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wzom ety ¢ AP e 0 baicalein € ] B16F10 | &2 ¢ & B w
"2tk A 4 superoxide % hydroxyl radical - ¥ 3% % ¢ reactive oxygen
species (ROS) 14 = i #4227 arachidonic acid (AA) =1 #5412 5 B > F
P baicalein » =71 fwf FiEF T Ffcime = o AT AP
electron spin resonance (ESR)E 4 15 7 I <% 5L > &k 1 jp] coumarin
A gy L E e 5 - B AR DPPH A% # M
coumarin #72 4= % 3 $3 it E S % = B % Su 4 xanthine oxidase /
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hydroxyl radical - % % % I % coumarin 472 ¥ ¢ 1 Mei-174 -
Mei-215-Mei-228~Mei-234 = F Fi§ i e e L @ * MTT assay
kL H 2 B16F10 /) &2 ¢ % B hwmre E_F ¥ 14 -0 baicalein #rig
NiRdmie TR ST > B R FIES A48 coumarin ATA F R LG B
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Abstract

In our previous study, we demonstrated that baicalein induced superoxide
and hydroxyl radical formation in B16F10 mouse melanoma cell line. We
also found the reactive oxygen species (ROS) production is related to the
arachidonic acid (AA) metabolism way. Simultaneously baicalein caused
reduction of cellular viability and cell apoptosis. In this study, we use
electron spin resonance (ESR) to analyze different systems, investigating
the antioxidant activity of coumarin derivatives. System | using DPPH
and found that coumarin derivatives all have the antioxidant activity.
System Il is xanthine oxidase / hypoxanthine system, directly
investigating the superoxide intensity, and we found that coumarin
derivatives also all have the antioxidant activity. System Il directly
analyze baicalein induced hydroxyl radical formation in B16F10 mouse
melanoma, we found that coumarin derivatives Mei-174 ~ Mei-215 ~
Mei-228 and Mei-234 have the antioxidant activity. We also use
coumarin derivatives to observe whether they can reduce the reduction of
cellular viability effect to baicalein in B16F10 cell by MTT assay, the

data show that coumarin derivatives have no obvious effect on cellular



viability. The antioxidant activity of coumarin derivatives in different

systems can refer to the future study of their mechanism.
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1. Coumarin
Coumarin (1,2-benzopyrone) ¢ 4% g & 1% & 1 2 a-pyrone ¥ > & -
7€ & i e+ £ s 3 (Fylaktakidou et al., 2004) - Coumarins
EAe- KPR RAOEEE o PR B BT A 23 S R
FPenfidp s viPF AR IESZ SRR BB RAYEN

SR % S FEENME SR o P e g5 -+ o coumarin 472 Fe
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WA KGRk ©Egd ¥ g & d (Eganet

al., 1990, Hoult & Paya, 1996) -

Coumarin 2 Hjim2 5 2 $ 512 B EM > @ ¥ 30 A fhenid
B3 BELDE T Z PR (Hoult & Paya, 1996) o 2_ v i 3
? g8 L coumarin 2 H j74 43 € % (Lee, 2004, Bedoya et al.,

2005) ~ fpEe  (Kidane etal., 2004) ~ #27 (Appendino et al., 2004,
Khan et al., 2004) ~ #2*&% (lto et al., 2003, Kostova, 2005) ~ 5& &
(Lee et al., 1998) ~ #u#  (Ghate et al.,, 2003, Kontogiorgis &
Hadjipavlou-Litina, 2005) % 4<% {* & (Hoult & Paya, 1996,

Raj et al., 1998, Kontogiorgis & Hadjipavlou-Litina, 2004, Wu et al.,



2007) » & A0+ kg o warfarin GBS 2 R L
phenprocoumon § s # 14 & FLE At e F] G H i gt

Fir o & arcoumarin chiTA Froa 5 AT Y OE S o

Coumarin 2 H j74 3= 2_ % % 'S4k ¢ % arachidonic acid (AA) * #§%
j= = lipoxygenase (LOX) f= cyclooxygenase (COX) #r #1 |
(Kontogiorgis & Hadjipavlou-Litina, 2003) - ~ 3 # % 4% it &
coumarin = structure activity relationships (SARs)frf% % 2 & ik
% (Chang & Chiang, 1995, Ferrari et al., 2007) - # % % 3% coumarin
hy e FRARL P F FP AR UE L (Ghate et al., 2005,
Khan et al, 2005) - & 2 = 12 3 ¢ & * 7 cloricromene
(8-monochloro-3-b-diethylaminoethyl-4-methyl-7-ethoxy-carbonyl-m
ethoxy coumarin) it 2 — & & = cngg i ge » F IR G Fud L F g b
% 1 (Maltese et al., 2007)- ¥ ¢+ 5 — & aminocoumarin =5g 7 4~
BTk C3 1 4 & AER T UITL gt it 3o A
novobiocin ~ chlorobiocin ~ coumermycin 2 2 simocyclinone (Tao et

al, 2003, Galm et al, 2004) - - 3 - #&

TN

Shs

4-hydroxycoumarin-3-carboxamide & = j=4 $= » % &K 5% Insulin

Dependent Diabetes Mellitus (IDDM) -
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g A R eii R (Justinoetal, 2004) -t g % g g

