uni 1

Ui

Anuddny uazianvasiim
wanlniudusesluusmeiaiawagndsnndelmiealuanedundn fmthi
mUALIInTYeINTY Ieatesiunisusy svuuAuig ssuuUszam ssuusionlvie uay
syuunfiduiy (Brzezinski, 1997) finvuasafogdlinunenunsifafivisuusausiuruie
ﬁqaﬁq 800 mg/kg (Vijayalaxmi et al, 2002) %aagamiﬁﬂmﬁy’ﬂwaaﬂmaaq uag
dnrinpaeanuiuanTviiuansaiidneyyadasy fqnsduoondndu wazannsgnians
oAl (Reiter et al, 1996, 1997; 2000; 2001) ins@Anwinslduailnidululsamige
Tniamnelsauzds Sanunadudinisudssives wadlatuzdmanesia (Viayalaxmi et al,
2002) wagmsAnwnsadinluginenzids nuhannsaifinyszansnmmsinmuzisa Tng
nslfuanndiusuiunmsneanasgu asaneudsdunmadetinaddfesay 34 (Mills
et al, 2005) wlosan neldnnag inflammatory %ﬁa%aﬁassﬁgmw Reactive oxygen
species (ROS) Way Reactive nitrogen species (RNS) AnTusnnaneuieaiutanissne
uniSadeniivnn FasdniliAnnnuesonnneendinduluwad (oxidative stress) qud
AueeNBaturssualniuazanunsnannisasunneendnduluead (oxidative
stress)  FaneIN1sAsINNISNY  Jagdunguidemaniniiy unninendevouunu
Adsfnuidenseddn 2 Bos eafumslfuanindusuiumsinvanesgulugiae
UZI5ITZETUNINTTAY 4 ¥ile ( MRG5080037)  warlufthousimiohd  (MRG-
OSMEO5055083)  tesniinenuinuaiiniuaunsoaiugnsvesnmsdnwuzds ludos
nsanemslifivsrasianiaiithdn nadudsnmsudsivessadunds  (Lissoni et al,
1996; 1997; 1999; 2002) LLm'maﬂmﬁué’aﬁﬂayﬂuﬁaqmﬁ’maumam%ﬁaﬁ%mszﬁm%wa
(bicavailability) siesanudinisliuuusulsemulssinansdvsunamainivlunssua
Foauios 20 % uazneuflsdinszuaidenssisnsuunluaduveselunsiazyanariy
cytochrome P450 1A2 (CYP1A2) IuLLﬁiaz‘Uﬁﬂaﬁhﬂﬁuﬁﬂ 25 w1 (Waldhauser et al., 1984;
Semak 2008; Suzen, 2007) msmevaussowaindusldidulumuvunnefiunzas

v Al

nauideilaseinsfnwdaudadlassaiimaaiivesansiuailviiu iiveduasigvioyiusiua

Indulnindignsanhanswanlnfusuiuy - udeuiusnnimunduladelideyafnugnaiiu

(%
Y LY <

wziSluassurumnenalngfifuiu Asiulasinmsilfigauszadiiofnwgrsiuuzisedy

LY

Wewiurhunenalngfiduivveseyiusiuaiiniuieuiumaninduduwuy - FainnudAgy

a9 Fellaguudilifioyiuswainiuludouddiioddugndnisduuzide wazane1nis

Tefsapaniivitn InevhnsAnuluwadladuiSeia solid tumor wag liquid tumor
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fio wadlaviuziFedld Faduuzdsimunniignidududiv 1 Tufihouzdanme Tulszina
mg (NCI, Thailand, 2011) uwazwadladuziSadadany mﬂwuaqﬁuémm‘[mﬁuﬁ'ﬁ
Ansan AN lsmilunsiueyyadaszuazinunziis uasdauaudiniandvaaumansi
fitu aunsafmunaefiesngns andnustlevilunsiaumneieldiaSugmsniseu
1S wavanemstiufssenaivitaluftiounds  uasdeyantsinunidududdaly

A5UTENBUNREUYINAVENT

AUAZIUYDINTANYN

[y

auyAgIuYeInsAnylulasinTIdeilee syiusiualviunlgnsiueendatud

Y o A

WAzilng fian13nseiu wad glAuiunlannszuaiienau ( Human Peripheral blood

q

mononuclear cells : hPBMCs)  Faduwad fivihwihilvesssuugiduiu wagnisvinli

%
Yyaa =

waduzsagndniiliiAansmenuvezwenlvdaldas

TngUsTaIivanIfing

- Anwngrisiasunmsvhauresszuundduiureseyiudiuaiiniu Tnsfnwinisiia
T\TﬂmuwaﬁgﬁﬁuﬁumﬁmﬂmzLLaLﬁafﬂﬂu( Peripheral blood mononuclear
cells : hPBMCs)

- Anwgvissudsnsaigpiviavensaduziarnstnihauiuniseswenlydaves
waduzLSweseyRusualviy

YBULUAYBINTITANEN
unmsideluieau juinig nefinwnmsmevauesengadglifuiuuazivadlay

Uz SunNziRswaIAUssayusandy nan1smnsiaie
® MsiiNIWIUVBLTAd hPBMCs (Proliferation assay)
o nmsfudsnsiasuAulavessaduzise (Anti-proliferation of cancer cells)

o mstninlilAnuuIunsornewInga (Apoptosis induction)
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UNnii 2

NNSNUNIUITTUNTIUTNEIVD

IladgNNITAUMENITANaIUDY growth factor #3e LilawinANuLdEIess DNA

(DNA damage) uaznIzlAseneandntu (oxidative stress) wallinasolusiu Bcl-2 ¥

AIUANAIUAY cytochrome c wdaantu cytochrome ¢ sgnuanidegainiulnnaunsed
Toflananau TUsiu Bel-2 10w B-cell leukemia/lymphoma-2 family proteins fiusznoude
TUshufivhuiifivessunisiineznewinda (anti- apoptotic members) wazvilhinazwomn
1% (pro-apoptotic members) §11 intrinsic pathway I@EJLéuﬂﬂﬂiﬂsauﬁmmﬂWSLﬁmas
wonln@alienin Anti-apoptotic member (Bcl-2, Bcl-XL, Mcl-1) 113Uy pro-apoptotic
Bcl-2 family members 1oA BAX way BAK %30 BH3-only proteins (BIM, BID, PUMA,
NOXA Wwag BAD) @ pro-apoptotic members agiasunsiinasnanlnalaensedunis
&1 cytochrome ¢ nelusfiuadia BH3-family proteins TufuuaznseAuliinnissiusi
(oligomerization) ¥eslUsiu BAX waz BAK filulnasousSerhlilulnnsounseofingiim
LUiusz'?uuaﬂ LaTNAY cytochrome ¢ (Bruin and Medema, 2008) ‘1/15ﬂmﬂ‘l?u cytochrome c
lUfufu Apaf-1 uae pro-caspase-9 Iifuluanaidsdousondt apoptosome filunszdu
caspase-9, caspase-3 anunsadniiliAnnisaevensaduuvezneninda ludnvasfide
nsuanueslAgaed (Sun et al., 2004)

