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Eye] 7hdst 4

12 B odge] A AAjdel we At Shghe(3keke 19 Proton NMR HlelE| o]t}
T2 B oyl A Ao we At sh3he(3keke 19 Carbon NMR dlo]Ef ]t}
T 32 B gl A AAjdel whe At shhE(Shghe 1€ 2D-HSQC MR o] o]t}
o4 2Rl A Aol whE Al SHeHE(SEHE 1] 2D-IMBC NMR | o] Bf o]},
w5E o] o Ao wE gt 3HgHE(3FeE 1)) UPLC-TOF Mass ©le]Ef o]t}

&= 62 9643 E<t EtOAc 8=, nBull £8=, B & Lg&d =Fd ABy4 wjole] LC50gkE ROl

A9 gy 4w omAE Ve E2A, (A) =S DIC ouA % §F ouA, (B) NOR:
AT, GLM: =@ddel=, Et: EtOAc 8 E, Bu: nBuOH E&E, Aq: & EFEINA #
wE FHgw WA Ws (0 p < 0.001; AATIH v 1), (" p<0.01, " p<0.001; UFEA FEIu}
%), (C) 10 pg/mLolAl 2-NBDGZ A z|gt ¢ 2t REE=2 A Adx=e 33 olnx], (D of

=) ) 3}EHE 1-60]
o3k HAF= WA W3k, (E) 10 pg/mLellAl 2-NBDGZE ﬂﬂﬁ& T 3gtE 1 WA 602 A3 HHEe 3 o

2
iR

T 8e E o] o AAdd wE Z@HxolE §-0-FFFEZUYE9Y Kyp channel closing mechanism 2

gy s HAJel7] RIek A g
olgh, ¥ WS syl AAdE Sote] mu s WAt gy ofs AAlde # dEe daHeR
ARstr] gl Ao & e Wt ols AAdwer = AL ofynh

<AAd 1> Ax, 717], 2 A
1-1. A&

B AA oA AL8-3 o} (Malva verticillata) A5+ 20163 4ol 3=k FAFA| Y A
st a, TE AE (KHU20160419)E A3 thsta HAE 38t (Natural Product Chemistry) 23
o)
S

in'd
2 off
o3
=2
2
B 4
N,

1-2. A ¥ 717

A7 AzvtEas (CO)d 48" A7t A (Si0,) 2 SeRdA Si0, (0DS) A+ 2447+ Kiesel gel 60

(Merck, Darmstadt, Germany) % Lichroprep RP-18 (40-60 um, Merck, Darmstadt,Germany)®]t}. Sephadex
LH-202 Amersham Biosciences (Uppsala,Sweden)=ZHE T3 t}l. Kiesel gel 60 F254 2 RP-18 F254S
(Merck) TLC Z#olER ¥tz A2vlEdy] (Thin layer chromatography; TLC)S 433}, Spectroline
Model ENF-240 C/F UV lamp (Spectronics Corporation, Westbury, NY, USA) 2 10% &4t gHo g 33tES 7
=39 tk. #x7] & (Nuclear magnetic resonance; NMR) Z~#HE7L 400 MHz FT-NMR #3374 (Varian Inova
AS-400, Palo Alto, CA, USA)el 71F3&F3itt. F44 &vlE Merck Co. Ltd ¥ Sigma Aldrich Co. Ltd (St.
Louis, MO, USA)=%¥H dstsdcet. IR =FWEZL Perkin Elmer Spectrum One FT-IR spectrometer
(Buckinghamshire, England)S AF&3}e] AT}, 453 w|d-A 1+ o|F AT B2X7] (ESI-QTof-MS) ~HNEF
S Vion IMS QTof Mass Spectrometer (Waters Corporation, Milford, MA, USA)el 71&3&}itt. =% (Mp)
Fisher-John's Melting Point Apparatus (Fisher Scientific, Miami, FL, USA)Z &w| 43} 37 AL&3le] A
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[0138]

[0139]

[0140]

[0141]

[0142]