I

FRCRRA PR D A 2e g an & E i

>E‘v‘:

| % fis R
3§ *$ (Rice-Evansetal., 1996)- {* % coumarin #72 $ 5 47K ey
P HH_ROS @ g2 A Aot 2 en T (Liu et al,
1999) - Coumarins F#73 ¥ e 4 7 iy A% 5 H S 4p b aginag
+ ko 7 fr eBE 02 (Farombi & Fakoya, 2005) - % F } iz fd 4
€ foii &~ F 4 1A= ¥ 4B > 712 Fenton’s reaction

A GG F pd RS Y d et T R e o ¥ o F]

]
&3

TFEEAFRESE B §F AEN I Ao

ok
f*ﬂ

4 HE S 1‘—’—4‘;—% (Martins et al., 2004, Sharma et al.,
2005) » #7r4 coumarin #74 4 ¥ 12 1% 5 5 4 ¢ ROS # #1|4r £
FEER AR FL A PR AR AREFVEFAY
P& S eht — AT coumarin AT A I F 2 R kALK M RIH g
L eE M o

. Baicalein
(5,6,7-trihydroxyl-2-phenyl-4H-1-benzopyran-4-one)
Scutellaria baicalensis Georgi #_f& 2§ g4~ 5 3 43 2 - f&

ECLE BER EE S B N R R AN X
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+ %3 773 4% (flavonoids)shiT4 4+ - @ baicalein

(5,6, 7-trihydroxyl-2-phenyl-4H-1-benzopyran-4- one)if {2 ¢ -
oo v B EEe Tl RN PR RF SRR
445 gt 2 iv* (Hsuetal., 2001, Schuppan & Popov,
2002, Wang et al., 2004, Fujita et al., 2005) - {EZ 35 % < 1§Je S A
baicalein £ 5 3 7| ¥ 4% & crafr 1] 12-lipoxygenase (12-LOX)

(Natarajan et al., 1988, Okuda et al., 1994) -

s gAY S koo Livetal R I35 A FERERL R A e
"z v baicalein ¥ r2 p? %2 ¥ matrixmetalloproteinase-2 (Hess et al.)
A FA LG e B R G Adre g2 s (Livetal,

2003) - -] £ g # "% ¢ > baicalein ¥ 12 #r+4| arachidonic acid 6 {v
platelet derived growth factor (PDGF)#73% % =%m #z 1% 45 (migration)
(Kanayasu-Toyoda et al., 1998) - ¥ #} & Nishio 4= Watanabe 3
baicalein i &% w # T rcimre B 5 P AL n e 3 4 cniE
(Nishio & Watanabe, 1997) - Baicalein # A $g"%# %% § p L Mm%
¥ 124 thrombin 51748 < plasminogen activator inhibitor-1 (PAF-1)
# 3 (Kimuraetal., 1997) - @ * baicalein ¥ r $r4] s | 45

lipoxygenase (LOX) ¢ F#» ¥ % — i 55 »xei*s o B 4= & (Chen et



al., 2004) - ¥ ¢ - baicalein ¥ r24x 33w F feiEs F (UL F 0%
# ' v ) %&_noradrenaline, phenylephrine, serotonin = vasopressin

¥HH X Baugp (4 (Huang etal., 1994) -

BRSO Y % ¢ baicalein » & 3 H FumpendF il o 2w T 7 4
41 > baicalein #%# 2 3 3% ¥ § 4% %2 antiproliferation %
apoptosis =-3x % (Sekiya & Okuda, 1982) - Nie etal cr#= 3 R
baicalein & % &g+ 7| Ei]"\f%m Pz PC-3 7 1 & d #r+4] 12-lipoxygenase
ko M VEGF eh4 3R 0 38/ 3 & o v 973 = chw g AT2 (T %
(Nieetal., 2006) - » 7 #% 3 % IR baicalein & A ¥ 3 Fpiwie F ¢
®i& - ¥ apoptotic protein % 3 > . &_p53, BAX, cytochrome ¢, 4r
capase-3 & ¥ > ¥ g 1 BCL-2 e 3L - . ChaoJletal er#@ 3 ¢ 3%
F 7 baicalein 4p 3t H i enflavonoids » ¥ 12 P g eidir ] A 5E 95 Bk
e 2 £ ok~ (Linetal., 2007Db) -

. Reactive Oxygen Species (ROS)

A et 3 i 42 0 adenosine-di-phosphate (ADP)4## & =
adenosine-triphosphate (ATP) % Jf 2 3% + pp 48y &L fd
complexes 2. F eni@ifm A= 3 33 & - Oxygen (Oy) frd v L
48 (respiratory chain)® 4@ & s T F B F -k fre B H' &
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Apd 4+ H0 o i BT F BilaEAE T R o AW G ooken
2 A FRBER T, 3 BT F R AT F Biieasg b
4 (electron transport complexes) ® 7~ % (Jezek & Hlavata, 2005) -
L9 1-5%:hF A5 E T SRS 4§ pd 4 superoxide (O,
) Ra BRI LA R BRI AHP > AP LTES T
% Reactive Oxygen Species (ROS) (Karihtala & Soini, 2007)- i 2
FFyiui ROS 0 v n sk (s &5 g wre chrd i 3 7 5 g3k
ek i’c:fgﬁ:‘fs’x@ o e R § # IR > ROS fiwmbe 4 £ i AZATF 73
LB S P E R c B OROSHMALT i g A - 4
Ly E\'Iﬁﬂ—’_.f T > dolm e F PR 7 g > aging