nalnnsinesnenln@ar1u  extrinsic  pathway ina1NN1SNTeAURIY  death
receptor W1 TNF (tumor necrosis factor) family, Fas, TNF-R1, TRAIL-R (Ozéren and
Deiry, 2003) TRAIL death receptor (TRAIL-R) 9¢gnduain TRAIL Aunusifiegueniuad viili
1An N19591617 (oligomerization) vaslusAutnundy U108 ( death-inducing signaling
complex; DISC) iU FADD (Fas-associated death domain) Wag pro-caspase-8 w§aanty
pro-caspase-8 9xgnnizfuiu caspase-8 uavdnuiliinnisnszdu caspase-3 soly way
Anmanevessaduuueznenindalufian uenaintinsnssdu caspase-8 aglunsedu Bid
FadulustuivinliAnezneninda ( proapoptotic member of Bcl-2 family protein) Tu
intrinsic %50 mitochondrial apoptotic pathway § truncated Bid (tBid) szipdouinglud
lulnaousdeviliiAansnds cytochrome c lagiinUfiisendu Bax way Bak #l@nsnsa
VYU TIAROZNONINTAN1UIDVDY death receptor

Fehunsinnsthtmsmewuveswenlndaniiu  death receptor (TRAIL-R) qzil
n9uonsEning death receptor Gadu extrinsic) pathway wag mitochondrial (intrinsic)

pathway (Kelley and Ashkenazi, 2004; Mahalingam et al., 2008)
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asfd" ! ay o o v < o
UaNINIAFDINTEULNRANAUE NN TaNMInUISlneendy  T-cells wag NK  cells

Y 9

Aelansaiunuveas T-helper cells (Th) lnemvasdeladetundnnizssiadidming

'
v 6 [ o

mMafiuuasUfuaugansihauvesszuunfiduiy Tnefiudnuwadaulnges nsndsansd
Tnfeduazieluded saumsmsdvhanswadiifaunilasnse uliin nalngnssuuzsmesans
wanlndudaliduiiasuuidn winnnsAnugrsiwanindulunisnssdu  apoptosis w99
waduziSlumyuandiifiunalnmseongriunasiieadestussuugiduiu ( Blask et al,
2005) wanlnilufinadudanisatig proinflamatory cytokines #a1eINIUN1e NF-kB Tuny
naaeafigninihliAnnsdevevesdiduesennzinsondondiadu ( Oxidative and
nitrosative DNA damage) (Laothong et al.,, 2010) luamzunfiszuugiiquiuazaunalag
n5&an1s(immune regulation) mama@maé T regulatory cells (Tr) Usgnaunay CD4A+
CD25++ FoxP3" Tr (natural Tr), CD4+ CD25+ Tr (Tr1), CD4+ CD25+ helper T cell (Th3)
ey CD8+ CD25+ cytotxic T cell (Tc) ﬁwﬁwﬁ%ﬁa%’a‘lmﬁaﬁﬂfjm suppressive cytokines IL-
10 uag TGF-0. iieanunun (immunosuppression) N15V9UYeNEad CDA+ T helper 1
(Th1), CD4+ T helper 2 (Th2), M2 Macrophage (M2) wag natural killer T cell (NKT) T#
Howas

yynaassiignimiliAndidueidemeonnziniensendiadu ( Oxidative and
nitrosative DNA damage) ideldsuaniu ssiinadudinisatng proinflamatory cytokines
waBFINIUNS NF-kB (Laothong et al, 2010) Fsaenadaiunaiiszyimyiigndnthls
A5y (hepatocellular tumor-promoting) iiefinsluanlniuasuastvanniie
\3eneendntuadld (Nishimura, et al. 2010) warlnduiinalnensduiidasumanlniy
wiladl 1 (MT1) waz fsuwarlndusiadl 2 (MT2) (Witt-Enderby, et al 2006) faduds
adenylyl cyclase 119 linoleic acid uptake anas waziiunsaanedes calmodulin
LazA15IUAY nuclear orphan receptor (RZR/ROR) dwaviliaaiinisiuisianas i
enuAnfumalniufissyiaunsanssdunsaiistelnded Wy wnumnduneilseu (y-
IFN) uazdumesgaud ( 1) vfiasine Ssfinasesyuugiduiu Brzezinski et al, 1997;
Gianoulia-Karantana et al,, 2006) wanlndfiuavily PBMC finmsilasuntaimsuansean
vostuldtonnit 69 du Tae 46 fufinisuanseanunniu (up regulation) W transcription
factor genes, homeo box Ad (HOXA4), forkhead box O1A (FOXO1A), transcription
elongation factor B (S/l), polypeptide 3 (TCEB3), and peroxisome proliferative
activated receptor delta (PPARD) @udn 23 Bulin1suanieaniiosas (down regulation)
Wy PHD finger protein 15 (PHF15) and zinc finger protein 33a (ZNF33A) (Ha, et al.
2006) e PBMC QNNI¥AUAIEANT  lipopolysaccharide (LPS stimulated PBMC)  Luan

Indufinatieussnmnmssnauls Ineannisuanseenvesdudafeitesiunisdnay Tungu
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http://www.springerlink.com/content/?Author=Jihei+Nishimura

chemokine  subfamily —genes ¥4 84  CCL2/MCP1, CCL3/MIP10L CCL4/M|P16,
CCL5/RANTES, CCL8/MCP2, CCL20/MDC uag CCL22/MIP30L vinliszAu CCL2 and CCL5
finsanasegsifoddy (Park, et al. 2007) Emsfnwiiszyinvaduzimansviaginig
movauedsaaniy wuluueswongnuunnisidsuwailviiuiinalinisuanieenvestu
FAgfusauna (oscillatory circadian rhythm genes) iy 84 Dbp, Per? NAUEANIN
WiNzaw (resynchronization) (Hynes, et al. 2010)

warlnfuduansngy  tryptamine dslndiAsafueildeglutiagdunaesaliun

serotonin, sumatriptan Wag sertindole LLamé’fﬂugUﬁ 1

CH
., 0
HsCO NHCOCHS, s N—CHs
7\
I oo |
N
N
N H
melatonin sumatriptan

HO NH, NH
| N

N
H

serotonin sertindole

F
JUN 1 wandlaseasneves melatonin wazansiillassadalndifes

N3 wnuivy  OCH; @S¢ aromatic ring Tualniliumevydus sIudansiiy
V38aNIIUIUANTUBUTENIN indole group WAz side chain amine dwalvignaiueuya

