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Abstract

This research is aimed to design and develop the new, small molecule anticancer agent as
targeted therapy which acts as enzyme inhibitor in cell proliferation and result in cell death.
Aeroplysinin-1 derivative and Fluorosalan were selected as lead compounds with the use of
computer-aided drug design process. The synthesized compound was a cryslline solid with melting
point of 208.7 °C. Its structure was characterized by spectroscopic methods via infrared, nuclear
magnetic resonance and mass spectroscopy and revealed that it was 5-bromo-N-(3-(trifluoromethiyl)
phenyl)-2-hydroxybenzamide with molecular weight of 360.13 and molecular formula as
C,.HyBrF,NQ,. The anticancer activity of 5-bromo-N-(3-(trifluoromethyl)phenyl)-2-hydroxybenzamide
(A1B4) was performed in two human cervical cell lines (CaSki and SiHa). The results showed that its
half maximal inhibitory concentration (IC,,) in CaSki and SiHa cells were 0.6 + 4.2 and 15.8 £ 6.3 uM
respectively, compared to those of doxorubicin which were 0.9 £ 0.06 pM and 1.6 + 0.08 uM,
respectively.The cytotoxicity study in human keratinocyte cell lines (HaCaT) showed that at
concentration aver 400 uM, this compound inhibited only 30% of cell growth while doxorubicin gave
anrlCED of 10.36 + 2.4 uM. A study of apoptosis mechanism revealed that the compouns was able to
inhibit DNA synthesis, stopped cell cycle in G2 and S phases, caused cell shrinkage, plasma
membrane blebbing, nuclear and chromatin condensation, DNA fragmentation, cell ROS level
increasing, mitochondria membrane leaking, and activating of caspase-3. These results indicated
that cell death was induced through the apoptosis process. The results from overall studies indicated
that the compound which is designed to act as targeted therapy, possessed anticancer activity in
the same level as doxorubicin but was far less toxic. The compeound was also ab]e to induce cell
death through apoptosis mechanism. The results from this research can be used as a prototype of
cancer drug development in the future. The process also saved the cost of new drugs development

and significantly reduces research time.

Keywords: Targeted therapy, Aeroplysinin-1 derivative, Fluorosalan, Apoptosis
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R399 1 WEAINATAY conformation 48 IMD-0354 A interaction L3I active site

mﬂﬁ"lﬁ 2 UWARANNAYDY conformation 484 5-chloro-N-(2-chlorophenyl)-2-hydroxyl

=

benzamide (design 1) i interaction 131904 active site

l?l’lﬁ"]\‘lﬁ 3 UWAAINATYDY conformation W84 5-chloro-2-hydroxy-N-(3-hydroxyphenyl)

o

Benzamide (design 2) i interaction U3l active site

A1719% 4 LARIAINANRETT I wavenumber (em™) U w RS T AT aes

a

3-chloro-N-(2-chlorophenyl)-2 hydroxybenzamide

ms"\\‘l‘?‘a 5 WARNAI chemical shifts &g coupling patiern 924 protons Tulazeabneanq
3-chloro-N-(2-chlorophenyl)-2 hydroxybenzamide

A13197 6 wansaaALsEnausedain lnana

a1319f 7 uansilefifusfmeataduse Cask TuszaesineaInmatian nuciear DNA

Fntiis DAPI

maad 8 uanslefifufassaduzd SiHa Tussazseannistian nuclear DNA
¥

Aae35 DAPI
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g‘].lﬁ 1 uaneg Hemocytometer uazdumitrasdaiurad
g1l 2 Mswrnlassasraansiag i IMD 0354 1w lead
gﬂﬁ 3 Taseatraansiinanuun 5-chloro-N-{2-chlorophenyl}-2-hydroxybenzamide
(design 1) was 5-chloro-2-hydroxy-N-(3-hydroxyphenyl)benzamide (dedign 2)
7 4 uansusuansdaasziasayfug benzamide
gﬂ‘}d'; 5 LAARANABNINAIVDY 5-chloro-N-(2-chlorophenyl)-2-hydroxybenzamide
1 DSC graph |

gﬂﬁ 6 Infrared spectrum 4834817 3-chloro-N-(2-chlorophenyl)-2 hydroxybenzamide

o
gﬂﬂ 7 'H-NMR spectrum (ppm} 284 3-chloro-N-(2-chlorophenyl)-2 hydroxybenzamide

(design 1) 929 0 - 11 ppmluansazane DMSO-ab

s 8 uamadnua protonslulazea¥aaes 3-chioro-N-(2-chlorophenyl)-2-
Hydroxybenzamide

91N 9 uanasumieTas carbons 1 C-NMR spectrum (ppm) 289 3-chloro-N-
(2-chlorophenyl)-2-hydroxybenzamide (design 1) 11 DMSO-d6 424 0 - 200 ppm

g‘ﬂﬁ 10 gﬂmemmmﬂﬁnmm 5-chloro-N-(2-chlorophenyl)-2 hydroxybenzamide 1w
mass spectrum

gﬂ’?‘q 11 wgpenN1sumANNalAsaa319lu mass spectrum

3‘1.]% 12 UARANEUEIUINUATNSAARILL bright field waz fluorescence 1989
IadNFnuAgn CaSki

gﬂ‘ﬁ' 13 gﬂ‘l‘fi 13 uAASANHOULIUISUATANTAARKLY bright field ua fluorescence 984
mﬁﬂ"ﬂ:ﬁ‘qﬂ'\ﬂmqn SiHa |
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NF-KB
4KIK

K-252A

NMR
TMS
DSC
CaSki
SiHa
HaCaT

MTT

(Lists of Abbreviations)

= inhibitor of nuclear factor kappa-B kinase subunit beta

= Nuclear Transcription factor kappa-B

= Human |kB kinase beta

= (9S-(9QL,1 08,12(1))—2.3.9,10,1 1,12-hexahydro-10-hydroxy-
10-(methoxycarbonyl)-9-methyl-9,12-epoxy-1H-diindolo
[1,2,3-fg:3',.2",1"-kl]pyrrolo[3,4-i]{ 1,6]benzodiazocin-1-one

= Infrared

= Nuclear Magnetic resonance

= Tetramethylsilane

= Differential Scanning Calorimetry

= human cervical cancer cell lines

= human cervical cancer cell lines

= human keratinocyte cell lines

= (3-(4,5-dimethylthiazol-2-yl}-2,5-diphenyltetrazolium bromide)
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1. wrasfauasgilnsallunisvidde
1.1.

1.2.

1.3.

AEn1sALHUNISIAE
(Materials and Methods)

s

PaNRAILABT
Notebook PC, Processor Core(TM) i5-3210 M CPU @2.50GHz with 4 GB of RAM,
Microsoft Windows 7 Ultimate
Notebook PC, Processor Core(TM) i5-5200U CPU @2.20 GHz with 4 GB of RAM,
Microsoft Windows 10
STENGEE
AutoDock 4.0
Cygwin64
ChemDraw Ultra 12.0
Chem3D Ultra 12.0
Aeaaflauazanan]
Glass chromatography column (Sigma-Aldrich, USA)
Magnetic bar (Fisher Scientific, USA)
Magnetic stirrer (Fisher Scientific, USA)
TLC tank (Fisher Scientific, USA)
TLC plates (Merck, Germany)
Nitrogen gas
UV lamp (254/365nm 6-Watt 230V 50Hz 0.12Amps, Cambridge, UK)
Rotary evaporator (254/365nm, Buchi Thailand Ltd.)
Fourier-Transform Infrared spectroscopy (Thermo Spectra-Tech, P/N 700-0085,
Ver3.9 10/01, Shelton, USA and APW1200202, Becthai Thailand)
Nuclear Magnetic Resonance Spectrometer, 400 MHz (Bruker, Germany)
Mass Spectrometer (Bruker, Germany)
Analytical balance (Sartorius, Switzerland)
Centrifuge (Thermo Fisher, USA)
Inverted microscope (Olympus CKX41, USA)
Bioharzadous Hood Typé& 2A (Telstar, Spain)



Humidified incubator 37 °C, 5% CO, (Mitre 4000 Serie, Contherm®, NZ)
Vortex (vertex-2 genie, Scienctific Industries, USA)

Water bath 37°C (WiseBath ", Korea)

Pipette gun (Biohit Midi Plus, SARTORIUS)

Serological pipette, 5ml, 10 ml (SPL Life Sciences, Korea)

Auto Pipette, 1000 pl, 200 pf, 10 i, 2 pl (RAININ)

Well slide chamber (SPL Life Sciences, Korea)

Multichannel Pipettes (Research Plus, Eppendorf®, USA)

Reagent Reservoir (SPL Life Sciences, Korea)

Plastic ware {Glasslock, USA)

25 cm’, 75 cm” Cell culture flask (SPL Life Sciences,Korea)

96 well plate (SPL Life Sciences, Korea)

Surfactant-free cellulose acetate syringe filter 0.2 pM (Minisart®, Sartorius,
Germany)

Microplate reader (Versa Max, USA)

High speed refrigerated micro centrifuge (MX-307 Tomy Koky, JAPAN)
Hemocytrometer, cover slide (Boeco, Germany)

Autoclave {Systec, Germany)

Electrophoresis power supply (Fisher Scientific, USA)

Eppendorf BioSpectrometer® basic spectrophotometer (Eppendorf®. Germany)
Heat box (Thermo Fisher, USA)

Microcentrifuge tube 1.5 ml (Thermo Fisher®, USA)

Parafilm M film (Sigma-Aldrich, USA)

UV Gel documentation system (Bio rad, USA)

Horizontal gel tray (Fisher Scientific, USA)

1.2 @19LAd
5-Bromo salicylic acid (Sigma-Aldrich, USA)
3-(Trifluoromethyl} aniline (Sigma-Aldrich, USA)
Sodium sulphate anhydrous crystal (Carlo Erba, Italy)
Sodium chioride (Carlo Erba, ltaly).



