects.

Firstly, the anti-oxidative effects of melatonin were confirmed by our studies. Melatonin promoted
dopaminergic neuroblastoma cell viability by decreasing ROS and lipid peroxidation, which attenuated
methamphetamine (METH)-induced oxidative damage. Melatonin has been shown to inhibit pro-
apoptotic proteins and to promote anti-apoptotic proteins. METH also mediates neuronal apoptosis
through calpain, which has been implicated in clinical pathologies including Alzheimer’s disease and
Parkinson disease. Interestingly, our result showed that melatonin downregulated calpain but
upregulated calpastatin. Overexpression of calpastatin was found to modulate METH-induced calpain
activation and neuronal cell death. In addition, mitochondrial function and morphology, which have
been found to be disturbed in pathological conditions, are also restored by melatonin in our study.
Furthermore, melatonin also modulated METH-mediated disturbances to mitochondrial dynamics.
Melatonin has been shown to modulate a number of inflammatory mediators. Our study demonstrated
that melatonin was able to attenuate the generation of nitric oxide. The induction of several pro-
inflammatory cytokines was inhibited by melatonin treatment. = We demonstrated that melatonin
inhibited the activity of nuclear factor kappa B (NFxB). We also found that melatonin promoted the
activity of nuclear factor-erythroid 2-related factor 2 (Nrf2), a transcription factor of antioxidant enzyme
genes. Thus, a negative relationship between NFkB and Nrf2 has been observed in neurodegenerative
diseases that are associated with oxidative stress and neuroinflammation.

Secondly, the free radical theory of aging proposes that the accumulation of oxidized
macromolecules can decrease cell function and shorten life-span. These results demonstrated that
melatonin reduced a number of beta-galactosidase (SA-Bgal)-positive cells, a senescent marker.
Melatonin increased the protein levels of SIRT1, Beclin1, and LC3-Il, a hallmark protein of autophagy,
and reduced the levels of acetylated-Lys310 in the p65 subunit of NF-kB in SH-SY5Y cells treated with
H202. In the presence of SIRT1 inhibitor, melatonin failed to increase autophagic markers. Our recent
data indicated that melatonin enhanced autophagic activity via the SIRT1 signaling pathway. We
propose that in modulating autophagy, melatonin may provide a therapeutically beneficial role in the
anti-aging processes.

Thirdly, dynamic circadian rhythms contribute to memory formation, and the hormonal and
neurochemical changes that follow circadian patterns are frequently deregulated with aging. The
present study attempted to examine the daily profiles of several clock genes, Period (Per) 1 and Per2
and brain and muscle ARNT-like protein-1 (Bmal1), as well as the clock-controlled cognition-related
gene brain-derived neurotrophic factor (BDNF), in rat hippocampus during development and aging as
well as the effect of melatonin on the expression of these genes during aging. In the 24-month-old
groups, all studied genes showed significant differences from 2- and 12-month-old rats, with both
periods showing loss of rhythmicity and lower expression than in the younger groups. Melatonin
administered was able to rescue these changes and to increase the expression of melatonin receptor.
This study indicated that melatonin may have restored age-induced resynchronization in the expression
of circadian genes in the hippocampus by acting through its receptors. The potential for
chronobiological approaches to the treatment and prevention of Alzheimer's disease merits further
exploration from a pharmacotherapeutic perspective.

Fourthly, high calorie diets have been associated with the risk of Alzheimer’s disease; therefore,
it has been proposed that a low calorie diet might afford protection against neurodegenerative diseases.
Our study aimed to compare the effects of melatonin and caloric restriction (CR) on the expression of
Sirt1, FoxO1, FoxO3a and FoxOs target genes in the aging mouse hippocampus. We found that both
caloric restriction and melatonin were able to regulate Sirt1 and FoxOs expression in the hippocampus
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of aging mice, possibly via Wisp1. In addition, our data also showed that Npy was required for
melatonin, in addition to CR, to mediate the effects on life extension. Our study also aimed to
investigate the hyperglycemic condition and to examine the effect of melatonin on adult hippocampal
functions. Hyperglycemic rats significantly impaired memory, reduced neurogenesis in the
hippocampus, reduced axon terminal markers, reduced dendritic marker and the glutamate receptor.
Treatment of melatonin, rats restored the memory impairment, attenuated the reduction of
neurogenesis, synaptogenesis and the induction of astrogliosis. Thus, melatonin might be a therapeutic
option for treating patients caused by diabetes.

Fifthly, we showed that the proliferation and differentiation of precursor cells from the adult
mouse subventricular zone (SVZ) and the rat sub-granular zone can be modulated by melatonin via the
MT1 melatonin receptor. We found that significant increase in proliferation was observed when two
growth factors (EGF+bFGF) and melatonin were used simultaneously compared with EGF + bFGF or
compared with melatonin alone. In addition, we found that melatonin minimized the inhibitory effects of
dexamethasone, a stress hormone, on adult hippocampal progenitor cell proliferation. Melatonin is
beneficial for preventing the reduction of hippocampal progenitor cell proliferation that may lead to
impairment of learning and memory resulting from stress exposure. Moreover, we found that METH
induced a reduction in the proliferation of cultured adult rat hippocampal progenitor cells, increases in
the protein expression of p53, p21, GFAP, decreases in the expression of the neuronal phenotype
markers and the post-synaptic proteins. All of these alterations were attenuated by pretreatment with
melatonin.  The discovery of the mechanism by which melatonin modulates neural precursor cell
proliferation and differentiation may be used to improve innovative strategies for the therapeutics of
neurodegenerative diseases.

Sixthly, the Alzheimer-related amyloid 3-peptide (AB) triggers oxidative stress through hydroxyl-
radical-induced cell death, suggests that melatonin could reduce Alzheimer’s pathology. In the present
study, we found that melatonin was able to inhibit BACE1 and PS1 and to activate ADAM10 mRNA
level and protein expression.  We further investigated the molecular mechanisms underlying this
regulation under pathological conditions by using a model of AB42 treated SH-SY5Y cell cultures which
mimic Alzheimer’'s disease (AD) neurotoxicity. Our data suggested that melatonin attenuated Ap42
induced up regulation of BACE1 and PS1 possibly via Pin1/NF-kB/GSK3B pathway. Deregulated
glucose metabolism is a risk factor for developing Alzheimer’'s disease. Our results showed that
melatonin significantly ameliorated the spatial learning and memory impairment in hyperglycemic rats.
Hyperglycemic rats increased enzyme (BACE1), presenilin 1 and C99) in hippocampus and these were
reversed by melatonin. Chronic METH administration is associated with neurodegeneration leading to
impairments in episodic memory, executive function, and motor function. Our study revealed that rats
received METH showed impairment of learning and memory, increased the levels of BACE1 and
PSEN1 proteins while decreased level of ADAM10, and melatonin was able to reverse all these
effects. Furthermore, we also showed that the long-term administration of melatonin, improved learning
and memory and attenuated the reduction of a-secretase and inhibited the increase of B- and y-
secretases in aged mice. These results suggested that melatonin protected against AR peptide
production in aged mice. Hence, melatonin loss in aging could be recompensed through dietary
supplementation as a beneficial therapeutic strategy for AD prevention and progression. In addition, we
also studied in AD patients, and found that PSEN1, BACE1 gene expressions significantly increased
while ADAM10 decreased in AD patients. Thus, gene expression of amyloidogenic related enzymes and
the alteration of A levels and its ratio in peripheral blood may further use as a biomarker for diagnosis
of Alzheimer’s disease. Altogether our findings suggest that melatonin may be a potential therapeutic
agent for reducing the risk and attenuating the progression of AD in humans.

Therefore, therapeutic development in this particular area should emphasize on addressing the
underlying cause, drug safety, efficacy, cost effectiveness and since the brain cells are rarely replaced
in such disorders, priority should be given to interventions which along with preventing the degeneration
of neurons also have the ability to stimulate neurogenesis with least toxic effects. Melatonin the pineal
neurohormone is one such therapeutic agent which not only has proved to halt or reverse the
progression of most neurodegenerative diseases but its physiology (synthesis, secretion and
endogenous levels) provides information about the development and progression of the disease which
aids in identifying successful drug targets thus offering assurance in breakthrough treatment strategies.
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2. Executive Summary

Back ground and significance

The risk for developing several types of neurodegenerative diseases such as Alzheimer’s or Parkinson’s
diseases, and stroke, increases with increasing age. Understanding the mechanisms underlying brain
aging-related alterations in brain structure and function has become critical for the identification of new
therapeutic targets and the development of multimodal health-care strategies that meet the needs of an
aging population. There is increasing evidence suggesting that the brain plays major role in regulating
lifespan as well as health status during the aging process. 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 aging and neurodegenerative periods.
Melatonin, a hormone mainly synthesized in pineal gland, is multifunctioning molecule that could
theoretically intervene at any of a number of sites to abate the changes associated with the development of
AD. Based on a multitude of experimental results, melatonin benefits may influence on neurogenesis and
neurodegeneration processes that makes it as an anti-aging agent.

Objectives

1. To investigate the effects of the aging process and neurodegeneration on brain functions

2. To develop new methods of prevention and slow down the age-related brain diseases, Alzheimer’s
disease

3. To obtain a greater understanding of the molecular and epigenetic aging of the brain and anti-aging
mechanisms to increase the life span under healthy conditions

4. To develop new strategies to promote successful brain aging

5. To develop new research strategies to extend the life span

6. To explore new discoveries, technologies and agents which have the potential to reduce the suffering and
cost associated with diseases and injuries of the brain

Subproject 1. Oxidative stress in brain aging and neurodegeneration: free radical,
Neuroinflammation, mitochondrial function, cytosolic calcium overload

In vivo study: Animals will include as the following groups:
1. Control rat: adult rat

2. Normal aged rat

3. Drug-induced neurodegeneration rat

4. Melatonin-treated normal aged rat

5. Melatonin-treated drug-induced neurodegeneration rat

In vitro study

SH-SY5Y dopaminergic cells/glia cells will be divided into different groups including

1. SH-SY5Y dopaminergic cells

2. SH-SY5Y dopaminergic cells treated with drugs-induced neurodegeneration

3. SH-SY5Y dopaminergic cells treated with drugs-induced neurodegeneration +melatonin

Experimental plan

1. To measure different signaling molecules related to oxidative stress:

2. To measure mitochondria functions: ATP, complex |

3. To detect the AD markers: GSK, APP enzymes

4. To investigate the anti-inflammatory cytokines, pro-inflammatory cytokines,

5. To investigate the effect of melatonin on the anti-inflammatory cytokines, pro-inflammatory cytokines,
chemokines and cell adhesion molecules protein level on AB1-42 treated dopamine cells

6. The alteration in calcium receptors, calcium uptake sites and calcium buffering proteins in the brain of
adult and aged rats

7. Determination of intracellular calcium levels, calcium receptors, calcium uptake sites and calcium
buffering proteins in short- and long-term neuron cell cultures



8. The role of melatonin on calcium homeostasis and calcium buffering process in short- and long-term
neuron cell cultures using cell-permeable calcium-sensitive fluorescent dye, Fluo-3/AM, western blot
analysis and immunofluorescence staining

Subproject 2. Autophagy controlling brain aging and neurodegeneration
In vitro study and in vivo study will be as described in subproject 1.1

Experimental plan

1. To determine whether starvation stage via the insulin/IGF-1 nutrient-sensing alter the mTOR signaling
pathway and to determine whether this can be modified by melatonin

2. To determine the mechanism of SIRT1 and FoxOs signaling against aging process on autophagy
pathway by melatonin treatment

3. To study the mechanism of IKK complexs and NF-kB signaling against aging process on autophagy
pathway by melatonin treatment

Subproject 3. Circadian clock regulating brain aging process and neurodegeneration

In vivo study: Animal used as described in subproject 1.1

Experimental plan

1. To identify the genes that display rhythmicity in its expression in hippocampus in adult aged rats and
neurodegenerative animals

2. To determine whether circadian clock can modulate expression of the genes involved in memory
formation through SIRT1

3.To determine whether treatment with melatonin/SIRT1 activator (resveratro) can restore the hippocampal-
dependent behavior

4. To determine whether treatment with melatonin/SIRT1 activator (resveratrol) can restore the expression
of genes involved in memory formation, compare both in adult and aged animals with or without SIRT1
activator, normal with neurodegenerative animals

Subproject 4. Caloric restriction, high-fat diet and aging brain and neurodegeneration
Experimental plan

In vivo study

At 12 weeks of age, the wild type (WT and Npy knockout (Npy-KO) mice will be divided into the ad libitum
(AL) and caloric restriction (CR) groups. At 6 months, mice will be decapitated, serum, hypothalamus and
hippocampal brain area will be collected for analyze mRNA expression level of theses parameters:

1. To determine Sirtuin1 and FoxO1 protein and mRNA by real time PCR and western blot analysis.

2. To test whether melatonin alone can increase the sirtuin1 and FoxOs levels in hypothalamus and
hippocampus, melatonin 10 mg/kg, i.p. will be treated for 7 days in  WT/CR and Npy-KO/CR groups.
Sirtuin1 and FoxO1 will be determined

3. To determine the mRNA of FoxOs target genes that regulate cell cycle (eg. p21, p27) and apoptosis
(Bim, Nrf2).

Subproject 4.2. High fat diet and brain aging and neurodegeneration

In vivo study

1.Normal adult rat

2.Normal adult rat feed with high fat diet for 12 week

3.Normal adult rat feed with high fat diet for 12 week + melatonin (at 8 week + 3 mg/kg melatonin, daily)
Experimental plan

1.Behavior test on learning and memory function

2.Brain area: hippocampus, prefrontal cortex, striatum will be dissected

1)To determine the neuronal marker and neurogenesis

2)To determine the marker for synaptogenesis

3)To determine the AD markers

4)To study how clock gene and SIRT1 regulate the neuronal plasticity as the clock-controlled gene

5)To study the profile of clock gene and related clock controlled gene

Subproject 5. Neural stem cell

Subproject 5.1. Effect of melatonin (positive factor) in neuronal stem cell proliferation/differentiation



Experimental plan

1.Isolate, identify and characterize neural precursor cells obtained from adult hippocampus on proliferation
and differentiation

2.Determine whether melatonin is able to promote neural precursor cell from adult SGZ on proliferation and
differentiation

3.Determine the mechanisms of how melatonin in modulating different neural precursors from SVZ, SGZ
4.Compare the neurogenic activity of SGZ in different ages

Subproject 5.2. Effect of AB1-42 in neuronal stem cell proliferation/differentiation

Experimental plan

1.To determine whether AB1-42 can inhibit proliferation/differentiation of neural precursor cells from adult rat
SGZ

2.To determine whether melatonin is able to protect AB1-42 —induced alteration of neural stem cell
proliferation/differentiation

Subproject 5.3. Effect of amphetamine (negative factor) in neuronal stem cell
proliferation/differentiation

Experimental plan

1.To determine whether amphetamine can inhibit proliferation/differentiation of neural precursor cells from
adult rat SGZ

2.To determine whether melatonin is able to protect amphetamine-induced alteration of neural stem cell
proliferation/differentiation

Subproject 5.4. Effect of dexamethasone (negative factor) in neuronal stem cell
proliferation/differentiation

Experimental plan

1.To determine whether dexamethasone can inhibit proliferation/differentiation of neural precursor cells from
adult rat SGZ

2.To determine whether melatonin is able to protect dexamethasone-induced alteration of neural stem cell
proliferation/differentiation

Subproject 6. Alzheimer’s Disease

Subproject 6.1. Modulation of a, B and y— secretases by melatonin- a possible therapeutic approach
targeting towards Alzheimer’s disease

Experimental plan

1.To develop a therapeutic approach for learning and memory impairments, Alzheimer’s and dementia and
impaired neurogenesis.

2.To determine the effects of melatonin as a therapeutic agent.

3.To measure q, B -secretase activities, proteins and mRNAs in SH-SY5Y cell.