[0143]
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, A4S e HASA ekektd. AF % (Optical rotation)E JASCO P-1010 digital polarimeter (Jasco,
Tokyo, Japan)® =743} th. <44 (alloxan; AX) 2 39S Sigma Chem Co. (St. Louis, MO, USA)ZH-E +
3R Y. GLM2 Cayman Chem Co. (Ann Arbor, MI, USA)ZH-E ATt 2-[N-(7-HEZ W Z-2-SA}-1,3-t]o}&
-4-d)oln| = ]-2-H| A FFE A A (2-[N-(7-ni trobenz—Z—oxa—l ,3-diazol-4-yl)amino]-2-deoxyglucose; 2-
NBDG)+= Invitrogen (Life Technologies, Grand Island, NY, USA)ZHH F+Yst3tt. DZ& Santa Cruz
Biotechnology (Dallas, TX, USA)olA d&tsich. @F&An 742 Olympus 1X70 microscope (Tokyo, Japan)®
TY3ATE. olH)A] A4S $38A Focus Lite (Focus Co., Daejeon, Korea)& AH&3}SIT).

al

<A € 2> ok EHBERE FFE 639 e

BN
ro
o

lo

Oi

B (3.1 kg)E 80% "EFS (MeOH, 54.0 L X 5)=2 A
oFatar, 43 CTolA 7HSE shell SHAIA 794g9] & .
gA7]aL, odolAlEo]E (EtOAc, 2 L X 4) @ p-%ee (p-BuOH, 2L X )&
S FEANA dEolAHolE EEE (MVE, 80g), n-HE2 REIE (MVB, 75g) ¥ 2 ¥

<

e tlo mlo AL
e 2
_ﬂ
N

T iy Ho

ol

2
e LT
<

N

PR

S A O

,-\
=
=

tilo

g)

E F3E (MVW, 637g)<= Diaion HP-20 A& (¢ 9 X 30 cm)ol]l AH&A712, &(H0)-H &= (MeOH) (H,0 — 5:1

— 312 > 2:3 - 114, 247} 7.2 L)E &FA17A 9719 EFE V-1 WA MWW-9)S 538k,

EE MVW-5 [18.3 g, &% ¥-9/F F-I(V./V,) 0.478-0.778]%& ODS CC (¢ 5 X 15 cm)ell A-&A|7]aL, =gt

S8 (1:4, 2.6 2 &3AA 9719 3% W-5-1 WA MWF-5-9)& F53Ach. B8 WW-5-4 [1.4 g,

Ve/Ve 0.167-0.189]% Si0, CC (¢ 4.5 X 15 cm)ell H&A7]aL, CHCly-mleh-&-= (9:3:1-6:4:1, 25 4.4 1)
SE=AA 17719 E8E (MW-5-4-1 WA WW-5-4-17)& 533t E85E MW-5-4-13 (444.1 mg, V./V,

0.520-0.627)S ODS CC (¢ 3 X 5 cm)ol]l HEA7)3L, o} E-E (1:4, 1.5 L)& &ZFAA 7749 BEIE (MVIi-

5-4-13-1 WA MVW-5-4-13-7)% $533it}.

38 MW-5-4-13-3 [116.1 mg, V./V, 0.273-0.3581< Si0, CC (¢ 2.5 X 5 cm)oll Z-&A17]aL, CHCl;-mehe-

E (6:4:1, 3.2 )2 &FAA 6719 +8E (MW-5-4-13-3-1 U] MVW-5-4-13-3-6)& G538}, ol&2 27
o] AAH sItE 4[MVW-5-4-13-3-2, 24.2 mg, V./V, 0.200-0.369, TLC (Kiesel gel 60 Fa5y) Rf 0.51, CHClz—™

ehe-% (6:4:1), TLC (RP-18 Fuys) Ry 0.91, obAE-& (2:3)] ¥ 3% 5[MW-5-4-13-3-4, 20.5 mg, V./V,
0.494-0.756, TLC (Kiesel gel 60 Fusy) Ry 0.25, CHClz-™¥&—% (6:4:1), TLC (RP-18 Faus) Re 0.80, obAlE=-
= (2:3)]5 E3star AN
w35 MVW-5-4-13-4 [107.9 mg, V/V, 0.359-0.552]% Si0, CC (¢ 2.5 X 15 cm)oll A7), EtOAc-n-%-§
-8 (4:3:1, 2.2 R &FAA 99 £8E (MW-5-4-13-4-1 WA MW-5-4-13-4-9)& 531331, ¢JE2
27lel AAE sgE 1MW-5-4-13-4-6, 16.4 mg, V./V. 0.306-0.404, TLC (Kiesel gel 60 Fui) Rr 0.90,
2 3HEHE 6[MVI-5-4-13-4-8,
28.2 mg, V./V. 0.557-1.000, TLC (Kiesel gel 60 Fus) R 0.72, EtOAc-olAa¥2¢&-% (1:4:1), TLC (RP-18