infarction/reperfusion =i & ~ f=— &= complex diabetes & (Wu,

2006) °

%R TS BiE e p B 35 H 2L ¢4 % ROS
4r cytochrome P450 enzyme = & %% (Rashba-Step et al., 1993) -
hydrogen peroxide (H,0,) & peroxisome % d flavin oxidases i#.i* A
2 5 3 L fon # ] 4 dwe p 59 NADPH oxidases (Babior, 2000,
Forman & Torres, 2002) - B3 f* UV £iE it 5 <+ (Ichihashi et
al., 2003)% % - ROS & H T+ S $ M7 ims 2 A A7 o et
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%8 > — #8 % non-radical species » ¥ - #& % radical species o 1§_2_
(superoxide O, ~ ) ~ hydroperoxyl radical (HO, *) ~ hydroxy! radical
(OH) - carbonate (CO; ) ~ alkoxyl (RO )/§** radical species - #
non-radical species # z 7 H,0O, ~ hydrogen chloride (HOCI) -~ fatty
acid hydroperoxide (FaOOH) - reactive aldehydes - ¥ 3 /& it 4~

LA AL

(singlet oxygen) % % (Jezek & Hlavata, 2005) -

3% ROS $im% chif 4 & Lk 2.3 7,5 £ fu1t 3 $1ROS &
H hdwre B PFATORT) 0 ok g S wie o T iE jj‘kg % wmre 4%

w7 o i ROSHrd i binih i 9Tie (7 eha 3 (8% § o

ol

AP FR AT PR AL BEAH Y o AR STy
#FIR0 £ ROS L 3 & F o & AL Fl e transcription > cell
proliferation = differentiation ==+ * (Finkel, 2001, Liu et al., 2005,
Fruehauf & Meyskens, 2007) = F]* & ¥ Fin™ > mie N € 35 %
#2192 4 (detoxification) e 414 4% ROS hfr %_o 4% it

fE T F] 5 ROS < 2 ehillig &

&

23 e d a4 4 T Y
g Fwmep HROS Z £ HmigF VR4 &8 (Finkel,
2001) ¢ e EAvk iz B3 2 H 3223 ROS 3 o 7R € @ chlm

v e g ftkab B (quiescence)k i 0 @ W E I ROS B F & 11
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woim e Nt BLB VR > B {8 g = w2 proliferation 2 apoptosis (Mates
& Sanchez-Jimenez, 2000) -
4. Electron spin resonance (ESR)
Electron spin resonance (ESR) = #& Electron paramagnetic spin
resonance (EPR) > — 4@ = » 3 F A EEF L2 5 T E o

B R A e Y BE OB

fp#
Ik
Ik
4y
3

!

9
RS
=%

RS AR EFE-FRYE LR E LS FORIAE - 0
o3B3 B o Ryp b & sl (Zeeman Effect) E=g=hv=
OeltsBo » & ** R F chp HE B EE LRSI VG R RS
B3 BRELTF RN G - Ea RS gxﬂ\)}ljab:

Ee FlE R F g E S mgEAT 12 & -1/20 ARt e F £

F kT ré»ﬁi%l - 7B A (microwave)it £ 0@ X £ B4 5
G PEAL o TE ARG (BB M=) P S D R

Wl (mg = -12) > ST IR TREANE D AL NP

E=H

RGP THELTFERELR - FP T AR d L85G 7 b
g factor (7 g &) > ¢ ¥ ESR Bl3# ¢ = B peak «hfF & fcdicp ~
oA REFRFE S frR I APIT IEH (i enp 550~ B R~ KE
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4 1 B % o

W

B fd P & 48 coumarin ATA Frendig CEMEY > AR R Y T Z B
ESR 4 4% 4 5t o % - i % % (Linetal, 2008)#d DPPH & 2 ¢
d 4k Bk g & 4R coumarin A7A fdedlpod A el o B
% - B %3¢ (Linetal, 2008) - ;ﬁd %+ xanthine oxidase /
hypoxanthine & st - % 3 § f%% <3k 8 ™ » 47 & 4 coumarin #7 2
gy VB e A% = B ESR £ 47,4 5@ (Chou et al., 2005,
Chou et al., 2009) - ;ﬁd baicalein 3% % B16F10 -] & 2 ¢ 2 7 wm*e
A 24 hydroxyl radical & 2 F ‘w2 enfin ™ Iy b anE R
(it g 2@ ang & o

Fle pd AhTFP B A Bfok 2 B ks > R
7 spin trapping g < ESR 41 % DMPO
(5,5-dimethyl-1-pyrroline-N-oxide) § ¥ p o A< B > T3 T+ p
g R o U R £ ¥ k1 g superoxide anion radical
(Finkelstein et al., 1979) o # =t #ri¢ * 1 + §f 2% DMPO fra ¥
pd AL - ENAZLE A2 SH{TF o NJriliTenHES
L PRiEH o