4.To determine the effects of melatonin pre-treatments on the specific a, B -secretase activities, proteins
and mRNAs in SH-SY5Y cell cultures

5.To determine the effect of melatonin on the gamma secretase in SH-SYSY cell cultures

6.To determine the effect of melatonin on notch signaling in SH-SYS5Y cell cultures

Subproject 6.2. PIN 1- A strategic target for melatonin implicating a novel therapeutic approach
towards Alzheimer’s & brain aging

Experimental plan

1.To determine the levels of PIN 1 in both young and aging mice

2.To determine the levels of isomerase activity of PIN1 in both young and aging mice

3.To determine the effect of melatonin on PIN 1 expression and mRNA level in aging mice

4.To determine the levels of PIN 1, APP, sAPPa and ADAM10 in melatonin pretreatment

5.To determine the localization of PIN 1 before and after melatonin treatment

Subproject 6.3. In AD patients study

Transcriptional and epigenetic regulation of APP processing enzymes a secrease (ADAM10, ADAM17), B-
secrease (BACE1) and y-secretases and sertuin

Human subjects:- Human peripheral blood mononuclear cells from the following subjects:

1.Aged-matched control subjects

2.AD patients

Experimental plan



To determine mRNAs of all groups by real time PCR.
B -secrease (BACE1), a- secrease (ADAM10, ADAM17), and y-secretase and sirtuin1
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3.1 aRINAIIWIVY

ilownanuwiseusiailu 6 subprojects aa
Subproject 1. Oxidative stress in brain aging and neurodegeneration
Subproject 1.1. Free radical and mitochondrial functions and Ca homeostasis in aging
brain and neurodegeneration

nnei “The free radical theory of aging” lana1a13idn mMRInIRzay oxidized
macromolecule muiumaﬁazﬁwmﬂmiﬁﬁmmawﬁaﬁuazﬁﬂﬁmaﬁﬁmqguad tiialuioag
Uszanazvwauesden aoedsny ldnumunuiaoeieg Lﬁmﬁumﬂﬁmaammmﬁmwmaa
RUBIANNILUINTENT Jenwitheesuk et al. 114 Int J Mol Sci, 2014,15(9):16848-16884. (LaN&13
wny 4.2.1) Ief TasofvildrielWawesison \inayyadaIz 1T A1ILAWGAA amphetamine Uz
AMALAILA (Vﬁa treat GT’JU stress hormone A8 &19 dexamethasone)

Namsmaaamdﬂauq YDIAUIVLNLINENT amphetamine il dopamine cell line
@18 LazNa lNNIANELAAKTY oxidative stress Lig ROS aa ATP, LW&J lipid peroxidation Lﬁ&l
NN3&319 abnormal protein, O-synuclein 6Ii\‘ll,‘lJ‘u, hall mark ¥8913a Parkinson 13 GIideJu
nalninilanlu Parkinson Las Parkinson model

813 melatonin  hormone %é"aﬁnﬂ@iau"lmﬁﬂa mmmﬂadﬁuua:ﬁuﬂ”’dmitﬁ(ﬂ oxidative
stress Lol wazdugnaia a-synuclein 'l Namu%uftﬁmméwﬁzymnﬁwmgmawﬁ'ﬁmaa
melatonin NQMFNLAVEY Melatonin fifldonisiia neurodegeneration v S uwaliauin
a5 kI usnduanuTIIAWAIa Ll uanmnﬁmﬂmﬁﬁ'ﬂﬁawmw amphetamine  ¥inl#aa
1UJumad  phosphorylated tyrosine hydroxylase @3 melatonin  sansasussle Banndl
melatonin §98M33ALANLSU DA p-tyrosine hydroxylase é‘dﬁ?uﬂﬁiw%%‘ﬂvlﬁmﬂavlﬂa%mﬂmiﬂ‘uﬂy‘a
N13LAa al-synuclein 31N amphetamine

Oxidative stress 31nN3LAia free radical vildAlTas@Nd9 gﬂv‘hmmm:ﬁﬂﬁvﬁaﬁuﬁ
fanar e iane g maamumgﬂﬁlﬁ@mﬁmw TaspFIurnson fIAREE9 9 naliiAasaw
& 1u sandafinelWanaFoumdaunlsnauodon 1tu Parkinson 'l amedene lednsn
AWV0ITILENGA amphetamine fialWifaauasdanlasrunalnues oxidative stress luirad
Uszanlasls dopamine cell line wazifialuiradUszanvaidainasasuiiim stiatum Idoya
ANNILINWIN methamphetamine  ¥INAELTARLUILEN  (apoptosis) L3104 striatum lagH
endoplasmic  reticulum  (ER) @analdiia ER  stress 1w am=isnadeld@nuwgnives
methamphetaminelnsvinansisaadszan nebiiassnanuaz/miaanslalasls glia  cell
(C6) HANNINARBIWLIN methamphetamine ¥inl# glia cell ae'lalag induce Lia ER stress lag
miﬂﬁzﬁu unfold protein response (UPR) dawa"lﬂﬂszéju ER stress inducer @@ activating

transcription factor (ATF6) a2 inositol-requiring enzyme 1 (IRE1) phosphorylation Lﬁlu mRNA

1"



expression U84 binding immunoglobulin protein (Bip), CCAAT/enhancer-binding protein
(CHOP), caspase 12, eukaryotic translation initiation factor2-alpha (elF2C) LLag x-box-binding
protein 1 (xBP1) F97ilUagnu/adtis melatonin aan3ndusale melatonin aanIndusINTLAA
ER stress 93 Lé50 methamphetamine leasuil laaAalunsaswwiand (Tungkum et
al., J Toxicol Sci, 2017: 42; 63-71) (LdNRIT WU 4.2.26)

Methamphetamine ¥hanzisagannuialu gia cell ud? amzddby lanasasigaili
methamphetamine ¥inl#1ia ER stress @ luiraadszan SH-SY5Y lag methamphetamine in
TAiAa overexpression U84 ER stress gene LT% CHOP, XBP1 LLaz activate caspase-12 LLag
caspase-3 f‘fiaﬁflvlﬂgjmil,ﬁ@ apoptosis 1 treat LTaaUIzaMG8 melatonin 3zilasnunsiia
apoptosis & nawisoillasoiof AW Wongprayoon and Govitrapong, Neurotoxicology Res
2017 (31): 1-10 (LONRITUUL 4.2.25)

Methamphetamine ﬁﬂﬁLﬁ@msLﬁamaaawadLLa:ﬂiza’m melatonin #1110 0IN%
Fudalddramsriaunaln mechanism wanann G9find1nunues fa oxidative stress, vhane
mitochondria, L@ inflammation, autophagy U8z a1 neural stem cell AMkA389 le3ULTRaNn
MITNTWIMTIAL DU review f: %dvlﬁaﬂmﬂu Wongprayoon and Govitrapong, Current
Pharmaceutical Design, 2016, 22(8):1022-1032 (Lan&13Lul 4.2.15) #anan amphetamineﬁ'
asildauaafon ameddny golddnsauaafounds mfawauaanagasazinarinli
NIENUNTENAUENDY AKEITEY vlﬁdaﬁfﬂﬁﬂmﬂ%zymﬂl,aﬂnu aun. ludnsd lab  ved Prof.
Andrew Lawrence l@@un1817i9ufi nicotinic receptor sansnaanisaananle nasuiseila
NN LU Srisontiyakul et al., Neurochem Res. 2016:41(12):3206-3214 (1anN&13LuU 4.2.22)

1 2+
nalann Ca -homeostasis-mitochondria
A Idy 9 ladAN®N toxic  effect a9 amphetamine @8 LazWUI1 methamphetamine
(METH) ¥inane dopamine cell lagsinunalnaad calpain - lag METH WWNLSNND4 calpain Way
spectrin break down product (SBDP) WA lnAunaNnududu 0.25 mM §INNSDEUEINTLIAN
284 calpain k& calpain SBDP 'la METH #39lUaauSunnvad calpastatin Lualnfiuaiunsa
Iy @ AN o ac X o I o 2+ A, A Y o
Y109 unT8a89089 enzyme Hie Han 8N lABaINTauves Ca” NewAuadaanums
A ] A a 2+
@874 dopamine  cell IINWANTINAADITBINGNITL WU METH azifiud3anm Ca- awlu
e . X i ) 2+ A A X o ° . 2+
LOIARNN in vivo WRY in vitro Ca mwwmﬂﬂmzqumimmmJaa calpain Ca -dependent
. . s < . . e v s g { 3 .
cysteine protease calpastatin Ll calpain inhibitor ﬂdLﬂu@laﬁﬂ’Juq&lﬂ’l‘immumad calpain
a a . 2+ 2+ A 4 = . .
maia ROS 3 lUufid intracellular  Ca” waz Ca 3 liin Bax/Bcl-2 @91l signaling
molecule  1#1Ugn13018w09 dopamine cell iwanIniiuuaz metabolite  vavNA INAUGUH
9 o a . . A o v & { a . ° '
floariun1aiia oxidative stress FITINAlATUEINAVEI METH 71l calpain s lugnisans

YDILTAR b6
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%

uanmn‘ﬁn&ju%%’ﬂmwudw amphetamine ¥iN}ALwa8 dopamine @18 BNANIWNA LANNT
YiN1818 mitochondria NANITIFLNUIN amphetamine VL‘LILﬁIN‘lJ%mm mitochondria fission
machinery protein (Fis1) melatonin F38¥inl#lwas bia1831n toxic effect Wa9 amphetamine lag
melatonin lJaaUSunas Fis1 (Parameyong et al., Mitochondron. 2015, 24:1-8.) (L@NR1THHL
4.2.9)

calpain 1w protease enzyme ﬁlﬁmﬁaaﬁ'ﬂiﬂawauﬁau calpastatin 1w endogenous
specific calpain inhibitor su1niasnunisiia pathogenesis 91N calpain W& mechanism 649 bal
Juidnla ameisne ladnsuiadrlanalniilas@inelu neuronal cell line SH-SY5Y 1iawn
Lsﬁaﬁf: N treat @ H,O, YiNlALTaaaNe 89 mitochondrial  membrane potential LY
mitochondrial fusion protein (Opal1) 14 mitochondrial fraction ﬁﬂﬁl,ﬁlu calpain, Lﬁlu calcineurin
WazLfia mitochondrial fission protein (Fis; W&z Drp,) toxic effect Anatuit aliifalweasn
stably overexpress calpastatin Lfia treat @2y H,0, Nﬂd’]%ﬁ%ﬂﬁ&ﬁ@ﬂﬁﬁu’h calpain e
calcineurin  azriolWiAnANuIEsWIBda mitochondria  lwasiseanin calpastatin 813130
U89 toxic effect e WaswiToillasaiie aRuWln Tangmanusakulchai et al., Mitochrondion
(2016, 30:151-61) (LONFITHIUL 4.2.21)

Goiuam=isoe ladnw calpastatin {241 toxicity fAaan methamphetamine 1
neuronal cell line SH-SY5Y Namsmaaawuhmaﬁﬁ overexpress calpastatin 2ziloani toxicity
1M 31650 methamphetamine 7i¥inane mitochondria HaWIT e AR ln Abubekar et al.,
Proceeding The 19th TNS Conference 2015. P. 54-58. (Lang13ubuy 4.3.7)

waNa N amphetamine U&7 1399 HAmeAdoy SInuin stress (dexamethasone,
glucocorticoid)  ANANITNUABTINNATNYBIFND UNAGBNITLILUNNTINVIRATNARD na'lnfl
ﬁﬁﬁfygu%ﬁdﬁ dexamethasone fan13Lfia oxidative stress ¥i1a18 mitochondria 91NN 3AN®
TaglfimadUsean SH-SY5Y  1apalu cultured medium WU dexamethasone aavSanmas
glutathione L‘ﬁlu ROS, lipid peroxidation LLazLﬁlumimwaoLSﬁaﬁ dexamethasone Lﬁlu cytosolic
Ca LLa:LﬁISJ mitochondria fusion protein Lfia SH-SY5Y Laa @31 melatonin  fiat melatonin
f1u130ia9nwn13Lia oxidative stress adnun19LAia cytosolic Ca overload ilasnun1svinansg
mitochondria %G%&Lﬂ%ﬂ’ﬁ“ﬁzﬂ@ﬂﬁﬁﬂﬁEl“ll@dL‘ﬁﬂtgﬂiZﬁ']“n waa’mfmﬁmLﬁaﬁﬁuﬂmﬁms

WIWIUTIG (Suwanjang et al., Neurochem Int, 2016;97:34-41) (LaN&1TLUL 4.2.17)

Subproject 1.2. Neuroinflammation and immune responses in the aging brain and
neurodegeneration

ﬁﬁa;&mmmmw E]’]EJSJ’]T]%%%ZLWNR&U‘UEN inflammation LLaxa@mmmmqums
YiN91UV89 immune Eluu%l,’;m@i’ms] 289319MBuaz a8y WAIN inflammation Vi‘i acute LR

chronic  AAAAMNRINITAOLN U?ﬁﬂﬂ’l’]&lﬁ’]LLﬂZﬂ’]iﬁﬂuj @Iaa@ﬁ]%ﬁalﬁ/Lﬁ@IiﬂﬁNﬂdLaﬂ&lLLUTJ
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Alzheimer 1958 vinlWsnanetfia inflammation 1% N3AAsLEWae miguqvﬁ' 13aLLTNY
Immmé‘ugo udn Fomaniiznalmaoadlszanitiaquas vnliAaaueaion amedans
dnwnalnuas inflammation finalWimasanuasnels suasunadisls melatonin su13nilasnu
nalnitwdaly ameddny Iddnwisolaslioadilssam SH-SY5Y dopamine cell  line las
induce 1#ifia senescence lag H,0, NagauANNTIIANIBILTARLAL B- galactosidase 31N
ANINARBINLIN melatonin FIWITARAUIIN LTS NIANNTIIAN (SA-Bgal) melatonin #1310
89 mRNA expression 284 pro-inflammatory cytokines L% IL-1B, IL-6, TNF- ﬁagmﬁvaaﬁuﬁy
LEA931 melatonin E11T08A inflammation ALABITBIRUANNTINNIWDBILTARUIZEN A
52@U chemokine Wag inflammation witgasinvinldifa AB 16199 210 APP  processing f
\Aalwlsn Alzheimer waz melatonin azdiussilasiulewdala A31Aa neuroinflammation 9z1ilu

2 A o ' ' ° o { ' ' . .
ﬂavlnﬂmﬁﬁ]:uﬂﬂgmaﬁt.mLLa:LeﬁaﬁmaJ uazvn v auaILRaNaEN9LTWIIA Parkinson, Alzheimer

a 9/3 a U a . . a v . . &
ATWEIVYY VL@@IG&&I;J@@’MVL’J’J’H’]&VLT]Tadm‘im@ inflammation tn@aNNI=QU NF-KB signaling B3
Sij key mediator U84 inflammation WazgUE9 nuclear factor erythroid 2-related factor 2 (Nrf,)

. . =g v & ' . a o [ a . .
signaling MINARBIRLEAIRLAUIN dopamine cell A ALA 221A9 neuroinflammation (IL-1B,
IL-6, TNF-o) usziwalnfiusansndudaldd nalniiianiu NF-KB uaz Nrf, Sanagiiu
- 4 , o , & o e
transcription factor %VLTJWJUQ&I‘YI promoter region VaJN1IRINN cytokine Nuwdasaulasild
A & a o A th
auauaz@nunLIn proceeding luaﬁuﬂs:qm‘mmﬁmum@ (Chantadul et al., 18 TNS
Conference 2014, page 30-36) (LANR1ILWU 4.3.2) LLa:Lﬁmauaﬁuﬁmuaimmﬂiz"gu The
th o v { a
19 TNS Conference 2015. P. 68 LLazwmmauuaugim‘ﬂl@auﬁaﬁwwﬁ (Nopparat et al.,
Mechanism Aging Dev, 2017 accepted) (LaNRIILWL 4.2.31)
nuidaldigadludainasas lasudny (mice) u 3 nqu da
ﬂéjwﬁ 1 %% young adult (2 LAaw)
NEUN 2 MU old (16 Laaw) + 1hauUnd — 1ausdedn 6 laaw ol 22 16w

) 4

mjwﬁ 3 YU old (16 1eaw) + inawld melatonin 10 mg/kg — La89dasn 6 lEan 12w
oy 22 1haw