Fosis) Ry 0.88, o AlE-& (1:2)]1& XEgsta AU

EtOAc- o] AT 23&-5 (1:4:1), TLC (RP-18 Fuss) R 0.68, olAHE-& (1:2)]

B35 MVW-5-4-13-5 [86.0 mg, V./V, 0.553-0.670]1= ODS CC (¢ 2.0 X 7 cm)ol]l H&A7]aL, HES-5 (1:3,

2.9 LE &EAA V1Y £8E (MW-5-4-13-5-1 WX MW-5-4-13-5-4)< F53}513, o= 2719 AAlE 3
& 3[MVW-5-4-13-5-1, 18.0 mg, V./V, 0.001-0.027, TLC (Kiesel gel 60 Faqy) Rf 0.50, CHCly- wlgb&-&

(6:4:1), TLC (RP-18 Fuss) Ry 0.68, o}A|E-5 (2:3)] 2 3}3HE 2[MVW-5-4-13-5-3, 31.2 mg, V./V, 0.537-
1.000, TLC (Kiesel gel 60 Fuq) Ry 0.50, CHCls— ®EH&-% (6:4:1), TLC (RP-18 Fasys) R 0.62, oA E-E&
(2:3)1&5 xgsta JArt.
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[0157]

[0159]
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olgomRE iy 2 A 659 SFE (FFE 1 WA 6)2 NR, NS, IR 5& T3 +25 483U

shzlel o], 33tE 19 dolgE B3 A3, IFE 1o A njgd Feo] wulZZE A (Malvaflavone
AdE ZElsglth
kS e A (MVW-5-4-13-4-6, 3}3t&E 1): [a]p-31.9° (¢ 0.10, 50% ®&-); Mp (decomposed) > 300 C;

IR (KBr, ') 3386, 1630, 1617, 1580 em ;%A ESI-QTof-MS m/z 479.0828 [M + H]® (CoHy0530 T st Alxkzk:
479.0826); H-MMR (400 MHz, ¥]&9-d 2 D0, §,) = C-MR (100 Mz, T&)¥-¢ 2 DO, §0); = 1 WA
=5 % ¥ 29 YeERAT.

at71¢ o], 3FHE 29] Hlo|EE BAE Ad, FE 271 F4 njgA Bute] o] aaFeety|el §-0-3-D-F
FE29# A= (Isoscutellarein 8-0-B-D-glucuronopyranoside) S elslict.

o] axFeate]o)l §-0-B-D-ZEER g wAE (WW-5-4-13-5-3, BE 2): [alr-11.2° (¢ 0.10, 50%
MeOH): Mp (decomposed) > 300 C; IR (KBr, ) 3384, 1632, 1619, 1582 cm : %A ESI-QTof-MS m/z 463 [M +
Hl+: H-NMR (400 MHz, #&]9l-d, 2 D,0. &,) 8.40 (2H, d, J = 8.0, H- 2'.6'), 7.48 (2H, d. J = 8.0, H-
3',5'), 6.76 (1, s, H-3), 6.56 (1H, s, H-6), 5.07 (1H, d, J = 7.6, H-1"), 4.35 (1H, m, H-4"), 4.31
(0, AAA, 1-2",3"), 4.19 (10, d, J = 8.8, H-5"); C-NMR (100 MHz, ¥2]9-d5 2 D0, 6.) 181.4 (C-

4), 173.8 (C-6"), 163.8 (C-2), 160.8 (C-4'), 156.5 (C-5,7), 148.8 (C-9), 128.5 (C-2',6"), 125.3 (C-8),
120.7 (C-1'), 115.7 (C-3',5'), 106.1 (C-1"), 102.6 (C-10), 101.6 (C-3), 99.4 (C-6), 76.7 (C-3"), 75.5
(C-5"), 73.1 (C-2"), 71.8 (C-4").