Saszdsundasluvaiintunavanas  (Reiter et al, 2003; 2007) Msdufu melatonin

'
= 2 =

receptor wWaguly (Morishima et al., 1998) findngIuNuansdINgy methoxy kag amino

o«

= o w 1 v v oA [ a Aa o A . .
Mﬂ’ﬂllﬂ’]ﬂiyﬁlEJﬂ’ﬁ"\]UﬂUiL‘UWLGIEJi‘UENLllﬁ'ﬂi/luu LAZNITULNUNNALNUIN 2 ¥BS indole ring

1% [ 1

anusaEsugMsNTTUAUTIwesvaamalniulafauy ( Suzen, 2007) 9INTOYARINGT?

Y

'
rala éd

Fniuinnisdaudadassadamaeivosaswaiiniu Meondldeyiuslmlifignsangi

ANSANNIUAULUY  WANNSAN®WNEINUNT  sakUadlasiastamaeddailinisAnyitey

1 VYA v =

nAuRITE AT TANINALUAILATIATATIUNLIYUNUTIA TR UYLS aromatic

9 Y

ring, i indole N-atom Wagnse side chain amine éfmamiugﬂﬁ 2

Y
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R
1\\ | R; = OCHs, OH, OAc, OBz, etc.

zZ
X
o
|

= H, CH3, CHchHS, 06H5, etc.

Py
)
Py

@
|

= H, COCHj;, COCH,CHjg, COCgHs, etc.

JUT 2 uanwiundsiiagyinisiaudadlasadne iednwgrdsiuuzsduiosiy

v % ! ay Y ! % 4 a a a
PNVOUARINANTATILINNSAALUalASIES e aAiivesanswaniiy dlona

&

Ipeuiusindfignsfnitanswalniivduiuy  uin1sfinwienduns  daudadlaseasng

= L4

mupddadinsfinwides  euiush imwvuladdlideyafinwgndsiunssdudowiu

iunnalngiifuiuiieuduwanindusuwuy dslulasalliigausvasiiiiefinygnsau

< & v 1 a Yy o v ¢ a = v a v =
uziSslutasiunumanalngiAuiuveseyiuswanindufisuivwainiuiuiuy - Jad
AU nduegiEs Jamadmnnnueyiusainduniinuauianivsglevilunisiueyya

daszuaziuuniy wazlinuaudfiniundvaaumansiinau aziauszlavilunisimune

A gy o £ v < Y A N o W ¥ & 1
wWeldiaSugranisiuuess waranamstiaufsesaiivtnlugUlsussweld
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uni 3

Asn1sAniuIuIY

15973 LARIUN TR TNANENTTUNTITETTTUN T ITe Tunywd
WTInenduveuniy @il HE532109
1. asiail Yaggunsal uazanuiviinnsise

1.1 asadfiildlunsndeseadnageu léud RPMI medium 1640; RPMI-1640
(GIBCO, Invitrogen Corporation, USA), DMEM medium (GIBCO, Invitrogen Corporation,
USA), Sodium bicarbonate (NaHCO;) (Sigma-Aldrich Chemie GmbH, Germany),
Penicillin-streptomycin (GIBCO, Invitrogen Corporation, USA), Fetal Bovine Serum
(GIBCO, Invitrogen Corporation, USA), Fetal calf serum (J R Scientific, USA), 0.25%
Trypsin-EDTA (1X) (GIBCO, Invitrogen Corporation, USA), Ficoll-PaqueTM PLUS (GE
Healthcare, Sweden), Trypan blue (JR Scientific, Inc., USA), DMSO, MTT (3-(4,5-
dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide) (Amresco LLC, Ohio,
USA).

o/

1.2 Jangunsal uaziAIedile

FangunsailunmsAnuniiuse wad ol Sterile 25 cm’ canted neck tissue
culture (430168, Corning Inc., USA), é:ﬂm CO, incubator (Procell, Jencons-PLS, USA),
wpestiumies (5220, KUBOTA, Japan) waziasestiuvissaunugamnil (5922, KUBOTA,
Japan), LAF cabinet (ESCO, class Il BSC, USA), Sterile flat bottom 96-well plate
(NUNCLON D SI, Nunc, USA), Microplate reader (Anthos 2010, Germany),
Hemocytometer (Brightline Improved Neubauer 0.1 mm deep, BOECO, Germany),
ndesanssatelaiingu (Eclipse TS 100, Nikon, Japan), Sterile flat bottom 24-well
plate (Costar 3524, Corning Inc., USA), Microscope slide (Sail Brand, Uszwalng ), Cover
slip aun 18x18 mm’ (Menzel-Glaser, Germany), ndesqanssAungoaLsaudvliaiingy
(CKX41, Olympus, Japan), Lﬂ'%laa{'jum%wﬁmmmﬁﬁaugﬂ (MiniSpin, eppendorf, USA),
1389 UV-Vis spectrophotometer (UV-1700 PharmaSpec, SHIMADZU, Japan), 879Uy
A11U59U (Dry bath incubator, Major Science, Taiwan), winatuilalndn (Power supply
34 MP-300N, Major Science, Taiwan)

1.3 aouiivinside

ANZINATANITUNNE LAY ANSINEIAIENT UN1INSSEUDULAY

/N § Aav o '3 ' o & a a '3

‘ih miﬁﬂmmamimauauawmLn‘daaquﬂmﬂuLLasmlaﬁlaumL%mumaawuﬁmawlmu Hﬂ% Useitugadly aoviud waz Auy
L
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2. mawtsuamsayiusildlunisine

anseuiusualniu §33n1swden fil Fasaiinduldly round bottom flask uag
Une quard  column  fiussyde Cacl, wietlostunnutu vdsniuee  Udesls
Anufisennieluszuutn Tegld Melulasauussylugnideaseulivie  guard colum 8n
Fumila ntiy thansazans Pyridine 38 CH,Cl, 1 mL azargwaniduluwia wagin
asazansuguLsau JeAvgeuAn Acid chloride fiafne9 Wuawinnin 15 uadl 3
faUfATeselUTigumives uasvhnsnsaeuRnmumMaAnUAs TS Thin
layer chromatography