14



k3o % = B ESR A 47 4 39 s 145 T 3 BB T * R
+# M=-1,0,1

0,1, TFpEFHMs =412, -12 €7
= P R AP R R 0 A ]S
E; (+1/2,1)
E, (+1/2, 0)
Es (+1/2, -1)
E,(-1/2, 1)
Es (-1/2, 0)
Ee (-1/2, -1)
b Backy? o Ran A2 = BEEBER > 7 AE Es ~ AE, Es
o AEs B4 F]2t 7 W A ESR P g Rz ifski#Mem s wH RS}
(2 g

£ F 3 # Ms = +1/2, -1/2)
A4

'8
5 l'+ ’ID;'H';W\ (AE]_ E4 AEZ Eg)i@—f:f'ﬁ’ét T H ﬂﬁﬁ ﬁ}\x

FlenE_1:2:2:1 355 B ersk 3 o

5. Melanoma cell

EMEd2RLiEREY B - A3 &0 Bird B8 ok
ooom 24 —% Paﬁm»v,brxa‘.\mﬂ rEMEE @

T g =
15



FAoH 8 B mAp A ok AT E kG L E B e AR o IS 4
B2 FHAIZ K& LRI PE i L= L enit
% io% (Abeetal.,2007) 2.¢ %% & i 4w L AR N ehd
% vz (melanocyte) ® # = » & Flwe 4= 2 T F 2 £ H 4o £
A hA5 2 B4 % w2 (melanocytic naevi) > ¥ i % I 3 4 el
T s S AERAR AR R ARG RS RA g o (2 &
B BUpic o AP R ¥ M2 2 d Fwe i d mre 8 2wy
IR A e g R R A PREED Lkt £
Radial Growth Phase (RGP) > iz pF#p 3 ¥ 285 243 cnifis o X &
~ -3 4 £ ¥ Vertical Growth Phase (VGP) » & % £ ¥ 3 4 en2 &
Z e iz Pl A K (dermis)p o AR ApEAT T B {3
(Gaggioli & Sahai, 2007) - ¥ #F R L A 2 ¢ F Bliwiz fx ¥
3 12-LOX éh4 30335 12-LOX fr2 ¢ Flmife 2 £ 3 M 1 F
Yids — B sk dp ik (Winer etal., 2002) -
. Reactive Oxygen Species and melanoma
Al ¥ A K ik A e ) melanocyte ¥ - Bif B4 F e S o
FHE AL Ffod Rk g2F 8 &5 TFY Y FR
melanocytes ¢ # 3 ) hypoxia induce factor-lalpha (HIF-1a)* * 7
& AKT 2 4 ~ # ¢ transformation (Bedogni et al., 2005) - AKT &_

16



- i serine/threonine kinase # ¥ 1124 & — i 4 £ F|+ frime ¢k n
L4 (extracellular signals)i&m 2 fr#|imPe & i » TRET 2 € 2 IR0
AAKEA K 4% 0 2E A& melanoma cell 426 ¥ 3 B &M
AKT - # it AKT # 2 & 4 ROS i&m 4 #r4]- & proapoptotic F]
+ > §&_BAD -~ caspase 9 ~ forkhead transcription factor ~ GSK3 4~
IKKa (Govindarajan et al., 2007) - @ * #. ] & melanoma cell # >

AKT » ¥ 123 %% NADPH oxidase * NOX 4 enjEstiem 4 & 4
ROS (Govindarajan et al., 2007) - #.:7 %" 7 3% 5 = melanoma cell
£ I MAPK # 12 2 23 & fmoe f ROS ehd I & | m oo % = i
@ ¥ 2 4F melanoma 5% & 5 (Verhaegen et al., 2006) - gt ¢+ >

ROS » # m &t AP-1; — i transcription factor ¢ /i » ras 134 %
N3 M 2 Fl## 5% (oncogenic transformation) (Xanthoudakis et al.,
1992) - X m » 3 3 3 B ROS #7i¢ = melanoma cell =74~ ¢ 31

W g 2 S5 (vasculogenic mimicry) > e oA L A ke
AR M § ) R i R ek AR %4 (fluid-conducting
matrix-rich meshwork):& m %_:& melanoma progression (Hendrix et
al., 2003, Postovit et al., 2006) - #7134 12 p o0 e7F7 7 9 3% 5 ROS 4277
proapoptotic f- antiapoptotic -1 4& ¢ FiF £ ¢ @& melanoma cell 72

% (Baldi etal., 2005)° iz & # 7 & % 45 1 7 & &_primary melanoma

17



2 §_metastatic melanoma 5 ¥ - £ Fg a2 e p
chi VR4 e AR = B ESR a4 kA > A EE R
B16F10 -] &l 2 ¢ 2% & imPz $h k &4 47 & A coumarin #72 » Fi3 it e

S o
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1. Coumarin #7424 4~ d ;:#L%ﬁ%‘?—k%‘?%%‘:}% LEET s &

E AN < AR R R

B8 B R
1 Mei-174 254.24
2 Mei-175 338.35
3 Mei-215 276.28
4 Mei-219 290.31
5 Mei-228 358.34
6 Mei-234 324.33
7 Mei-236 262.26
8 Mei-249 248.23
9 Mei-252 304.34
10 Mei-255 316.35
11 Mei-257 352.38

2.1* £ DPPH > 4~ 3 & 618.76 » M p Sigma-Aldrich (USA) -

19



3. %% Baicalein> » & & 270.24 > p£p Sigma-Aldrich (USA) -
Bt * 2 A A L DMSO 5 e » tm¥e 32 % % ¢ 2. DMSO

