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Abstract
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Field/Department : Drug Discovery and Development/ Food and Pharmaceutical Chemistry

Tumor necrosis factor alpha (TNF-Q) is a cytokine secreted by macrophage that can cause
inflammation and mediate inflammation-related diseases. Currently, investigation of TNF-Q inhibitors has
been received considerable attention and a number of anti-TNF-O monoclonal antibodies e.g. infliximab,
etanercept and adalimumab has been used as anti-inflammatory drugs for the treatment of autoimmune
diseases. Recently, curcumin, a polyphenolic compound, has been shown to interact with TNF-Q using
molecular docking, which could be further developed as a TNF-A inhibitor. However, there is no
experimental evidence on the interaction between curcumin and TNF-A. In this work, we therefore
investigated the interaction between curcumin and TNF-Q using spectrofluorometry. The excitation
wavelength was set at 280 nm and the emission spectra of TNF-Q were collected from 300 to 400 nm in
the presence of various concentrations from 0.4-8.0 uM of curcumin. The results showed that curcumin
decreased the fluorescence intensity at 315 nm of TNF-Q through the static process. The binding
constants, calculated by modified Stern-Volmer equation, were found to be 1.02, 1.13 and 1.38 x 105 m*
and the number of binding sites, calculated by Stern-Volmer equation, was 0.80, 0.89 and 0.84 at the
temperatures of 293, 299 and 305 K, respectively. The thermodynamic parameters, which are enthalpy
(AH), entropy (AS) and Gibbs free energy (AG), were calculated from van’t Hoff equation. The values of
AH and AS were greater than 0, suggesting that curcumin bound to TNF-Q via hydrophobic force and the
value of AG was less than 0, indicating that the interaction occurs spontaneously. These findings suggest
that curcumin has a potential to be developed as anti-TNF-Q for therapeutic and biomedical research

applications.
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2.1 ¥ANN13YINGaBLTALIUN
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Fluorescence fie Usingnisalegnenilaninestesivluananianvauelasiasiaaiunse

e fluorescence 18 Bonlassadeiian fluorophore Fednilngjazifulaseatrsiifinisaoug
inavesiusylmdusiurunn 1wy aromatic ring (11) Tutanadidl fluorophore anansagandy
nauasINMEUenTinLAAUNilen Fendanumnnnedivinli electron melulananalfn
AsUABUSERUNSI (transition) 2044 ground state (So) zj%’u excited state (S;, S,,...S,)
Tnoluudasdurossedundsnulsznoudedundsnudos @o vibrational sublevel waz
rotational sublevel 3nuanedu nsgvrunsgandunasiiidinanuszana 10" Jundt (13) andu
Sidnnseudl excited state azmendanussnuilusuvesauieundug vibrational state Fudl
G‘?ﬂﬁqmm%u excited state sEAULIA (S;) frenszuIuNIAFendn internal conversion Wag
vibrational relaxation (11, 12) @sl4iaa1Uszanns 10 Jundl LLazﬂ'lsta"muﬂé'U@:%u ground
state fenszULNNTATENIT fluorescence Fldnatuszana 10° Jundl 1eswdaauiiang
oonunlugy fluorescence fiAnfosnimasuiignaanau vilsiuasil fluorescence finmen
ﬂ?iumnﬂdmmﬁgﬂamﬂﬁu (12) ﬂizmumi(}mﬂf:mmsaa%malﬁmﬂ Jablonski diagram f1a

gﬂﬁ 6

52 n_“"--.\
2.\ Internal conversion and
10+<s . . .
vibrational relaxation
Sl \\
[, __“-\\\\\\L
10155 | | Absorption 10%s | Fluorescence
S0

gﬂ‘ﬁ' 6 Jablonski diagram
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Wsudumsvianieifqaand@lunisudosuas fluorescence sanunld ilosani
ﬂiﬂaxﬁiumﬂuLﬁ%ﬁﬁiﬂiﬁ%’lﬁ aromatic leuA tryptophan, tyrosine uag phenylalanine lng
tryptophan a¢ tyrosine ﬁ?u%ﬁﬁh quantum yield ﬁqﬂﬂé’lﬁmﬁ’u 3419 fluorescence
intensity g4 i phenylalanine 9%il quantum yield fisnin ('g‘dﬁ' 7) ¥l phenylalanine 3
muddayesndn tryptophan uaz tyrosine (M1351971 1) Fclunsdives tryptophan
emission vasluanaiianulimean1izwindenseudlureutiaunn Jagnihunldlunisinaiu