SleuffseAntuawysaiagyiins vgaufisendieisns  liquid-liquid extraction
s¥winandu 50 mlL wag 10% methanol in dichloromethane 50 mL vhnsafia 3 a%a
FuduansdunIgls iUy NaSO, anhydrous Lﬁa@@ﬁwmwﬁu LA NaSO, s
nNseefENITANENTOs @159nnIsnsasilurlidududienies rotary evaporator was
funmimiinvesasviety vdaniuiaiameudinaayiiliuianiseitnig
open column chromatography (CC) fhefvsanududusiag Tnsazisuanalsye il
muildaRgy 100% hexane @nsuawszwing hexane: ethyl acetate Tudnsraumge
,100% ethyl  acetate lUaudi methanol ~ UNeuNuSaNalNISHY 4
dimethylaminopyridine  (DMAP)  titeissUA3en Tasnseuaumsdunsiesisngg 7

[

WULAEINUIBN5U9R InedlseasdeanIsaunTIsuiagaRusaal

2.1 Acetyl melatonin

H H
N __CH o N\ CHs
O 3 v
7
$TY - ST
N Acetic anhydride N
|
H OJ\
Melatonin (232) (274)
2. N-Methyl melatonin
H CH
3
H ~° N\ hig
o N _CHj o)
hd - )
N CHj;
| Methyl iodide
H
Melatonin (232) N-methyl melatonin (246)

3. Benzoyl melatonin

/N s AV o s, ' o & a a s,
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H

N _-CH
‘ —0 T
\
US> . Ny
l}l 4-Benzoyl chloride o
H
Melatonin (232) (336)
4. Napthoyl melatonin
H
N

CHs
H /O\m\/ \ﬂ/
N CH
% ™ N

o] > o
Napthoyl chloride
Melatonin (232) !

5. 4-Nitro benzoyl melatonin

o CHs
H -~ \ \n/
N CH
(@] \n/ 3 \©fl\l§\/ (@]
o

I-Z.

v

ZT

I-Z_

o) >
4-Nitro benzoyl chloride OAD

NO,

Melatonin (232) (381)

3. N13ATIAINTIRMULTUNYWTINITTaNTINABLIYAANAdaU

asramuuiiy vionssentinveasad Mme3s MTT lag MTT azgniuaeuiu

saaaa Y

NaNAL98e formazan  leenanssuneluwadvewgadnidien wazau1sainaInig

v
v A & § Aa

andukatlavaInazatendnmey  DMSO waanldAnwiaseiiluwadgiiauiunlain

nsziadonAu ( Human Peripheral blood mononuclear cells : hPBMCs) wa
waduslSEld  (HCT-116) wazumsudlmdanand  (U937) neugnuadeuiwadazgn uxly
5% CO2 incubator gamigdl 37°C Wuna 24 Falus ndsndumainiunareyiusus

avalinazgniiun adluusiasugu uaznaseuifunan 21 $lus wdidvansazany MTT (20
ul = 5 mg/ml) ndsntu 3 dalus asazane MTT wgnaaeenuasindondn formazan

ausaazanglaly DMSO umihluindinsganiuuaiiniue1andy 555 nm ieguiu

N f av o 5 I @ 5 a a s
@ msfinwnansrevaueenradiiuiukazigadlatuzinusosyiusiuaiiniy 493 Useituzadly 0viud uas Ao
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10

background 71 650 nm %ILYINAS NAABITT 3 ASI LATAIWIISBEALNNSINANY ADIYAANID

NN550AVDULAR (% cytotoxicity wag % viability) 21nauA1s

CytOtOXiCity = [Acontrot - Atest]X1OO /[(Acontrot]
V|ab|l|ty = [Atest / Acontrol]xloo]

Avest Ao AN1sganauLaed NR Tuwadinaaeumeasainneuveiay

Acontrol Ao Ansgandunawas NR luwaanlllanaseuseansain wazdiudunaves DMSO Tu

4. MFIANTTANYUUUBEWONINTE A28 Flow cytometry analysis
3%5@m§ﬂqam5&%uﬁlﬁuﬁ annexin V-FITC @z propidium iodide (Annexin V
Apoptosis Detection Kit FITC, eBiosciencce) @uilnauaniafianlunisdausinlassasneves
waaANANALLSAY Tned  annexin V-FITC azlufnweaniinaeassu (phosphatidyl
serine; PS) 1039adneuuUasnenlnda 19szezusn (early stage of apoptosis) Wayszey
e (late stage of apoptosis) d@uaaninislueynenlndasyegying nie aerunalnule
a '3 = . o v . qe
398 LwaaluUTUITgLdsdanIn  (loose of membrane permeation) vild propidium
iodide annsar U wadiiolugan DNA vaswadnield JULUUNIINEVRLTAdaINITE
nyaaeulalagldiniesile Flow cytometer wasdnwadgnnszdulaganswaniniuuas
v & & ) s v Y v & - Yy .
auiusluna 24 s wadazgnans uddeumuduneuresymingn Mmed annexin V
wag propidium iodide dar 15 wiingamgiiviesnardesiuuas Weasumvuaiaiiewad

Wiaseiseriodle Flow cytometer (BD FACSCanto II, USA)

5. N5IATITHNNGEDR ( Statistical analysis)
nan1sAnwgnsenuluaiede uardinulenuunnggu ( +5D) TAszRANwANAIY

a1l Aynsatiavestoya lngld One-way ANOVA (Single factor)

/N § Aav o '3 ' o & a a '3
‘ih miﬁﬂmmamimauauawmLn‘daaquﬂmﬂuLLasmlaﬁlaumL%mumaawuﬁmawlmu Hﬂ% Useitugadly aoviud waz Auy
L
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uni 4

NANISANEILAZN15BAUTI8NANISIVY

4.1 auantanisazagvesasaywusiuan niiy

auﬂ’uémaﬂwﬁuﬁé’qLmﬁzﬁlﬁﬁﬁ”’wm 5 ¢ A. Melatonin acetate (ACT-MLT), N-
methyl melatonin  (N-MET-MLT), Benzoyl melatonin  (BENZ-MLT), Naphthoyl
melatonin (NAP-MLT) wag 4-nitro benzoyl melatonin (4-NITRO-MLT) Fauanslumsnadi
1 Feoyiudusiazindliiinisazanslu culture media with 1% DMSO fuansnsiu Tnemuin
MLT, ACT-MLT wag N-MET-MLT d@1n1sazate >1mM 11460mzﬁauﬁuﬁ‘ﬁuﬁmmiazmaﬁ