sh7]ef o], stekE 39 HiolHE #Ag A, steE 3o 4 vAAd B sto]£YE 8-0-B-D-EFTE
w3y 2t A= (Hypolaetin 8—0—£3—D—glucuronopyran051de Vs FskelTt.

ol ZH Y 8-0-B-D-FFFE=Y A= (MW-5-4-13-5-1, 3}FE 3): [aly-7.1° (c 0.10, 50% MeOH); Mp

(decomposed) > 300 C; IR (KBr, v) 3383, 1635, 1620, 1580 e %73 ESI-QTof-MS m/z 479 [M + HI+; -
NMR (400 MHz, ¥g]d-d5 ¥ D20, §H) 7.78 (1H, d, J = 2.0, H- 2'), 7.40 (1H, dd, J = 8.4, 2.0, H-6'),
6.90 (1H, d, J = 8.4, H-5"), 6.48 (1M, s, H-3), 6.06 (1H, s, H-6), 4.51 (1H, d, J = 7.6, H-1"), 3.71

(1, m, H-4"), 3.63 (2H, AAZ, H-2",3"), 3.49 (1H, d, J = 8.8, H-5"); C-NVR (100 MHz, ¥&]¢l-d, 2
DO, §C) 182.7 (C-4), 173.8 (C-6"), 165.7 (C-2). 159.8 (C-7). 158.3 (C-5), 151.2 (C-4'), 150.4 (C-9),

146.9 (C-3'), 130.2 (C-8), 124.1 (C-1'), 120.3 (C-6'), 114.3 (C-2',5'), 106.1 (C-1"), 102.7 (C-3,10),
99.5 (C-6), 76.7 (C=3"), 75.5 (C-5"), 73.1 (C-2"), 71.8 (C-4").

31719} o], FEE 49 HolHE B3 Ay, 3FE 471 A | AA B F2upAE §8-0-B-D-2FF =
w318} =A= (Herbacetin 8-0-B-D-glucuronopyranoside)®-& &H¢lsloit),

FErAE 8-0-B-D-2FF 2= &H A= (MVW-5-4-13-3-2, 3}FE 4): [aly- 5.0° (¢ 0.10, 50% MeOH);

_19_
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Mp (decomposed) >300 C; IR (KBr, v) 3380, 1633, 1622, 1579 cm ; %4 ESI-QTof-NMS m/z 479 [M + HI+;
1H—NMR (400 MHz, ¥&)9-d5 2 DO, &y) 8.74 (2H, d, J=7.6, 2',6'), 7.31 (2H, d, J = 7.6, 3',5'),
6.50 (1H, s, H-6), 4.89 (1H, d, J = 6.8, H-1"), 4.16 (1H, m, H-4"), 4.05 (2H, AAHA, H-2",3"), 3.90
(1, d, J = 8.0, H-5"); 13C—NMR (100 Mz, ¥&9-d5 2 D20, &¢) 181.5 (C-4), 171.2 (C-6"), 159.4 (C-

2), 159.2 (C-4'), 156.0 (C-5,7), 147.9 (C-9), 133.0 (C-3), 131.1 (C-2',6'), 125.5 (C-8), 120.1 (C-1'),
114.6 (C-3',5'), 105.7 (C-1"), 102.1 (C-10), 99.1 (C-6), 76.4 (C-3"), 75.7 (C-5"), 74.1 (2"), 71.5 (C-
4“)'

st7]et o], 33E 59 dHolHE A% Ay, SIFHE 57 A vjAdE 22 dE2vAd 3-0-B-D-=F21
2 A-8-0-B-D-SFFE T A = (Herbacetin 3-0- B -D-glucopyranosyl-8-0- 5 -D-
glucuronopyranoside) 4 el tt.