Sodium bicarbonate (Ajax, USA)

Methanol (Avanter Performance Materials, USA)

Ethyl acetate (Ajax, USA)

Hexane (Avanter Performance Materials, USA)

Silica gel 1.07734.2500 (Merck, Germany)

Dichloromethane (Labscan, USA)

Dimethyl sulfoxide d6 (Sigma-Aldrich, USA)

Chloroform-d (Sigma-Aldrich, USA)

Deuteriated water,DZO (Sigma-Aldrich, USA)

Dulbeclo’s Modified Eagle Medium (DMEM) (Gibco®, USA)
Fetal Bovine Serum (FBS) (Gibco®, USA)

Penicillin Streptomycin (Gibco®, USA)

HEPES, free acid (Hyclone™, USA)

Sodium pyruvate 100 mM solution (Hyclone ™, USA)
10 X Phosphate Buffered saline pH 7.4 (PBS) (Vivantis Inc. USA)
0.25% Trypsin-EDTA (Invitrogen, U.S.A)
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenylietrazolium bromide (MTT) (invitrogen™)
70% Ethanol {Fluka, Germany)

Dimethyl sulphoxide (DMSO) for MTT assay (Carlo Erba, France)
Dimethy! sulphoxide {(DMSO) Ultra pure (Vivantisine, USA)
Trypan Blue Stain 0.4% {Gibco™, USA)

Cell culture freezing medium (Gibco®, USA)

5, %', B, 6'-tetrachloro-1, 1", 3, 3'-tetraethylbenzimidazolylcarbocyanine iodide
(JC-1) (Invitrogen, USA)

2', T'-dichlorofiuorescein diacetate (DCHF-DA) (Life Technologies, USA)
2.5% Glutaraldehyde (Sigma-Aldrich, USA)

Ribonuclease A {(Vivantisinc,USA)

4, 6-daimFdino—Z—phenyIindoIe {DAPI) (AppliChem, USA)

Propidium lodide [1mg/mL] (Invitrogen, USA)

Glycerol (Sigma-Aldrich, USA)



Blood and cell culture DNA mini kit (Qiagen, Germany)
Agarose powder (VWR Life Science, USA)

SYBR Safe DNA gel stain {Invitrogen, USA)

1X Tris/Borate/EDTA buffer (TBE buffer) (Thermo Fisher®, USA)
6X DNA Loading dye (Fermentas®, USA)

GeneRuler 1Kb DNA ladder (Fermentas, USA)
isopropanol (Fluka, Germany)

TE buffer (Sigma-Aldrich, USA)
2. AEARNNUIRY

2.1 measenlassaislulsunsunaniamnad
2.1.1 mamranuazAnidaniaseais@aluanauhuune fe wulnd IKB kinase 8

=

(IKKB) Iatinnsidanuaziinlnsea’ie 3 U5 2984 targeted molecule An enzyme IKKB &1n

g1udiaya (4KIK, Human IkB kinase beta, http:/www.rscb.org/pdb/) AU ligand fiagilu

gudiayalugyl pab file ey pdbat file 1eldlunas docking

. <l .
2.1.2 wire ligand fazldlunqs docking
=l 2 £ = o A:dl &

a. wranlased’ne 2 IR uaz 3 85 aasansieanuuudionllsunss Chem 3D
$1N13 minimize energy Aag MM2 thiinidwlna Protein dat bank (.pdb)

b. 11lAsea314 ligand Awdauliann a. ulEulusunsu Autodock 4.0 Lie
¥1n17 docking warniAtAdLeslunsduiuelesl IKKP warsaeunadludn binding
energy (Usenauding intermolecular energy WA torsional energy) Wa¥ docking energy
(Usznaufing intermolecular energy WaY internal energy) {ats12191% conformation AN

binding energy WA docking energy duaumnniign

2.2 MSRANLULENT 1N
Tnein1514lnseas1eaa9ayWus aeroplysinin-1 WA fluorosalan sniiluansfuuy

) IJ’ o 1 .
(lead compounds) Wn1reanuuy Tnsarsiesnuuyivaidl dAaduaislungs amide



Br » Br
HO OMe HO
H
HOM,,, F5C N
Br Br
0

o J
Y

AN
H | T
N F
e
30

gﬂﬁ 1 WINeNITRRNLULANT IMNAN Aeroplysinin-1 @z Fluorosalan

v 9 ¥
ANl W lpseasaansnilfeanuuu lUviauduna 2.1

2.3. MSAIATIERAITNLASLNITARLARN
v
@::'L”ﬁﬂgm‘mmﬁ A8 amidation A1N@1TAIAYN A amines WAL carboxylic acids 18

\ueyWug amides 1a9asnlAnanwuuly Uffsauansdsgidneans

@/NHZ HOOC \ \“/O
R_: 1™ |
S U=y

gﬂﬁ 2 Amidation reaction 9£%119 amine W& carboxylic acid

NNSAIASIZNES

1. Fean9auius carboxylic acid A7%7% 5.14 mmol 14114 round bottom flask 11414
100 mL

2. A toluene 15 mL @3lu flask arnsiunnlignmniianaauia 0 °C



3. iAW oxalyl chloride (0.64 mL, 7.20 mmol) ANEoE dimethylformamide 2-3 wa@
dgeslfiansazaanauilind jienneldussenidrasiulanau gl 0
°C w1 20 U

4. mm’fmﬁuqmmﬁﬂumsazmﬂﬁnmLﬁfam WAL FFe WL reflux @n 1.5
datusnnelFussennialulnsay

5. sumtianfannazatueanuda whaRin dichloromethane 5 mL aaly flask i3]
PasudunRont)

6. LANARITATANENANTIDY amine (7.71 mmol) WA T triethylamine (0.72 mL, 5.14
mmol) inzantagilu dichloromethane 10 mL aelu flask Uaetliansazanemin
U Auneliurssmalulanauinuiuwide 24 dalu

7. \Biw dichloromethane 100 mL a<lu@"sazANE uazRINsAdaaswieuilal
Haannsdan 1 M NaOH 4am 30 mL 1 ASa mudag 111 100 mL 30 3 Ak

8. 1t dichioromethane ‘Lﬂﬁﬁmﬁ’ﬂﬁmﬁ@ﬁm@q&’w anhydrous MgSO, antiu

. W <
fevean dichloromethane aanNA%EILATAS rotary evaporaior

o

NTUaNsTIRLSENEAE column chromatography
o ' ' a 0 s oA g
ansildaintia 2.5 Wuanfauilauiidsirsussinbiliasgnsuniufiag
A%n17 column chromatography Tasl4 hexane : dichloromethane 48R3 189u 4 ¢ 6 1w
. e & w 1% k% ° = = 1
mobile phase wdsaInTEmBAITazatansasiulfian column uan mmsmwamgﬂalu flask

lmsagauiaseairaludunsusalyl

2.4 menganlasafrsatmsidanszila
9 dl = 1 o J
TnalfiAsasiiang spectroscopy A7 Al
2.7.1 Infrared Spectroscopy (IR) tWagnis/auulswmgleiuilulasaiiand

3 9 o [ 1
YRIRIFIFNL LA LA T L1

2.7.2 Nuclear Magnetic Resonance (NMR) iiaa’1urukasituviaaas protons 11

2

L73
TAregsaans v\ o uiuanssasu

2.7.3 Mass Spectrometer (MS) 1#2a11 molecular weight WAZANITUANKNTA

Tpragseansludndsmmedly .

10



2.5 manadaugnamumaiulareataausiianieds MTT assay

& < = . .
251 nMswsiasagasazisalnuagnuasiradlni (Caski cells, SiHa cells

WAz HaCaT celis)
o . o g
WA s CaSki cells, SiHa celis WAz HaCaT cells 41149% 2x10° cell/ml Hvieali
n“’ o 1 . gy .
75 cm” cell culture flask ANEATNITLALNLTAR DMEM uﬂﬂuuluﬁj humidified incubator
oy ° ﬂjn‘ s g A' d Aiy 1 =
@m‘uqu 3A7°C U 5% CO2 LﬂuLQ@’] 2-3 71U wwamwummumuﬂizmm 10 191 WazH

3

Srunuaadiszunns 1x10° cellsimi fawingasy subculture el lunisnaaassieluly

1591 subculture

- thdmgmewisiinaan

- Safuiadion PBS Buffer pH 7.4 stanny 6-8 mi A PBS BaNTa

- 1 0.25% Trypsin-EDTA 1 m

- Wlulsia1ug humidified incubator gnuunfl 37°C i3 5% CO, Usvanns 12w
et iadngreenduradisen avlgiduansasanagur

- IAiN complete media 9 mi Lﬁﬂﬁqmﬂﬁﬁ?ﬂﬁm@q 0.25% Trypsin-EDTA

- quumumam%wﬁunmﬁu Flask \{u@la

- fametuedudaduanaunnde il medGui 1x10%cels/ml

1
= o

- AAKIARAIN Flask 1A (WFnnmsiauandld) eanun1d Flask v

[

3 =

I 3 1
- BEUTAdGENAUT 1x10°celis/ml Fian DMEM vinlug Incubator nnalignmnl

a

37°C, {1 CO, 5% \fuan 2-3 fu
MTULLERR

N8931N trypsinized aulEilusadipaauda iwadnazin i lunmmaassdiaaiiy

ol adedm

VIRANDIR > 98% ‘N’-ﬂ ANTWLRTUIBTAAN AT (viable cell count) Faed trypan blue N

at J L L ' [ =1 & or .
FIURTIBHAAIT UNIRAAINAIINT 10 pl NEARILULEUNITATY HauAUR 0.4% trypan

e 3 o

blue 10 pI'L°11 autopipette mmummulm‘mnu AAtIRant HouAudru1venasuy

&

hemacytometer &l cover slide Tineg] tinldiudruauradiiaannnaléindes inverted

|
sl ]

microscope AeLTARNNT IR 1WT8e 5 19 Aa mawumﬂ a19%98 UU191 819191 ua Y

1 2
ﬂ: ol a oo

T0A5INa19 435117 3 InenaadfiiiiAnazlufa@infuges frypan biue iasanddusyqiu

a4
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au lawnminudediuisadieasa fARTAEV UK douadili T inasfindin Gy

1 !J
ddd

RUITAANTTI6 mmmmmmlmmmm a3l

e claa

RMWNIRANNTAN (cells/mi) = auamasiiuis x dilution factor x 10°

RTUUT RN
(dilution factor = 2, 11 hemocytometer 5 184)

I 1 mm I

!