AN A <200 pM Liesanvyununiidu bulky sroup vilirinsazaneveseyiusanas

#1579 1 anseuiusalnidunduasizila

Names Structure Solubility
Melatonin >1mM
(MLT)
Melatonin acetate >1mM
(ACT-MLT)
N-methyl melatonin > 200 pM
(N-MET-MLT)
Benzoyl melatonin > 200 uM
(BENZ-MLT)
Naphthoyl melatonin > 200 uM
(NAP-MLT)
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4-nitro benzoyl melatonin

(4-NITRO-MLT)

> 200 M
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4.2 auanufvaswaslaunldlunisfinw

ayiuswaviiugniuveaeufiswannuiluivuaznig ATHE IR RNEGE!

a

ANy 09 Msdudemsiasadula  waznsdn dliAnauiunsesnenldaves

Y 9

L3 1Y o dl

wadupS  dawad Qiiduiu Mhndnw Ae  wadpliduiudildannnszuadonau
(Peripheral blood mononuclear cells : hPBMCs) ViaﬁmmmﬂLﬁamadmmﬂﬁﬂﬁqmmw
7 wazwadlavunsefithun@nw fe wadlavuzdedld  Human colorectal carcinoma
(HCT-116) waznziSadiadenv1a Human Human myelomonocytic lymphoma cell line

(U937) 1aafl@an13gn15snietaed AaLkandtum1sIen 2

A1519% 2 wllnvegadNAEaU Lazan1izlun1siaes

Cell types Culture condition

Human Peripheral Blood Cultured in RPMI medium

Mononuclear Cells Incubated at 37 °C in a humidified 5% CO,

(hPBMCs) atmosphere

Human colorectal carcinoma Cultured in DMEM medium

(HCT-116) Incubated at 37 °C in a humidified 5% Cco,
atmosphere

Human Human myelomonocytic | Cultured in RPMI medium

lymphoma cell line (U937) Incubated at 37 °C in a humidified 5% CO,
atmosphere
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'3

4.3 anuluiwvaseynuswaiinduse wadgliduiu (Immunotoxicity assay)

Y 9

Wesnnnisignvgsesinudndnssuadentouvzludeivisilmung msfinwniy

Juiiwsieszuugiiquiu lnegivse wadgfiquiudildannszuaidennu ( Peripheral blood

q

mononuclear cells : hPBMCs) 1Jun1sanassaninlilnddeaiusnanie iesanniduwad

szuugiiduiuiiviihnddgysonisvhnuvesssuugliduiu wasiluwaddAgfiannsalddu

wuudaeuitefnwaruilufiviesans dulunsfinwanuduiiviessuugfiduiuves wan

¥

Influwagouiius svanusassuiinnuiluiivresansidiobisiesiinie wasludeyaUszney

Tunsiansanmsiaunasiveldlunisesald

13 U = =

wefnw anuduiivueseuius walniu sewadgiauiu Fsdinwins dudans

Wiy AulasewadiAuiuveteyiusatiniy nan1sfnwnudn warlniulifiaanuiu

q 9

o
Y

fusalganglnuiy Mmnududy 1 uM war 1 mM uddmsuayiusiuailni u wuiid

anuduiiviowadglauiuunnniiuaiivniiu lng - NAP-MLT finnnaduduy 1 pM San

'
¥ U =

@ a1 ¢ a o § Yo s Ay o P
LUUWU@@L%aﬁQNﬂNﬂUNWﬂV]?jW IG]EJV]']KL‘VI@UWU'JUGU@QL“Uaaﬂull@llﬂu A1gUTEUN QU 44% LD

q
= [y 1

Wiguiunguauay (U7 3a) widlodmuenududuauts 1 mM wuhenuduiivees

v 6 Y

auiusYNin <15% (UM 3b) Feanunsaagulad ewiuswarlndudianuduiiveie wad

% s

9
Qiduiud Taeszaumnuduiiy agduiusiuliinauessiiavesoyius  anuduiivees
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(@)

50.00 4
45.00 4
40.00
35.00 -
30.00 -
25.00 4
20.00

15.00 -

%Cytotoxicity (vs.untreated cells)

10.00 |

5.00 +

|

—

e

] [T

0.00 1
Melatonin

(b)

50.00 |
45.00 1
40.00 -
35.00
30.00 1
25.00 -
20.00 -

15.00 A

%Cytotoxicity (vs.untreated cells)

10.00 A

5.00 ~

Melatonin
acetate

4-nitro
benzoyl
melatonin

Naphthoyl
melatonin

N-methyl
melatonin

Benzoyl
melatonin

| m

0.00 I
Melatonin

Melatonin
acetate

4-nitro
benzoyl
melatonin

Naphthoyl N-methyl
melatonin melatonin

Benzoyl
melatonin

gﬂ‘ﬁ 3 NANSVAAOUNISANY  (%Cytotoxicity) #me3s MTT assay 71 24 44lus veq

;Y

waaiiauiy Weldsuwailnfiuwazeyiusanuduty (@) 1 uM (b) 1 mM *wansiis

Y

AuuANstegelited Ay satifsenInnguilasuaswalniuvseeyius

Wiguiguiungualuayl (p-value < 0.05)
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a

4.4 mstninsiiuduuvewadgiiduiu ( Immune cell proliferation induction
assay)
WafnwgnEEsuNITYIUYeITTUUiAuiuretayiusaniiu Fsfnwinisiiy

§ a

Suuwadniduiufildainnszuadonau ( Peripheral blood mononuclear cells
hPBMCs) wan1s@nwinudn walnd uanunsodinsiuay hPBMCs Tafianududuy 1 pm
(113.2% leilsudunguaiuguil  100%) dmiveyiudmanlniu Amnududuidedty
Wyt ACT-MLT ayiusifeasiiiy fannsafiuswauead  hPBMCs 1# (105.4%) (301

da) uagilladiuanududuretoiusis 1 mM nuluaviuiasoyiusviavualiig

a

FUIULaR hPBMCs 8nv3u NAP-MLT Mg uauld 106.1% (5U7 4b)
Feanunsaazuladn nstnuimsiiniiuiuvesead hPBMCs Auusinaiilikasyin
VRIBYNUS  WAZHANITAUTININYDUEAE  hPBMCs vaaua1vilu duiusiunanisfnuid