Nﬂﬂ’\ﬁ%‘sﬂﬁﬂgd’mwmLﬁusxﬁu cytokine (IL-1R3, IL-6, TNF-OX) ﬁhmfgwﬁvlﬁ%'mumiw
fn 52aulysdu war mRNA w89 cytokine Lﬂ?imuné'umﬁauﬂajw young Uazanszay NF-KB 7
Lﬁ'ulu%wm Lﬁaﬁazﬁgaﬁd’mwﬁfu %ﬁ’]ﬁ@i’ldﬁ] YAIRNDIFIW hippocampus fsanlnsudas
Tagiawizagnads learning & memory é’afun&iu%%’m%ﬂﬁi’w functional test ﬁLﬁmﬁ'ﬁJmsﬁwf
AMNMINARI WL %wMﬁmsﬁmuj’ﬁammLfial,ﬁsmﬁ'umk young %LLLLﬁﬁVL@?%'mumeﬁmﬂu
A 6 Whau mMIaFsuuaznsdunilanlungw young wgasinaa Infiuanansalasiunsifey
°11aaﬂ'm%smitﬁaLﬂTflgﬁﬂ‘*}mmw wonNiN35889lé5asan #8 NMDA receptor subunit
NR,s, NR,s, CamKll luanadainuSiins hippocampus Waz prefrontal cortex Fadueafitsuan

nalnmMIToud ANUTMBLILTINI NRo, NRy Uaz CamKil anad tlaldiuwaninfiulysdu
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A oA o a X a o ) a a A aa
L‘V\E\l’]%ﬁ]ZﬁJiZQULWNm%"ﬂ%NizCﬂUL‘Y]’]‘Wl;lla young LLE\]ZL@I‘SU&JLTU%N&G’]%LW@@]WMWﬂ%’NiﬁW?
WIWTI& (Permpoonpattana et al., Exp. Gerontol 2017 submitted) (LON&1IULWY 4.2.35) LA

6

anunLTn proceeding . Tangweerasing et al., (2016) Tuwanuseguuiutif  IBRO-APRC
School of Neuroscience 21379 July 4-8, 2016, p114-119. (LONEITUHL 4.3.8)  WAIIWITL
U9sIndt a.ﬂﬂz%'@ﬁ"L@Tﬁﬂ"lﬂmsmﬂﬁ'muﬂs:qummm@ International ~ Association  of
Gerontology Geriatrics (IAGG) uala@AuW abstract 1u Govitrapong (2015) IAGG, Plenary
Lecture 2 page 2 (Lang1ILWL 4.4.22)

»anan H,O, A% induce 1#17@ neuroinflammation 11 neuron  W&7 amphetamine 619
814170 induce MALAA neuroinflammation 14 glia cell G'f;dﬁﬁvlﬂ;jmil,ﬁm neurodegeneration e
LT mi‘ﬂ@aa\‘ifﬁ“ﬁ glia cell line (C6) Laz methamphetamine ‘ﬁ induce N3N reactive
nitrogen species 1a8nNIIWAN nitric  oxide L‘ﬁl&l inducible nitric oxide synthase (iNOS)
methamphetamine luaa Nrf, ILee8® heme  oxygenase-1  (HO-1), NADPH: quinine
oxidoreductase-1 (NQO-1) WAz glutamate-cystein ligase catalytic (Y-GCLC) %Gﬁidmaﬁﬂﬁa@
superoxide dismutase (SOD) activity melatonin 3zt Ia$19 Nrf, ¥ l#ifin HO-1, NQO-1, Y-
GCLC ﬁ’llﬁlﬂlﬁd activity 484 SOD (Jumnongprakhon et al., Neurotoxicity Res, 2014, 25:286-
294.) (LaNRTLL 4.2.3)

melatonin vLUﬁU&GﬂﬁﬁﬂWﬁTﬂﬂd IKBy 80N translocate Va4 p65 subunit AANITRIN
iNOS  #nliaauSinm NO  nanuaflunnsaa neuroinflammation fiLiaann methamphetamine
WRAII1 melatonin F1W1TNAANITLAA neuroinflammation 'l (Jumnongprakhon et al,
Neurochem Res. 2015, 40:1445-1456) (Lan&1Iwkl 4.2.7)

wonnil Aaedsny G9lddnuNaTes amphetamine @a inflammation lasls dopamine
cell line WU lulTaalsean SH-SY5Y dopamine cell line LAi9 neuroinflammatory cytokine lag
amphetamine VL‘]JW'TIIN iNOS, NF-KB phosphorylation, pERK waza®a Nrf, LLazﬂ‘UﬂzdeéT@UmmIﬂ
i amAspy ldanwuwan Infiusansadusansiia neuro-inflammation fitfaduluesas
Uszan dopamine lef Tayaiudayalnal Wasaniufiignlaniwinnisifia neuroinflammation
Aadudl glia cell laildifiafi neuron é’di‘fu"ﬁagamaaﬂmzﬁﬁm Eawdaslng nanannldamun
Twsaswnwmand 529 # ausidne lddayadadnit wanlniiu fuga neurotoxicity 181
methamphetamine Tu dopamine cell ﬁ?u LAANI% melatonin receptor I@U‘ﬁ methamphetamine
nlAiAa TNF-or 1@ NF-KB translocate 141 1Ulu nucleus ldaunu promoter region a4
cytokine gene uazvinlwaa Nrf, @aly link iy Ngal anti-oxidative enzyme wazna lnmsniE U
ladroianlnfin lauriu melatonin receptor ﬁagatﬂuﬁf‘aﬂm nauit AR WLz awe w1
ﬂ‘sz"qﬁ“mmiizﬁuma) Wongprayoon and Govitrapong, 18th TNS Conference 2014, page 64)
(Lan&ILLBL 4.4.8) LLa‘;ﬁﬂvliJLaua‘ﬁ ISN-APSN ﬁ Australia (Wongprayoon and Govitrapong.
2015 J Neurochem (suppl 1) p. 226) (LdN&1TLUL 4.4.18) u,a:Lauawamuﬁmuﬂszqmzé’uma
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(Wongprayoon and Govitrapong, The 19th TNS Conference 2015. P. 61 (Lang3kil 4.5.7)
WRZEIARUW N TENTWIUITI A (Wongprayoon and Govitrapong, Neurotoxicology, 2015,
50:122-130) (LONRITUHL 4.2.8)

1329 i ﬁ“ﬁagmﬁ'mﬁ'u methamphetamine  finalfifiamsasasimasuazyinldiie
neuroinflammation LAz apoptosis 1asn13¥inane blood brain barrier (BBB) asmvl,iﬁ@nwm:f:ﬂh
lignangumAdufiusaslitaan dmunnizidey 391da319 model a9 blood brain barrier
laany culture primary rat brain microvascular endothelium cell (BMVEC) G'f;d isolate INNAY
neonatal rat W§LAHd BMVEC AL methamphetamine Waz melatonin Na33813In7 7
methamphetamine ¥inl#ifia ROS, RNS, apoptosis lags14n19 NADPH oxidase (NOX)2 vl
N13 transport a8 BBB \&8 laenn39a transendothelial electric resistance ¥inans tight jucntion
proteins (ZO-1, occludin, cloudin 5) ¥iNa1g beta-gp transporter N treat BMVEC 628 melatonin
Fatlaarn methamphetamine ¥inany BBB lalasuununig NOX-2 activity Wazms ¥induad
melatonin fiLAaRN% melatonin receptor MT,, HawIsoilla submit ARuWluIsINTHIUTE
Jumnongprakhon et. al Toxicol In vitro 2017 (Lan&13by 4.2.28) ez Jumnongprakhon et. al
Brain Res 2016; 1646:182-192 (tan®13khuy 4.2.18) WA Jumnongprakhon et. al Brain Res
2016; 1659: 84-92. (LONRITUHL 4.2.19)

MNNAMFITDT9d U319 methamphetamine 2z¥inans BBB aatunmedsny lof
ﬁé'ﬂ@imﬁaﬁqﬁ)ﬁ@iadﬁmiﬁﬂma BBB ¥i1l#iL7ia neuroinflammation w3a'lal uwaz melatonin x50
lav3alal asnels lasld BMVEC model w89 BBB Wui1 methamphetamine ¥inl#ifia
inflammation mediator Lﬁlu intracellular adhesion molecule (ICAM-1) vascular cell adhesion

molecule (VCAM-1) &z matrix metalopeptidase (MMP-1), L17ie INOS, NO LazNIRUaAIN&a1 b

melatonin - &1ansailasnulalasnis NF-KB uaz Nrf, transcriptional molecules WazHN
melatonin receptor MT, nanwisoitlaasanuwlunsasmwa Jumnongprakhon et. al
Brain Res 2016; 1646: 393-401. (Ldan&1JLLWHL 4.2.20)

wananl@dns gl cell line uazlu blood brain barrier (BBB) Ud2 amiidny o
ﬁgﬁ]ﬁﬂavlnmmfﬁﬁ@%ﬂu systemic ¢ é’afuﬁaﬁwmiﬁgﬁ]ﬂuﬁmfﬂmm ui7 treat 1wy rat
e methamphetamine LA  melatonin Lﬁlaﬁg’i}ﬁ’i’] methamphetamine Aaldiia
neuroinflammation va1s BBB waz melatonin saunngigilasnuld anuanimaaasdsingin
methamphetamine A7 neuroinflammation U311tk hippocampus tag prefrontal cortex 1lag
myTamafinduuas cytokine @199 17w IL-1B, IL-6, TNF-o. ilo treat #28 melatonin 32AU
cytokine NAUFUNA Nammﬁaa@Tu"L@TLauaslm']uﬂizqﬁmmﬁzﬁuma (Namyen et al., 18"
TNS Conference 2014, p. 57, (tang13tul 4.4.3) LLez Namyen et al., 19th TNS Conference
2015, p. 67 (LONRITUWL 4.5.3)
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a9y ladns6auSins hippocampus WU methamphetamine £91U¥inane BBB
lasnns¥inane  intracellular adhesion molecule (ICAM-1, VCAM-1) ﬁhmq'wﬁ' treat @78
melatonin L&z methamphetamine f?u melatonin mmm'ﬂadﬁuLLazLLﬁlmﬂﬂigﬂﬁﬂaﬁmla(i BBB
wazilaanunisiia cytokine 61499 ﬁL‘ﬁlwﬁuvLﬁ wazfin®1INNa’tn amphetamine ¥inany BBB
atnsls walnfuiloasu uwily Tasnalnms cellular agnels NudseiimaneIousiuruie
B auARUN IR THIM NG (Namyen et al., 2017) (L@aN&IILUY 4.2.38)

NNHANUTIAUN amphetamine  vinans BBB L@ neuroinflammation SRTCIEeN
hippocampus maaaum‘%uﬂuauaﬂﬁ ﬁ’mﬁﬁﬁﬁmﬁbmﬂ%ﬂuj N33 (learning memory) LAY
(cognitive function) dranasudmiidsldannmsldmsianda amphetamine Wiowdinsauiiiia
mnmﬂ%’msmw@madLL&ilmz‘Wj’m&dﬂﬁﬁﬁ]zlﬂumiﬁ’]mmmaa hippocampus é’dﬁ?uﬂmﬁ%'m
Aalddanwluny rat 1ug29 postnatal WAIAREA P4-Pig F9039NU trimester VaIAY lanshny
postnatal f: et s methamphetamine 5-10 mg/kg LLﬂzﬂﬁi&lmﬁ amphetamine L8z melatonin (10
mg/kg) uaan 7 % mnﬁ?uﬁmkbﬁga 4 nauw sacrified wazusaduwnsanu
immunocytochemistry  LLaz Western  blot ANIUTII hippocampus TaUum tyrosine
hydroxylase (TH, marker 83 dopamine) L8z dopamine transporter (DAT) 9 a-synuclein
(marker <83 Parkinson), synaptophysin (marker %83 presynaptic), PSDgs (marker %83
postsynaptic), NMDA receptor subunit (NR,s, NRyg) Iﬂiauﬁﬂﬁh’rﬂ"mﬁuﬁa@adluﬂéwﬁqﬁ%ﬂ
methamphetamine LR reverse ﬂ%mmﬁgwu@luﬂﬁjuﬂhbﬁvlﬁ%lu methamphetamine WA
melatonin  L&A<431 melatonin mm‘mﬂa\‘iﬁ'umii;{fyLﬁﬂiﬂiﬁ%ﬁéﬂﬁ@l%ﬂ%nm hippocampus
waamﬁ%’ﬂﬂﬁﬁﬂﬂLauaﬁmuﬂizqu%mmsmmma Leeboonngam et al., 2014, 18" TNS
Conference, page 58 (Lan3ul 4.4.4) Leeboonngam et al.,, 2015 J Neurochem (suppl 1)
page 352 (tanN®ITLWL 4.4.20) LAZLASHNFIGNNN LU TRITHIUWTIA Leeboonngam et al., J
Pineal Res (2017 in preparation) (LANR1ILWL 4.2.42)

Namﬁﬁ'ﬂlﬁmﬁu toxic effect U89 amphetamine ¢a JxuUUYUIEEIN ﬁﬁlﬁLﬁ@auadLéau
guadun lagr1ungudaieg ameddoy lagnisgliiSonosdfanlunssswiuind
(Wongprayoon and Govitrapong, Current Pharmaceutical Design, 2016, 22(8):1022-1032
revised) (LANRITLWL 4.2.15)

NI neuron WA microglia LASRATNARBILEY AMAILY 9 lEAUNLNNTLAA
neuroinflammation 1% schwan cell %alﬂu supporting cell Y83 peripheral nervous system
Tagawzagedei trigerminal nerve LazWui1 CGRP i neuropeptide finol#Aa cytokine IL-
18 I schwan cell Tagrinw ERK pathway a9siussvinl#anansadnmneadnin neuroinflammation
AReuilifo ey pain WAz neurodegeneration 881913 AuiaRuwlunsssmwna
(Permpoonputtana et al., Life Sci, 2016, 144:19-25) (Lan&13Lbul 4.2.14)
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N13LAa spinal cord injury ﬁalﬁLﬁ@ﬂngm@iaﬁga CNS uaz PNS aucidpy laanswuin
spinal cord injury fial#lia neuroinflammation azan treat sroan Infiufaansasusele
(Sompub et al., 18th TNS Conference 2014, page 70 (Lan&13Lhl 4.4.14) LLaz Sompub et al.,
The 14th APSN Conference 2016 p. 80 (tan®1ILuWy 4.4.29) uaz IBRO-APRC School of
Neuroscience 2016 and 20th Thai Neuroscience society International Conference, Naresuan
University Phitsanulok, Thailand, July 4-8, 2016, p. 87 (LaN®1ILUU 4.4.25) ameIdny ladnun
WL31 agomelatine, melatonin agonist mmmﬂuﬂv'a cerebral ischemia injury d’luﬁaﬁ&lv\ﬂu
2IRITWIUNTIG Chumboatong et al., 2017 Neurochem Int 2017 (102):114-122. (LON&ITULL
4.2.27)