BE A AZE 0.2% (VIV) 5 A o

=~ Rk

BI6F10 2 % imieimieth - Hp & 51 £ 5 B 7 “TE Y
s (p#ETR) s etk kiR 5 ATCC ARL-6475  'm%e 35 % % 4
DMEM > ¢ 4e 1.5 g/L sodium bicarbonate > 20 mM HEPES > 2 mM
L-glutamine > 100 U/ml penicillin » 100ug/ml streptomycin 2 10%

2 F Mz ] £ & 5 (heat-inactivated fetal calf serum, FCS) -

® FHEL

1. 7 7% % K Gibco BRL (Invitrogen) = 7 2. & &

Amphotericin B (Fungizone)

Dubecco’s modified eagle medium (DMEM)

Porcine Elastase

Fetal calf serum (FCS)

L-glutamine
20



Penicillin/Streptomycin

Sodium pyruvate

Trypane blue stain

Trypsin-EDTA

T 7| % # ® Cyto Pulse Sciences = 7 2_ & &-

Cytoporation Medium

T 7 L % B Sigma o P 2 # 5

Baicalein

Dimethyl sulfoxide (DMSO)

5,5-dimethyl-1-pyrroline N-oxide (DMPO)

Hypoxanthine, minimum 99%

Tetrazolium dye 3- (4, 5-dimethylthiazol-2-yl)-2,

5-diphenyltetrazolium bromide (MTT)

Xanthine oxidase from bovine milk, Grade |

21



4. =4t

Cell culture dish, plate, flask, tube (Corning)

22



BI16F10 ¥ 812 ¢ % #yime B~ i NHRI mve B (54 377) 0 gt
fn?z 4] * Dulbecco's modified Eagle's medium (DMEM) (Gibco,
Grand Island, NY) 3 & » 2 ¢ 7 3 10%: ] £ & i (PAA
Laboratories GmbH, Linz, Austria) fe#it 2 - & st &% G 1-2 %
(#H-Zeflovtgdr PEDEF SR o Bl R P
§ #-212 & %5z 0 & 41 * phosphate-buffered saline #i% = =t {5 4
»~ Trypsin-EDTA solution (Gibco) - (5iEif § chE#HFis 4 3 37°C
B & 405940 §5- B 1115 4 * phase-contrast microscope 2 L% ‘m*#

FEE B PR, E 4 (S £ &5 10 mL DMEM # Trypsin = i & %

VR EH e e 2 o gt (900 G T A 4) (8 R IR A 4

1% DMEM #-H 347 x a7 aiTirsg A e b - F %™ ¢ L ¥

medium :z & DMEM contain 1% serum :& {732 % o

2. R gLk (ESR)BERP d AP %
AA L MR ERB S CRRA LB AR
¥ — B & s E 195 Hsiu-Chen Lin% 4 <72 2 (Linetal., 2008) » %

% 250 uMen1,1-diphenyl-2-picrylhydrazyl hydrate (DPPH) .3 mL e

23



U OERAL > fpt e > & fEcoumarinfT A $+ 100 pM4rvitamin C 100
WMo ® B3R F - BE P RFeRF ML FEREL KK (ESR)
E 3417 0 fo & e > coumaringT 4 4~ ccontrol DPPHAp v > & 47 &
facoumarinfT4 4 fevitamin CH#r41p d A & 4 ff-a5 o

Percent of control value for ROS scavenger=

signal height (coumarin derivatives)

Signal-height (control DPPH)
¥ = 1 % 5. 84995 Hsiu-Chen Lin % % ¢~ ;2 (Linetal., 2008) >
superoxide ¥_d¢ xanthine oxidase/ hypoxanthine /% st & 4 - XO/HPX
& BeenkE R & P ¢ 3£ xanthine oxidase 0.4 U/mL 50 pL ~
hypoxanthine 5 mM 50 uL ~ DTPA(diethylene triamine pentaacetic acid)
1.5uL > £ 4c » &Pl en sample solution 50 pL(coumarin 474 4= 20 uM
e vitamin C20 uM) » ¥ &= » 48 - *F % 2 DMPO (100 mM) § %
TP ORI o JFMNRFEEERR (ESR) Z&HZEAFTA S D
superoxide » f= & ¢ » coumarin #7# #= 3 solvent control 4p vt - EL%Z
L & coumarin 474 4 fc vitamin C #r4] p o F ehfFa) o
Percent of control value for ROS scavenger=

signal height (coumarin derivatives)

Signal-height (control)

24



¥ = B % 5vZ4295 Duen-Suey Chou % * = ;= (Chou et al., 2005,
Chou etal., 2009) » & + "Bt 4= %k (ESR)E ¥4 47 B16F10 % & 2

¢ % & *h R inPe % 3 baicalein {1 gcts #7§8 2z 2 Hydroxyl radical
(OH)» £ 4c » coumarin #74 4 20 uM 4r vitamin C 20 uM gLip| 2 F+
FlenfFas o x5 B2 DMPO (100 mM)§ £ F p adf % - & %
B16F10 #=#7 = & i5i% ©

ESR gl baicalein {gp & 2 & 2 F ““ﬁf T A e N ot i)
Percent of control value for ROS scavenger =

signal height (coumarin derivatives)