WU iuIwIn 1 pM - 1 pM snsuau PBMC 16 (Kuhlwein & Irwin, 2001)
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(@)

120.00 - *
T *
I
100.00 T
* T
_ T
2
3 80.00 -
o
2
[y
fd
= *
5 60.00 - i
(7]
= 1
z
S 40.00 -
S
20.00 -
0.00
Melatonin Melatonin Naphthoyl 4-nitro N-methyl Benzoyl
acetate melatonin benzoyl melatonin melatonin
melatonin
(b)
120.00 -
* *
100.00 -
* *
@
S 80.00 -
=
@
T
g
5 60.00 -
[
A
-y
d 40.00 -
2
20.00 -
0.00
Melatonin Melatonin ~ Naphthoyl 4-nitro N-methyl Benzoyl
acetate melatonin benzoyl melatonin melatonin
melatonin

SUN 4 nan1svedeunssen  (%Viability) g8 MTT assay 91 24 3lus veuwad

%

piifuiu Weldfuwanindukareyiusanududy @) 1 pM (b) T mM  *uansds

Y 1Y

ANNLANARElited Ay adaseInguilasuansuanniunseeyius

o
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Wiguiguiunguaiuny  (p-value < 0.05)WSsuiisuiunguaiuay  (p-value <
0.05)
4.5 eyuswaiiniu fudsmasyidvinvesvadladuniedlday HCT-116 (Anti-
proliferation of HCT-116 cancer cells)
wanlndufinalunssinead laduzdsdldeu HCT-116 ldtios (<3.24+3.7%) @
NaTlFLANAN9AINNSANYIYE  Gardia-Navarro U 2007 wagAny 29vnsAnynaued
alnfiulweaddld vla HT-29 Tasnuhwainiulimalunssudinslavensadussed
ICso = 1.3+0.1 mM (Garcia-Navarro, et al. 2007) uaﬂmﬂﬁmiﬁﬂmﬁ WUNITAULLS
Sldfunntulasoyiusuaindy  Taswudn NAP-MLT  Snvlunissiwadusifann
‘17{6191 (24.3+6.8 dar 40.3+0.8%) uazseias A N-MET-MLT, 4-NITRO-MLT uag
BENZ-MLT puddiu winunmsmevesaauziisdlddes fanlag ACT-MLT (<5.9+2.8)
(U7 5)
wansfny adstlannsnaguldheyiuduaiiniy Sudanmsiasauiviaves
wadusn s ldlfnnniuainduduuy uasnssudsmaiulaty duiustussduliana
voseyius  lamoyiusiill vyunuidu bulky group asflqudlunsdudsnmsiviaves
waduziialdinnni Fsenainannenuanusalunsazanelulusiu ( lpophilicity) snntu
il wadlauinninuaiviusuwuy
50.00 4
45.00 -
40.00 4
35.00 -

30.00

25.00 -
*

*
*

[=]T1 0]

mamM
20.00 A

*

15.00 - * 1
10.00 -
5.00 4 ’7
0.00 {

Melatonin Melatonin Naphthoyl 4-nitro benzoyl N-methyl Benzoyl
acetate melatonin melatonin melatonin melatonin

%Cytotoxicity (vs. untreated cells)

a

SUN 5 wammaaaun1Inneg  (%Cytotoxicity) Me3s MTT assay 7 24 g ves

waduzissald HCT-116 Weldsuwaninduiaseyiusanududy 1 pM uaz 1 mM

N f av o 5 I @ 5 a a s
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“uansiannuuansnsegildsddgmeadfssrinnguitldduasuainiuie

auius WisuWeuiunduaiuay (p-value < 0.05)
4.6 aywuswaTniy SudimaaiydulavesvadlavuzSadiaienuiaau U937 (Anti-
proliferation of U937 cancer cells)

nnamsAnwnudt wailniuiinaluns dudimsasyiivle waduzsadniden

YUz 18% fianuidudu 1 mM lagrans@nwiafuayumsdneves  Buyukavdi
U 2006 uazAmy inviuaiinduanadudy 1 mM Sralunsseadladuzdadadon
9173 (CMK, Jurkat wag MOLT-4) mﬂqw%‘hmnﬂu pro-oxidant  voma v
(Buyukavci et al, 2006) nsAnwiss nunsmeveuTaduvSadnidenvinniy
(34.6+2.4 — 58.1+2.0) 89310 lASU ACT-MLT, N-MET-MLT, NAP-MLT, 4-NITRO-MLT
way BENZ-MLT audidu fienududu 1 mM - dufinnnududusing e 1 uM) wunis
gnwaduziiudadensn <5.4% (GUAl 6) Feanusaazulsinns Fusmaasaiiivinves

3 I3 < A v o v a v ¢
bYRANTLIN Lll@LaEW]GUTJﬂlIW‘Llﬁﬂ‘UU'iiﬂmsUaﬂa'k!WUﬁ
70.00 |

60.00

*
*
*
50.00 -
*
40.00
*

apM
30.00 - amM
20.00 -
10.00 -
0.00 I I

Melatonin Melatonin Naphthoyl 4-nitro benzoyl N-methyl Benzoyl
acetate melatonin melatonin melatonin melatonin

%Cytotoxicity (vs, untreated cells)

JUT 6 mansadoulesidudniseneg  (%Cytotoxicity) #3838 MTT assay ¥ 24
Flus veswaduzisudiadonnn U937 Weldsuwaninfuiareuiusnanududy 1

UM g 1 mM  *uaastiarnunanasegalidedAgnisadaseninanguilasuansiy

alvliuvisesyius Wisueuiunguaiual  (p-value < 0.05)
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4.7 aywuswatlniiu tnihliieeswenlnda veswadlatusisealdau HCT-116
(HCT-116 Apoptosis induction)
MNNaNSANYINMSEudINsasyiulnvengadunsadld  Aldnalneuiusngund
nsunuwatniiusieny bulky group (NAP-MLT uag BENZ-MLT) A1 cytotoxicity &9
Weudvwanlnfiudueuy Asdushun@nyim nstnihliiavuiuniseswenlnda ves
o & ' a a 1 % 2 o = o 8§ ¥ a
auius wudiwailviu (1 uM) raghwaduesesldlaenaniesilnfanismewuuey
wenlnda 5.9% Weisuiunguaiuan uinsneLuvosNenlnTaveueaauz s td iy