Subproject 2. Autophagy controlling brain aging and neurodegeneration

Autophagy 1flunalnnitsfiiadwlwaasluymeAiradanauaanons wievmwsiioas
f199) ﬁa”lﬂqmﬂ"fuﬁmﬁ@ﬂﬁamu"uad damage macromolecule waas L dwazaeiniae
macromolecule L%éi’lfhml“lm’mﬂ’l‘i ubiquitin-proteasome  LLAZYUIWNIT lysosome mediated
autophagy PuIBMTRE LAY aging process LLazLﬂummumsﬁﬁmu@myq"naamaﬁ@m6] R
§ilife span Bus1ILA LAY AAInY Leansluieas SH-SY5Y dopamine  cell  line WuiN
amphetamine e autophagy laonsii@  mammalian target of rapamycin (mTOR)
signaling protein, mTOR i) signaling protein ﬁﬁ%ﬁﬁﬁﬂaqu growth Waz proliferation,
mTOR waswuaslalas growth factor 61499 L% amino acid %38 stress 9N suppress lag
rapamycin mTOR an activate hIu p-mTOR S'Iiid%vlﬂ phorphorylate protein an 2a%a %E}
p70S6K W8z 4EBP1 S'fidﬁlzﬁ’llﬁl,ﬁ@ growth WAz proliferation ANANANIINARDINWLIN
amphetamine 1Ua@  p-mTOR &% melatonin  Treilasnun15anaduas p-mTOR 21N
amphetamine 129nN1N17 reduction of p-4EB1-induced by amphetamine LLaz melatonin flaanu
N13LNa autophagy

wonani ﬂﬁjuﬁﬁ'yﬂ'avlﬁﬁﬂmgiaﬁﬂ'j’mﬁﬁ amphetamine ¥ l¥laasUszananslassiin
pathway 83 mTOR f?u Tudpsnan1wn1LAa reactive oxygen species LLaz“uuaume}:
ﬂ‘uﬂzdvl,ﬁﬁ’m melatonin

auz398 la@n¥16891n mammalian target of rapamycin (mTOR) pathway Atg1, Beclin1
(Atg6), LC3 (Atg8) Uaz Atg18 @91ilu downstream signaling 89 mTOR lagfl pathway lazgn
ﬂizﬁuﬁaﬂédumﬁau L1 NIIVINBIAIT V1@ amino acid NIILNA oxidative stress §31 upstream
pathway LT JNK1 activation 3MNNANIINARDILII Y i Tawameasowuinilold METH 1 mM 1u
dopamine cell line W87 incubate 4, 8, 24 %Lﬂm WUI1 METH L‘ﬂlwﬂ%mm microtubule-
associated protein light chain 3 (LC3-Il) %GLTJ% indicator a4 autophagy \Jw 264% Lfia
preincubate tua1lndin 1 mM 1waan 2 5alas USunos LC3-Il aatwde 197% manasaslagld
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immunofluorescence confocal microscopy AAWTaaaa LC3-II immunostaining TALI Lﬁaﬁlz
Agartin METH vhl#ifia autophagy lasruuL21n13 Bel-2/Beclin maaswudasllsiin 2 67
dsugsldarawanInfin M3t p-Bo-2 vlwifianns dissociation 89 Bcl-2/Beclin1 complex
waznaliiia autophagy Lﬁaﬁﬁ]zﬁgﬁ]ﬁ@iadw Bcl-2/Beclin1 complex f'tgﬂﬂaugulmﬂ c-Jun-N-
terminal protein kinase 1(JNK 1) W30 bl NNHANITNARBINLIN incubate dopamine cell @28
METH 24 7139 3500189 p-JNK 1fiasdwiln 160% uwazaaadduszaungy control \la pretreat
Msualniin uaadinnig phosphorylate JNK ﬁuwquéﬁﬁmﬁiami dissociation 84 Bcl-
2/Beclin1 complex U131 lugn13ifia autophagy nasuds et laaRuWlunsa s
wazvmsfiameisuy dnwnalnluszduandsdasn wuin 1isadeslusdn wenain ubiquitin-
proteasome system (UPS) Wa2E9R chaperone-mediated autophagy (CMA) %uﬂu selective
target 283lUsAuda lysosome NnAamAsENLI amphetamine ¥inl#1Aia abnormal protein
aggregation aa O-synuclein Gafln hall mark ﬁﬂﬁmﬁwuiuauawawjﬂw Parkinson {-
synuclein 2IUNY lysosomal protein %ﬁ@ﬁﬁﬂﬂ Lamp 2A %dﬁ sequence “KFERQ motif’ la
sequence 189 O-synuclein vaefi O-synuclein nanoifln oligomer  form  azldaansnsuny
Lamp 2A INMINaaadrinliizainnish amphetamine fal#iia O-synuclein aggregation
lasanilasnunsdesaane O-synuclein lagauI%n1y CMA TasdwanInfinsunsnduss
Pummsh wanuwiseilaanuwllud

[

v dgl v 1 J o U a e dl e J
°11ayaLuaa@uma’mazmvl,ﬂgﬂ'ﬁ’mmnmﬂummums A%

ANBIAMNTNN RS VDI melatonin @a SIRT1 waz FoxO3 pathway R aging process Tag
N autophagy pathway

SIRT, I NAD-dependent histone acetylase 1t Sirt; n91u3WAY autophagy 13
AIUAY longevity (miﬁmqﬁuma) lwinuidsanm dopamine cell SH-SY5Y lagyinldiia
senescence @18 H,0, (%‘%amsﬁwﬁuq) INM3INaaaiwudn dopamine cell gn induce Tkun
Taold marker 109 SA-Bgal imasnaniaaU3umluséiu LC3-Il $91lw marker 89 autophagy
1 treat drnwa InfininlWiia LC3-Il protein uazaadSunas SA-Bgal (LrasuA) LaAIINUET
Tnfiwlydussnnurnawuasmadlagriu autophagy  pathway 91wiiiasduitldaneluam
UszgaAmnIszaua@ (Sinjanakhim et al., 18" TNS Conference 2014, page 12) (taN&1TLUL
4.47)

ALY "L@"Tﬁﬂmeiawu"i’]maﬂwﬁummmmzéjmﬁw‘[ﬂsﬁmaa SIRT1, Beclin1 uag

LC3-II (G%GLflu hallmark protein V&3 autophagy) LRZEINIINNAIZA acetylated Lys310 Tu p65

A . ¢ A o v a ac Ao

T4 subunit wieuas NF-KB luiwadnvinl#iia senescence wNasuidpiinluiaualuin
Uiz AT Mo wITn@ UszinAoaaiasiay ARNN LY Sinjanakhom et al, 2015 J
Neurochem (suppl 1) p. 225 (LNRILLWL 4.4.17)
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ﬂalﬂ IKK complex Ltaz NF-KB signaling Mo aging process Tﬂﬂﬂ"l% autophagy

amA9n9 sowuinaan Indiuluuiy Sirt, uaz FoxO, Gaiflu target 289 SIRT, uaziia
autophagy d’lues?{'ftlf:ﬁ’lvl,ﬂLaualm’luﬂ‘s:"g&ﬁ%’m’l‘i‘izﬁuma (Nopparat and Govitrappong, 18"
TNS Conference 2014, page 19) (LanN&1ILLL 4.4.10)

A8y bald H,0, induce 14 neuronal cell line SH-SY5Y i@ senescent ¥inl#aa
SIRT1 1fis ac-RelA/p65 uazan LC3-Il LazhInauail melatonin sanyndivliagluszauun@le
waa9lFAnIN melatonin lanuauiAdnu senescent process (TINNN) T@Tﬁagaﬁmﬁumuauaz
GRunWLTn proceeding lu\‘i’]uﬂiz"gﬁ‘mmiizﬁuma Sinjanakhom et al., The 19" TNS
Conference 2015. P. 46-52 (1aNaNIWUU 4.3.6) AmATIALY lAANBIGRIANNRFNAUTIZAI
neuroinflammation Wa& autophagic Na\‘i’mﬁﬁlzaﬂ&lwsslu’s’l‘im‘m’lu’m’laﬁﬁ impact factor 9.3

(Nopparat et al., (2017, accepted, J Pineal Res) (Lang13Lbuy 4.2.32)

Subproject 3: Circadian clock regulating brain aging process and

neurodegeneration
clock genes iHunguiuninifosnunmimuanalusauiulasianizinainanaiu
d ] . . . a a A o [ , & a
NadAWALSENIN circadian rhythm  13319Me209898%830 FINIHRUALIANAINAIUWLAAIIN
v v a v a a = 1 n:? = a J I
miﬂszqulﬁLﬂ@ﬂﬁiﬁiﬁaiﬂsmuﬂaquL’Jm%mmu@ wazldsauinanftaziuSunauaadu
IMITANTZELIAT 24 T4 LLazﬁlvaﬂﬁNa(ﬂ'aﬂavlﬂﬂﬂ‘iﬂ’JUQ&Jﬂ’]iﬁN’]uGi’N‘] YBIININY LTU
mMIKes MIan amngiizesiime maduzesiale miasegeilau anwaulafia 1udu
' Aa o I . i o & A Ada & a L Ay A
AszuIwMIEneg Nlanwueidu circadian rhythm wu'ldasuamslidiamasiaen Tl liine
ilaariu replicating DNA 910 high ultraviolet radiation luz2413ana193% swivludaizugs 13w
W’Jﬂ@f@lﬁam@ﬂﬁ’muw circadian rhythm Qﬂmquﬁiﬂ suprachiasmatic nuclei (SCN) U83IgyaJ
&% hypothalamus T9fiaillw circadian pace maker I@]ngﬂﬂﬂlﬁiﬁﬁ@@ﬁmmﬂaaLn@é“au
MEUDNUBNABANUNTALAZAMNEIN MNNURITITY QM IlUangI18zd1d 9 2a9319malag
' o A A o ' = Ad A a a A o &
Hunesyamlszamniegeslannainnadsn infioandainualndudniini  asunlu
v { ' & ' ' a . . A '
U231 a31M3 SCN LLa:@]au"LWLﬁﬂm’mﬂuﬂ’mqu circadian rhythm T9UNUNVIEH Per! ¢ia
mMninnvasdeay wiloadinsdaslinmsanmeely asnuancidny lednwinisuaasaanves
duniuguumludeylwilvavasmunoninzidosluan1iznaeanasainud - Buaiuguiam
Per2, Bmal1 Waz Rev-erb alpha £9a3839nzlunsuaadaanvadiunadaniwiziasaduiig
' < = ' { o v & o a
NN 24 73189 TIwanedlUanEu Pert was Aa-nat NIIRIEAITURAIDEN MATOLIUHUANLEN
aaLiloagluaN1ITNAEANAREY AINUNNIAILANTINIZNITURAIDANTBY Per2, Bmall Uaz Rev-
. W o ' . .
erb alpha ludewlwifioalildnagiuniaruquuasansieszan norepinephrin  (NE)
\BuLEn T W Pert uay Aa-nat hasuwispitlaaRunlunsasuda
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a da &

FeMfaunioraa MIFYLEINTTEUIUAZN T FoduisfiiaiululsaanaaFon
8813 Aizheimer  n13t3uuf M13d1 aruqulan circadian  AmeAdy dasauadginly fe
functional clock azagluauaau‘%nm@hdﬂ laganiy hippocampus, hippocampus 3 clock gene
LRSI SUNIERD aging  process §UWWENL mMIseu NI S IANINEIRIND
dnulasld model w84 neurodegeneration L3% AD model, neurodegeneration model LT Tu
ﬂiﬂﬁ1ﬁ§u amphetamine Aalmdn neurodegeneration PPN aging model

amphetamine (AMPH) $iHadian1suandaanvadiiu Pert, Per2 waz Aa-nat Mudan bwiiiea
VOINUNAIAREAATEY 9, 16 UAT 60 Tu Tugnazfiduss 12 $alus uasliTuas 12 52lus da
saline w3a AMPH Wda nasasdadenmiuszoziia 7 55 wasfudanlwifioafivnen 2T 3 uas
ZT 15 284N15NAaY Real-time PCR uaadliifinin AMPH Inadanisuandaanvaduaazdunly
ganlwiloauandranwly laglifinadaszau mMRNA w89 Aa-nat Iuwgnﬂmﬂqﬁgﬂummﬁﬁum
uazlaifiuss wuwan138AIzaL mRNA 284 Pert Tunanansduluden lwifloavainuany 60 Tu
wazwudl AMPH Suarhldifianisaaszaumiuaasaanvaitn Per2 ludoylwifluauainynas
ANDADIYENI Y

ﬁ]’mi’mamﬁmumwudﬁﬂﬁluﬂﬁjua’mawa@%aﬁNa@iaé’fsmwaowq@ﬂssmm6] a1
sleep/wake cycle URITITNNNINAILANIINIZNMIUFAIBENTBIBURABTHalY striatum e
U31A91INNIAILANIAILEY master clock 138 SCN é’afuﬁaﬁﬂmimaaug}wamimwa@
amphetamine #ian13uaaIaanad clock gene 1n 6 T lusasandn Tu striatum S ERVNEIHEH
wudnarlddnmafoundasuSuno mRNA vas8u Pert Tagfi amphetamine ¥inl# peak 284
Pert Simaiaeutioan’ly (phase delay) asnitias 6 %L’JI&JGLﬁE]LﬁﬂUﬁ'UﬁLm@:&lﬂ’JUQ&J wonanii
FalnarnliUSunmnsuaedaen (amplitude) tRNTWENTIY dwsuin Bmalt Seiinsusasaan
gﬂunmﬂmﬁulu%kmﬂaﬁ?u Lfia%h@@ amphetamine ‘wmfﬂgﬂLLuumiLLamaamﬂﬁvaﬂ
\IUWLALINY Pert I@Ulu%hm&jumuqu%a peak Lialuaauith waaan 10.00 w. waswldiln
a1 22.00 w. BwAeimyaeudieanllagneton 12 T2l udlifinade amplitude waInT
wgasoan aeglsfian amphetamine liXnadasinIzMILEAI0anYasiin Rev-erb alpha h
suuuuuazdianm lag Rev-erb alpha azﬁmmamaaﬂgolwﬁaonmriaumuﬂ?iwanﬂL’smﬁLLm
Dunanfla  asiussenanadleédn  amphetamine UHAAILANTINIENITUEAIBDNDEHN
@NIZIN229A8 clock gene WAazA lasanadunaliinaUauaIuashaniaannIsmunganTIy
Auanensaan’yl

§mMTUUS1I 0 hippocampus 15t Perf mRNA ) peak FINBUININAI Tuwmsf Bmal
mRNA 98 peak geluaainanadiu Lﬁa%kﬂﬁ%'u amphetamine 5 mg/kg @@a@any 7 % WUIN
amphetamine vinls Bmal? mRNA 7 phase shift Lﬂﬁﬂuﬁ]’m diurnal 1% nocturnal pattern &1
Pert mRNA a971liian udaadSunaldsiiuas :mnmimasssusasliifnit amphetamine vin

v Aa = a . o & a a . A A v 04
IAAansifauntad clock  gene luu3tamh hippocampus G9iduzeNaulade aziiedaeny
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nai Al fsuudaniseug n1331 1fhe991nnslE amphetamine udTpRldanadnunwly
MIRVIWIUWITIA (Pramong et al., Neurosci Lett., 2017 submitted) (LaN&1IUKY 4.2.41)
AmeIdnY ladnsn clock gene AIUAX brain aging process laaenels lapfnun clock
[ { % &
gene 4 ¢ §a Per1, Per2, Bmal1 uaz Rev-erba luny rat Nidany 8 dUandd, 1 U uaz 2 1 Gadu
A A A ) &, . = a & o
E]’]EJY]’HS’]J’]’]WLNE]LY]UUT]‘U%J%HEJ) LA treat melatonin VHQJ?E]’]E‘! 1Y uaz 2 Y 2nuIa mRNA 183
clock gene 4 THa UILIh hippocampus Tadﬂhl,ﬁ’\‘mm\ﬁ'mm:ﬂmdﬁu Naﬂi’mg’j’] ﬂéj&lﬁ treat
@A8imelatonin waz lal'le treat Namﬁﬁ'ﬂﬂi’mg’j’] AILFAIBDONVDIDW Per1, Per2 L8z Rev-

erba @auﬂm\ﬁ'ugaﬂdmauﬂmdﬁu 1wum:ﬁmmamaaﬂ°uaa§u Bmal1 gd@auﬂmaﬁu ﬂh&ﬂ']&ql

11 Per2, Bmal1 uaz Rev-erba 614043 rhythm &1 Per? liuga rhythm 1asw Woeny 2 T uu
Per1, Per2 \\az Bmal1 iﬁtyLﬁtl rhythm Ytueh Rev-erba rhythm DEHER W%VL@T%'U melatonin 1T
A 2 Whaunaunanadu dnngdwut Uuaz 2 U Ald5u melatonin n13usaInanvad clock
gene 113 2 Tfla & rhythm nauAuundauaauay 8 a1 Tayatudutoyaidasduiinaaly
: ' o 4« . '

\Aud1 M3fieyun circadian rhythm zgayield aflu mechanism wikilunisaiugunis
o 1 [l n' a v o dl' . . a a o v
nudng g vasauaslaianizageBiinaiioui n1331 1la circadian rhythm Radnd luazyinly
FUBITNINUAAUNG melatonin a1813a¥ 1A circadian rhythm 1 mmﬁau‘*ﬁwmqﬁam AUEATL
4 dnwdaiiatiluganudilanaln clock gene arugumMIiuatanatangls vluany
mﬂ%dqmuﬁﬂ rhythm ﬁuﬂ melatonin Ta8¥inl# rhythm 284y clock gene maomwmwné’uﬁug

A v v A 1 [ a o a? Y o a a a
wilaunauangesldnialdadiely wnasruwidsdlaildiaueluaudszgnisnmszdunma

th A o [y '

(Pramong et al., 18 TNS Conference 2014, page 59) (LaNRIIUUU 4.4.5) AUZIAYY ladnunde
WUI1 melatonin receptor repression 3ziURBWIHIINIE rhythm LIAINANIBUASNANNAK @B
215310 rhythm  wufazmie |l M3l melatonin saunsaduld rythm MG ldnauninu

o A ) AN oo A a ad a Aa €
navAuanld  udldih ldisneinudeminmmwnmnmnandszinasasanfouazdRam
Pramong et al., 2015, J Neurochem (suppl 1) page 205. (Lan&13LUY 4.4.16) uazANNW LB
13817 Pramong et al., 2015, J Med Assoc Thai 98 (Suppl. 9): s123-129. (Lana3uil 4.2.12)
wananiamdIny Gawudn melatonin §987131301U3U circadian rhythm Ja9nyuANAaUNG L
Per, WLa¢ brain-derived neurotrophic factor (BDNF) Iﬁ'ﬂé‘ugﬂﬂm@ﬂuauaw%nm hippocampus

a W H Y o a L =) th

nanuidpildinldiauelunulszgadTimiszdum@  Pramong et al,The 19" TNS
Conference 2015. P. 81 (1an81ILWLU 4.5.14) %anan clock gene ¢14¢ Iurjg\‘ia’]qﬁlzvlmmm
circadian rhythm W82 BDNF ua neuroinflammatory marker nUn@azuEas rhythm LLGiLﬁagmmqu
rhythm nanfaziFsuazuaasiadn@ly udiunyldTu melatonin Lluiauin rhythm 6199