O

FEZuAEl 3-0-B-D-FFZYF=A-8-0-B-D-FFF 2T A= (MVW-5-4-13-3-4, 3}&E 5): [a]D-
5.7 (c 0.10, 50% MeOH); Mp (decomposed) > 300 C; IR (KBr, v ) 3378, 1632, 1625, 1583 cm ¥4 ESI-
QTof-NS m/z 641 [M + HI+; 'H-NMR (400 MHz, ¥]el¥l-d5 2 D0, &) 8.76 (2H, d, J = 7.2, H-2',6'), 7.33

(2, d, J=7.2,3.5"), 6.54 (1H, s, 1-6), 5.79 (1H, d, J = 6.8, H-1"), 4.92 (10, d, J = 6.8, H-1"")

4.18 (IH, m, H-4"'), 4.15 (IH, m, H-6"a), 3.92-4.10 (4H, AHAA. H-2"-5"), 4.07 (20, AAA, H-
2" 3") . 4.00 (2H, AAA, H-6"b,5"): C-NMR (100 Miz, T2]9-d5 2 DO, 6¢) 182.0 (C-4), 171.7 (C-
6"'). 159.9 (C-2). 159.8 (C-4'), 156.3 (C-5.7). 148.3 (C-9), 133.5 (C-3), 131.5 (C-2'.6'), 125.9 (C-

8), 120.6 (C-1'), 115.0 (C-3',5'), 106.1 (C-1"'), 102.8 (C-1"), 102.6 (C-10), 99.5 (C-6), 77.4 (C-3"),
76.7 (C-3""), 76.1 (C-5"'), 76.0 (C-5"), 74.5 (C-2",2""), 71.9 (C-4"'), 69.8 (C-4"), 60.9 (C-6").

31719 o], FEE 62 HolHE B3 Ay, 3FE 6o] A nw|AA B o|aaFdely el 7-0-B-D-F
F39 e} =Al = (Isoscutellarein 7-0- B-D-glucopyranoside )¢S &-<18}g ).

o)z e gl 7-0-B-D-FF LI B A= (MVW-5-4-13-4-8, 3HgHE 6): [a1,-19.2° (¢ 0.10, 50% MeOH);
Mp (decomposed) > 300 C: IR (KBr, v) 3477, 1616, 1579 cm : %A ESI-QTof- MS m/z 449 [M + Hl+: 'H-
MR (400 MHz, #)@]¥1-d5, &) 8.40 (2H, d, J = 8.0, H-2',6'), 7.48 (2H, d, J = 8.0, H-3',5'), 6.91 (1H,
s, H-6), 6.71 (1, s, H-3), 5.56 (1H, d, J = 7.2, H-1"), 4.21 (IH, dd, J = 12.0, 2.0, H-6"a), 3.85-

4.10 (4H, AAA, H-2"-5"), 3.68 (1, dd, J = 12.0, 5.2, H-6"b); C-NMR (100 MHz, ¥]&]€l-d5, &C)
182.0 (C-4), 163.8 (C-2), 161.9 (C-4'), 156.2 (C-7), 156.0 (C-5), 144.1 (C-9), 129.9 (C-2',6'), 125.6
(C-8), 121.0 (C-1'), 115.8 (C-3',5'), 104.7 (C-10), 102.5 (C-3), 101.2 (C-1"), 98.7 (C-6), 77.2 (C-
5"), 75.8 (€C-3"), 73.1 (C-2"), 69.6 (C-4"), 60.9 (C-6").

<AA A 3> AEdIHdN = a8 F

3-1. AlB&9 4 (Zebrafish) #a © A BF

AA ABHHE AR A2 S g9 (1500[W] % 400[D] X 2050[H] mm) (Daejeon, Korea)ollA 5%
aH9laL, 28.5 CollA 1441z ¥/ 10A17F ¢+39] F7]2 whEaiinh. ABetad 2] (larvae)S A7) s, 4
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[0181]
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[0187]

[0189]

[0191]
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A AR s 7 s SRS et FAT ARG s 1S FE 08 5 &S I gE
e, A 3A7F Fo ABEI g vjolS AFHEaL, 28.5 T %) oA 14417 W3 D 104)7F 939 B
71=, 0.03% 3 & FAAZT. o] A= AIdstae] & g 2 AME 9193 (Animal Care and
Use Committee)7} 5¢18 T ABoty] T2 EF wa} 228ttt (KHUASP [SE] -15-10).

—

-

27 BAS GraphPad Prism (WA 5)& A}&381o] TEEOV’*E} dlolel= 33 Hb&Ee] gk g £ BT X
(standard error of the mean: SEM)EX ZAsIAUTE. FEAL wHEAH dd BAF 2 ANOVA) 2}
Tukey testZ Ap&3sle] 8el&tdr). p< 0.05%= EAFCRE F&E AR 7+533T}.