IR
ENTEE R
L

: 2 L A L4
gﬂ‘ﬁ 3 uamsgd Hemocytometer uazAumiIavtaaniuaas

& o 1 o 1 L4 o .
2.6 nMavagauaNNiluRuRaitasnsisidnunanuasidaang (Cytotoxicity assay)

AUAAUNITLASENLEAR

'
2

e gad FuduRnauEudiu 2x10° cells/m 414 96 well plate 1udTums 100
uliwell uBinlud humidified incubator gounndl 37°C Al 5% CO, 1w 24 dalus dusad
HINAGBUAUATS A1B4 AAa1uLdudu 0-500 pM e fieu iy Doxorubicin (DOX)
{Positive control) ﬁﬂmmﬂ’ﬂw’ﬁu 0-25uM U1 48 °1°1I"3T,m
SunBUMIATETTa A TS nAatmATiA MTT assay

Buaaadly 96 well olate T Tuandaeabes High speed refrigerated micro
centrifuge $ 5000 rom 5 U 1ndau supermatant 9 Wivdausidan pellet Fuamsiae
1185 DMEM (non-Phenol red) @11l 100 pLiwell saingns MTT Hitlasnaidingy 5 g/L, 10

piwell 2411 96 well plate 1i1l11islug humidified incubator amngfl 37°C #iil 5% CO, 4

FaTae andusinllTunnfauidtes high speed refrigerated micro centrifuge 71 5000 rpm

12



W
5 un¥l wdaw supernatant i Idauddau pellet azananznaufian DMSO U3unms 80

1
al g

o ar ] d! . dl
uUwell sinlUdarAnsganAunARontATas microplate reader fd99AdwW 570 nm wazitla

& ]
radiaelisinsy SoftMax Pro 8.3 a1niuinAitdinnAuanimn % cell viaviity Tne ldgms

UJJ
)

% cell viability ANNSAANAULANTEY sample x 100

ATNMIAANRULASUEY control

2.7 mM3Annalnnigmne (apoptosis)
2.7.1 ANWNANHIUENIG morphology 284 DNA Tael DAPI staining

]
Ly v

vitaulaad Bufufiaadndu 1x105 cellsim! 1w 8 well slide chamber U3unm s
500 pliwell wiatin g humidified incubator awAg 37°C Al 5% CO2 W 24 Falia 10
agNMAgaLiuansiAN i IC50, 1IC80 uay control Wt 48 Fali aqniutih slide
fimadinizan faud fluorescence N fix L1a&lY 8 well slide chamber 98 2.5%
glutaraldehyde pH 7.4 13u1R3 100 uliwell W1 1 a4 on ice AANIUAIA19F0e PBS 1
AFE annTuRIa Y RNA Kot 50 Hg/ml RNaseA d3u1m3 200 pliwell whausae DAPI
[5ug/mi] 200 piiwell Unneldaamni 25°C 1u fifln wiw 10 undl wiangeen f1ekae PBS
2 ﬂﬁ‘i“?‘wﬂﬂ mounting solution (1:9 ; PBS : Glycerol) LLaz fHnfae cover slip mn‘tfuﬂmfau
Faginemdn u§arivlAiasiEes fluorescent microscopy NN&d1818 100 win Ine
DAPI & excitation/emission 7l 358/461 nm TufinnwuuLgu 3 fivuuiasa 1 slide uazlu
WARZAN UNIIUAASNIN 2 WL Ae bright field waz DAPI n1sdassilieng Taetingad
J1uau 200 vad wundu detdhandnnefdufioed Tnoedifinaswuionduaiad
Al anufadnerewuiowdoaiadialiteudon uifumeey fanimaaasatng
fine 3 ake

2.7.2 AnwninAnauaad (cell cycle) tne Pl-staining

s adGu T auEndu 1105 cells/m! Tngiasalu 12 wel plate Y359
1000 piiwell u&a1inlug humidified incubator grumgdl 37°C i 5% CO2 waw 24 Faluarhn
ragumAsBLLaNsTAsdNdy 1C50, IC80 UaY control W 48 FaTue anniiudneliae

PBS 1A% 14 0.25% Trypsin-EDTA 500 yl. ;ﬁummm&rﬂaLfmﬁl,ﬁwqﬂﬂ,ﬁﬁ?m UIRA L&

a3l1 Eppendorf tlumnnnznauyl 3000 rpm 5 undl s Supematant wazifiy PBS 300 l uaz

13



absolute ethanol 700 pl. UnHigruugf -4 °C luniia 30 unHi §19mfiag PBS 1A% 1An 50
ug/ml Pl + 50 ug/mi RNase A 1ufl 25 °C Tuhiila 30 w17 drliwmsnzaidiag Flow Cytometry

2.7.3 InsAL ROS (ayyadast) aeluitadlng DCFH-DA staining
MSIATIBNALY Flow cytometry

N adFuAuR ALY 12105 cells/ml Taaiealis 12 well plate U5N1pT
1000 plwell uatiailiug humidified incubator geauvafl 37°C A 5% CO2 w1 24 daluesia
[FaFNIMAGELA LT AL ERE 1C50, IC80 Waz control W1y 48 Fatan anmfiEnedae
PBS 1A% 14 0.25% Trypsin-EDTA 500 pl. Lﬁummﬂ'gﬂqLﬁmﬁLﬁwfgmﬂ.ﬁﬁ?m 500 pi A
Laad Laad 1y eppendort shuAnAznauH 3000 pm 2 WA i supernatant LAZIAN PBS 1 m]
+ DCFH-DA (5pM) tinlthinfigaungdl 37°C 1luiaan 30 wil tusnmzneud 3000 rom 30
Fu uaziAN PBS 500 pl anntsinlAnseEoe flow cytometry
A15ALRTEHA9E Fluorescent microscopy

Wi ga A uEuRAadNdy 12105 cells/mi Tne@eslu 8 well slide chamber
13ums 500 pliwell udatiuisaglug humidified incubator grungfl 37°C 73l 5% CO2 wnw
24 F5T4 a8 MAREURLANT ATB4 UaT doxorubicin HATan ICyp. ICgy WA
control W1 48 Falus aantfusha siide ﬁ&'\iﬁlfmﬁmmgjmé’ﬂu% DCFH-DA (5uM) 11% 30
w7l #nadon PBS 3 A vem PBS waxtlnkae cover slip amintlaraudaatiiamagunda
u1l3tasnedfan fluorescence microscopy ANdda81e 40 11 Tae DCFH-DA &
excitation/emission 7 504/529 nm ymstuina UL 5 fiuwds sl 1 slide uazluus

LANUMNLAAINAN 2 LU Ad Bright field Was DOF

2.7.4 annusednanigannlalnrauinzass Tne JC-1 staining
- o 2/
n1% AAsIEveat Flow cytometry

\reLTad BN FuRANNENTY 12105 cells/ml Tnsizaly 12 wel plate Usu1m39
1000 piwell wianslug humidified incubator atumadl 37°C H 5% CO2 i 24 daluerin
“IadumeaaLiLANsA A s d 1C.y. IC,oH8E control 1414 48 Falue anntiudinedinn PBS
1059 18 0.25% Trypsin-EDTA 500 l. Lﬁmmumﬁyﬂmaﬁﬁwq AURFTEY 500 pl gATA]
1da49ly eppendorf TuRnAznaud 3000 rpm 2 WA fia supernatant WALLAN PBS 1 ml +
JC-1 (5uM) tinllufigaangdi 37°C iluiaan 30 wadl tumnmznawd 3000 rom 30 Fun
LAZIAN PBS 500 pl anntasiv i BinsniiEat flow cytometry
MaILAsIZMA9Y Fluorescent microscopy

IR EHEuRA TN 1x105 celisiml TaelRee 1 8 well slide chamber

1Rnnms 500 pliwell ulatinaag g humidified incubator gauugll 37°C Aifl 5% CO2 wu

14



24 Faluq STaGNINAGBLALENS. ATBA 10T doxorubicin AAaNLEaE ICyy. IC,, AT
control w1k 48 Faluq annifutin siide ?ﬁqﬁl.’m@'l.ﬂ']z@sgmiiﬂmﬁ JC-1 (5uM) 1% 30 un ¥l
¥nadael PBS 3 A3e vieim PBS waziladat cover slip aniiuElnraudaetiemnguudarinly
Amgziiding fluorescence confocal microscopy MMNNSTIIANAN LLLN 5 AUMIa 1
slide warluUAAZAIUMLALAAININ 2 WY A JC-aggregates, JC-monomers

275 9m caspase 3 activity Tme FITC Rabbit Anti-Active Caspase-3

TR AN AT A mLENTY 1%105 cells/ml Taa@aslu 12 well plate 1B3unns
1000 pliwell uatixlug humidified incubator gaamRl 37°C s 5% CO2 ww 24 Faluein
IaRumAeLuansRA Ny IC,y, ICq WAL control w1% 48 Falne arntudinefae
PBS 1A% 18 0.25% Trypsin-EDTA 500 pl Lﬁumﬂ’]ﬂgﬂﬂm@ﬁtﬁﬂﬁq AUAATEN 500 pl &9
“Tad#ne PBS 2 A 1in BD Cytofix/Cytoperm 500 pl tinflltialutiuds 20 undi &raaad
Kat) BD PermMash 500 i 2 AFs LAin FITC Rabbit Anti-Active Caspase-3 ﬂuﬁqmmgﬁ
#94 30 W¥ 19898 Wash buffer 1000 ul VA Wash Buffer 500 pl tinlAias=iHoy flow
Cytometry
2.8 NTUARIAYARRENNTIATIEANIADA
¥nsmasasatieting 3 Ak (n = 3) nrnaaasanuiluinseaad @aunsaningld
Tasunsu microcal origin 6.0 uananalluAn mean + standard error of mean (SEM) n1 9
Wisuwsuauuansiisasdiayaansgald unpaired Student's ttest upznisuFainfiey
AYNLANAIE8eTayaN1NNda83Tn e one-way ANOVA RAu#aY Fisher test Tnadn p

& e

valug < 0.05 wansdnflladrAtynvatiinanuidesiu 95%

15



HANISIAE
(Results)

s L . .
1. NTAMARNAITAULLL (Lead ldentification)
1 L] «
AINMINLNAUISTUNTTHIAEM A1 787N BN IIzIa AR Va1 N d1inen wudn
= =5 ., ol o ] oy <

@1TEITUINANNELE AB Aeroplysinin-1 Mifisnerumsdmuniasairauazgndiunsi
FufakunTzuIunnsded iy udiniaad (cell signaling pathway) wazeini IKB kinase

2 [
beta (IKK-8) enzyme ol IKK-[3 enzyme T fdaunanfastunniasyfuinaeataduziia

ar =] ar c’.‘: 4 3 o = £ S
i1 IKK-P enzyme gnaunawisagndudanisinauasdanalfinaduz Soveanisaioiuln

s

o 3 L J 1 1 i
Talfiae At 9139l AgldiRen IKK-B enzyme Tefifagyaaadinsaniengluguteyan

u

. &
W protein databank % dduT TR ETR9N1RRNLLILEN

]
e ot B !