& o A , A~ o AN v o A a
wataznauginiiaulugsnlenyies wasnuildildiguefnudszguummmalszinea

th . . N

LAKUNSN Pramong et al., The 10 Federation of European Neuroscience Societies (FENS), July
2-6, 2016 page 3706 (1anN&1IuKY 4.4.32) naiwidpidasduitldi lhimualunudszauiang
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Y2AUT@ Panmak et al., The 19th TNS Conference 2015. p 75 (tL8NRITLUUWL 4.5.10) LLAZNRIY
PIRNADZLARUEIARNNLN (Pramong et al., J Pineal Res, 2017) (Lan&nsuuy 4.2.40)

Ei;ﬂ’azl depression 33 pattern Va4 clock gene RaUn@ rﬂyﬂ’m depression azduna'ln
mﬁmﬁﬂﬂgﬂiﬂ Alzheimer 'l easiunme3any 39ld@nw Per2 polymorphism LRI g
HawSsufounuaudng FeaRuwill proceeding (Usama et al., 18" TNS Conference 2014,
page 42-45) (LaNKTUWL 4.3.4)

melatonin ﬁmm’méﬁﬁmﬂumimuqmmumi aging lagLane brain aging asi’m@ld@ia
circadian system a.ﬂﬂz%'@ﬂﬁ%'uL%muvLﬂUﬁmm%im "Melatonin in the brain aging process" ﬁ\‘l"m
ﬂi:*’q&ﬁ*’mmimm"mﬁLﬁmﬁ'uﬁaainmaaﬁgamq unaydadlu Govitrapong  (2015)  1AGG
Meeting p. 3 (L8NRITLLUU 4.4.22)

Subproject 4. Caloric restriction, high-fat diet, aging brain and
neurodegeneration
Subproject 4.1: Caloric restriction, brain aging and neurodegeneration
M7 1#Tua1m1INH calorie @1 (Caloric restriction: CR) azxvhlwiaa1ydunsluizuazly
v 6 a & a oo ' a & 2 i s 1 P o . I
sainangrhaiduaasnanuuiui wanalniiadwlaadngls g9ldidunnsunu melatonin 1w
d o X . & & P @ 4 o 2w e o & .
‘aaﬂuuﬂaﬁammaﬂmwmUnLﬂJumswaﬂaﬂm’mﬂ%mmﬂq"nUL“ﬁuﬂum melatonin WAz N3
ve da o« dd . o . L L
1@5ua1113N3 calorie 61 una lnNAe19897 energy mechanism, sirtuins (l@gtannz Sirtuin
. I { A @ o . . A = . °
1 = Sirty) \HudulodAinerdaany epigenetic FOXO, waz FoXOs, @9tilu Sirt, target gene ¥in
‘Hﬁhﬂﬂ’mﬂu neuronal homeiostasis lABLANIZBENIEIN hippocampus \ETaINY apoptosis
. é . . . Aa e v v
Wae survival 03 Sirt; AIUAN aging WA neurodegenerative process ATWEIILY VLWJJU‘JW"MQE]
@149 wianfuaz laGRNWle Jenwitheesuk et al., Int J Mol Sci, 22 (2014): 16848-84 (Lan&13tbwl
4.2.1) wazuwISpitlevnaniy Professor Shimokawa 7 Nagasaki University ﬂ‘s:mmﬁﬂqu lag
w.8.8luias Luitigy sinfnwdIyaiennangas Neuroscience |@3UNU Goho Life Science
. oA v 1 & { '. v Aa v s g
International Fund 'luvin3ddunisndzinedgu lananuidoasi
ﬂ@:wﬁ 1 1% mice young (6 LAaw)

]
1 =

NENN 2 11 mice old (19 LAaw) — treat 628 vehicle

]
oA

N§UN 3 11 mice old (19 LAaw) — treat §28 melatonin 10 mgrkg Luaa1 10 T

q

)

ﬂﬁj&lﬁ 4 ¥y mice (CR) 1@3u8191T calories (9’°i’1 (Charies River LPF diet) — treat a8
vehicle

ﬂéjuﬁl 5 vy mice (CR) |3 u81W"3 calories 61 (Charies River LPF diet) — treat &g
melatonin 10 mg/kg Y% LH1Ia1 10 1%

ﬂ@:wﬁ 6 %1 mice (NPY) 1 knockout NPY treat a181628 vehicle
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D

NYuN 7 %1y mice (NPY) ﬁl knockout NPY treat 628 melatonin 10 mg/kg Vlﬂﬁ'u 1w
1281 10 A%

Wuan sacrifice WaT dissect  hippocampus ﬁnﬂffu hippocampus IMNENBINY PRI
MmRNA 284 Sirt;, FOXO,; ag FoXO,, 7@ cell cycle gene (p21, p27) 9 gene Lﬁlmﬁ"i.l apoptosis
(Nrf,) modulator U84 FoXO,, (Wisp,) "L@Tmagﬂ@ﬁf:

vl & mRNA  Sirt, (fll’m’h%kl» young uaz wy young lidnaziilu CR wla treat e
melatonin 153 Sirt, Auanenani mu%wmﬁf'uﬁ treat @28 melatonin wal#a1M13 CR 2zLiiy
320U Sirt,

FIunuun §326U FoXO; mRNA aaad Lﬁa%wm treat @28 melatonin W38 CR azLia
320U FoXO; mRNA

FOXOs, NIWLALINUAL FoXO,

i 43U melatonin %38 CR RN p27

Nrf,: 9% young uaz wuln & Nrf, v

¥ young ﬁvl,ﬁ%"i.l melatonin (high dose) %38 CR + melatonin (low dose) ﬁ]:LﬁlsJ Nrf,

%ELLLfiﬁ"IVL@T%‘U melatonin (low dose) %38 CR, CR + melatonin (high dose) %Lﬁl&l Nrf,

Wisp;: #ih young L8z Wiphn laiuandranu

ﬁyj,LLﬁVLﬁ%"LI melatonin %38 CR, CR + melatonin %Lﬁluﬂ%mm Wisp; mRNA

Gl wguﬁﬁaﬂﬁ%’ummﬁﬁ calorie ¢ w3a'ldSy melatonin as15uLLlanmw Sirt,, FoXO,
Nrf,, p21, p27, Wisp, LLﬁm’i’ma‘lﬂm‘iLﬂﬁﬁumad CR La¥ melatonin ffuﬁ]z share @T’Jsmavlﬂﬁ
wiloun G9iw9 CR w30 melatonin 'thaﬁwlﬁaﬂqﬁaﬁumﬁﬂmmu Sirt;, FoXO
wilaunuuazlaifl synergistic effect duu%wﬁl Knockout NPY a:l32@uwa4 Sirt,, FoxO,, FoxOs,
p27 LT wispl a@m@‘iﬂﬂiﬂﬂﬁjwwm treat ‘Iﬁ‘i;ll,ﬁ"lil 10 mg/kg melatonin laisnunsntaoinszay
Tsfunanilld waasih NPY Sunumirdnsdesvaumsit wanuwispilldiedousdednndlu
(Jenwitheesuk et al., Neurochem Res, 2017) (tan&1341U 4.2.34)

AmAsey dnmisuiFesiidesn

Namaamaﬂnﬁuluamaafshu%ﬂﬂLmuﬂmawwmmu NIYNIUVad FoxO1 (The
effects of melatonin in aging mouse hippocampus : involvement with FoxO1 pathway)

%ﬂIULmuﬂmﬂuauaaﬁwumﬂéaumumﬂqLLa:Lﬂuﬁhuﬁwﬁzﬁmﬁ@mawaaﬁsﬂ,u
qumﬂq mu%%'ﬂf:ﬁa;ﬂﬂi:mﬁl,ﬁaﬁﬂmwamaaLwaﬂwﬁu@iamsﬁwmmaaa&lamm%ﬂmmwﬂa
lunyunlas@nmnavedualniiuda FoxO1 pathway Falln pathway fitigagastiumsilastin
NIV LTRFN D ‘wmfﬁLﬁalﬁLuaﬁIwﬁuLLﬁﬁh&LLﬁ wanInfiudnaivmsusasasnuassaudsi
Hasiumavhanevasimasuad 1aun Sirtuin1, FoxO1, uaz Beclin1 uazaadaudsfigidoany
AR NANTANLVBILTARNDS baA  p53, mdm2 waz Dkk1 Naa’m%f{'l'mﬁfmuaNaomsl,umuﬂszqu

39U Jenwitheesuk et al., The 19" TNS Conference 2015. P. 76 (L8N&1TUIL

24



4.511) uazl@aIGANNLIUNTENTMIUITG (Jenwitheesuk et al., 2017, EXCLI J, accepted)
(LANFTLULWY 4.2.29)

Subproject 4.2 : High fat diet and brain aging and neurodegeneration
ms"[ﬁmmsﬁﬁﬂ%mm‘lmﬁugaa:ﬁﬂﬁé’@%@aaaLﬁ@ insulin resistance @9azWaw LT
15QLU7ANY type 2 Lm:ﬁﬂmﬁ@auaaLﬁ'am@msﬁwﬁ N33 ALY "L@Tiamwiagm’m
LARIAI G a9lulanans Jenwitheesuk et al., Int J Mol Sci, 22 (2014): 16848-16884 (Lan&13LLHL
42.1) Ay "Lﬁé?oamag’mé'of: 1.8089U313 0% hippocampus i taaansLas a1 usas
Iwal  2.8089U54704 hippocampus 3ziiaauAaUn@vad circadian rhythm vanasilasiv uile

1@a18mILa3u melatonin laudlasin13398 @95

4.2.1 Melatonin prevents decrease in hippocampal neurogenesis in high fat diet and
streptophysin-treated rats

I8y rat 018 8 dUansd uduiu 3 nqw

ﬂﬁjwﬁ 1 control (Ma1w13UN&)

mjuﬁ' 2 high fat + STZ (I¥am13ludugs + STZ single dose a3 1 &, treat ¢ian
vehicle 1wia1 6 sUa#)

mjuﬁ' 3 high fat + STZ + melatonin (l%011171udUgs + STZ single dose #as 1 a1
treat 28 10 mg/kg melatonin N)NT% (DU 6 FLlan#)
ﬂf,g:wﬁﬂﬁmmiﬂﬂa 5nmjulﬁmmsﬁﬁﬂ%mmﬂmﬁuga e 6 §a% @999320U glucose
lwiRoa wudhwylszdu glucose gﬁumﬂ \Junga hyperglycemia %Emajwﬁaﬁ@ melatonin 10
mg/kg NNTUIUATL 6 FLlaW e 4 §Ua% aa 40 mglkg STZ Liensu 6 §Uaw 1y
NARAL learning memory 1ag3% Moris Water Maze ﬂsﬂﬂgim%mjuﬁ"lﬁ%’u high fat + STZ n13
L‘%quummﬁwm@m impair spatial memory mmkl,ﬂf,juﬁvl,ﬁ%'u melatonin msﬁmuj"uamkm
ﬂé‘uﬁumﬁﬁ'umtﬁvl&ivlﬁ%‘ummi high fat + STZ 3NTAMAI S8 ldfnwdelasimunnailuga
dissect hippocampus 1A3=@L double cortin (immature neuron) nestin (marker Va3 neuron)
W31 neurogenesis marker ?Jamyj,ﬂf,iwﬁvlﬁmwﬁ high fat + STZ aaad melatonin fadsnun3
a@adﬂgugi:ﬁuﬂﬂa synaptophysin (pre-synaptic marker) PSD95 (post-synaptic marker) 83
melatonin ﬁ?ﬂﬂadﬁuﬂ§ugizﬁuﬂﬂa IR-[3 (insulin receptor 3 subunit) IR-X (insulin receptor O
subunit) 884 p-ERK, MT,, MT, receptor 8a84 melatonin ﬁagﬂaaﬁuﬂ'uﬂv'omsa@m melatonin
81l 09NWNTRA IV neurogenesis flasnunsaaadvad synaptogenesis ﬁv’df:ﬁhu insulin
receptor &% melatonin E]E]ﬂf]‘ﬂﬁi’l% melatonin receptor Namu’ié”ﬂf:ﬁ’lvl,ﬂLaualumuﬂizqw
Jmsszaum @il proceeding (Lansubsakul et al, 18" TNS Conference 2014, page 37-41)
(LONEIUHY 4.3.3) LLa:LauaNamuiumuﬂszﬂqﬁmmﬁzﬁum(?l Lansubsakul et al., The 19"
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TNS Conference 2015. page 72 (L@n&Iwhy 4.5.8) LNafiaz@nm1 function lddns NMDA
L oA . . . A o ' .
receptor subunit TILTw functional unit W84 hippocampus INNWANIIIYNLIN wn (high fat +
) ) A &L o o & 4 4 & {
STZ) aa32AUUad NR2A &% NR2B LANTY Wazaas=ay CamKil asnulds@uiiaswluuu 1ia
o . [ A A Y A ! i g v Aa
treat 28 melatonin sxauldsfiuaziffuunduinlaungs control wanuRazldTUARNWIY
Wongchitrat et al., Neurochem Int 2016,100:97-109 (LoN&1TWKL 4.2.23) model hAULITLINIRT
dnmaaiinafivinldwanudu Alzheimer's disease way brain aging w3l a#19ly wan
Infinguss laadngls
P ar zu a A A a . y .
iasnnlsaiwwnudnazgniawiiadnlinfalinauadiian Alzheimer's disease 97N
Toyateduwudn high fat + STZ vilsiifia hyperglycemia ifianIgayi&uaud melatonin
sansnilasiududsld aneAdny lein model Handnwdala treat i rat ¢y STZ uaz STZ
+ melatonin LLAENARDL memory test N dissect awaw‘k}ﬁ%mm hippocampus a2
v K = ed A o [ i A o v a .
prefrontal cortex waAnEL AWl ANeITaIny APP cleaving enzyme Al A amyloid beta
4 . v { .
(AB) Fadu hall mark wailsa Alzheimer (5’1UazLaﬂ@ﬁ]‘;vL@ﬂm’ﬂuUﬂﬁﬁﬂH’I Alzheimer 1%
. a o d? v 1 1 . A & 6 PN &/
Subproject 6 ) WRIWILLUDIAUNUIT BYPNAY hyperglycemia F1o9 L] B-secretase LNNUY
1 & o Y a & 1 ' { kel .
#2% O-secretase AARY T3z lALAa AB 11w marker 289 AD mumﬂmquﬁvlmu melatonin
& . o v & 6 1 a v A = ¥ & v Ao g P a 6
i melatonin aansnldiulodndugdndld fidudeyaidasdundraguiniiafigasin
Lrawmnuanawaw ldilulsa Aizheimer ldadnsls saiin@nwdigoentiasidvey
ToyaidasduuaadliAiuii nufidu hyperglycemia maFaui n13d7 azudas Waiftouiuny
nga control #IURUNUN1ATL melatonin aNuENIInlUMIToUIEAYNALRUNGY control
uaadlWiAwin hyperglycemia dnansznudaniaiioui iienauaddan hippocampus va9nnl
NYNEAN ) NINAFL agﬂu manuscript U89 Kamsrijai et al. (2017, in preparation) (LaN&1TLHL
4.2.37)