3-3. AR "oty A Hr}

2071 ¢] ABetd S wjols HA HAEE 93 Ao AR&sH3ith. Fish Embryo Acute Toxicity (FET) B|ZE
[Organisation for Economic Co-operation and Development (OECD). Test Guideline 236: Guideline for
Testing of Chemicals, Fish Embryo Acute toxicity (Fet) Test. In OECD Guide]ines for the Testing of
Chemicals, Section 2; OECD Publishing: Paris, France, 2013; pp. 1-22.1&5 &l OECD TG 236°] 2.¢kd dof
2 96A1ZF Bt AlBFgI 4] djote] x=FE& Gt (Organisation for Economic Co-operation and
Development (OECD). Test Guideline 236: Guideline for Testing of Chemicals, Fish Embryo Acute toxicity
(Fet) Test. In OFECD Guidelines for the Testing of Chemicals, Section 2; OECD Publishing: Paris,
France, 2013; pp. 1-22. ). 309 Aga& AH&sith: ®+, 27 25, 50, 75, 100, 150, 200, 300,
400, 500 2 600 pg/mL F=2] EtOAc ¥ E, n-BuOH £IE, 2 & FIE. ABHYHE 96417 A2 & &
ngo g #FAe, F2 ABGIHAE 753}, Ll #hS GraphPad Prism M 5.01 AZE o] & AL}

of wl-a1a 7ol ola] ARkEIAT.
EtOAc &&=, nBulH 28&, ¥ & £8E9 Ll #2 27 91.5, 270.9 B 401.1 pg/mLo]ATHE 6).
3-4. Anats AjolAe] A-FE PI &l o A% a5 B}

55 1-69] PI (&%, pancreatic islets) 3 &5 Fclsto gy 7+ 33L&

HA, Aped]d A0S g, AX (EFAE, alloxan)-F=a (), 2 o 2383 532 1 WA 62

AT A-friET o vrEolth, AU E AR 2o] (5 dpf)E 24-9 Ido]Ee] FAT. AoE 34

b EQk 600 uM AXell w=FAIA PI &£4% fr=stald. 2d= 2 A= fAN s MY+ d=S

AX-frieg 2015 12413F F<k 10 pg/ul #3E E= 0.1 pM SFEEE AYsigith. 22 A, 2oE 40

uM 2-NBDGE 30 ob @Alshal, 202 &9 0.03% 3¢ &Aoo . M &, PIE IF dvBom
E ATt

PI Z7]= AATHT AX FE=70A 40.2% (p < 0.0001) © ZAUYtH= 7). AX-HdH A8y xold 3¢
B 1 YA 62 #A7etgS o, 38E 1, 3, 4, @ 62 AX = Agldt vl &A% PIY IS 727 49.4%
(p = 0.0072), 46.8% (p = 0.0028), 62.4% (p < 0.0001), 2 54.9% (p = 0.0088)°.2 A Z7/MATHE=
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7,E).

3-5. X-F=dH gy ABHHd 3 tololz&Alo|=(diazoxide, DZ)9 &g

1
R
p‘h
32
o

DZE Kyp ANE MNIAZ AFES #HG B-AX K AE A= SA4S

A e o] ABeT] s X (5 dpf)E 24-9 FHolE (& T 10 AlBFI )l FAG. XAE 7|9 14 2
Fo8 WFrh: AAT; DZ BE AXE AHEst AAT; 2 DZ, GLM, GLM + DZ, 3EE 1, 3= 1+ Dz, 3
2 3, 3IEE 3 + DZ, 3= 4, 3EE 4 + D7, FFE 6, Z FHE 6 + D22 A3 AX-FEF
T, JFEES 47 0.1 uMOM Agsal, DZE 25 pMolA 2 &skitt. AB a4 xo]E 3A7F Hor

o
i 1
600 pM AXZ A3 F &HS 0.03% P gHog AFAT. AX-FEF ABgH4 Xo]E 1243 Fok 7
s 9/xE= i%ﬂﬂli Agstdek. Ag F, A=RZHI5 HoJE 308 S 40 upM 2-NBDGE
AL, 208 S 0.03% 3 FEAoR FFAG. G T, Pl oA E FF dAu|H o2 AL Focus
i A