Jl i 1 ot 3
UBANAINW 4398 ﬂuW‘Uﬂ‘J’lﬂJL’]I’BNIEI\‘]‘II’ﬂQtﬂ5‘\32‘39‘5"1\‘1’5‘3’1‘a‘ﬁﬁﬁ"]tld’]u')’]ﬂ’mﬁi‘ﬂﬁllilﬂ

L5

1 a9 o J’
EKK—B enzyme \uAeaiY A Fluorosalan AelAinansll uifly lead 284n1saanLLLEY

$9uffUR1T aeroplysinin-1 FAsgiln 4

Br
OMe
HO
Br Br
H
F3C N
Br
HO 3 4
&
oy CN
Aeroplysinin-1 Fluorosalan
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Lead Identification

Natural
Marine -

Known

Compounds
Compounds

Fluorosalan

Aeroplysinin-1

|

Computer-Aided
Drug Design Process

Structure Modofication

|

Designed Compounds

Synthesis

l

[ Anticancer Activity Testing]

U7 4 nseuuuIuaAIDIaLAIRAE T

2. Computer-Aided Drug Design
2.1 Validation of Target Molecule

17

[

JUL

AL

1714 targeted molecule anguiiagya protein data bank Taziawizluanwuy
ligand-enzyme complex @:ﬁ'}msmm@ﬁ@uﬂQWNQﬂﬁﬂQLﬁ@@mqwumqﬁQﬂl@q enzyme WLaZ
ANNANINIZIANZA9994 ligand T4n193UAY enzyme il 214 ligand 1un1991 validate
A K_25A Taaganiupl RMSD < 2A° Laza1NN199i1 validate 184 IKK-8 $9a 4KIK ‘16
NN cluster gagANaUIUANIEN 16% uazwudnlaseatng 3 AReasaudnlu cluster gaga

nlHa1nnne docking uansineannlaseadng 3 fRues ligand fiaglunan (Crystal pose) Tntl



= o

#1A1 RMSD Wiy 0.43 (15797 1) §RseReidan14lasea’na enzyme IKB kinase beta a1n

NANTA 4KIK Wusuuuulunisesnuuuansfoupauiaiaed

A1379% 1 N9 Validate 1awl4sd IKB kinase beta (IKK-B)

PDB Cluster Binding % @NNTN | RMSD

Code Energy T cluster | (A°)
(Kcal/mol) | g4gm

AKIK A -6.77 16 0.43

40

3

=
il

5 WAAINITILAUTRY K-252A TL4KIK enzyme WUy 3 NR
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2.2 Design of Target Compound

o ala = o s 2 o al
AMNIATIA319T84 lead compounds NHANMNBUNY mgﬁmamau

Br Br
HO OMe o
H
HOHM,,,_ F3C N
Br Br
O
CN
Aeroplysinin-1 Fluorosalan

717 6 uamsmrumiianiuaeslaseain(Structure similarity); Fluorosalan Uazaywius

129 Aeroplysini-1

A 1AT985199949 Aeroplysinin-1 azldrunmileuniulasagai1ediuees ring B
44 Fluorosalan uazn1si@1svieaads wansgnslunisdudinisinaiuaes enzyme IKK
beta Aariulazeairadaunmiianiudenann Wrarldoulunissuuazesngnssie enzyme

= o

o 2 o & v o P oA A oo Y
fAdeRaindutl nuflugiuresiaseaienesnuuulva Wafansonludoubureslasaaing

ar

] F
A8 WU Fluorosalan H&21184 ring A Taniei Aeroplysinin-1 lifidqus (Aseassiaanns

U

UFuasudauaes ring A § ieliiansanunsaduuazeangviara enzyme lFndAn

1N 318914989 Liddle J et al (39-40) ﬁLLammummem’éwms 7-Azaindole ﬁ
LA hydrogen bond AU enzyme IKB kinase beta (gﬂﬁ' 7) @59 N atom AAumle 7 fu
CYS99 uaz MET 111 fAdtdslihiioyaiiunufun/deludan A Tnadenseiudou B foe
Wiusy amide 11ululasea%na Fluorosalan LazAsnadav@lsioenuuulullsunsy
panarailaalin1siinRueziy amino acid CYS 99 lun1sdan@nTNI&dumsILian

sz iAunile
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317 7 Tas9a%19 4-Phenyl-7-azaindole \fim hydrogen bond iU CYSS 99 (Liddle et al, 39)

nnaRamulaseasatsilieenuuulilusmenuativanysnfiessnise 21 60

A a o o oA o e aw @ a
(LWNLWN) AN WA TNTNNAN LLﬂ::lﬂm‘a"LuNVlNQWﬁﬁl’mu:LNm

DMe\ H
Br m— T
HO, Br HO, Br
N\ N R
o n > o | ‘ /L OMe | —— [ \ @
N \/\DH T 2
7 N N N N
Br v Br
(D H
N/ Ly
: / HO. Br
0,
OO,
N
H
z Br
mMeaLazeanuuulaseaseasIug: 91 60 (WRNLEN)
= o a’r‘dy = ol % o 1 o S s
Tanddenial  fAspAdliimunailiulptaseaiisansimiannuaudednauus
a o o
§UP 2neasll
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Tneidou A aziflugouaes Fluorosalan fianadnaziiia affinity LLa:m‘%@qw%rmmms
uazifludouiiil amine uluiana e ldlunnainujiseniu caroxylic acid 10irfidan B
azelapsARnEi U Aeroplysinin-1 Waz Fluorosalan aniutinlAnEn e parameters FN4 1
ldsunsupannomasd

uaanmsAnenansieanuuylmilnelfponfanesiiindas wudnans A184 Winas
ﬁ@mﬁﬂuﬁu lead compounds fauanalilunnsed 7 Taalaseainaazquiisian active site
ToeAariusslalasiauiisnumiinsaesiilu CYs99 e predicted Ki WAL 27.57 uM uas
AL N9 LLYNAY -6.22 Keal/mol

&
or 9 1

TasaaiansieanuuuuasliAangauanIAdnaanail

aslvanidanluguamed (A1B4)

¥ v

fayansumnainllsunsupasiomes dmduansiud wudnansluaddl fAnsimin
Tuianawiiu 360.13 Hgastuana Aa C,,HBrF3NO, HTan1uaiian 5-bromo-2-hydroxy-

N-(3-(trifluoromethyl)phenyl)benzamide
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(66SAD)

puog-H | 8104 19°G- 9f uelesolon|

(66SAD)

puocg-H L €6’y e L- 0]# A LA TAD
UoNBWIoILOD

Buipuog M =[e] asod payoo(g 18pI0 punodwo)

9)IS 8AIJOY FULIEIT UOIJOBISIU| WUIL UOEULIOJUOD PEIRMM & UWDLELY
S ol 2
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VoLl

(66SAD)
puog-H | lG'l¢ | €9~ o€ 125184
uofjoeIaUl -
Alesold | 9625t | LG 1S uluisA|dolay
UONReWIouoD)
Buipuog ] 39 asod payooQ 18pI0 punodwo)
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3. NMSRAATIENANT 5-bromo-N-(3-(triflucromethyl)phenyl)-2-hydroxybenzamide
(A1B4)

azlfasiivineatu flask Hanwmuziurewisdann win 650 Ja8nFu Amiu 29.50

9
~l

L
% yield anansfadiulnaliffden degudneanad

HO HO
oxalylchloride, DM F
HO Br toluene c! Br
o 0
F3C NH;
CH,CL.TEA

HO.
H
FaC N
T‘I)\Br
0
Ui 8 Ufjfitennisdansziians 5-bromo-N-(3-(trifluoromethyl)phenyl)-2-hydroxybenzamide
{A1B4)

4. MSANMIAMANTANINIEAINYBIATT 5-bromo-N-(3-trifluoromethyl)phenyl)-
2-hydroxybenzamide (A1B4)

anTiguanuenlafion column chromatography fidnwuziluaeui@ena aan DSC

graph Sasvassiuatadf 208.7 °C Mg 9
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Temperature /°(

|
|

gﬂm 9 Laamanﬁ?qmnﬁuwﬁmwm:Lﬁﬁﬂuamq:mmm? 5-bromo-N-(3-trifluoromethyl)phenyl)

-2-hydroxylbenzamide (A1B4)

5. m‘a‘ﬁ'sjqﬁtms\m?wms 5-bromo-N-(3-(trifluoromethyl)phenyl)-2-hydroxyl
benzamide (A1B4) A2838N19919 spectroscopy
uﬁqmmmnm?ﬁﬁqLma‘ﬂzu"‘lﬁ’kﬁﬁ%qwéﬁfm column chromatography 14 a7 1t
nroaaaulnsaas19da e LASaailante spectroscopy AU Infrared Spectroscopy, Nuclear

Magnetic Spectroscopy WAz Mass Spectroscopy

5.1 MsNEAUlAsIAT 19289815 5-bromo-N-(3-(trifluoromethyl)phenyl)-2-hydroxybenzamide
(A1B4) faeLAgad Infrared Spectrometer

etinlunsaannaseairedine Aeq infrared spectroscopy Lﬁ@qmﬂﬂﬁwuﬂmmm
mﬁtﬁlmfﬁmlumnﬁ ANUSE amide WUI1 11 IR spectrum 289417479 5-bromo-N-(3-
(trifluoromethyl)phenyl)-2 - hydroxybenzamide (A1B4) f‘f ﬁm;j NH '171'?'11 L1y wavenumber
3,323.87 cm™ 'l single peak FaiudnEIzIAY secondary amine (gﬂ'ﬁ' 10) uazliisng
peak luAN®LE doublet 484 primary amine Fowyluansriodiu A 3-trifluoromethyl aniline (A1)

AT WU ¥y C=0 amide 7| wavenumbers 1,635.33 uaz 1,616.20 cm™ luamizfive] C=0 284
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carboxylic acid 984 3-bromo salicylic acid azWL wavenumber 1,669.04 cm” yenannt gl
dsng wy OH 224 carboxylic acid 11 IR spectrum 129417491AT1E1 5-bromo-N-(3-
(trifluoromethyl)phenyl)-2 -hydroxybenzamide (A1B4) ﬁyL“ﬁuﬁ'u arnnanilasuu aalu IR
spectra sananadinesu uandliiiudn wiilRerdeslunisduamzifauljiien amidation A
Wy primary amine 284 3-trifluoromethyl aniline (A1) w8z Wy carboxylic acid 184 3-bromo-
salicylic acid (B4) 1y ang 5-bromo-N-(3-(trifluoreomethyl)phenyl)-2-hydroxybenzamide %Q

! L4
11 amide derivative AuwlAfANLAZIWLAA

= Transmanc:
d B B » &
_——)—’/
\5
=5
<

R
nae -
scor 3\

Wavenambers fom-1)

717 10 Infrared Spectrum (cm”') U89 5-bromo-N-(3-(trifluoromethyl)pheny!)-2-
hydroxybenzamide (A1B4)
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An9197 3 WaRSA1 wavenumber 384 functional groups A uIRgea%14 A1B4