4.2.2 Effect of melatonin on clock gene and metabolic gene expression in hippocampal of
high fat-diet and STZ-treated rats
d' a 6 1 d' s d'd L s &) g: ) v A
Lwaazw;ﬁam’muaaﬂmummwu"lmuugafﬂuwwmLﬂuliﬂmemuuLmeImﬂQBﬂ
FNBILFON LAzD1N1TU Y B Lhavaniiansidfewudainsznuda circadian rhythm melatonin
1A InTlaanwn U Ruunladth a9ttnameIT8Y 390NagaUTEAU mMRNA U89 Per!, Per2,
Bmal1, Rev-erba Uz Sirt, 43173 N&w high fat &ua9L31I04 hippocampus LANITAL Per2
W8z Bmal1 melatonin 8131305 81]aInulH Per2 anadtilnszauilné &1 Rev-erba a@aaluﬂﬁju
. { . ' . a & ' v o @ . o o
high fat Nvnaulafa Sir, ’Lunqw high fat LANAKEEINKDEIATY melatonin 81X 0TaINUNT
A &£ A L [ ‘g v & . o v a d o
LWN“H%ﬁVLUE:}LVHR@U control NawHuaasl#AnIT high fat-STZ ¥inlkiAansiaouulaiszau
. ~< & A o > o A& A Aa % Ig A
clock gene uaz Sirt, Teanadunalnfdranaunisnauaafanmaaw liiduwlsasuaazouly

high fat-STZ %%Qﬂ’mkmmmmvlﬁ wamu%ﬂﬁmuammu’l,mmﬂizt*gw%’mﬁixﬁumﬁ
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Chanakamchokcharoen et al., The 19th TNS Conference 2015. page 65 (Lang13Lul 4.5.1)
Lae Tangyen et al., The 19th TNS Conference 2015. page 70 (Lan\13Lkul 4.5.6) LRSARNWLY
Wongchitrat et al., Neurochem Int 2016,100:97-109 (Lan&1ILWL 4.2.23)

4.2.3 Melatonin prevents calcium-induced calpain activation in high glucose toxicity in
SH-SY5Y cells
dl' A a 6 1 1 a d'd & o v Aa a a 6
iWanazigaddadinluvmztSanand glucose g1 nuazliiiaanuiadnfvasiaad
dszan )asisululiaiunmau (ame3989 61T neuroblastoma SH-SY5Y cell line lastwiziagy
Aa ' . o & v . o o
Tua1w3nd high glucose WU high glucose Aaaadszanansle melatonin aunTailasny
. . o A o Cu
MIALVBILTAR high glucose RIRATEY calpain Y% melatonin flasnunsansvadisasdszan
' o & A £ . : L. oA a o . o
1a8HUNTEUEINTINNTUUDI calpain L&A1 Ca-binding protein AUNUMLALINL high fat ¥in
IWaaduzanizen Tayaidasduitanansnildigaduazwanniluganuidla high fat, high
glucose uaz/lsaiuninu Mliiiasuaszeuiialsnanadiian 1w Alzheimer ‘Lo Toyaidaidn
Y o A a o a .. th
Idvinldieuauas@funluanudszgnisinmaszaumnuma (Sirisuwat et al,, 18" TNS-CU-NIPS
. th
Symposium 2014, p. 60) (tana1Ikuy 4.4.12) wae (Burusnareerat et al., 18 TNS-CU-NIPS
Symposium 2014, p. 61) (LaNRIILUL 4.4.13)

4.2.4 \W38uLnay effect 209 melatonin ¢a autophagy Tw high glucose 27ad SH-SY5Y cell
line NUWRNYN hyperglycemia U310 hypothalamus
Wazadwa Infiudadu Sirtt AnTzdunIzLIUNT autophagy HIUN1ITLEIUE9 RelA/p65
lunszuaunmsaniguuaTas SH-SY5Y
o v €0‘/ A A dl o 1 &
ANNT AU s TIne i ldgnisansveiaad lasnszuaunis autophagy
1Y { o o o ' ' . A a ' A { A a
\wdunnddydniunmadesaansluiananguued cytosolic  Raunfatnanisiiiuivasiv
A % (% % . . ~ % 1l 1
AT TIAANUFNAUTAY Sirtuint (SIRT1) lun13tANEaaIIN1T08 700V ILTARHIUNTT
. A ' ' g a A& { <
deacetylation 14 relA/ p65 Tailunsiiatasvad NF-KB uananiwa infudadusaslunings
1 a 1 ] 6 1 a U
nndaxlwiilpauazaansngislunisagiaavassad a19azHIuMIAILANEY SIRTT Bnday
IWIIZALHUNIANBNIATIRIIR 0INIANBINATBIWAT INTuea autophagy WIWNNILAUTL D
P A g v H . v
situin1 Tagnnazduliaglunizanue aging)  dwlalasiawdatean’ad (H,0,) 1u sH-
SY5Y  LTAR WANIINARBIVBITILEAILALARIIWTEs SH-SY5Y A1l H,0, i a1 lnfiu
A o . < { o o
fwsnLANIzaulysin SIRT1,  Beclin1 uaz LC3-Il Sallulds@undranvainszuiuniy
autophagy  luunsefise@uad acetylated-Lys310 9 p65 faaaddnes wanandiuailniin
o 6 oA o a A gy ¥ . A < A 6
RIANTNAAIWIBLTRALANGDNAATA1Va LUGN galactosidase (SA-Bgal) TatilulaTasnansLas

1 & ¥ s v & 1 { o g; o
senescent BHTIRU %aﬂ’ﬂﬂﬂﬁwﬂﬂﬁi‘ﬂ@ﬂQGVL@iUﬂ']iLLﬁ@IG&LﬂL'ﬂ%'NLfJa UHINIINWNIWY B
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. . a v & v & 1 a AI o

Sirtuin1 wavztdululuntsasenudny Taugadldidnin warlnfivsusainnsvinauaes

1 dl 1 1 v v a v d‘v v

ATTUIWINNT autophagy #1% SIRT1 TUMINTI8TR0ANULATEITAS L0DNAI8) NRIWIFB LA

ﬁnvl,ﬂLauaLLazﬁﬁ&lwﬁlmmﬂsz*’qu%wmss:é’um@ (Nopparat et al., 19th TNS Conference 2015,

p. 74) (lanaIuuy 4.5.9) ldas@RunluImIwm &N impact factor §9 9.3 (Nopparat et
al., 2017, J Pineal Res, in press) (LdN&1TLWL 4.2.32)

wannil ameIany 09ladneN effect Va9 melatonin 6@ high glucose % neural cell

(SH-SY5Y) Wun high glucose vlwimaslszameans'le Tasf high glucose laa LC3-Il 1fiw p-

A . {o o 1Y [% . (Y
mTOR aza® AMPKY3 #9101 metabolic  regulator ﬁa’lmg 01 treat @38 melatonin A1
. o & s A A a J ,_-3' 1 dy a v @ o =
melatonin & 10 UEILAZTaINWANTURaUNLAATND effect LRET AIAEAILY HIWNIANE Lk
Wi la3U high fat + STZ auril#ifia hyperglycemia Aliadsingnisalindanlu cell line Gaun
NMNNANWITERAANTILIN melatonin - ANUFUWUEAULTEI autophagy  uae effect w84
melatonin  lun1siasnunsiia neurotoxicity 21N high glucose 871914189910 13ALLI AN
melatonin AziaulunTauEd toxicity MtiafaNadle Azdruiliiionafsuudasszauves

= ' ' A & o = A &z o a o
TuUsdnlunagarnvassemodainilasanisvasninialsateyivaiusie  ann1maaadla
{ |2 L= 1 1 o v Aa { Q ‘é {
mmsﬁﬁﬂimmvlmuug\nm%% wuvin i Aan sl aswnlasrzauvaslisauluiiae G9lisaun
WUNIRNALT U TAUN R NAULILL N LITAINUMSAANLTRNINADAL  Lia lRENTNaN INTin
A = Aa en & o a Aa A A I ' A o &
GﬁdLﬂumimqmauwLﬂuawsmua%aamzmﬂsza‘ﬂﬁmw Wuszgziaisoihoy 6 8Uaw
wm"]Lumiwﬁumm‘mmUﬂ%’ﬂi:ﬁﬂﬂiﬁuﬁﬁ@ﬂﬂavlﬂluLﬁamlﬁné’umg&ﬂ%mmﬂﬂaLi‘lal,ﬁmJ
NURRNANAILAY é’aﬁummiwﬁummﬂumaLﬁaﬂluﬂflsa@mmgmmﬁ%amﬂwﬁ@ﬂﬂaﬁmmﬁ@
mnma:ﬁmmnmﬂﬁ%’ummivlmﬁugaﬁﬂuvlﬁ NRITHITEHATAN VW LI TENTWI WD

Wongchitrat et al., Proteomics (2017, accepted) (Lan&1TLHL 4.2.33)

Subproject 5: Neural stem cell
Subproject 5.1. Effect of melatonin (positive factor) in neuronal stem cell
proliferation/differentiation
wrand sz nluuSians subventricular zone Was subgranular 789 dentate gyrus L3120k
- y X o ¥ . . s
Wikd284 hippocampus Ansanarasdszandulng waslszaniainnsa differentiate tiiu
. v . a & { | . {
neuron 138 glial cell 'ld neurogenesis auifindwiang luanaivasrlng udzanauilaaiy
J’ g 1Al 1 a o . A Ao ao & a A s
Wnan g9 hidlasniuin uﬂaamaﬂimmqu neurogenesis RINUNIIUAIRUNAFIN Ao Uadn
NUNRILIARDY FINTZHU uazzRUNIDlaNgg growth factor @149¢ 15w BDNF IGF-I L&z
N380 oxidative stress aeuunguITLIlaanmlan  dissociate FNBIVDINY mice UILIT4
. o = e D&
subventricular zone Wazle neural stem cell ¥ culture TITARRATIIFAUINLTU neural
stem cell au1IaLAEdIaaLln passage @199 16 Wald melatonin AT ITUAS 9 WUn

o o

melatonin R1WILANYIN MBI neurosphere laagrefinaday n9sdia wazaw
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concentration dependence VUW1@YaJ neurosphere Lﬁ'w%uﬁw Lﬁ‘aﬁ%ﬁgﬁ]ﬁi’] effect VaJILuR"
Infinfifinmsaolsanm precursor cell ity melatonin receptor %38 bal oiuald
luzindole %dLﬂu melatonin receptor antagonist W131 luzindole El'mf?mﬂ%{mau&laﬂmﬁmm:
effect BasLua NS aiuislaean PTX a13fiazinls G-protein uncouple i receptor WAL
7N effect ﬂJadLumiﬂﬁu‘iLﬁWi’m melatonin receptor MT; %\‘1 couple G-protein L8z MT, receptor
ﬁ%z co-localized Ny proliferative marker Ki67 Lumiﬂﬁmﬁ'wﬂ%mm neurosphere &l’m‘ﬁlq@]ﬁ
passage 2 LLazLumeﬁm:Lﬁuﬂ%mm MT, receptorﬁ passage 1,2,3 ’s?huﬁl passage 4, MT,
receptor ﬁ]zﬁﬂ%mmwhﬂﬁju control 1ila¥i neurosphere flan differentiate Un@uas neural stem
cell 3z differentiate 1% neuron L& glia Lfimi’l neurosphere 41 incubate Auwanlniin 1 UM
WU Lﬁlu neurosphere ﬁmﬁums differentiate 11t neuron (Blll-tubulin 1w marker) 28193l
WHRATY walsiiRuySun o glia (GFAP 11w marker) Boniniin MT, receptor 3¢ co-express
Grufuiy Bliltubulin warInfiuifin Bliltubulin immunopositive el luwmsAiUSunm
immunopositive GFAP cell mﬁl WA INAINAuIL differentiate neurosphere 11/3% neuron
\Ruiw vmedl differentiate 1l glia cell LY@ wazuan InfindaiivSunamas MT,
receptor ﬁaa&ammﬁﬁmméﬂﬁmmﬂ nguITniaaNgaiazdnw mechanism 1¥8na iioas
\DudayadAnyluns neural stem cell f:mﬁﬂmﬂgamﬁ'aﬁﬂﬂ transplant 131"l uawa s
Ygywusasdseaniield iu nydiues Parkinson n3thuay Alzheimer Namuf:ﬁfudﬁéwﬁtymju
29892386 0DN ﬂmz;ﬁ%‘mvlﬁﬁﬂmﬁmﬁwdﬂmzmum?ﬁ'Lﬁ@%uf:ﬁm’mlﬁmifaaﬁ‘u signaling
molecule @Tﬂ@LﬁaLﬂum‘ssiazJa@LLazﬁﬂﬁmsﬁﬂmftaugsrﬁmnﬁa%u WS UANNENNNTD
Tum IR B Tas lastus 1% neurosphere Ly melatonin 1lu growth factor 8w EGF
waz bFGF 1311271 melatonin suNTnLANEIWIL neurosphere ldunnin EGF uaz EGF+
bFGF uazenl# melatonint EGF+ bFGF azifiusnuimn neurosphere WNTU LEAIIN melatonin
1) synergistic effect #a EGF+ bFGF @nmnaanuin melatonin Tuiiag pERK1/2 LAz p-c-Myc
mnasasiinaedsny levnnmasaslu in vivo Aiwwdn melatonin ammmm:ﬁmmmﬁ'umi
L§A90aNTad pERKI/2  Was p-c-Myc wananinmsdssy gelanasaulasld inhibitor 04
MEK1/2 (U0126) LA inhibitor U84 melatonin receptor (luzindole) Lﬁla‘ﬁgﬁ]ﬁ’j’] effect 183
melatonin @on1ILANLUSI1DE neural stem  cell  Liarw melatonin receptor TosInade
ERK/MAPK signaling ﬁﬂﬁﬂiz(ﬁju G1 uaz S phase progress Uad cell cycle HAHE AW
melatonin §AMUEWNIDIWNINIEGUNIETIS neuron Ll nalniaNuAs18ARINY growth
factor AIHWIIMNNTATITRAIN AR B RIMIRTaR LN sEueIEaNLAz neuron TAW e
nawisitlaaRuRlunsasuuIma Sotthibundhu et al, . EXCLI J. 2016, 15:829-841
(LONFTUWY 4.2.24)

ﬂ@j&ﬁ%’ﬂﬁ'ﬂﬁﬁﬂm stem cell US1Imh hippocampus FatfluuSirwasauasfivhning

fAINYINU leamning & memory lasiwizlRpaimasawiialianuazioasniawlszan
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neural stem cell / progenitor cell IMN&NAIFIW hippocampus VBINY rat wudnua lniiugnnse
m:@jummﬂaéf’sLﬁu'ﬂ"ﬂmuuazﬁaé‘ui‘]u neurosphere I&unn wananfinisdsoiinuin
melatonin L‘ﬁlu phospho-ERK 1u°llm$ﬁ amphetamine 1:1?% 8@ p-ERK LLaza@ neurogenesis  p-
ERK @a1llu kinase #ifinadaslas’lyl couple 11 melatonin receptor Lﬂuﬂa"l,ﬂ%ﬁoﬁﬂﬂgjmi
ﬂix@g’ucellular proliferation ﬂ’]iLﬁaJiJ:mJa\‘i neurogenesis lasiuannfuusiam hippocampus ifu
9K signaling pathway <83 phospho-c-Raf, phospho-c-myc an Na\‘i’mﬁt‘lﬁaﬁuwﬂu’nimi
WIWI1T16 Tocharus et al., Neuroscience, 2014, 275:314-321 (LaNsNIULU 4.2.2) HaWITDi

lasuanusnlannnnisluan lififaun@AuwWaank download 81NN

Subproject 5.2. Effect of AB,,, in neuronal stem cell proliferation/differentiation

ABis; 0% amylooid protein ﬁLﬁ@ﬂIu‘luawawmﬁﬂw Alzheimer 1wt lanwin
protein \Juans toxic ﬁ’m’mL%&Eﬁ.l‘i:ﬁ’]ﬂiﬂULQW’]:azi’m?jd‘]ﬁL’Jm hippocampus %dlﬂ%ﬁ&laaﬁ’m
‘ﬁmugwmiﬁfﬁuf n1331 waztdusnasdruninissasastrzamlng ame3309 59
é’iy'aaw?lg’mdﬁ AB1_42a:ﬁﬁmsJ€fU§aﬂﬁa§N neural stem cell §2% melatonin ENANIASLEINNT
inhibition f:mﬂmsmaamﬁaoﬁﬂ@ﬁ isolate neural stem cell 1NV SVZ s SGZ wadld
ABi> 1% neural stem cell culture WU AB;, 8A3I1UIU neurosphere BENINHBEIATY &% stem
cell ﬂéjuﬁ'ld melatonin NABATNAY ABy4, WUII1UIU neurosphere LYINNgY control  UEAIIN
melatonin §1WNTATIETUE APi4z IWNN3¥INANY neural stem cell wauiilassnm AT imasdn i