PIe] Z17]5= DZ AelsbA] @2 Adstell nlste], Dz-e] Aol &dsl 2tth(23.5%, p = 0.0105). ®Wkd,
AX ATl M, ABetuld HojE 25 pMe] DZ2 A3k Folx PIe] A7)7F A7 WakA sk},

inc]

0.1 uM¢ GLME A3 AX-F=d ABztd4 xojolMel PIe @7|E, 25 uMe DZE s A& dk 73Sl
A 2 Fs Gl th(41.1%, p = 0.0001). FAMHI, AX-fred ABZGI4] Xojs FFE 1 B 622 A
23t A, DZ7F gl A HEe] 25 Mne] DZE A M d Hgel PIe =77 27 32.2% (p = 0.0027) 2
29.7% (p = 0.0182) 22 AL FAAH(= 7 #F).

g

b, Shehe 1 4, 2 6 (0.1 pM)2 AP AXell s =45 PIo] =A7]el e BHass
UER AL, Bhet 62 DZ AAANA Ky Aol 9FS F= Aoz dAH[G. =, A7) e
NS ANFOZM K HES /AR & deid DZR A AYsials wWe] a35 JAste] lad ]

g FMn ddgor 2Ras 48 FME A% ¢ F a0
<AAd & AusuAa s w3t dal

4-1. DPPH K7 AA

DPPH 2te]ZF2 7] &wuloll =52 el A 540 nmol A Hol F3%=5 7FA™, o] wf 34kst =42 DPPH 2hezt
S AAS] Fe S ey FMow WMIAZIY. - (Brand-Williams, W.; Cuvelier, M.E.; Berset,
C.L.W.T. Use of a free radical method to evaluate antioxidant activity. LWT-Food Sci. Technol. 1995,
28, 25-30.)°] 71A¥ W) wrel, DPPH o A2ASS =A39).

oo v, SEE 1 WA 6 (0.1 nb)S HEe
SHAl 53 HellA 30 &<t 23 TollA WAIsIH
o RUEHETE 2T 0.1 ol 70% $4 were 2
2.9 mLJ DPPH EM%% %Q%‘Oi T/Asklth. FA T (A @t §‘rﬂ1 A=A 9 3 FakshA] BHA [F-E
s} sl==4 ofy&]) Y vuE & FAdT dAE A&t 33 £Aste] AdE &g, DPPH 2
oz AA%E 3r)e

olf

i

=

WA 100 uM DPPH o) Z+S 70% 4 ek &3)A
DPPH &}tz &9 2.9 mLol] H 18l 2d&ES 244
}.

;E

L
o
ol
1>
o
>
>
oo
ol
o
2
b
R
ol
o
4t
i)
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DPPH &t 2% (%) = (A517qzz — AS174px2)/A517g22 X 100

EC502 50%2] 2tz 2ASS 47] Ya st 525 Axtste] AA A,
4-2, ABTS & A7A% &4

E5-AA Eel] 54 AHAS el ABTS SElZe 1 uEs A7t dasiale] Ads 4 ol
Aol glojRtt, ABTS #@HZ 2AST FHLS v“’:iﬂ [Chen, D.; Shi, J.; Hu, X. Enhancement of polyphenol
content and antioxidant capacity of oat (Avena nuda L.) bran by cellulase treatment. Appl. Biol. Chem.
2016, 59, 397-403.1°] whel =3kt

1.0 mM AAPHS! oz 7IAAIE JarskE A A9 4 (PBS; pH 7.4; 0.1 M K,HPO,/KH,PO,; 150 mM NaCl)
2.5 mM ABTSel H7pstgivh. E3tel 8§48 & FXolx 68 TR 7Fgatitt. A€ H=4 ABIS &z &
Z7}9] PBSZ 734 mmoll A 0.650 £+ 0.0209) EFw=z ATt 18 e, AMI 20 plLE ABTS oz
930 ulel H7bskalth. &3S Aste W =7 sfolA] 37 T & FxollA 108 &<k widstaict.
(70% #gke 20 plL 2 ABTS oz &9 980 pl)S ZF d#e MIZ=Z 3t g vz (4
A F2AY D A FaksiAl BHA) T3 BuE 98] FYd AAE HL5T. 108 Foll 734 nmoll A
o] FaE FAsTE. 33 EAEt ARE s, ABIS S 2ATS shr]e] WA o R ALts)

g]