Wavenumber (cm™) characteristic Attributed to
3,323.87 Singlet, medium N-H stretching, secondary amide
3,097.32 Multiplet, weak =C-H, aromatic
1,635.33, 1,573.12 Singlet, strong C=0 stretching, secondary amide

Amide ] and amide || bands

1,440.91, 1,493.90 Triplet, medium C=C, aromatic

1,412.79 Singlet, medium C-N stretching
1,221.57, 795.31 Singlet, strong C-F
1,128.60 Doublet, strong C-0

5.2 nﬁiﬁgqmﬂiaﬂ%"’m‘n'ﬂm’w 5-bromo-N-{3-(trifluoromethyl)phenyl}-2-hydroxybenzamide

{A1B4) AasAaas Nuclear Magnetic Resonance (NMR) Spectrometer

arnnastinansdaiassdildlunsiaasulaseairefaemaila nuclear magnetic
resonance (NMR) spectroscopy Lﬁ'ﬂﬂm@ﬂﬂwﬁﬁmmzﬁ'}mu protons ﬁmu(l:ﬂﬁ\m’é’m Nﬂﬁiﬁ
lusiail

5.2.1 "H-NMR spectrum 84415 5-bromo-N-(3-(trifluoromethyi)phenyl)-2-hydroxyl

benzamide (A1B4)

"H-NMR spectrum 324417 5-bromo-N-(3-(triffucromethyl)phenyl)-2-hydroxybenzamide
(A1B4) lusinvinazane Aa chloroform-d lutag 0-12 ppm (ﬁ'@gﬂﬁ 12 URY 13) UAZANIINT 4
AN 'H-NMR spectrum Tng peakﬁ 11.684 ppm Hanwoiz singlet uazagudaa downfield 1w
peak 989 NH 294 secondary amide ‘ﬂm:?{ peak 984 aromatic OH w:wu?’i 8.004 ppm tflu

singlet PRANMUT broad {lasann inductive effect 1L amide carbonyl LAY aromatic system
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¥
WA peaks 194 6.9-8.0 ppm 8n 7 protons 1WA aromatic protons TBIVIIABIT AU

peaks AUULAZIHAT8Y protons waAaluA1T19R 4

11.685
1.591

IJLJ

T T T T T T T 1
6 5 4 3 2 1 0  ppm

T T T T
12 1 10 ]

¥ efdEg @
gﬂﬁ 11 "H-NMR Spectrum (ppm) 184 5-bromo-N-(3-(trifluoromethyl)phenyl)-2-

hydroxybenzamide (A14) 194 0-12 ppm

AlB4 in CIC13

2,004
41

hhhhhhhh - e

L o N2 T

T T T T T T T T T 1

T T T T T
8.8 8.6 84 8.2 8.0 78 7.6 74 1.2 7.0 68 6.6 64 62 ppm
7

a00ef o 1o ki

gﬂ‘i"% 12 "H-NMR Spectrum (ppm) U8Y 5-bromo-N-(3-(trifluoromethyl)phenyl)-2-

hydroxylbenzamide (A1B4) 194 6.2-8.8 ppm
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n: 1
ANT99 4 WARNAN18S 'H-NMR Spectrum (ppm) 2184 5-bromo-N-{3-{trifluoromethyl)phenyl)-

2- hydroxybenzamide (A184) 174 0-12 ppm

Assigned Hs Chemical shifts(ppm) Characteristics
NH 11.685 S
OH 8.004 S, broad
H, 7.515 d,J=19Hz
7.496
He 7.588 d,J=5Hz
7.583 d, J=22Hz
7.566
He 7.566 d, J=21Hz
7.545
Hp 7.689 d, J=5Hz
7.684
Ha 7.941 . dJ=6Hz
Hb 7.829 d J=20Hz
7.809
He 6.995 d,J=22Hz
6.973
HO
FaC N
Br
0]

gﬂﬁ 13 lnneas19ad 5-bromo-N-(3-(trifluoromethyl)phenyl)-2-hydroxybenzamide {(A1B4)
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w
L

JU7 14 uanedoured functional groups luanssasu A1 uas B4 Ninendaslunisfiniugs

amide 184419 11H

{8719z "H-NMR spectrum 1e9asfidainszfly (gﬂﬁ 11) AzWU H peaks Winfiu 5
peaks ﬁ chemical shifts ﬁaﬁ 6.810 ppm 184 Ha, 7.203 ppm 1984 Hb, 6.765 ppm 184 Hc,
6.860 ppm Hd waz 5.568 ppm 4113 2 protons R \uaaany amine azuinlidnlinu peaks
984 OH Waz peak Al 2 protons U84 Wy primary amine uaA4 LAWY ansFaBu 2 @19

Ujiseniulitanslud fia A1B4 Milawau protons aanafaiulaseadenldeanuuyly

4.2.1 C-NMR spectrum 2124815 5-bromo-N-(3-(trifluoromethyl)phenyl)-2-hydroxyl
benzamide (A1B4)
“C-NMR spectrum 1 @ 3 5-bromo-N-(3-(trifluoromethyl)phenyl)-2-hydroxylbenzamide
(A1B4) uama ﬁqgﬂﬁ 1344 peaks 194 carbons ﬁwiu"] 1#ur carbonyl carbon #azwui

ATUMLA downfield NnTgA W spectrum Ag W1 165.709 ppm WAL carbon AUMUT 1 ATNY
uwnulu w hydroxyl aswu peak MifA downfield 1wy Aa i 157.473 ppm &3 peaks 7
waeazilures carbons Nilure aromatic rings tnel peaks 4249 40 ppm azifuaes DMSO-

dé
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13C AlB4 in DMSO

8 f UL SNEERREER O N mL Yo
£ 3 TORICSARNNAS Z2AREY R
e L BAEFZRIAER555S cocnmam o
A A o AAAAAAAAAA A FETFOOMM
DMSO

OH 1

c=0 L

i
I I I I T T I T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

gﬂﬁ 15 "C-NMR spectrum 184 5-bromo-N-(3-(trifluoromethyl)phenyl)-2-hydroxyl
benzamide (A1B4)

4.3 m‘a‘ﬁgﬁﬁtﬁ‘im%ﬂwmmi 5-bromo-N-(3-(trifluoromethyl)phenyl)-2-hydroxy
benzamide (A1B4) ﬁ'{'mm‘%m Mass Spectrometer (MS)
Mass spectra 184817 5-bromo-N-(3-(trifluoromethyl)phenyl)-2-Hydroxyl benzamide
(A1B4) fidaiATIZN lugtil 14 azwu peaks fuansdauzatianadl miz = 359.98 (MW. =
360.13) NsuAninlATea3 19989677 FAAAIINNITUANTRIWLSS amide L peaks #iflu

fragment 284 3-trifluoromethy! cation A m/z = 160.12 @aw 173.01
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aree_A1B4-2.4

KR}

R
MSABY

ey |
730

200 w78
00
400
200 1601

[ l | 3

100 150 S 2% 200 £ miz

gﬂﬁ 16 Mass spectrum (ppm) 2124 5-bromo-N-(3-(trifluoromethyl)phenyl)-2-
hydroxylbenzamide (A1B4)

HO
FaC Hﬁm
Br
\O/ O

N\

+ HO
FaC NH
Clzl* Br
L O J
mi/z 160.1

CO

+

HO
m/z 173.0
Br

3‘1_]17'1 17 Wam4 fragmentation pattern 1239819 5-bromo-N-(3-(trifluoromethyl)phenyl)-2-

hydroxybenzamide (A1B4)
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- r oo . A
HAANNLATEINANI spectroscopy ¥4 3 4ila Sududn Taseasarevansndunz s

ulAsaai19189819 5-bromo-N-(3-(triflucromethyl)phenyl)-2-hydroxylbenzamide (A1B4) 434

=
5. mﬁl.ﬂﬂ::ﬁwm’lﬁ;‘nL“ﬂumﬁﬂszn@u’LuTﬂ‘im%'ﬂwaami 5-bromo-N-(3-
(trifftuoromethyt)phenyl)-2-hydroxylbenzamide (A1B4) fingAt elemental analysis
NngAsTulanaeNas aNnroAMInNIaTeesIniliduesAdsznanluluanazeans

o . o e =it . L WMy e <l
iheuazsienqaionnn luilnena TnedEn1mMBendy elemental analysis Tinafn197 5

o . .
A3NA 5 waneiunuesdlsnan1evsns WINIaNa1e4 5-bromo-N-(3-(trifluorometiyl)

phenyl)-2-hydroxylbenzamide (A1B4)

spflifuesdusznay |  Caloulation (%) Found (%)
C 46.69 46.59 + 0.04
H 2.52 2.65 +0.02
N 3.89 3.96 +0.04

a ar

wudan A lndReved sl drdydusmniduesmlsznavaedlulasg

q

6. NMenAFALgNEEIUNSIHLTATRNTRE NTT TR 9ET 5-bromo-N-(3-
(trifluoromethyl)phenyl)-2-hydroxybenzamide (A1B4)

6.1 NINAZAUANMNLIURBURIENS A1B4 AatnATla MTT

ﬂ'\i‘wﬂﬂ’ﬂi.lfm%‘ﬂmﬂ’]i‘ A1B4 ‘lumaﬂ’uf@mﬁﬁ?ﬂg‘ﬂﬂqmaﬁu:ﬁqmnumqn (human
cervical cancer cell lines: CaSki uaz SiHa cells) wazisadUnRs N Rowieit i ld eradus S
(human keratinocyte cell line: HaCaT cell) nedsradauiulinsiudung 24 ‘ﬁl'fs"l‘m
wRaLNTadiua1T A1B4 Aoudindin 0-500 uM waz doxorubicin (DOX) AN 0-25 uM
(positive control) Wa% 0.5% DMSO (negative control) 1w 96 well plate iuinan 48 il

k2 1 !
vavannthalszifiugineresaad dnwozidiaiued anworlsinwandy Anwaznisinnei
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a:“v o o r' Ll - - o
Aufa WisuPauiuradfans nnaldindas stereoscope wazinNAAMZINATUILNTIA

TPrassadfioamaiin MTT

faAnmdnsnizzegadnelindas microscope wudnlunguiiinian 0.5% wu
adfidnusing wilsaiadugnizacs Setugaduaslaslamwaniudon wazddtuourad
NN 90% dalisumantiuse) dadadlinananniiuia uwinisannnguad?
Unsiaans A1B4 uazas doxorubicin WULTAREGLIENNAN L?]""aﬁmﬁﬂmﬂuquﬂ (bleb) uazle
TawanFungase dsuznaniziude i wumadaeednunn de el ETadugR
anfnin e uazdleiuniiassindnuaunssesdintessadiiaamatia MTT wudn
“adTiLufatanT A1B4 B usz doxorubicin Fdunuiradiisendinanawnuaadaiiues
aTRILANANsNNENAILNEaE 0.5% DMSO etnefifadndamaadia (P < 0.01) Fana
nsdugasitInfaamala MTT fannuduiusiunisAnsdnunzegadficandas
microscope