Signal-height (baicalein)
T ERE Yk (ESR)eE & 2B de™ D microwave power, 20 mWi;
modulation frequency, 100 kHz; modulation amplitude 1 G; sweep
time, 100 G; time costant, 40.96 ms (20.97 ms); conversion time, 40.96
ms; sweep time 42s; receiver gain 2 x 10*; number of data points,
1024,
e 3 S F Rl (MTT assay)

A s-BI6FI0 24 % Bimre SiB F X oo & 16 > 1 x 10°

wie filwell fE78 & 96 well 4 ¢ > 32 % - X Flore pbyg AR 2%
4 coumarin #74 # 20 uM 4= VitaminC20 uM - %% 1 /| pFis - &

25



4 baicalein 50 pMe 352 24 - pF {8 > v 55 F d S &R TE-MTT 12
0.5 mg/ml e9= ;%5 ] & DMEM ¢ %= 3 /] sk o treatment > @
fs #32 % R v gz {6 Wk & DMSO 300 puL wash - 30 4 4& 13 #-=
well B~ 1} 200 uL % ** ELISA # 2 Bl k@ o L 2% P oha & £
S e N R P reductase #-F ¢ e MTT FH 2 R R 2
formazan ¥ ¢ B f FHfF 3wz P 5 F 4o » DMSO @ H 3 f%
T | plZ_OD EiFrimiz E R MTT e 4 > ¢t OD E - £ 73
7w Re o A8 a0 reductase S 0 TR mie Bc ) o A SRR LR
Se¥pdle s ¢ 02 triplicate = N fEE o ¥ TIHE I AL o
bv % 24 | PF (S e RE vk Gk (B

m A (%) = x100 (%)
el 24 ) PE S endm e v sk iE

4. =3te 7
Foyp 1 THeE £ HEFEL (mean+ SEM) % 1 > Fr 4] le s

F 5 w2 et gl One-Way ANOVA #asest 445 o % p<0.05

B

Pl % 7 F R & L% o
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A%

$1#* ESR ip| Z_coumarin #=% 3 e 1§35
A% - B,k %? > 250 uM =1 1,1-diphenyl-2-picrylhydrazyl hydrate
(DPPH) % 3 mL 7? fig4z » 12 gt i % control (Fig. 1la) - & % &t
te o~ 2 4E coumarin T4 4 100 uM #FE P AR F - B X

o T EREE JR K (ESR)A 47 e & BEom o 2 ¥%0 coumarin 47
4 ARG HF iAo B9 5 Mei-234 #1142 &% (Fig. 1b
~ Fig. 1l) - 2% & C 50 uM, 100 uM #iz:# 4 1% positive control

(Fig. 1Im, 1n)

Coumarin #7# $ FLg L ensg B 4o .
Mei-234> Mei-257> Mei-255> Mei-219> Mei-174> Mei-215>
Mei-175> Mei-209> Mei-252> Mei-236> Mei-228 -

S BREA Fig. 2 -

A% - B % %@ xanthine oxidase/ hypoxanthine i sterk iR &
4 ¢ F xanthine oxidase 0.4 U/mL 50 uL ~ hypoxanthine 5 mM 50
uL ~ DTPA(diethylene triamine pentaacetic acid) 1.5 uL ~ DMPO 1.5
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ul » r2 gt % control » ¥ 12 g2k 3] superoxide 0 # 4 (Fig. 3a) - £
FAe o~ 20 uM 0 & fb coumarin A72 4 o F = A48 o T ERE
£ =ik (ESR)A 7% & & o1 - > ¥%encoumarin 474 4~ ;rs»,s i
L e, B¢ e Mei-215 #id i 424 B3 (Fig. 3b ~ Fig. 3I) -

s C20 uM fizif 4 17 positive control (Fig. 3m) »

Coumarin #7# 4 Fug L g B 4o .
Mei-215> Mei-236> Mei-209> Mei-257> Mei-255> Mei-219>
Mei-175> Mei-252> Mei-228> Mei-234> Mei-174 -

2B Fig. 4 -

&% = i % %@ > f B16F10 melanoma cell suspension 150 pL *
e » 1.5 pl DMPO i® % resting s> ¥ 0% 37 ¢ 2 2 hydroxyl
radical (Fig. 5a) » 12 ¢* % resting % ; 2 5= 5 mM baicalein 1.5 pl
€ HEHMER S 50 uM pIF @ A chg L hydroxyl radical s
= » gt & ocontrol 2 (Fig. 5b) o fgt4e » & 48 coumarin 472 47
100 uM #FX ¥ & 2R F - BE ] PFo T FMELF R (ESR)
A5 enis % B e 0 coumarin A7 2 4 endE 1Y A5 > Mei-174 -

Mei-215 ~ Mei-228 ~ Mei-234 {43+ 3 & & 0 H ¢ 1 Mei-215
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Fif AR &% (Fig. 5c~Fig.5m) o @ & C 100 pM 7izif &

i% positive control (Fig. 5n) -

Coumarin #7# 4 Fug L g B 4o .
Mei-215> Mei-174> Mei-228> Mei-234> Mei-209> Mei-252>
Mei-236> Mei-175> Mei-257> Mei-219> Mei-255 -