Aa

doag Tayailasduldinlliauauazdfuwlunudszgaisimyszduuwum@ (Boontem et al.,

18" TNS-CU-NIPS Conference 2014, page 56) (1an&1suny 4.4.2) easuusaduiviiaule

L@N1ZaEn98991 APy, lWaan13ad neural stem cell laaginagls

Subproject 5.3. Effect of amphetamine (negative factor) on neuronal stem cell
proliferation/differentiation
1. To determine whether amphetamine can inhibit proliferation/differentiation of neural
precursor cells from adult rat SGZ
2. To determine whether melatonin is able to protect amphetamine —induced alteration
of neural stem cell proliferation/differentiation
nnranwistnawniinmeasoy ledneifisaiu amphetamine Wuin amphetamine
Manslraadszanlasianie dopamine  cell  lasWiunalnddg n13vinane dopamine  cell
13194 nigrostriatum  aziwilourulsnauadiFeuuuy Parkinson  Amz3duY vlﬁéfmwagmmﬂ
iayaﬁaaé‘fuwmﬂ amphetamine 2z¥na1ELa8UIza U310 hippocampus 678 Gauu3iom
awaomuﬂwmiﬁﬂuj N33 LLa:Lﬂuu%L’;mﬁﬁmiaﬁ”’m neural stem cell é’difumiﬂ@aaﬂu

. A & oo = a a . A X A Aa € o
subproject % ’wvléjl,%uﬂﬂﬂﬂ’lﬂityty’naﬂﬂ isolate stem cell ULtk hippocampus DIANNNWLRI
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14 Neuroscience waaaqu%‘mad methamphetamine 68 neural stem cell 1w culture ﬂ'aga
dﬂ%ﬁ%ﬂﬁwuiﬂ methamphetamine luaans proliferation ¥a4d neural stem cell ﬁL@%UNﬁ]’m
hippocampus 284 rat NNINANIIULIAIVBS neural stem cell f:"ﬁuﬁ“]_l dose Va3
methamphetamine §1%iwanlnfin 1 uM  §w130928 U 9gNFV09 methamphetamine 'lé A3
ﬂ@aadﬁvlﬁﬁgﬁ]ﬁaﬂiﬂﬂf marker U84 proliferation A8 Ki 67 wae nestin (f%m%‘u neuron) Alowna
FA19W31 methamphetamine §U8IN1TULLTA&VDI stem cell twanInfingugale nsd
methamphetamine NANIIUWLIAIVS neural  stem  cell LN methamphetamine vlallfl'llsq?d cell
cycle inhibitor 149 15 p53 p21 waziuan Infinduialaa anmIdusnsutaiiuas stem cell
yinlet methamphetamine "Lﬂa@ neurogenesis I@ml"ﬁ' marker Gh\‘ie] ﬁdﬁt nestin, Blll-tubulin,
double cortin L Infinaansasudinainaniile wananit methamphetamine 89lUiAnn1s
857149 astrocyte lauf marker id1dfe GFAP waasinlWifiuin methamphetamine Az ldgns
\fia astrocytosis 1& luaInfiuanunsasugslee

NAAINNTT inhibit neurogenesis &WaIU3ILIMh  hippocampus f:%uﬂumlaaﬁﬁ’mﬁﬁﬁ
Lﬁlmﬁ'umﬂ%ﬂuf N1731 LAY target ﬁﬁ%ﬁﬁmﬁa glutamate receptor NR2A LL@iLﬁlaJ NR2B Un@usn
NR2A usz NR2B @9ifls  subunit 189 glutamate receptor HaZ¥iI9NwATIAWINY
methamphetamine f911aa CamKil %m‘ju signaling molecule °7‘1I couple AL glutamate receptor
sana Ui ldiAensFoud (ou LTP wonaNil methamphetamine §3l1/aa melatonin receptor
MT,/MT, e IndinilosfiwnnIvinaieas methamphetamine @@ hippocampus HWWlAtH1H
melatonin  receptor  WamsIspTuASawEdIn  ldwileidianasanda
methamphetamine  9:¥11a18  hippocampus  Wadw3suiigwniterinluiawouazdRuWluen
ﬂiz“gﬁmmiizﬁummma (Ekthuwapranee et al., 18" TNS-CU-NIPS Symposium 2014, page
55) (LaN&ILUY 4.4.1) LLazﬁnvl,ﬂLauaLLazaﬁuwﬂmmﬂs:“qﬁmﬁﬂﬁsszﬁummma o Uazine
DORLATLAY AWNWLIL Ekthuwapranee and Govitrapong, 2015, J Neurochem (suppl 1) page 178
(LONENTUBY 4.4.15)  uasHauaU UGN laARNA U TR ITWIMING (Ekthuwapranee et al., J
Pineal Res 2015, 58:418-428. IF = 96) (1oNaIuWU 4.2.6)  uananfiganazas
methamphetamine (METH) luraaanaaas (in vitro) Iﬂﬁﬂ’ﬁLW’]ngm neural stem cell W&?
Amzddny Solddnsludainasas (in vivo) AWuiwy mice 7 treat 1y METH tflunan 1
o i lwmdansanadves neurogenesis U310 hippocampus CEURNIIRARIVEI nestin, R-1N
tubulin, doublecortin L‘ﬁlmzﬁu GFAP Laziin13aaaduad signaling molecule 1% p-c-Raf, p-
ERK1/2 uaz p-c-Myc §imIamad1ad glutamate receptor NR2A, CamKIl  uazifis NR2B Lij
treat Vihl,ﬁw melatonin 10 mg/kg WUINAMNUAALUNG LT1 neurogenesis LAz glutamate receptor
naugend swBuiidnmlesindnuuSyaiien aun. uasld@Ruly Singhakumar et al.
Neurosci.Lett. 2015, 606:209-214 (LONRITUKU 4.2.10)  AMIY "LﬁaEﬂNaawuﬁﬁ'mLﬁmaﬁ'u

a ] . . A A A 6 & . .
effect vasualniuda neurogenesis LAz neurodegeneration TIANNWLLW review article Tu
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nibaFaLiu book chapter lag Singhakumar et al., Chapter 4 (2015, Nova Science Publishers,
New York, page 143-164) (Llon&1TUuU 4.1.1) mmxﬁﬁﬂﬁﬂmﬂ%mufy%aﬂﬁﬂﬂu fawean
ﬂmﬂﬁﬂqaﬁﬁﬂ’jm%ﬁ"ﬁ%’u METH azg@yi&sa213d7 (memory impairment) udLila pretreat @2y
melatonin ¥inlAwudananssdinavanun’ld YN R IAN ¥ @08 NI1USII M hippocampus

wasuudasaengls ﬁa;&mﬁadﬁuagiu Panmak et al., 2017 (LaN&IUWU 4.2.39)

Subproject 5.4. Effect of dexamethasone (negative factor) on neuronal stem cell
proliferation/differentiation
Experimental plan

1. To determine whether dexamethasone (stress hormone) can inhibit

proliferation/differentiation of neural precursor cells from adult rat SGZ
2. To determine whether melatonin is able to protect dexamethasone —induced
alteration of neural stem cell proliferation/differentiation

nnwisanawniniilasamsdsy ARuiualunsans Tongjaroenbuangam et al., J
Neurochem Int (2013) LWas Ruksee et al., '18th TNS-CU-NIPS Symposium 2014, page 72
(tana1ILLny 4.4.11), Ruksee et al., J Steroid Mol Biosci (2014) 143:72-80 (Lan®13LuU 4.2.4)
WU stress  Lagld glucocorticoid hormone: dexamethasone) luﬁmfﬂ@aa\‘mk& rat wui"mkk
FYLEUNITIU WULAAANLATLAIULAA depression  UTLITH hippocampus FALFY synapse,
neurogenesis ﬁdfuﬂmz%%ﬁ%ﬂﬁ&a&mag’lmﬁlaﬁtﬂﬁ]ﬁ’j’] dexamethasone 81413INYINA8 neural
stem cell 1a8@39 IINNIINARBINLIN dexamethasone aaL/SuNL neurosphere 2l pretreat A
melatonin 9212885109 UNS inhibition 1% Agantldean stain Ki67 uaz nestin aauIuIns
imadiasnd nalnew pERK1/2, G1-S phase cell cycle regulator LT% cyclin E, CDK2 n1yaan
q*n"E:naa dexamethasone N1 GR receptor &% melatonin aaﬂqw%fmu MT, receptor 31NN13
nanasinmeiTnY FINUIIMIYNNuIes GR Az MT, receptor azLﬁ@ﬂaqu%dﬁuLLazﬁuLﬂu
crosstalk, cross regulation Na\‘i’mfmé’ﬁhLﬁaaﬁuwﬂu’a’l‘ia’l‘iu’luﬁmﬁ Ekthuwapranee et al., J
Steroid Mol Biosci, 2014 145:38-48 (LaN&1IULUL 4.2.5) LRAIINAMNLAILAZTINANE
hippocampus %aawﬁﬂﬁgzyL%Uﬂmm‘hﬁmﬁ@auamﬁaw Alzheimer Lo

HANWITHVBIAIEITEY RENMLABANU neural stem cell uaz neurogenesis 1w laWuN
negative WAz positive factor LT melatonin, amphetamine, stress 910 dexamethasone %Gddwa
YinlAanaIuiath hippocampus vnnuRadnansaads d9aliifsdasiy cognitive function 3
luiganlpsnulsaonnw lsasuasionuuy Alzheimer 'l druquaulidues melatonin a0
inlusgassadlwauasuSian hippocampus Liou LLaz/u%amm‘mﬁﬂﬁJﬁmeﬁmﬁ'uﬁzgmawad
\Fauidasns neural stem cell auimasUszamnanniule o Jursailleuidnyllussmedes

" : . . . " = a a th
Melatonin regulating neurogenesis and neurodegenertion m’mﬂi:qmmmimmmm 8
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FAOPS Congress una Ny laaRNN Govitrapong (2015) 8th FAOPS Congress (L8N&IILLHL
4.4.21) uazlasu L%nﬂﬁlﬁﬂu Book chapter, Govitrapong et al., 2016; Chapter 8, page 101-115

(LONFITUWY 4.1.2)

Subproject 6: Alzheimer’s Disease

Subproject 6.1: Modulation of &, B and Y- secretases by melatonin- a possible therapeutic
approach targeting towards Alzheimer’s disease
1. To develop a therapeutic approach for learning and memory impairments, Alzheimer’s
and dementia and impaired neurogenesis.
2. To determine the effects of melatonin as a therapeutic agent.
3. To measure Q, B -secretase activities, proteins and mRNAs in SH-SY5Y cell.
4. To determine the effects of melatonin pre-treatments on the specific Q, B-secretase
activities, proteins and mRNAs in SH-SY5Y cell cultures

5. To determine the effect of melatonin on the gamma secretase in SH-SY5Y cell cultures

Y 14 . .
Tsadalauas (Alzheimer’s disease)
o bouasidulsnauasizonsianiis d’;ul%fyjazwu;pﬂﬁa’m’]iﬂmﬁmﬂummsﬁ’] ey
{ { Ql J o v a a Y
Waan e NUaIauaIlANT» %:ﬁwawﬂv&qaanmw asuah ANDAIUNYANTINVINTIY
A o ¢ - P
Wasulyd VFUNANIINMIANLVBILTANLTZRIN aaMInUvaslsaiasiinduizas g Wz
o nl o U J o o o Y A v o a v
0N IWNIIWINDIUTETINIHEID YUY UAE 1AL luniselianuaularinnsiae
1l o X
WNEINURNBINNT
Aa A a J (= CZN s 6 a A .
Wﬂﬂﬁaﬂ’lwmadawadﬂl,ﬂ@muﬂu;dﬂ’ssliiﬂaavlmwamaawu@ﬂa amyloid plaques Az
- 4 _ 9 _
nueurofibrillary tangle (NFT) <3 amyloid plaques dsznavluee beta amyloid (AB)I@]U AR
Huldsduniufsdaisasdszann AR 8131017 hydrolyse 310 B-amyloid precursor protein
(APP) lag B-secretase WAL Y-secretase enzyme % Usznaveae presenilin 1, 2 o1 APP an
& o v v U
hydrolyse lag or-secretase T9azvinlhaanisains AR loa
Amz3dby lananasuaziigadudadn melatonin #13130 inhibit B uaz Y-secretase lun3
g . o Y ° = <
hydrolyse APP %ana1n# melatonin 38107301320 UNTINIIUVDI O-secretase Pt wn3
Y & & =< . ' . =2
AuwuLduaansniisnnuaINNTnUes melatonin 8 APP metabolism 1nnNsAN®INaaadlag
19 SH-SY5Y neuroblastoma cell line Ams3d8Y "L@Tﬁgaﬁ’j’mavlﬂﬁ melatonin da o, B uaz Y-
secretase a1 melatonin receptor LiNafinzgaunazlinalnuas melatonin lumsaiuguns
8319 AR AnzAdny lafigaridadniinis hydrolyse APP lifldiliasainnisdaamzdt APP uazld
ﬁgﬁ]ﬁgﬂiﬁuaﬂmﬂ o, B uwdz Y-secretase ka3 melatonin 3 inhibit Ceq 1a8s1 melatonin

receptor uaztdn receptor f couple A G-protein u§a331tJ% membrane-bound receptor
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ifiasanld PTX  #inl¥nnsvinenuaas melatonin receptor #uaana l ameitlassnsdsuiisonin
@iaLﬁadagjLﬁamsz@‘fﬂﬂsauuazﬁﬂmmrnad melatonin §8 notch signaling naswbasdnle
ﬁn"l,ﬂLauaLLazaﬂuw“lmmﬂs:qﬁmnws:é’um@Lﬁ"flu proceeding (Panmanee et al., 18" TNS-
CU-NIPS Symposium 2014, page 23-29) (Lan&13Lbky 4.3.1) WaTANNWLY Panmanee et al.,
2015, J Neurochem (suppl 1) p. 327-328 (LAN&1ILULWU 4.4.19) luaﬁuﬂszqﬁmmimmmﬁ
uwazaduanyIiaAuWluNIaTuIuIm& (Panmanee et al., J Pineal Res, 2015 J Pineal Res
59:308-320, IF=9.6) (LaN&1IUHL 4.2.11) HawITBRTuASIusN AN melatonin &
AUANUALANIZINLI6E enzyme figs AR asledsumnuaulanining ilosanmssudons
a9 AR ailu target figdnlumsdudinisifialsa AD ﬁau%ﬁﬂﬁﬁﬁﬁagmﬁmﬁ'uunm‘nmaa
melatonin luwn3eiusslsa AD 1i Lm:ﬂnmzi{mﬁiﬁmaammimaagﬂm‘[sﬂ AD e lules
target Tita1zad wazldawnInTziuaImsves AD I¢ 31 melatonin Su1IRTIUNITAA AR a2
\Hudmnfiddryfierssiududilsa AD 16 dayacng g 1Agaiy mechanism wasmelatonin dalse
AD W amedsoy lddswduunanufezafuildannlandnlefio Shukla et al, Cur
Neuropharmacol 2017 (accepted) (Lana13bwy 4.2.30)

#ANINNNIANEIANUTNN BT IZWI19 melatonin AU secretase enzymes ﬁi:ﬁu baseline
1% SH-SY5Y neuroblastoma cell line u&1 amdspy 9ldvnsanmdadismaniiosiioss
s AR liimafiuAusugauasnsaine secretase enzymes Lﬂmmuﬁwulugﬁwkﬂﬁa%
a3 ﬁaLﬂlaJ activity 291w Llaailu amyloidogenic pathway fa B-secretase e Y-secretase
ﬁ’l\‘i’m&l’mﬁu TulUdeaa activity 184 O-secretase |3 %uﬂmauvlmﬂu non-amyloidogenic
pathway NN En pretreatment 289 melatonin % AD cellular model fianansndae
UTun91F8auQaU0d secretase enzymes lin3a il Lﬁaﬁuﬁuﬁaqmauﬁ'amaa melatonin 113
PLRONIIRIN AB N’mmimqu activity U84 secretase enzymes @28 melatonin AINNIINAND
WU melatonin pretreatment 81130 ILAANINIWVDI P-secretase Uaz y-secretasel AD
cellular model 1§39 BnyiswWun melatonin S3sansnTrstin a-secretase laBnds sau'lUe
iMInasausdaaly Luzindole (melatonin receptor blocker) WUIINITUINTILAIUAY secretase
enzymes fifiadiunnn melatonin receptor anzdsn9savmsdnsndaiganuna lnmivhnues
melatonin ﬁaﬁminﬂivu activity U849 secretase enzymes LazwuI1 NF-KB G'fidlﬂu mediator U84
inflammation J81uEaRgITas@pagnannn Lﬁ;aamﬂﬁﬂmamﬂ'@ﬁmmmfﬁuﬁu promotor Va4
[B-secretase ﬁﬂ"[ﬂgimimugumnﬁ'u%maa amyloidogenic pathway %8037 enzyme fivn
Wi MABITRUNNT cleave APP uda Saflus@ufivimiifigndniuadasiulsa AD Ao Pint
flazflanusuWusiuns BAPP, NF-KB stabilization waz Tau pathology §atw amzisgdsas
msfinwdalidn melatonin - a2ilu modulator ﬁﬁﬁé’mﬂumsmm}u Pin1 ﬁazﬁw"l,ﬂ;jmi
muqunsailusin AR auluiigadaidunisdnuiieilasiumaialsalu AD FaudTUN