Usr@AnBnIn1edans A1B4 'lumiﬁuﬂy\imm‘mmmLmﬂﬁuzﬁqmnumqn WUINEIT
A1B4 AAatdiadi 5 M éuﬂ’u&mm‘ﬁmL‘ﬁuimmmﬂ“lﬁ wazANddiuesans A1B4 7
Wliinnadfiuineessad Caski anad 20, 50 uay 80 (inhibitory concentration; 1, IC,,
waz IC,,) ARy 16 £ 8.8, 42 + 4.2 uaz 170 + 27.4 uM uazUsz@nBn1naesdns A1B4 D
’Lunwﬂ"uﬂgdmslﬁ?nmqL"mﬁ SiHa Wudneng A1B4 iAo 5 M ﬁ'utl”uﬂ"”qnwm“'rrglﬁu‘lm
1aaadll wazaomdaiuresans A1B4 I linsety i Tnrecadanas 20, 50 uay 80
(inhibitory concentration; IC,, IC,, WAZ IC,,) HANMNTL 16 £5.2, 32 + 6.3 UAY 86 + 22.4 UM
AdAL Tuanizfians DOX f1An IC,, Winfu 0.9 £ 0.06 UM uaz 1.6 + 0.08 lulTad CaSki uaz
SiHa ANAFU wananniitianudn a7 A1Baidlanudufiwiiesnnsamadlng HaCaT tne
e > 400 ug/ml flmaan 48 falus fusliiiag HaCaT anaafadniien (30%) (31
716 uaz 17)




Ly —m— CaSki cells
/ —@— SiHa cells
1004 m —@—HaCaT cells
80 % %
z P e
3 e
B 60+
>
‘?, 40
o~
20 —'““‘—-—-i i
] L =
0 T I N T N T N T N T
0 100 200 300 400 500
[A1B4], uM

7U% 18 uanvLsxAMENIWI89a1T A1B4 Aen19duan5IaTyUe9mad CaSki, SiHa WAz

al

HaCaT Han1imaasduandine@) MEAN + SEM (N=3)

1004 m, —m— CaSki cells
1 19" —#— SiHa cells
80 - —m— HaCaT cells
™
;‘3 60
e}
ol g
= 40
8 e
2 :
204
N N
I-_.___. B B
0 )

o L | SO S U NN TR LN IO U I PO DR MO [V
-2 0 2 4 6 8 10 12 14 16 18 20 22 24 26
[Doxorubicin], uM

| v
7U7 19 uansLlsz@nEn1weed Doxorubicin (Dox) sian1afugan1sia3y1ealmad CaSki, SiHa

WAL HaCaT uanisnaaaviandlaasdl MEAN + SEM (N=3)

6.2 NMFANHIANBUENNS morphology 2ae DNA Tael DAPI staining
NINARALVTIDIAT A1B4 FiaN191AM nuclear fragmentation TneAaLIaaAIM

dindiu 1x10° cells/ml Winnzuu 8 well slide chamber w1 24 d9Tue aniiuLinAnta1s A1B4

35



uAZ doxorubicin fiRa iy IC,,, IC,, uaz 0.5% DMSO (negative control) (uiarn 48
a4 1 slide Aifisadinizagfionfon DAPI femnansaruotuiradly sacsfnmdnwos
fainBaaneliinges fluorescence microscopy 4 DAPI fithwmnefl nucleic acid diegn
excitation HREIESAIINENIARAL 340 nm Az emission W LadRAN (488 nm) AR ARAz
AuouznIind DAPI nsrantatngatnLans (nomogenous) asavailARea luan
apoptotic cell axfinissaudaiidunguiiauaodulalasuniiv (chromatin condensation) 44
Andiaa9 DAPI i uasifnrdaatuad@nndndni wasilenumsuanaesianden
{nuclear fragmentation) 3qwunﬂ?ﬁmﬁLLUUﬂ?:@’]EILﬂuW_iﬂN’]

WeAnudnmuzrasgadan bright field lungufiingas 0.5% DMSO wudnitadd
dnwnuzwiilen WeluadBuufineunndaiau dnvnsinedsarsatadannisingd DAPI
WL RV (100%) fifnndnaiadinaes DAPI wuBenuaingus Failudnuos
editadLng lunwmsslingadiLinfanans A1B4 uaz doxorubicin wutaddILANT
dnwniziaadnan s @afimsadifusunes (leb) Tulmaanagass uarfi§nure
wadanaufiafeuiunguaruauatiilafdnmeadi (P < 0.05) HaANNANILITAR CaSki
Lmudu'lumiuﬁﬂuﬁfmmmﬁ’m A1B4 (IC,, WAL IC,;) WUIHAALING 20.5 £ 3.4% UL 2+ 0.2 %
suzidEafunLisadia@nn (DAPI) uneians (nuclear fragmentation) (IwduIn 79.5 +
6.3% WAZI8 £ 9.5 % MNAA KANINNULITAR SiHa uLLgNunguiLueansain A1B4
(ICs, and ICq,) WLIIARUNR 54.5 + 5.4% UL 45.5 + 8.1% TULRHMUNWLIIRSAAANN (DAPI)
luvelane (nuclear fragmentation) WA 45.5 £ 3.9% UAY 54.5 + 7.2 % ATHAAL WA
AnMeviLETAR CaSki UAL SiHa uuLgalngutudasas doxorubicin wuiTadLlnAi
Tpduandiuoy Feuilousinee 81.5 £ 4.8 % war 56.5 + 4.4% wnuziiadnguill
HonanaRndnn (DAPI) ilunelanT (nuclear fragmentation) 1WA WIUTI 18.5 + 2.3% Uny

o ue o -
43.5 £ 8.5% MNAAL (A15199 6 WATILR 20)
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AN91497 6 Wasiiudmaa luszeazing '] FUNANEA1T A1B4 WAY doxorubicin a1AN13HaN

finn@sadios DAPI, * = P < 0.05 e lfinufunguaAruAN

CaSki cells

SiHa cells

% Normal cells

% Apoptotic

%Normal cells

% Apoptotic cells

(homogenous cells (homogenous (fragment DAPI)
DAPI) ( fragment DAPI) | DAPI)
DMSO 0.5% 100 0 100 0
A1B4 IC, 545 +12.7* 455+ 98" 56.5 £ 8.3" 43.5+15.9*
A1B4 IC,, 35,5+ 10.5* 64.5 + 22.9* 30.5+£94% 89.5+27.7*
Dox IC,, 51.6+14.2F 485 £7.4* 415+ 13.9* 585+ 8.7
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CaSki SiHa
Bright field DAPI Bright field DAPI

DMSO0: 0.5%

A1B4: IC,,

A1B4: ICq,

Dox: IC;,

71 20 wamsdneizaduazinafeaanniasqanssmi feufninduaiond DAPI,
N = normal, F = nuclear fragmentation, scale bar = 10 ym

6.3 NSANIIYANsLIaR (cell cycle) Tag Pl-staining

NTUENITARTEHZANNT 2899797114 1Al Flow cytometer WL91 @17 A1B4 LAz Dox
Usz&nBn I ugA cell cycle 194 CaSki cells flzay G1 A lfiimadazaniiszas Sub G1
(hypodiploid) uazazantirduiieanudiuiuasatniudu a3 A1B4 fiaoudiui [ [
WAz @17 doxorubicin IC,, 1luan 24 dalue inlizadasanly Sub G1 Wiy 8.8%, 15.3%
WAz 14.5% mnddy lurnsiinduasuaniieagazanly Sub G1 Wiy 2.6% (U7 21) ua
nmaaasLdrfininfinmadluszas sub-G1 uaadlifiudadugauiviolusses G1 dana
Wdn1razantansses sub-G1 (apoptotic cells) Runnaudesenadeafudiuwsednang

9

P
PN
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CaSki cells

'Sub G1'G1
g-s%% 135.9%
I |

0 500,000 1,000,000 1.777.215 0 500,000 1,000,000 1,777,215

| 1IG1
g {7152 352%
I |

0 500,000 1,000,000 1,777,215 0 500,000 1,000,000 1,777,215
FL2 Propidium lodide-A FL2 Propidium lodide-A

7UM 21 wanadpansadluszusrng 4 189 CaSki cells Mtinfauans A1B4 Nasaudindu IC

50!
IC,, UAZ @13 doxorubicin 1C,, 1lunan 24 daTus fieukaed Propidium iodide uazitasziilag
Flow cytometry

@17 A1B4 uaz doxorubicin HUTEANENTIW UM cell cycle 984 SiHa cells fisztiz G190
IHisaadeaniiszey Sub G (hypodiploid) narasauRNTwieA Ll gt RNT Y ans
A1B4 finnidindiu IC,,, 1C,, uaz @13 doxorubicin IC,, Waan 24 Falue sinlisadazanly
Sub G1 WL 13%, 28.3% UAZ 15.8% ANaiL uanisfinguacuauiliradazanlu Sub G1
Wiy 3.3% (37 22) man1masasmudtfniafinadluszes sub-G1 uansliiiudnsad

1 4 7 i
wgauLiiluszas G1 denaliilinnrazanigadszas sub-G1 (apoptotic cells) NN TUE

1 [ &
AAAARDINLIANUI LT AR NANE ANTU
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SiHa cells

600

Sub G1'G1
13.0% 1356%
|

400

Count
200

0

0 500,000 1,000,000 1,777 214 0 500,000 1,000,000 1,777,215
FL2 Propidium lodide-A FL2 Propidium lodide-A
A1B4 ICs, Dox 1Cgq
Bp—tp—— R —
ISUb 61'01 ISUb G1IG1
28.3% I:‘QIB% 15.8% 137.8%
| i
$ g g

a
0 500,000 1,000,000 1,777,215 0

! 1.777.21
FL2 Propidium lodide-A $00,000 1,000,000 qT1.215

FL2 Propidium lodide-A
7U7 22 uanadpAnsiaadlussasng < 9849 SiHa cells Ainfouas A1B4 Rnouidindu