WaAnwN1stlasunUadlassas1ewealusiu vIalglunsinmuiiefnwnisiAn sunsAsnsen N

Wehuazanaiedlvind ) (14)

M197 1 A1 parameters MiAgTesiunInozilu Tuaisazaty pH 7 (12)

g‘d‘ﬁ 7 Emission spectrum 84 tryptophan (TRP), tyrosine (TYR) wag phenylalanine (PHE) (12)
2.2 ¥anN19iA quenching vasWgaasalun (11)

Fluorescence quenching  wuefie nszuaunisiafauiiintuudafinavinlen
fluorescence intensity UB3d1580A3 nalnlunisiia quenching a1unsauusleoandu 2
Uszian lawn collision quenching #%3® dynamic quenching Wag static quenching lag
dynamic quenching fuiinarnnisiiluanainnisundvdesuiuluanadid fluorophore uazoe)
lu939 excited state LAANTSE1EWMNGUNEUE ground state eanuntuguauseu Lild

1

emission photon 88nu1 (3U7 8) Fslaiiinsivdsunasiasasnaes fluorophore #9371
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static quenching #luanaiidl fluorophore LAnduRsA31U quencher liduansUszneou
\Begoudu lnefansuseneudsgouiiintuiuliaiusaly emission #3e flurescence intensity
aonuld (3U7 8) nswendt quenching MAntwduguuuulaanusavilalagldaunisivedn

Stern-Volmer

g‘Uﬁ?‘i 8 NLUSBULTIBUIZIINe Collision 38 Dynamic quenching fiu Static quenching (11)

dun13 Stern-Volmer agfiasanannan fluorescence intensity Miuasuluaslusening

13 wazlaill quencher Tawd fluorescence intensity Ml@a1n fluorophore aziduarnududu
a . 4 v 2 [l | ~ < o 14

983 fluorophore 1 excited state, [F *] n1eldnisliuasnseiuatissioiiiosazidunarinl
fluorophore NgnnseAUIUSIINAIN Feu d[F x]/dt = 0 lngaunsaesunglanslunsaiifiuas

14ifl quencher sugunsRalUll

d[Fx]

= f@t)—y[F*],=0 aunIsii 1
d[F+] _ _ o
= f) — (y + K, [Q])[F *] =0 aun1si 2
* - fluorescence intensity 484 fluorophore Vi’eJSJ' U excited state
[F *] fl fluorophore gl d
f(t) - constant excitation function
14 - decay rate ¥94 fluorophore dlolid quencher

Y + Ky [Q] - decay rate 984 fluorophore dlod quencher

d‘ o U ¥
Wathaunis 1 asiu dunns 2 agla

Fo _ v+ kql[Q]

- =1+ quo[Q] aunsil 3
%30
% =1+ quo[Q] =1+ K, [Q] (aumi‘ﬁ 3)
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Fy - fluorescence intensity dlolyd quencher
F - fluorescence intensity o quencher

kq - bimolecular quenching constant

Kgy - Stern-Volmer quenching constant

To - lifetime ¥893 fluorophore dlelid quencher
[Q] - enuuduues quencher

Tnedan fluorescence intensity Mlaarnn1svitnsnaaesndsuduanuduius Tng

° v & = FO 1% v v fa v ~

AmuAliAu X A9 [Q] uay wnu Y Ao r aglamudniusIBudunsInNaun1Ti 3 lagaz
| v ) = Y . a a ‘é’ ) .