SRR Fig. 6 o

23t coumarin 572 $ % B16F10 2. ¢ % B wmie & 5 F 2

y 24

1 #F 3t Coumarin 472 #7 &c F - Dbaicalein #1ig = 7 B16F10

TR

e

d FBmie 2 Fa T g s A MTTassay KBLZ - F] 5
4 46 coumarin 474 3 & DMEM * kR % € HRE S50 > 47
g RS BLI6F10 2 ¢ % w¥e % coumarin 474 4 20 pM > — o]
pFis £ %+ baicalein 50 uM - 15 & & coumarin 4724 $ kR ¥}

¥4 20uMo B 5% F IR L 8 coumarin 472 47 13T baicalein #
¥ 2 BI6F10 2. ¢ 2w g = F 3L F PR OEE o MR

R OFig. 7 -
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BRI FIS G F AL RS RS T s L SR R AT
AEBIER - BERDLS o F YT FRT P T 0
— B E e ok L VAR i R AN EROER
I VRE U IR R G BmAE & ot kehs (Kade et al.,

2008) c fE 4% ¢ R R SR ERAEAR 0 7 - £ R G B

PG R BT R 2 B A T Aekne £ AR B8
PR R FI S T R (R4 A £ AR < B
:ﬁ:[]i;o

- kR o coumarin A7 2 g dhii g (YR LT GRS v e s 48
Gicffsp d Aehat 4 > N EEGER & i 4 k% o DPPH A
- BT R T BT BT FET A d e S SR aE
Beft & o Fig. 1 A J5d & ESR &4 47 k stiind — B ks> 247 8 fd
coumarin ### 4 > DPPH 8Lerig i o Fl 4 fodid L4 2 3 7 5
frd R 31§ - Afep d A M L 4E coumarin 72 3% R R

DPPH g 4 (Fig. 2) > @ & 7 MARAR 5 — falr e+ o
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TEEeA/gEed s iviE AN E - BERp D AA AL RIR o AR

Snd L RTLECN Y NG g REAGPF AT ER R E
¥ 1 & fr superoxide o =t & ¥hr4 S R ked 0 R A SR
peeng tiBAER L F R F LTI R o B REREAL

superoxide p d A Z 3 F F WG LR R o FEAF L EF A2

e ET 3 P B IRT AL coumarin ATA f e 5 Fig. 3 {,%gé * B

ESR 4~ 47 % suen® = B % %o T twelve-line = superoxide =3t

-m\-

55 0 Bt r & fE coumarin AT 2o 1T 0 BLRTIBLGE B 0 1

Fig. 5 qjﬁd *F ESR 247 iiten®m = B A% 1% 50 uM h

baicalein P & e7f| % B16F10 -] & 2

Qe
-
\.§“

2wz A 4 four-line =
hydroxyl radical 5. - L # cnf 3 R X Xk (ESR)F T B %%
I o baicalein # s -] 45 & 5% (platelet suspension)® ¥ 2 & 4 four-line
e7 hydroxyl radical 2u5L® 25 ¢ JF % 12-LOX @ % (Chou et al.,
2005) - Hydroxyl radical =4 = % % % p tm® p superoxide i & 5 d
SOD i it a5 = hydrogen peroxide £ fr i 4 &t it * (fenton
reaction)m % » ¥3timfe & 3 5 7] (0 3 44 o Hydroxyl radical £ - &

$me s s § 3 ROSe v 7 ufed F MR & BE AT

15\\-

& (%
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s Fb B PR AoBOR Y £ ) v enB BT 0 DNA fodv B
T 3 i % (cross-link) ~ DNA H & & s ~ g Wi F i (lipid
peroxidation){- 3-v & gL (protein fragmentation) (Stohs & Bagchi,
1995, Lloyd et al., 1997) - @ & & #& coumarin #72 4= ¢ 5 w @ ii72 4~
# 1244 hydroxyl radical =3t 55 (Fig. 5, Fig. 6) - ¥] 5 % #& coumarin
B2 g ER S 320 uM FF € 3t DMEM ¢ & S 47 d o o g MTT
assay EH 7 20 uM i BER o B %Kot & 44 coumarin fTA P4
baicalein #7i¢ & thim#e 5 = ¥ 23 PR OB E > ¥ i TS 4o » ik

B+ g S (Fig. 7) o

*leenigip g @ anit £ PG 2 FengEld > coumarin A2 FH e
pyrazoles ~ pyrazolin-5-ones - 4-thiazolidinones - 1,3,4-oxadiazoles 7
P Epengii v (Saibara et al., 2003, Jeong et al., 2004)fciikg cris 12
(Kakiuchi et al., 2004, Lin et al., 2007a) - 7 #* coumarin #74 4 ch &
BM o 4xk4A% % coumarin ATA Bk L R o AEFHRLEFIL S At
P L4 Leen® = B ESR A 47 % 5% > coumarin 472 $ ¢ eh
Mei-174 ~ Mei-215 ~ Mei-228 ~ Mei-234 3 P &g efig it jE M 7 i p