ICy, 1Cq UAT AT doxorubicin IC,, luaan 24 49Taa fiansasd Propidium

iodide WaLilATIZWIAL Flow cytometry

6.4 N9IAsTAL ROS (ayyaddsy) meluiraalng DCFH-DA staining
AuUREIeIENT A1B4 FAdNiuS TN NI L8926y ROS neuimad nns
AATzinszal ROS tneRinnsfiond DCFH-DA anfan1sinauaecenlnd Esterase Ay
madlnelasuans DOFH-DA 1w DCFH Failuanslideeuas (Non-fluorescence) ROS 7
Antuneluaadazilde DCFH WuDCF 3afluasiteua (Fluorescence) InaiAAI Mg
uasWgaairaLud (Fluorescent intensity) 989 DCF AaztivuanfiesAl ROS Afsunngluad

HANINARDBALAE Flow cytometry WL91 @13 A1B4 Arnnadindin IC,,, IC,, AT @17 doxorubicin
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IC,, tlinan 24 Falug Ainliiiad caski mvmummmﬁ‘wmsj‘lwfn@ammnmu TnefiArAn s

\inug9r29 DCF WAL 96.2%, 98.8% WA 99.1% RAINATAL Immzwndumuquﬁﬁﬁhmm

1N ULAI1DY DCF U 0.9% (3U% 23) uazaanmAaanUNANITAN A8 Fluorescence

U
microscopy Wud1 naxAuAN &y s Feuasneluwgad sushinguiitufonans
A1B4 N nidindiy 1C,,, IC,, uaz 419 doxorubicin 1C,, ulaan 24 Falue HdynyruniEes

wasd@sanaluimas (3Un 23)

CaSki cells
Control e * A1B4 IC,, Control A1B4 ICs,
=9 M1
196.2%
3-
38
b R Shom Rt e E A S Yo i e Yo i
FL1-A DCF-A

o, AlB4IC, o DoxICs A1B4 ICq, Dox ICs,
i e e e Mg e S 21 Pk B e e i Y &
DCF-A DCF-A

‘J"IJVI 23 LAAINNTITRNLANTRY DCF ﬁmm nuluaas CaSki ( "]]"IF;I ?‘ﬂ'ﬂ ﬂL‘NlﬁNWﬂmﬂIﬁﬂ

Flow cytometry (191) qay ﬂL"NﬂMﬂ’]WTmH Fluorescence microscopy,

scale bar = 20 uM

a17 A1B4 inudisndiu 1C, 1C,, Az 17 doxorubicin IC,, Wunan 24 dalus inliiaad
SiHa W1z mu'auumﬂ?“nwlul,snﬂﬂmqmﬂmu TnadA1Arudinnases DCF winfiu 97.5%,
98.9% WAL 98.0% MINAIAL ’lu"um:m@jumuauﬁﬁmmmLﬁmmwm DCF winfiu 1.2%
(ﬂ’lwﬁ 4) uaraanAdasiunan1TAnufiag Fluorescence microscopy WUA1 NANAILANTHE
drynyroinisFasuasnialugag mm:ﬁnfﬁuﬁﬂuﬁfmaw A1B4 Aanadindiu IC,,, IC,, uax 817

doxorubicin IC,, {uaan 24 dalue FdtyryrninisBeuasddeanialuimad (U7 24)
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SiHa cells

Control Al1B4 IC,,

Control AlB4 IC,,
g g -

Cowst

AlB4 IC,, Dox ICe,

Count
Count

U7 24 uananslinduasaes DCF (Ride) n1elugsd SiHa (11e) fayadaiunudnlag Flow

cytometry (291) dayaEianinnwing Fluorescence microscopy,
scale bar = 50 uM

s ' o sS4 4 o - v -
6.5 MadnaNAeAnaNLEannlalnnauinsande Tne JC-1 staining

9

=l 1

|adnguALANE A NANAngNIEa N luTnnousse A JC-1 azatlugyl JC-1

|
-

aggregate 19in13(509uav@ume (Red fluorescence spectrum; ~590 nm) e lulgaan LA A
Apoptosis ifatfululnnuiriugrydaaausieding @ JC-1 azaglugd JC-1 monomer Winns
foduaedi@an (Green fluorescence spectrum: ~529 nm) NANNIMARBINLANTAG CaSki Aivi
Karians A1B4 Rinaadindiu ICy5, 1G4, WAZ @17 doxorubicin IC,, WA 24 ol wusIuau
\adlugU1es JC-1 monomer Win1sitesuasdidaafindud 9, 12.4 uar 11.9 % Aud1 AL
Tuanusfinguasuauilites 0.8% TeaanadesfunanisAnedag Fluorescence confocal
microscopy WudlunguAtuANA JC-1 atjlugu JC-1 aggregates 11ad 1Hin19iTaauasdums
lunisiinguiitudinnans A1B4 waznguiitindos DOX wudnd Jc-1 eflugtl JC-1 monomers

WinsHeeuasdden (Ui 25)
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CaSki cells

1 Control 5 A1B4 ICs, Control A1B4 ICs,
L ; s
tyq Bd1% g
'\i 9y
<8 <3
oo =14
=y iy
l‘B.-‘: -
g i S e T e Y e S S Y P
- FL1-A FL1-A
T
., A1B4 Gy, 1 Dox 1G5 A1B4 ICy, Dox ICx
2 -
8 ; P 4 .
Sgi O.! 5 0%
—s‘ii "\!
<% <y ;
2y i R
ag ! Ty L
=3 S

W out S S T2 U S |
fiea JC-1 monomers 1A

' e £ x
7P 25 wanspnuseAngniEetiuluinnowsiusasaas Caski annsind JC-1 (F1u) faya

U 9

~

1 FaBundning Flow cytometry: P1 A% P2 WdnaiiUaf iUl saan e uad@uay uazaden

AINATAL (291) Teyamaaninning Fluorescence microscopy

1984 SiHa NUNFaea1s A1B4 Manwdindu IC,,, IC,, uaz @19 doxorubicin 1C,, uaan
24 F9Te wudUIuIad lugLeed JC-1 monomer 1iin1siesuas@idaniiniuia 18.1, 2.5 uaz
27.6 % MNAAL TurnsinguAruAnNiifed 1.0% Tedanafasiunanisdnsiiae

Fluorescence confocal microscopy WudnlunguacuAn@ JC-1 aglugil JC-1 aggregates 1188

] [l
oA o W T 7

Tinnsieuasduns luwansiinguitindotans A1B4 usznquiitinfion doxorubicin wudngd JC-

9

1 2¢flugil JC-1 monomers Win1siatuas@idien (3Un 26)

£}
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SiHa cells

~ Control o AlB4ICs,
e / 3
3 082% 37
8 3 8
iy 13
L 4 3 < 3
N N
g K
o 3 E
-4 f‘_
T e Y "t i L i S e
@ FL1-A FL1-A
1"
B ALB4IC .
g 9
[ o - q ¢
2"‘4! ‘i!
"l! "l!
< <, 3
§%g §%4 ¢
g ! o % Fe,
Ty oy
- wt

Wt B wl 2 o o
FLIA JCfl monomers A

7" 26 wamspauAnAngnidelinlninreurdereatad SiHa annsing JC-1 (he) dieya

FaFunninlag Flow cytometry: P1 uas P2 WaAANTNILBFIuea AN (19uA98 LAY LazR @0

AINATGL (191) TeyadaaninIning Fluorescence microscopy

6.6 N159M caspase 3 activity Tmel FITC Rabbit Anti-Active Caspase-3

\IaaLUNAWL Caspase-3 U3l pro-enzyme 1u1n 32 kDa HemadiAn apoptosis A=A
active caspase-3 1U1A 17-22 kDa Fagansnauiu antibody firefuansaqus (FITC Rabbit
Anti- Active Caspase-3) HANITNARIWLANNANITAS CaSki fiaKaaans A1B4 finaudiadi

o e

ICy,, ICy, WAZ @17 doxorubicin IC,, 1WA 24 F2Tug WURNUIMEAANALITU antibody-active
1 - H
caspase-3 N17HR9uaURNIUNG 69.1, 86.7 Uz 84.2 % mna AU Tusnsfnguatuand

W 0.7% (317 27)
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CasSki cells
Control A1B4 IC
E L T— o % Veso
§-'ro13:"""“
9.7 07%
§
&g

W B Wt S S T2 wl w2 W3 Wt WS WS W72
FL2 Active Caspase-3 FITC-A FL2 Active Caspase-3 FITC-A
A1B4 ICqy
T F=————————3
vz~
gM2,, '86.7%
§-.
E
S 8-
o -
w w2 WP Wt WS B W2 w3
FL2 Active Caspase-3 FITC-A

wt WS P T2
FL2Z Active Caspase-3 FITC-A

517 27 uana active caspase-3 AU antibody AReiUA13(8Ua (FITC Rabbit Anti- Active

Caspase-3), 1988 CaSki gnéiansiag Caspase-3 antibody UazAlATelag Flow cytometry:
M1 uassiaiasimuigaann active caspase-3

\Iaq SiHa NLndtan? A1B4 irauidindu IC,, IC,, uaz @19 doxorubicin IC,, Wuaan

U ' 1 &
24 F9lad WLATUIULTARTAAUAL antibody-active caspase-3 1in1sFavuaviinduie 94.7,
97.2 Uz 97.6 % MNAIAL TuansinguauANTIREN 4.1% (317 28)
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SiHa cells
ADZ No 3
g _Gate: [No Gating] 5 Al1B4 1Csg
| R, P R Zerteoed (I Y T e | R A T TS P
'''' M1 | M2 M1
94 0% 4.1% 35%  94.7%
8 - 8
2 2
(&) (&)
o - Q=
G B M g W Wl WA s
FL2 Active Caspase-3 FITC-A FL2 Active Caspase-3 FITC-A
! A1B4 Iy Dox ICq,
_____ e senca e T Y
M2 M1 ] M2 M1 1
22% 972 21% 976
8- g
5 5
o - -
o u D ekl B R

o W W Wt WS WP W2
FL2 Active Caspase-3 FITC-A FL2 Active Caspase-3 FITC-A

917 28 uanY active caspase-3 UM antibody AdaiLaNIEaas (FITC Rabbit Anti- Active

Caspase-3), |84 SiHa gnéiansiag Caspase-3 antibody uagAiAs=ilne Flow cytometry: M1
uanaDIleFIuTa AN active caspase-3
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(Discussion)

muﬁﬁ’m%iﬂﬂuwuﬁﬁ’aﬁ:}iqLﬁuiﬂﬁn'wﬁ’ﬁumm-}’nmmf‘}qna:u’lmi A8 ngu small
molecule TRINITFNHINLITULUINUNIZIAAIABITAANITS 1159 targeted therapy InellAan
BUWUEUBIANT aeroplysinin-1 WAL fluorosalan WLdua19suLLY (lead compound) lunas
Wi Saefidmnzluntsaennisfieulnd KB kinase beta (IKK-B) felumwauntmimnngn