a111509A1 Kgy 1997nA08U 89nudndmnn quenching MAnduduwuy dynamic

quenching A1 Kgy 9eiiAngetuiliogamaiinldlunmeassiifigely WesminAnsunsves

Y

1

Tuanaluyuiudfingstiu usdiquenching Miaduduiuu static quenching A1 Kgy, azdifanas

v '
acf A

Wlaiisgaumiivy 1WesngaumiiuduasluvianeiussMifinvuseningansa 2 Tuanavinli

Y

a1sUsEneuiedaunenaananfulauIny (3UN 9)

v

JUN 9 nanuansnnudNiussendten K, Weamumailasdu (11)

U
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2.3 Modified Stern-Volmer (11)

dlosniusivanlngusznausiensnesiilu tryptophan 1nni 1 luana Fee199sdl
Lﬁm‘uNimaqaﬁ%a’]mml,ﬁm quenching U quencher 18 Tngazi3anindrudiindls
(accessible, a) LLasz\]%ﬁmﬂmaqaﬁ quencher liaunsaidluiia quenching ¢ lnaag
Benidniidnaslalld (inaccessible, b) feiuU3unamas fluorescence fiudossanuiluvaed
9138 quencher (Fp) azUsznauludie fluorescence annaqudivinisléisauiu fluorescence
gndufidnglale

Fo = Foq + Fyp aun1si 4

el quencher 1WAlUiAn quenching AUTUSAU Ag¥IlH intensity Tuduiiddsladusinuanas

PIUNANUDY Stern-Volmer equation wsilugrudianfshilaazliiia quenching Aetiuazidgu

(%

aunns 4 Tualaeail

F 1
F=—22_1F AUNIN 5
1+Kg[Q] =~ 0P

W9 K, Ao Stern-Volmer quenching constant vasduilltnfiels waz [Q] AvAIILTNTUYS

quencher NUUNALNITN 4 auAELN1TN 5 Ald

AF = Fy—F = Fy, (%) aun1sf 6

o ! v d' v ‘:l' L
NdIWNAUVOIEUNITN 6 WIMsaNn1sh 4 agla

F F 1 1 -
2 =—"= + — dun1si 7
AF Fo—F faKa[Q] fa
. y F
AmAuUALA fo=—2—
Fop+Foq

AN 7 A9 @un1s modified Stern-Volmer #intauni1sitadlunianudunus lne

° 19 = 1 2 Fo i v o sav v & 9
ﬂ’ﬁ/iu\'ﬂivil,l,ﬂu X A9 E haZAU Y AD E QSWU?Wﬂ?WNﬁ@JWUﬁWI@LﬂULaumi\iLLag?ﬂﬂJ'ﬁﬂ‘Vﬁ
1

i PN a a v 1 o o &
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a

R Y <3 = a s a [
unAngeuazuiudoyantivmuved Iassaulyainusnlnuims luadsdyangwa (CUIR)
I 9 an Y a I 1 1 Ao o
Lﬂmgﬁmagammuammmaﬂmwmﬂ?tymmwuwmmummmwmﬂ@

The abstract and full text of Senior Project in Chulalongkorn University Intellectual Repository(CUIR)

are the Senior Project authors' files submitted through the faculty.



11

2.4 Stoichiometric ratio (14)

Y v

Hernmsiindunsisenseninduiana 2 vlinanunsoliowaunisadil fail

F+nQ =FQ,
F ~ ansidl fluorophore
Q - quencher
FQ, - @13UsznNouLTNgousEnIN fluorophore fiu quencher
n - d1uruluianaves quencher MindunsAtornedfuarsid

fluorophore 1 IﬂJLaqa (stoichiometric ratio)

Y]

AN DAIUIUNNANAITNIVDINISIANDUNT NS e ARt

[FQn]

= ﬁuﬂqiﬁ 8
¢ [Frlles™

[Ff] - ANULTNTUVDY free fluorophore

[Qr] - ANUULTUTDY free quencher

LH9991NANULTNTUTDY fluorophore MIUUARBUNVLZI quencher AZLVNAUNATILUDIAIIN

\iudu fluorophore 8asy [Fr| fuaandudu fluorophore [F,] Miiaiduansuszneuidsdou
[Fe] = [Fr] + [Fp]
Aaluaun1si 8 Weulwllaldu