) Aa a & AA o @ A A = . 'Y
ﬂﬂuﬂ’liLﬂﬂiaﬂIiﬂ LLangyLﬁUL‘ﬁaﬂﬂi:a’]ﬂ u&lﬂ’s’mmﬂmﬂuﬂifuﬂumﬂu Alzheimer LA A39¢
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wibasnulaagals ﬁagafrvlﬁmmmLﬁaaﬁummwmimmmaag'slul,aﬂa"ni
Chinchalongporn et al., J Pineal Res 2017 (langniuwy 4.2.36) wazlhundnwnySayaiianiy
Laualumuﬁs:*’g&ﬁmm‘smm"mﬁ ISN (International Society for Neurochemistry) fiszine
d5aues 9 2017

]
=

Subproject 6.2. 13aunaudnlusinasrs AR Tulsa Alzheimer (BAPP enzymes, o, B uaz

Y-secretase) Tw aging brain

AB u peptide Nmnglusuasuaslsnauasifon Alzheimer lag peptide Hazisnglu

0% L W ! oA S g o o Y

ARV FIANY iU ud ldannihauasvasgfiulin AD 43 AR fazldvinans neuron ¥inls
wwaadszanatslasianizag1989u5aa hippocampus tualnfintdugasluuwnairsndey
Twiloavinninnnansating 1w ¥inane free radical LI neuroprotective agent Wazg88UEINNT
a . . & & & dl 1 v a dl' s a
\fia neuroinflammation Taiilunalnwilafinal#ifesuaiey szavvasuanlniinazaaasainaiy
A £ A & o \ A A o . A v &
nunu Welslvrninmeazwarlniiudesuin lasawizedrsbianasvesdidulsa

Aizheimer azfiluaInfiutasnidgeangfagluioidoaiu nuansidoadnsdulu dopamine

cell line wanInfiuazdudiszdu B- secretase uaz Y-secretase (iluwidulasififnyTuim AB)
uwaziuanInfiuaznizdu o-secretase Fadwduladfinalwiia non-amyloidgenic (laias1s AB)
danululasainsidod anzAdny vihmIngadiauaswuuiazliszdy o, B, y-secretase 41N
tesudalun S lnasInfiusasasfouudasleniels F9uLlany 3 ngy

U7 1 Wy young (2 LAaw)

D

n

D

2. oD

NN 2 wuun (16 L@aw) + hnd@ — 22 1aau

>

§un 3 wuun (16 1daw) + Ikiuailndiu 10 mgrkg Tushauduag 6 waw — 22

D

)

A
LAan
nan1333uUTIng I lunyuninull B-secretase (BACE,) uaz Y-secretase (PS;) 133N

J & % { % ' &
PUUINNITEAU MRNA Uae protein LilaLUIBULABLALNY (young) 81U Oi-secretase ITAARIN

mRNA W&z protein Lﬁ"aﬁhmf\iuﬁ"lﬁ%‘uma’ﬂﬂﬁwﬂunm 6 waau Unngdzau o, B, Y-
secretase 33:@U mRNA Uag protein Lﬂﬁauﬂé'umﬁaulumiw young ﬁagaﬂa%lmﬁu’hmm
Tnfinganintioilosiuuaz/viaannnudesasnisiia AB 314 hippocampus Foazin
wavinliyanatiug 1ulse Alzheimer 16 Haauddoiiadunanuiiofamdguinlddiuly
MIRIWIWITNG (Mukda et al., Neurosci Lett, 2016; 16:39-46) (LaN&NIULLU 4.2.16) %dvl,ﬁ%'ll
anuaulasnnnalan LLazmﬂ"ﬁagaLﬁaaﬁum‘*ﬁ dopamine  SH-SY5Y  cell induce  l#LAia
senescence 19 H,O, Li® neuroinflammation %d neuroinflammation Lﬂuﬂavlﬂ%ﬁaﬁﬂﬂgimuﬁ@
aupILERNLLL Alzheimer aaiuAnzISpY 391% model dnwdalagnsia secretase (BACE,)

' . ' v A A < & ° o 1Y .
WU11 H,0, induce  senescence Aal#iliia BACE, Tatduidnlodvinlinsains AR peptide
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a X a o €Voaa . th
W n walnfiuaiunsagugdle aRNWidu proceeding 14 Permpoonputtana et al., 18 TNS-
CU-NIPS Symposium 2014, page 46-51) (:8NRI1ILUY 4.3.5)

M3AnEna b sialsa Alzheimer % wananSouisuluanizauaaiasnniw
usgimansaanun lalaslt AR e induce 1#iAia neurotoxicity 14 dopamine cell Aus3day 69
o A = i Ao e Aa . . A v a . A
1@l ABgs.ss Ta1lu peptide NFILATIZAUUIALAN amino acid sequence NrialAiAa toxic Lhllaw
AB, L, NNANNTIFBNUIN APysss B lHLAA reactive oxygen species (ROS) Waz RNS 1w

dopamine SK-N-SH cell lasn137@ iNOS uag nitric oxide T4rialiiia neuroinflammation 611

] g A % [ P
naln NF-KB waz Nrf, @4 Nrf,-ARFpathway #azlUiAe14a9nL antioxidant enzyme nangaiia

Ao heme-oxygenase (HO-1), NAD(P)H: quinine oxidoreductase (NQO-1) u8s glutamate-

cysteine ligase catalytic subunit (Y-GCLC) Iumiﬂ@]aadﬁwlmfmiﬁ modify 371 curcumin Ao di-
o-dimethyl  curcumin %oawmsnﬁug\mﬁlﬁ@ neuroinflammation ﬁ]’mmimﬁmﬁﬂ@ﬂ A825_35
W8I ToillaaRuN Pinkaew et al., Neurotox Res. 2016,29:80-91) (LaN&TUUU 4.2.13) N13
Sspeeldazinlu@nwudisufeuiuwa lniini warlnfingansadussgnifiianainns
witerihlan AR peptide wialiagnsls myasuilamedsny 530 AB, luAgatindinadans
samaddszanlnainiala TaesilUiaesiu neural progenitor cell 90 SVZ V89%Y WU AP
4 WWaa proliferation Nm’m%%‘mﬁaaﬁuf:"l@mwvlﬂLaua‘lmmﬂszqu%mmiizﬁuma Boontem et
al.,, The 19th TNS Conference 2015. page 66 (LaNRIILUL 4.5.2)

AmzITbY ldwneudumaingwia factor azlsthefivnlfawdulse AD AERLRHBIN
‘TﬂﬁLﬁmﬁq@ ﬁdawqmﬂﬁuﬁmmﬂ nnwdsedreduioanuliawmn ausdsny e
model §ainansizasliniunnn laun1s treat nynanaddin STZ waz/m3a high fat + STZ
mﬂﬁ?uﬁmkm@aaammaaumma‘i’]wmwg@Lﬁnmmiﬁ’] melatonin ﬁuﬂﬂaﬁmﬁwfuﬁaﬂaag
wana il STZ vl APP cleaving enzyme 1wasuudaslulasiiin B- uaz y-secretase udan O-
secretase WaawiAavinl#lAa AB mn*"ﬁuﬁammu‘%nm hippocampus L8e prefrontal cortex
VAU melatonin §aNsaTIESUL e ﬁa;&mﬁaaﬁm’mnm%ﬂu Kamsrijai et al. 2017

v

(lONENTUBL 4.2.37)  1aNNLIALLININ® ALY ﬂ'a"LﬁﬁﬂmeLugLawa@m METH WuU3H

2

a Aa . . a Ao o o & \ A A @ .
wanAadil cognitive function L&lUaNn auzddny Masdnudauaziafnazidnla mechanism
@199 anddny Aelddnmludainesas looliny rat waw METH (uaan 10 du udahan
nagay memory laz Moris Water Maze WAN1INARIWLIMAYRATY METH 1luiaan 10 Tu

a i ' A o . ' o & i
gyiae spatial memory 1 SINAUN pretreat 628 melatonin NawiIy METH %i melatonin
sansndasiuliligyduanudnld wenanfiamzddny dylddnwdelaianasmuuiiim
hippocampus Lag prefrontal cortex LRINUNTIIREY APP cleaving enzyme W11 METH il
FUBILILITH hippocampus e prefrontal cortex WAL D bara] B- ILee ‘Yy-secretase Leaa Q-

secretase WAAWSTINIHIAN AB & @aifl hall mark 189 AD d’m%‘%ﬁ pretreat @38 melatonin

[~ 4 A ' . a ' . o & o . a a a
LQHVLTNLWEIWNQQ1%§$@UUﬂ@] LEAIIN melatonin RINNINLVLITINUNNTAG AD NLAAINNANT
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v v
£ X o & o .

. [ a o o o K i ~ v v =2
LRW amphetamine VL@] ATHSIYY ﬂ'?@\‘lﬂm:mﬁ‘]“ﬂLW@GLVL?.I’\I@@WN?IM VONURLUDIAW E]Ell% Panmak

U U

et al. 2017 (Lan&1TLLUY 4.2.39)

Subproject 6.3. In AD patients study
Transcriptional and epigenetic regulation of APP processing enzymes a secrease (ADAM10,

ADAM17), B-secrease (BACE1) and Y-secretases and sirtuin1

Human subjects:- Human peripheral blood mononuclear cells from the following subjects:
1. Aged-matched control subjects
2. AD patient

3. Control group (young normal)

B-secrease (BACE1), a- secrease (ADAM10, ADAM17), and "Y-secretase and sirtuin1
nanuswiieny Tsswsnunasssumand learadnadonanawldiilulsn Aizheimer uaz
control ‘ﬁ'mqlﬂé’lﬁm Wazngy  control ﬁmqm&mn ﬁagmﬁaoéfuwudw mRNA 283 B-
secretase lugﬂw AD g\mdmuﬂﬂa ez SIRT, maapjﬂw AD dninauilnd uazaiaia PS1
Fiflu subunit &R U89 Y-secretase IINNINANBINTIVIAMIUFAIBANTDIBUTIALITDIAL
NITUIBNIININ amyloid beta (AB) INNTLALFAY amyloid precursor protein (APP) Tu
drad191faa095 880 lmiNeT WUTZAU mMRNA pasfufidunuinlunisifia AR
(BACE1,PSEN1) annm3tioaans APP tindu luamei@ignin 3260 mRNA 2898uiidunuin
Tunszuaumsfildnaldiia AB NMILas®ay APP  (ADAM10, ADAM17) Huaaas d9iile
WisuisuivamaiaIgunIwa Gt A sl 89T A UNIUEAIaNa I wna RlwAoa
snamunsalfiiudatsinedinnlunsanaesanseinieiieaslsnsaloweflaluawne  wa
Aspifanuidgan Soldirefinenuuinon amedioy ddsdne ﬁagmﬁyaoﬁuaglu
(Pakpian et al, 2016) (Lanasuny 4.2.43)  uaziauaswdspiiosdulu NG
IBRO-APRC School of Neuroscience 3:#119 July 4-8, Tu Pakpian et al. (2016) 2016, p.87
(tNRITLUU 4.4.26) LLazludﬁuﬂiz*’g&lmu’l"ma Pakpian et al. (2016) Front Cell Neuroscience
Conference doi: 10.3389/conf.fncel.2016.36.00156 (LaNRITUUU 4.4.30)  AmMzI8Y 69 1A
datafeaanld AD 419523 gene ﬁmuqumsﬁ’m’mmaa mitochondria W& WL aaduitle
ﬁnvl,ﬂLauaslm'mﬂsz‘*gﬁ"mmﬁzﬁu°m6‘1 Niyomphol et al., The 19" TNS Conference 2015. page
86 (LONENTUBL 4.4.24)  TAIANaIANBIUAZIA MRNA 1049 oi-secretase WAz Sirt,, Sirty UaS
mmwéﬁamﬂﬁmn%ﬂ@mawwzé’aamaﬁamaaqjﬂw mild cognitive impairment (MCI) h
\Wisuiipuiunga AD LLaz;jgdmqﬁ"l,ajvl@ﬁflukﬂLﬁsaﬁuawad@iavlﬂ

nnuanWaTsfifieitesiu AD v a.JuzSallauidnlilussenodu Plenary Lecture

2 183 The 13th Asia Pacific Federation of Pharmacollogist (APFP) Meeting L%fa\‘l "Role of
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melatonin in controlling Alzheimer's disease" ﬁ'uﬁ 2-3 Qumﬁuf 2016 tw The Berkeley Hotel,
Bangkok, Thailand APFP (Lan®13ll 4.4.23) LLazd’luﬂR‘gwmm‘ﬁ’la IBRO-APRC School of
Neuroscience 3:%#3719 July 4-8, 2016, p.62 (LaN&ILWLU 4.4.24) LAz a.ﬂm%’mﬁgﬂmumulﬁ
\lew review article aﬁuauyitﬁmmﬁmimmmaLéad Mechanisms of melatonin in regulating
Alzheimer’ s disease %da‘ﬁmﬂu Shukla et al., Curr Neuropharmacol. 2017 (accepted) (Lan|&13

LU 4.2.30)
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4. Output:

a ‘:I o 1 =) Qo
NEI\‘]']%'J’\]EI‘YI%']VL]JLNHLLW?LLR%NRW%ﬂﬁﬂE’]

naswdsafivnlumauns

4.1. Book chapter: 2

4.2. Full paper: published or accepted =33
Submitted or in preparation =10

4.3. Proceeding: 8

4.4. Abstract (International): 32

4.5. Abstract (National): 15

4.6. nanwnanwszaulSwanin-lan (9, 13)

4.1. BOOK CHAPTERS

41.1.

Rachen Singhakumar, Kasima Ekthuwapranee, Parichart Boontem, Utcharaporn
Kamsrijai and Piyarat Govitrapong (2015). Role of melatonin in regulating
neurogenesis and neurodegeneration. In: Neurogenesis: Cell Biology, Regulation and
Role in Disease. Eds, Alicia Moreno, Nova Sci. Publisher, Chapter 4, p. 143-164.
Piyarat Govitrapong , Kasima Ekthuwapranee ,Nootchanart Ruksee , and Parichart
Boontem (2016). Melatonin, a Neuroprotective Agent: Relevance for Stress-Induced
Neuropsychiatric  Disorders). In:  Melatonin, Neuroprotective Agents and
Antidepressant Therapy. F. Lopez-Muiioz et al. (eds), Springer India 2016, Chapter 8,
pp. 101-115.

4.2. FULL PAPERS

2014
4.21.

422

4.2.3.

Jenwitheesuk A, Nopparat C, Mukda S, Wongchitrat P, Govitrapong P. (2014).
Melatonin regulates aging and neurodegeneration through energy metabolism,
epigenetics, autophagy and circadian rhythm pathways.Int J Mol Sci.22;15(9):16848-
84. (IF=3.257)

Tocharus C Tocharus J, Junmanee T, Puriboriboon Y and Govitrapong P (2014).
Melatonin enhances adult rat hippocampal progenitor cell proliferation by ERK
singnaling pathway through melatonin receptor. Neuroscience 275:314-321. (IF=3.231)
Pichaya Jumnongprakhon, Piyarat Govitrapong, ChainarongTocharus,

WanidaTungkum, JirapornTocharus (2014). Protective effect of melatonin on
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4.24.

2015
4.2.5.

4.2.6.

427.

4.2.8.

4.2.9.

4.2.10.

4.2.11.

methamphetamine—induced apoptosis in gliomacell line. Neurotoxicity Res. 25:286-
294. (IF=3.140)
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Mahidol University, Salaya, Nakornpathom, Thailand, p. 74.
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Mahidol University, Salaya, Nakornpathom, Thailand p. 80.
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