L o

e = J} & o =Y ay a
fnueiel fdulddnermeiianseenuuueninelinszusunimiesenitawmes (Computer-
k% 1 ¥ g L4 k2
aided drug design) 811 ludumauniseanuuuen feduneuilatnisainliluanuidensed
Hasanudvinng Ra enzyme IKB kinase beta (IKK-PB) fagjlugufiayaras protein data bank
vinllianansndnaasnaannyi (active site simulation) 289@1TUANIALUYEIA1TAL enzyme
Wil sunsamsaanfamesls Tefieysflfannssurunimispanfinimedrasarsfiunnuuas
g197eanuuy azgniiufiansauaziFeuifinuieglannasasanuduly1fidrash
- o e . o P 4 & Py o v
aanuuy sziiua Tluluashilgninaniiesiiasle fedunaultarnnsodraacduanali
o Oy 14 1 b ﬁi 1 = ;d o ar dw v ni
nanuansuazing i aundiazliansiaindiaslogned uasluweddeil Wanshunann
& . . x
NFELIUNNSTL Ae 5-broma-N-{3-(trifluoromethyl}phenyl}-2-hydroxybenzamide (A1B4) anniu
& R T 2 - P P | ;
wannizuaunisdaamzininaciasiulaseaseaeansil Tnadsnasvizendn retro synthesis
nniAzeaT19184 5-bromo-N-(3-(trifluoromethyl)phenyl)-2-hydroxybenzamide (A1B4) wudnil
Wuse amide agfluluianadearnnsaildannszuaunisdaiaszisioad §i3en amidation Tneld
ANTeIasY A 3-trifluoromethyl aniline War 3-bromosalicylic acid
MAIANRIUNTELAUR TR AT IHLTgN TR column chromatography wan @1sfilias
N 2 . a PUR= [P o A |
winansaaeulareaiivdnduasinaafunlfeonuuulviald fAaanszuaunisnig
spectroscopy An Infrared spectroscopy, 'H uaz *C-NMR spectroscopy, mass spectroscopy
uaz CHN analysis gl IR spectrum azuantanisilfsuutiasmas functional groups Afaadiag
Tun19ind§izen dwfu 'Huar C-NMR spectrum azuanfiafiumils 1linuasdauruaas
protons Waz carbons Nillulnianauazdiiufiasiiclslulaseatie dou mass spectrum ax
vanianaaredlasaatasuaznsuaningeslasaseiaslifnalszaiduiuitudiuiina
or 2, | . = & nJ o
MNAIUANYN finefiga CHN analysis Wlunnmiiasziitia atoms filluaedsznaylulnseasng

. d o Y d
fa carbon, hydrogen, nitrogen, oxygen, halogen Wag atoms auiilulareaite Fanaann
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spectroscopy clt eleme,tal analysis a0 AARaIAUIATIAS19104419 5-bromo-N-(3-
{trifluoromethyl)phenyl)-2-hydroxybenzamide (A1B4) ﬁli%‘iﬂﬁ'ﬂ‘[ﬂlﬁf;ﬂLﬁ’lﬁ'U 360.13 uaziigms
Tuiana fa C,H,BrF N0, Tnaliaanaaumand 208.7 °C uaslluansdunmsisiialual 4
WRATANES 9 INa1THULLY Aeroplysinin-1 Uax Fluorosalan mufiliaanuuirls
nsAnLssAnininaesans A1B4 sifamst'i’u&mm‘%‘mLﬁu‘tmﬂufawmﬂ:uu"‘mmnum
qn 2 1l #a CaSki uaz SiHa cell lines Wh1a19dLTNsHLARTRS SiHa cells 1iEind Caski
celis %m'w Lﬁ'ﬂdu’lﬂ’mﬁ’]mu HPV genome copies 11 CaSki cells (600 copies of HPV per
celt) Hnnndlu SiHa cells (1-2 copies of HPV per cel!) &3 HPV copies Tusadiiufipuduiug
fUN1717iA mutation 184 p53 gene (tumor suppressor gene) Aanse AuUN1TN19Ue8
transcription factor 1t E2F uaz NF-kB #rlfifinsuiaradifinsusy i 1amaenidanl
ﬂ“uﬂ'?\'lm‘a‘m’lwuu apoptosis LLﬂzﬁﬂ’]?LLﬂmﬂﬂnﬂmﬁuﬂdN anti-apoptosis 114 Bcl-2, Bel-x|,

k7
FLIP a1nua2nd MTT assays Uaadlififindn a1z A1B4 dudinisistaiiuingassaduezGalan

« g
ar e

uagn uazaangradudinisdaunsied DNA v liidpAnsiaaduynagluscas G2 uas S uay
wileatn i radnnaiunssaunng apoptosis Tunsidaiinudnans A184 fRutieauinsie
HaCaT cells %IdL‘ﬂun@:NL*ﬁﬂﬁlW'};LﬁrﬂqmﬁulﬁLﬁﬂmnL‘Iiﬂﬂru:ﬁ?d (human non-cancer cell lines)
uanalilfiuda HaCaT cells U CaSki cellsuay SiHa cells 341y epithelium cells vhufinasgs
eﬁ’n;ngwmm?'aﬂ?mﬁumnﬁmﬁu nanenanastudnaliitiudn ans A1B4 thudufivse
aduzidanungn wilihidufivsacading

mMIANENaINNASANBULLIL apoptosis 189817 A184 TumswmiantiniwaduzGalan
umqnmwﬁu WUT1817 A1B4 nsdjuliifindtynyins apoptosis nelwmad darainlfisadil
nsuldsuutlasgitaaniz Ae iwadunia (cell shrinkage) Lﬁ@ﬁNLTﬂ§ﬁﬁﬂHmzLﬂHQQ
(plasma membrane blebbing) HwmAnataNAaTuLUY (nuclear condensation) TAsALINAE
NAN (chromatin condensation) DNA qntiﬂmﬂu%ymﬁnq (DNA fragmentation) warlussay
,qmﬁwmummmaﬁﬁmmmnsjﬂﬂLﬂuﬁyul,ﬁn'] B3tin apoptotic bodies Feunag iy dau
184 apoptotic bodies argnindalaegadluszuunAEnm un macrophage A9tdiiannsg
nszasang san i lldugaditufes Aaldinliiiansdnsuwmiiaudunisaneuyy
necrosis ﬁﬂ:ﬂﬂﬁié’mnm?ﬁnmﬂ%«ﬁwudqﬁmﬂﬂﬁauuﬂmgﬂémﬂmﬁmnm?ﬁnmﬁw
microscopy wileuiuinaraaninadiu wiidunimeseslumnananaaes (in vitro) %maa’”lxiqn

k74
= s L o

‘o ar 14 a} - R 3 n?’ ar ]
MAnineradlussnuniANTY Aaluadiidia apoptosis Tunimaaasaialananmuisalyl
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{11 late apoptosis 1A% necrosis W MafnsTinenAdasiuenAtateuninge Aeroplysinin-
1 wudrmnsndudamsatyrestaduzGeitdlna (Colon cancer cells) NTEAUNITATEULIL
Apaoptosis ﬂhumamﬁ.‘l’u&d’m‘, fy1ae Wnt/Beta-catenin uaznsebiuiaulasd Caspase-3

a13 A1B4 #liAANTUANT8Y DNA BaiilunisiasneiiBaliun (Quatitative
analysis) WALAMNIW (Qualitative analysis) aMnnsfianioad Propidium ez DAPI ATNRAAL
nalnuredy Talawandumidngns A1B4 dussdu ROS lumad Tnasialy ROS Suansiulis
aaNTI R Ve limaana s ﬂ‘iéluﬂumsmﬁ’n;rmmuuu Redox wazgaanzdald ROS Tuniras
FynuiteWadidinsen dufuoadusdedefiszdy ROS gandnhusadung leliFy
sfnunedlumnaamuiiniusiniy wudradurSeasiiseiu RS fiflufwsairadgandd
Twsadund Eluaadil ROS uan tradazetluniaz Oxidative stress Terialiifinnasds
Fyrgrunismngld niswnsesu ROS neluradianunsawlfsuannisediian 1hduma 47
dadtyanmnirane iy Lﬂunaqw‘ﬁriuﬂlun']iﬂmﬁ’uuﬂza‘*’ﬂm‘is‘mu:lféq uananiifinsz sy
ROS luiad fuavinliifnminanelusAulu Respiratory electron transport chain Hn1sfaa84
Binansan witeair Wigniduaaausedinaiidefalulnneuindy (Miochondria
depolarization) 111l InrautATy LN L?i@ﬁ:u’lu‘llm pauLAdEIinTan¥a Mitochondria
permeability transition pore (PTP) dunsoRnmmn s asuuladdiiannisdianluineawn
Yefaad JC-1 Fafly lipophilic cation Lﬂamﬂﬁqmﬁ'ﬂmﬂmﬁqﬁ’ﬂﬁﬁ JC-1 azazantugy JC-1
monomer tita PTP a axfililsiy Apoptogenic factors 19U Cytochrome C faenunantuin
peistaidinglalnen nsziulii Effector caspases ineu uazwilamiifaadiinmeuuy
Apoptosis Tntiiawlas] Caspases (Cysteine aspartyl-specific proteases) ludaufiiili Effector
caspases LHun Caspase-3 Lﬁi’ﬂQﬂﬂﬁ‘zéjuiﬁﬁﬂmu@:ﬂﬂﬂfﬂ?ﬁuiﬂﬁ‘dﬂ'i"ldm"ls‘l'] 1#un actin,
fodrin, LAY lamin WY lraduaralauindnas (Shrinkage) yanani Caspase-3 f949143u
nsvinuradaulad Caspase-activated DNase #1131l DNA fragmentation msfnen g
uaAITeaNs A1B4 WAz doxorubicin mmmmﬁmﬂﬂﬁmﬂﬁu:&qmrmmqnLﬁm Apoptosis
K11 ROS, qngl,ﬁﬁlﬂ'l'mﬁmﬁnﬁﬁ Mitochondria waznivijuwaula Caspase-3

@19 A1B4 Hdsz@nBnwlusziuvaannaana (in vito) 'Lumw“’uﬁ"’qmm‘immm
madnzFanuagnld sty ans A1B4 fRutieanndaadung Jeuansiionasd
cytoselectivity 194819 Lmszﬁmﬁ‘fmnqw‘ﬁréqmq:a{mLﬂ'\ﬁmaﬁm&amnnfﬁﬁLﬂm'a'ﬂﬂﬁ

(targeted therapy) AvaanafaAeuazrlufivsemadinllawasinwlaoafugandn
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