_ [R]-[F/]

= —= aunsi 9
¢ [Frlieam

d' v vy aa AR ° o
wavansaglviuas fluorescence lamea1shil fluorophore Wt AetUAEAMUUALA
[F] = Fouex [Ff] =F

Wothldunuatadluaunisia 9 agla

F,—F
K, ==
@ FlQf™

aun1s9 10
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Pniudsuaunsnmualieglusy log agle

(F,

log %F) = log K, + nlog[Q] aun1s 11

111A1 fluorescence intensity MlAANNNITNAGDILIMIANMUFUNUS Taaiirualiunu X As AW
v v P Fo—F) = 1Y) v o ¢ ' o Y]
WU [Q] wazunu Y @ log% Faaglannuduiussening 2 fuusesnunduidunsaniy

AUNITN 11 FIANUTUNLANNIINEURTIALINAUAT stoichiometric ratio
2.5 WI5AADIN1URNaAENS (16)

151@111501% Enthalpy (AH), Entropy (AS) uag Gibbs free energy (AG) Tun1sutana
Aeortunalnlunisiindunsisenseninglusiiu (fluorophore) U quencher fisnaulald &a

A11150%A1 parameters A19916970 van’t Hoff equation

AH = AS

+ — aumﬁﬁ 12

InKq = " RT ' R

TngazinApiiaesn siinaIsUssnouldsdou (K,) fA1uiadldainaunis modified Stern-

a ol [y 1

Volmer equation wagliannmneaesngamaiisaiuegides 3 gamgil unmanuduiusiag

Y

[J ¥ A 1 = ¥ U U [ ¥
AAUAliLAY X fio — WAL Y Ao In K, aglaanuduiusidudunssaiuannis van’t Hoff
equation lagausanial Enthalpy (AH) laannanuduasadunss waz Entropy (AS) 1aan

PR Y TR 2 Nlaunuadluaunsi 13 Wenien Gibbs free energy (AG) #adl

AG = AH — TAS Auns7 13

a

319 1UIT8ve9 Ross PD uazamy 1wl 1981 (15) lein1ssiusiudeyauazasuanufgu
Aatestumslifulsnegaummamaniiiieviuenalnlunisiindunsisonsenineas 2
Tuiana tuhannsnfnsunsisenserinafuseoussiuszeialadsd (16)
(1) AH > 0 uaz AS > 0 Sunsiseniintuasdunuy hydrophobic interaction
(2) AH < 0 uaz AS < 0 Sunsiseniiintuaziinanuss hydrogen bond kaglksd van
de Waals tdunan

3) AH = 0 uaz AS < 0 dunsisenindulaainiss Electrostatic interaction Wumnan
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M50 9danldnazAsaiun1599e

2.1 @508

1)
2)
3)
4)
5)
6)
7)
8)
9)

Sodium chloride (NaCl; MW 58.44 ¢/mole) (Carlo Erba)

Potassium chloride (KCl; MW 74.5513 g/mole) (M&B LTD)

Disodium hydrogen phosphate (Na,HPO,4; MW 141.9588 ¢/mole) (Unilab)
Potassium dihydrogen phosphate (KH,PO4; MW 136.0855 g¢/mole) (Merck)
Conc. Hydrochloric acid

Conc. Sodium hydroxide

Dimethyl sulfoxide (C,HsOS; MW 76.13 g¢/mole) (Merck)

TNF-OL (R&D Systems)

Curcumin (MW 398.38)

10) Ethanol (C,H¢O; MW 46.07 ¢/mole) (Macron chemical)
11) DI water

12) Ultrapure water

2.2 FanaunInluaziAIasiie

1)
2)
3)
4)
5)
6)

FP-8200 spectrofluorometer (JASCO)