1nTue 30.1% uay  40.6% \deldFueyiudiuanlniy NAP-MLT uay BENZ-MLT

U =

ANAIAU (SUN

Y

s
a v o

Astimgmsnsinid WevuiunseswonlndalunziSedld 1o

7) mMsfnwiFeaguledn  msunuiiwaniniiudieny bulky group fnalu

160.00 -
140.00 -
120.00 -
2
@ 100.00 -
(3]
9o
o 80.00 -
o
o
[
< 60.00 -
52
40.00 -
20.00 -
0.00
Untreated Melatonin Naphthoyl Benzoyl
melatonin melatonin

JUT 7 wansnadeuesidudnismeuuveznenlnda  (%Apoptosis) feds Flow
cytometry 71 24 Falus veawaaNzisdld HCT-116 Waldsuwailviuuazeyiusy

APUNTY 1 UM *uansiemnuuansegealidedAgnisaifiseninanguilasuans

wanlnliunsesyius Wisuweuiunguaiuay  (p-value < 0.05)
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4.8 aynuswatlniiu tnihliieeswenlnda veswadlatuisadiadenviay U937

(U937 Apoptosis induction)
nnamsAnunstiudimsaiadiulnvonsadusiadindenun nsAnuisaden
oyWuSTTiAN cytotoxicity g4 A ACT-MLT sn@nwvnnaln msdmirliiAavuiunmsesien
ndasio deWsutumaniuduuuy wanmsfinwmuin  wailndu (1 mM)  Sgndan
waduzSadndonvn Tnensuionilfinnismeuvvesnenindafiatu 127.8% il
deudunguaiuay Ty mawdeniliAensmeuuuesnenlnda  wudeiuly
waduzsudindontny  CMK fienadudu 0.01 mM (~50%) Taenalalunisidiy nsene
WUUBENANINTE ﬁ?ummﬁmmﬂqw%‘ pro-oxidant (Buyukavci et al., 2006) WAy /%58N13
il activity V9 caspase-3 way caspase-9 (Bejarano et al., 2009) UaNINT Fawun
HAN13TNUN NIIAERUUBENENIVZE vasayiusia iy AUty 1 mM ves ACT-MLT

Liuansnsnnuainiiu Tnednadniinisaewuvesnenlndaiuiy 119.6% (3U# 8)

250 1
200 -
150 -

100 -

% Apoptotic cells

50 4

Untreated Melatonin Melatonin
acetate

'
=

UM 8 NANIITVAADUNITANBLUUDEWONINZE  (%Apoptosis) M85 Flow cytometry

Y
'
=

7 24 Flug venvaduzsudadonunn U937 elduwailviiunazeyiusaiy

o w a

Wty 1 mM *uansiesmnuuansvegaildedAgynisaiiseninanguilasuanswa

o

Infiuvseayius Wisuileuiunguaiuny  (p-value < 0.05)
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uni 5

ayunansIveuazdatauaiue

naudeilasamsfnydauladasiasimeaiivesaswallniiy iiedunsen
auiusaniulndniignsiniiaswalniiuduwuy  wisyiusnniauvuladlideya

£% '

Anwgvissunzddudesiuiumnalngfduiu duulasmsifionuszasdfiofnygns

dunznidudosdunumenalngiduiuveseyiuuaniufoutuwainduiuy o
auﬁuﬁ‘ﬁéjﬂms?wﬂlﬁﬁ 5 %1l Ao Melatonin acetate (ACT-MLT), N-methyl melatonin (N-
MET-MLT), Benzoyl melatonin (BENZ-MLT), Naphthoyl melatonin (NAP-MLT) waz 4-

nitro benzoyl melatonin (4-NITRO-MLT) #ilAn1sazane Nenariu lag ayiusndn1sunui

'3
a |

e bulky group agliAnsazanedian  ewiusns 5 wia lagninandnwtagnsdeniny

3

Juiiwdewadgifuiu nstnmihnmsiiudviuveasadgiifuiu nsdugainsasayiule uas

9 Y

nstnilAAavuIuNISoswenlnda  fewaduzse anlduasiiindonv1 Fawanisanen

[
Y v a

aunsaagule fadl

Y o v v 6

1. anuduiivreseyiiusde wadgliduiu duiusiulSnauasyinveseyius
Tageyitusifmnudu bulky group sgdmnudufivannnit nglamy  NAP-
MLT (1 pM) Aidimnsidufivgaiian

2. m3tnims iinduou veusadgiiduiu duiusiuunauarsiinveseysius
InewuI1 ACT-MLT (1 uM) wag NAP-MLT (1 mM) anunsadiusuiuveead
affuiuly Gemsifiudiunu veswadiiduiuasiuselovilunisiuusige
aly

3. eyiudwaiiniusia 5 9da Sudsnsaiydivievensadusde dldldnnniu
alnusuuuy wagmsdudanmaifiuleiu duiusiuliinauvesewiusdly Tae
aqﬁuﬁﬁﬁ wijLmuﬁLﬁu bulky group ﬁqméiumsé’uéy’ﬂﬂmau‘lmaamaa‘wﬁa
ﬁﬂé’mmdwaqﬁuﬁ‘ﬁu LLazmiLmuﬁLuaﬂmﬁuﬁwmg bulky group Hilnaluns
aumsiasaivlaveagaauziseanldlnenistnidy  dasuiunsernenlnds

6. eyiufwaiiniuie 5 vl dudimadydulaveneadunds dadeavnld
e iniudusuy waenssudsnmaiuleiudiiussu e soyius
Al Toenuin ACT-MLT Sgrdlunissudimaiiulnessadundadindonyn
unitgn Ingsiunsdniifinuiunisesnenlnda

1%
Y v Y

Mnuasosyuuniiduiu Miluwdaruduiiviewadgliduiuuaznisnseiussuy

9

;Y

Qifuiu Hudwalunsiuuzisalduazuziaindenny wuiaseyiuduaniviug

Y

azihluvihmsfinwsiedsnalnlunisaiuaunisinnuresssuugiauiuwasasugmalunig
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AuNgt3s Ao ACT-MLT wag NAP-MLT wiewmudusn iiisldiaiugndonsiuugiis uazan
anstfesvenaliuUaludtieusss  wisgdlsinudedidniudeadeainuaiunsonis

azawdsllmudAgy
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SAFETY OF MELATONIN DERIVATIVES ON PERIPHERAL BELOOD
MONONUCLEAR CELL

Panchad, P."?, Plaimee, P'? Barusrux, S.**, Weerapreeyakul, N., Puthongking, P2,

The

Johns, N.P2

' Graduate School, Faculty of Associated Medical Scienceg, Khon Kaen University,

* Melatonin Research Group, Faculty of Pharmaceutical Sciences, Khon Kaen University, Khon Kaen,
* Centre for Research and Development of Medical Diagnostic Laboratories (CMDL), Faculty of
Associated Medical Sciences, Khon Kaen University, Khon Kaen, 40002, Thailand.

e-mail: sahapat@kku.ac.th

Abstract

Introduction: The anti-cancer effect of melatonin is involved in its antioxidant property, apoptosis
induction, inhibition of angiogenesis and metastasis, etc. Previous studies reported that melatonin
exert these effects via melatonin receptors. To improve these melatonin’s properties, this study aims
to synthesize melatonin derivatives and investigate the safety of compounds on human normal cells.