s MR i o
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OH R,
o R
S A
@) @)
HO @) @)
coumarin R3
1:R;=Ph,Ry=H, Ry = H
2: Rl = Ph, R2 = COCH2CH(CH3)2, R3 =H
3: R]_ = CH3, R2 = COCH2CH(CH3)2, R3 =H
4. Rl = CH2CH3, R2 = COCH2CH(CH3)2, R3 =H
5: R, = Ph, R, = COPh, Ry = H
6: Rl = CH2CH3, R2 = COCHzph, R3 =H
7. Rl = CH2CH3, Rz = COCH2CH3,R3 =H
8: Rl = CH2CH3, R2 = COCHg, R3 =H
9: R]_ = CH2CH3 R2 = COCH2C(CH3)3, R3 = H
10: Ry = CH,CHg3, R, = COcyclohexyl, Rz =
11: Ry = p-CHg, Ry = COCH,CH(CHa),, R3 = H
)= g A3 g
1 Mei-174 254.24
2 Mei-175 338.35
3 Mei-215 276.28
4 Mei-219 290.31
5 Mei-228 358.34
6 Mei-234 324.33
7 Mei-236 262.26
8 Mei-249 248.23
9 Mei-252 304.34
10 Mei-255 316.35
11 Mei-257 352.38
-

Chemical structure of 5,7-dihydroxycoumarins
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a control
b a + Mei-174 100 uM
a + Mei-175 100 uM

- C

q _Jw/\/\/\ﬁ a + Mei-215 100 uM
e MW a + Mei-219 100 uM

a + Mei-228 100 uM

g " " —~_—~_——— at+Mei-234 100 yM

a + Mei-236 100 uM

a + Mei-249 100 uM

j a + Mei-252 100 uM

Tk JJNW a + Mei-255 100 uM
| w//\AW a + Mei-257 100 uM

ST -~ _a+VitC50 uM

n a + Vit C 100 uM
106G
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Figure 1.

ESR spectra obtained from the DPPH. DPPH followed by the addition of
(a) DMSO (control), (b) to (I) 100 uM coumarin derivatives, and (m) 50
uM vitamin C, and (n) 100 uM vitamin C. The instrument parameters
were as follow: modulation amptitude, 1G; time constant, 164ms;
scanning for 40.96ms with 6 scans accumulated. The ESR spectra are

labeled to show their components : DPPH radical (*).
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Figure 2.

Effect of 100 uM coumarin derivatives on the intensity of DPPH control
solution. The data are shown as the means + SEM of five independent
experiments. ***p < 0.001; **p < 0.01; *p < 0.05 as compare with the
control DPPH solution without coumarins. The instrument parameters

were exactly the same as those in Figure 1.
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Figure 3.

ESR spectra obtained from the reaction of xanthine oxidase /
hypoxanthine in the presence of DMPO. Xanthine oxidase / hypoxanthine
preincubated with DMPO (100 mM) followed by the addition of (a)
DMSO (control) (b) to (I) 20 uM coumarin derivatives, and (m) 20 uM
vitamin C. The instrument parameters were as follow: modulation
amptitude, 1G; time constant, 164ms; scanning for 40.96ms with 6 scans
accumulated. The ESR spectra are labeled to show their components :

DMPO-superoxide adduct (*).
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Figure 4.

Effect of 20uM coumarin derivatives on the intensity of xanthine oxidase
/ hypoxanthine induced superoxide. Xanthine oxidase / hypoxanthine
preincubated with DMPO (100 mM) followed by the addition of DMSO
(control). The data are shown as the means + SEM of four independent
experiments. ***p < 0.001; **p < 0.01; *p < 0.05 as compare with the
control only. The instrument parameters were exactly the same as those in

Figure 3.
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i WMWQWN%W w b + Mei-234 20 uM
i AVWW/\NWMW%WW b + Mei-236 20 uM
; "WMW\/W\MWMW b + Mei-249 20 uM

’ WWMWMWWW b + Mei-252 20 M

AN b+ Mei-255 20 iM
WMW\AW

M MM/\/W WMMMM A Wﬂ\f’l b + Mei-257 20 uM

| MW\WWWW b + Vit C 20 uM
43



Figure 5

ESR spectra obtained from the reaction of B16F10 melanoma cells (5 x
10° cells/150 pl) in the presence of DMPO. B16F10 melanoma cells
preincubated with DMPO (100 mM) followed by the addition of (a)
blank, (b) 50 uM baicalein, (c) to (m) 20 uM coumarin derivatives, and
(n) 20 uM vitamin C. The instrument parameters were as follow:
modulation amptitude, 1G; time constant, 164ms; scanning for 40.96ms
with 12 scans accumulated. The ESR spectra are labeled to show their

components : DMPO-hydroxyl radical adduct (*).
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Figure 6.

Effect of 20 uM coumarin derivatives on the intensity of baicalein
induced hydroxyl radical in B16F10 melanoma cells. B16F10 melanoma
cells (5 x 10°cells/150 pl) preincubated with DMPO (100 mM) followed
by the addition of DMSO (resting) and 50 uM baicalein. The data are
shown as the means + SEM of three independent experiments. ***p <
0.001; **p < 0.01; *p < 0.05 as compare with the baicalein treatment only.

The instrument parameters were exactly the same as those in Figure 5.
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Figure 7.

B16F10 melanoma cells (1 x 10° cells/ ml) were dispensed on 96-well
plates. Cells were treated with indicated concentration of 20 puM
coumarin derivatives or 20 uM vitamin C for 1 hour before treatment
with 50 uM baicalein for 24 hours. Percentage of viability is presented as
mean = SEM of three independent experiments. ***p < 0.001; **p < 0.01;

*p < 0.05 as compare with the baicalein treatment only.
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