N oo 12 ol
S Hl 12 o

o o &
>
2

;RE
o

ABTS &z 27% (%) = (A734uyzs — A734y2)/A734gz2 < 100

EC50- 50%] etz &7ss 271 H8 2.3 w25 Altste]l 2As

4-3. A& HZ 535 (Oxygen radical absorbance capacity; ORAC) -4

A~ HYZd §3% 54 9 [Huang, D.; Ou, B.; Hampsch-Woodill, M.; Flanagan, J.A.; Prior, R.L.
High-throughput assay of oxygen radical absorbance capacity (ORAC) using a multichannel liquid

handling system coupled with a microplate fluorescence reader in 96-well format. J. Agr. Food Chem.
2002, 50, 4437-4444 .1 wigl =883}

K

A 848 AE 9 150 ule 81.6 nM ZFAAA §9S 2t HE §9L 96-U ZTeolEe Hteta
3 BB FHA 37 CTollA 108 Sk wigatsich. 153 mM AAPH €<% 25 pulLE H71e b 485 nm ¢17] 2

S Zl+= mlola 2 ZYolE # (Infinite M200, Tecan Austria GmbH, Gr ¢dig, Austria)=
Bt o Btk ¥F3S HESY. ORAC &< Cao et al,(Cao, G.; Alessio, H.M.; Cutler,
R.G. Oxygen-radical absorbance capacity assay for antioxidants. Free Radical Biol. Med. 1993, 14, 303-
311.)9 ¥uhHe] wet ARSI AL, Trolox 572 (umol TE/ umol)E T3 s}t

4-4. 79 2Alo] = (superoxide) UL A2AF EA

2] B Zpd1-U-NBT A|~El(riboflavin-1light-NBT system)ollA] FF¥2Alol=9] #3318t Yrkes A= 3HFEE
59 &5 7|x3le], HSAE Y 25 S SAHSAH.

Ao gy 2AF SHS 9T v EFEELS 50 mM A ZE SFN (pH 7.8) F 0.02 mM 2| HE
ghal, 3 M WEl S, 2 0.18 mM NBTS @%6}213}. DMSO (10 plL) & A= 2 150 plLe w-& EF=S 96-
4 ZeolER uisiitt. 34 =9 (1000 lux)2& WHg-8 Al&bskar, Aol 61 <t XAAIZ T 530 nm
el THEE wlo]mR ZHolE Fur = 5}9&\3} (Molecular Devices, Sunnyvale, CA, USA). H¢d 5”&
shal A2AY 9§ Farehal BHAS P BT

Atel= gtz 2ASE at7le] WA o m ALtekgl

o Agsgth. 38 Aol AnE HAsdn, #3%
o,
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[0238]

[0240]

[0242]

[0244]

Gl Satel= 2z

EC50-2 50%9] Zo)d 2A S

4-5. A3 BN

i<}

27% (%) = (A530gzz — A5304pz)/A530y2z X 100
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A7) AAe 4-1 WA 4-4ol FA3F, DPPH el A%, ABIS &7 &A%, 4t4 @bz &35, +9%

Abol= B 2% 23S sl 12 YERISIT.
¥ 1

DPPH ECsa2 ABTS ECso ORAC (umol TE/ SOD ECs

Compounds
(pM) (uM) pmol) (M)

Quercetin 408 £0.36° 1.73 £ 0.09 7332015 0.43 £0.10

BHA 8.33+ 046 4,65 +0.18 2862026 0.44 £0.09

1 >A0 2.22+0.05 14.38 £0.35 0.73 £0.09

2 >50 3.38 + 0.15 8.06 = 0.36 1.51 £0.15

3 598 +0.24 1.52 £ 0.04 1248 +1.27 0.98 £0.13

4 31.79 £ 2.22 451+0.13 6.56 £ (0.32 1.04 £0.21

5 33.80 £ 1.89 4.05+0.14 6,42 £ 018 0.70 £0.18

[} >50 21.62+1.26 3.83 £0.30 1.31 £ 0.20

ABTS RS, 4b4 2tz H4% &% (ORAC),
o

oA, 3tE 1 WA
ORAC, 2 SOD EA]o) A
A A e A

Eeheol = p-ame] e

3
WAl wolof )7k @atahAl BAdel 7loah

el (3

(superoxide dismutase: SOD)
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