Method: The N-substitution melatonin analogs were synthesized with various acid chloride such as
benzoyl chloride, naphtoyl chloride and acetic anhydride. Solubility testing was performed in culiure
media and dimethyl sulfoxide (DMS0). Moreover, safety testing was determined by using MTT assay
on human peripheral blood mononuclear cell (PEBMC).

Result: Three of melatonin derivatives were synthesized include acetyl melatonin, benzoyl melatonin
and naphtoyl melatonin. Only acetyl melatonin can soluble at 1 mM in culture media with 1% DMSO.
Therefore, acetyl melatonin was selected for the safety test. Acetyl melatonin at 1 pM -1 mM  noen-
gignificantly changed of PBEMC viability (95% - 105% when compared to control, p = 0.05).
Furthermore, these effect of acetyl melatonin on PBMC is non-significant different from melatonin (p =
0.05).

Conclusion: Only acetyl melatonin was tested for safety in this study because the solubility property
of synthesized compound is major factor to concermn. From this result showed that acetyl melatonin
seems to be the most potential compound with safe to normal cells and should be further perfformed
in cancer study.

Key words: melatonin, acetyl melatonin, safety testing, PEMC

First International Biomedical Sciences Conference "BMS Research Driving

Collaborative ONE ASEAN". 8 — 10 February 2012, Khon Kaen, Thailand. (poster

presentation)
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EFFECT OF MELATONIN DERTVATIVES ON HUMAN IMMUNE CELLS

Preeyaporn P]aﬂneel‘], Sahapat‘Bamsrux]‘E*, X
Matthida Weerapreevakul®, Ploenthip Puthongking™, Nutjaree Pratheepawanit Johns*

! Graduate School, Faculty of Pharmaceutical Sciences, Khon Kaen University, Khon Kaen,
40002, Thailand,

“ Melatonin Research Group, Faculty of Pharmaceutical Sciences, Khon Kaen University,
Ehon Kaen. 40002, Thailand,

¥ Centre for Research and Development of Medical Diagnostic Laboratories (CMDL),
Faculty of Associated Medical Sciences. Khon Kaen University, Khon Kaen, 40002,
Thailand.

*correspondence author E-mail: sahapat@kdoac.th

Immunomodulation effects of melatonin have been previously reported by activation or
regulation of the cellular immune responses and functions. However, low bioavailability of
melatonin and large differences in metabolism among individuals have given clinically
uncontrollable pharmacological concentrations. Therefore, this study has svnthesized
melatonin derivatives aiming to investigate their effect on human immune cells for improving
of melatonin’s imnmmostimulation properties. Five N-substitution melatonin analogs were
synthesized with various acid chlorides. Human peripheral blood mononuclear cell (PBMC)
was used as a model for screening of cytotoxicity effect using MTT assay. Five melatonin
derivatives were synthesized including melatonin acetate (ACT-MLT)., N-methyl melatonin
(MN-MET-MLT). benzoyl melatonin (BENZ-MLT). naphthoyl melatonin (NAP-MLT) and 4-
nitro benzoyl melatonin (4-NITRO-MLT). Almest all derivatives at 1 uM and 1 mM showed
cytotoxicity less than 15% against PBMC except 1 uM NAP-MLT that showed the highest
cytotoxicity (44%). while melatonin was found to have no cytotoxicity. It was found that 1
UM melatonin enhanced PBMC proliferation 1.13 fimes to the control group. Interestingly.
similar proliferative effects were observed for 1 M ACT-MLT and 1 mM NAP-MLT (1.05
and 1.06 times to control group, respectively). Among 5 synthesized melatonin derivatives,
the acetate form showed most potential as it was nontoxic to the cells with enhancement
effect on PBMC proliferation. Further immunomodulation study will be performed to support
its clinical use.
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Melatonin derivatives inhibit human colon cancer cells growth via apoptosis

induction
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Abstract

Anti-cancer activity of melatonin has been previously reported in many cancers.
However, low bioavailability of melatonin and large differences in metabolism among
individuals have given clinically uncontrollable pharmacological concentrations.
Therefore, this study has synthesized melatonin derivatives aiming to investigate their
effect for improving of anti-cancer property of melatonin in colon cancer cell line, the
highest incidence in Thailand.  Five N-substitution melatonin analogs were
synthesized with various acid chlorides. Human colon cancer cell line, HCT-116 was
used for screening of cytotoxicity effect using MTT assay and apoptosis induction by
flow analysis. Five melatonin derivatives were synthesized including melatonin
acetate (ACT-MLT), N-methyl melatonin (N-MET-MLT), benzoyl melatonin
(BENZ-MLT), naphthoyl melatonin (NAP-MLT) and 4-nitro benzoyl melatonin (4-
NITRO-MLT). All derivatives at 1 uM and 1 mM showed higher cytotoxicity (5.9 +
2.8 — 40.3+£0.8%) than melatonin (<3.24+3.7%). NAP-MLT at 1 mM had the
highest effect against colon cancer cells and followed by N-MET-MLT, 4-NITRO-
MLT, BENZ-MLT and ACT-MLT respectively. The apoptosis was increased to
30.1% and 40.6% after treated with NAP-MLT and BENZ-MLT, respectively. While,
melatonin (1 uM) increased apoptotic cells death only 5.9% as compared to untreated
group. Melatonin derivatives exert an anti-cancer activity over melatonin parent form
on HCT-116 colon cancer cells by their cytotoxic activity and apoptosis induction.
The mechanism of anti-cancer action by melatonin derivatives requires further
investigation before application in combination with standard treatment in cancer
patients.
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