Micro fluorometer Cell with Teflon stopper, 0.35 1agans
Magnetic stirrer

pH meter Ju SevenCompact (Mettler Toledo)

Auto Pipette (Lamda Plus)

LT84 centrifuge

2.3 N15LAsEUa1sALiazA2981IINNNIATIEH

1)

NSRS 10X PBS buffer pH 7.2

%3 Sodium chloride, Potassium chloride, Disodium hydrogen phosphate L&
Potassium dihydrogen phosphate wiin 40, 1, 7.2 kag 1.2 AU AINAIGU a5
Tanusld beaker vwin 500 fiadans vy ultrapure water adlu 400 fiadans 1l
ULLAT O Magnetic stirer auindeavatevun U1luusu pH Wl 72 de Conc.

Hydrochloric acid %58 Conc. Sodium hydroxide 9 ntuLNa1Tazalgadly volumetric
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unAngeuazuiudoyantivmuved Iassaulyainusnlnuims luadsdyangwa (CUIR)

I 9 an Y a I 1 1 Ao o
Lﬂmgﬁma33asumuammWmTﬂiwm‘lﬁtyiymwuﬁmmmummmwmm

The abstract and full text of Senior Project in Chulalongkorn University Intellectual Repository(CUIR)

are the Senior Project authors' files submitted through the faculty.



14

flask Y1 500 Hadans USuUSHIRsauATUAIY ultrapure water Wid1sazangladuinuia

13 Y @
ulugiay

2) NSeIBUENTaTanY 1X PBS buffer pH 7.2
YUmansazane 10X PBS buffer 10 Tadans ldaslu volumetric flask wu1e 100

fad8n3 USUUSHIRSAUATUAIY ultrapure water

3) nswlsasarateutuveswesiualasBauLnames-dav1 AUty 100 lulasly
as
thwaufftussayuefiurlasdaurlames-Santmidn 100 lalasndy sonaingududs
Mefislfaufigungfivinfugamgiivios Reconstitute #28 ultrapure water U3unms 57
lalasdns ndsmaufuuihiieauaranevun Disansazaieymesiulastaunanos-
dan1uUsung 10 Wlasdns Aae auto pipette Tdaslu appendorf §7uau 5 ou Ul

Tuduaudsamall -40 saraldea

a A 6 a & ¥ ¥ 6

4) MswsENa1TaYaIulIeveesuAlAsTauLNAWmeT-dar ANty 1 lulasluans
o [y Y < ‘;j 14 = a Y a v a

11 appendorf 1 8y 8anu19NALEY MNeslivudaungiivindugamgivies Tua

asazatwesnun 2.6 Wlasdns ldaslu appendorf 8ndunils anuudiunansazans PBS

buffer Usuns 257 lulasdns iuaslu nds appendorf vushilaiielia@rsavansnauid

Aud thludussadunan 15 3ui

5) ANSMSEULARSANU AMULTY 10 Jadluans Tu ethanol
49 wPRSATU NN 36.84 Nadnsy wldly volumetric flask vu1m 10 Aadans UwUs
DMSO 0.5 fadans tdasldiiiarsionisazane swirl aumasAiuazateviun Ysuusunns

Tviasu 10 Naddns A ethanol

6) NNSHMSENANTAZANY 50:50 ethanol/in
M9EN5aTane ethanol warll agn9ay 50 Uaaans laadluvlInwna swirl @savanglman

[y

AU

7) nswleeediafiu gy 0.1 Sadluand Tu 50:50 ethanol/ih
TUtUm 10 fadluans weasAadiu stock solution 0.1 fiadans Talu appendorf L@y 50:50
ethanol/ih 0.9 fadans axldanududy 1 fadluand antuienresnadilagluis
WasAMY AUUTY 1 Tadluans 0.1 Hadans ldlu appendorf wdai@u 50:50

ethanol/11 aslu 0.9 fiadans azlemnududy 0.1 fadluans
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2.4 YUABUNITABLUNITIRY

1) n153n emission spectrum vasosiuAlAsTawAmes-danAdudy 1 lulasly
ans
Ty emission spectrum YaeniasiuAlATTaLNAMDT-dan AIdudy 1 lulasluans
luansagane PBS buffer pH 7.2 lagussyaisazateninaiyusuins 0.25 daddns lu
cuvette 3R 0.35 fadans wazld blank 18 PBS buffer pH 7.2 Tufinen intensity 7
AMNETIAAY 315 WIlung (F) waw spectrum 7130ld 1neld parameter sineg Tunnsa

AUAITIN 2 AUES

M19N7 2 Parameter 61199 Nlun153n Fluorescence intensity AeLATad FP-8200

spectrofluorometer

Mode Emission
Excitation bandwidth 5nm
Emission bandwidth 5nm
Response 0.2 sec
Sensititvity Low
Data interval 0.5 nm
Excitation wavelength 280 nm
Measurement range 300-400 nm
Scan speed 200 nm/min

N15%1 blank
YiUm PBS buffer Usuns 250 lulasans Taaslu cuvette 11 cuvette Tdaslu sample

compartment 9031A384 LaINATA blank

2) n153A Emission spectrum ¥84tABSAENANMLUNTY 0.4, 0.8, 1.2, 1.6, 2.0, 2.4, 2.8,
3.2,3.6,4.0,4.4,438,52, 56,60, 6.4, 68, 7.2, 7.6 uag 8.0 lulasluand muaidu
[fiog emission spectrum  TiAaTuaNARsATILTlelFAmeNIndudIMTUNs
excitation Wihiutuyesiualastaunanes-dan1laginni emission spectrum ¥4
mosAnfiudades Qﬂl‘VIL‘VliG]ﬂ%jﬂa% 1 lulasdns asluansazans PBS buffer pH 7.2
U3ums 0.25 ladang Mussqeglu cuvette 3 0.35 faddns (azvilvanududues

wesAfiuly cuvette WinTusuadidudnesiu) Tngld blank 1Ju PBS buffer pH 7.2 wa
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1% parameter @199 TunsiatrulAeafuiun1sia spectrum ve3 TNF-OL Judinan

intensity 1RuE1IAAY 315 UlULAT Lag emission spectrum Aiale

N15%11 blank
YU PBS buffer Usu1ns 0.25 Jaaans ldaslu cuvette 11 cuvette Taaslu sample

compartment 994tA389 WANATA blank

NslnmseasagaeAesAItY

1539 PBS buffer U303 0.25 faddns Tdaslu cuvette vu1m 0.35 Taddns 21ntud
WaansaganelmesAmItuan stock AMLLNTY 0.1 Hadluans Usuns 1 lulasdes ldas
Tu cuvette Yargnudmannduluuniielvansazaronandiiud 1ia cuvette e

nszaednaudnouldaslu sample compartment 9831A309 u&NATA

3) M¥IA emission spectrum YosEsUsENRUTUSENINILDSuAlAsTauAmesT-davh
waLLADI AN
Taglaimafinnisinnsnarsazanoaesmiiiy  ((YuUReINUAUAIITNAABINT emission
spectrum waAesAIL) adlu cuvette MussyymesiunlasTauiames-Sania
Wuduasiii 1 lulasTuans Usunes 0.25 Sadans wasvadeunsiinaisussneuidetoud
3 gauugdl laun 20, 26 way 32 aaAgaLdEd (293, 299 way 305 tAATW) MIUAIRY
Jufine fluorescence intensity finueaady 315 urlwuns (F) was emission

spectrum LARTY

N15%1 blank
Y1Um PBS buffer Usuns 250 lulasans Taaslu cuvette 11 cuvette Tdaslu sample

compartment 903LA384 LaINATA blank

N1599 Fluorescence intensity wagspectrum 489 TNF-OL
Unansazaneyuesiualasgawnawes-dan1anaisazatonnuduty 1 lulasluans
Usums 250 lulasdns Taaslu cuvette udaun cuvette Tdaslu sample compartment
P93LA384 FP-8200 spectrofluorometer NAiA sample
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